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(7) ABSTRACT

An ultrasound image processing method including: calcu-
lating motion amounts of pixel regions in one frame receive
signal, based on receive signal units corresponding to iden-
tical pixel regions included in at least two frame receive
signals; calculating cumulative motion amounts, each cor-
responding to a target pixel region in the one frame receive
signal, by cumulating motion amounts corresponding to
pixel regions in the one frame receive signal located sub-
stantially along a direction of transmission of the ultrasound
beam from a pixel region located at an upstream end of an
ultrasound beam to the target pixel region; calculating
enhancement amounts for receive signal units corresponding
to the pixel regions included in the one frame receive signal,
the enhancement amounts being based on the motion
amounts and the cumulative motion amounts; and enhancing
the receive signal units based on the enhancement amounts.
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FIG 2
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FIG. 14
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FIG. 15
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1
ULTRASOUND IMAGE PROCESSING
METHOD AND ULTRASOUND DIAGNOSTIC
DEVICE USING ULTRASOUND IMAGE
PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based on an application No. 2014-
097181 filed in Japan, the contents of which are hereby
incorporated by reference.

BACKGROUND OF THE INVENTION

(1) Field of the Invention

The present disclosure is related to ultrasound image
processing methods and ultrasound diagnostic devices using
such methods, in particular techniques for ultrasound imag-
ing using puncture needles.

(2) Description of the Related Art

In recent years, tissues and fluids are being collected by
insertion of puncture needles into bodies of patients, and
biopsies are being performed examining said tissues and
fluids. Further, in anesthesiology units, intensive care units,
and pain clinics, anesthetic treatment using puncture needles
is being performed. In diagnoses performed in such units,
operators such as doctors view ultrasound images of a
subject acquired by an ultrasound probe to confirm the
position of a puncture needle and perform insertion of the
puncture needle. At such time, it is necessary to confirm the
position of the puncture needle, and particularly the tip
thereof, on a monitor, and improvements are being sought in
visibility of the puncture needle in ultrasound diagnostic
devices.

Particularly in conditions in which an angle between an
ultrasound beam and the puncture needle is small, such as
when the puncture needle is inserted at an acute angle with
respect to the subject, ultrasound reflected at the puncture
needle and incoming to the ultrasound probe becomes weak
and visvalization of the puncture needle becomes insuffi-
cient. Thus, various studies have been made towards
improving visibility of the puncture needle. For example, in
an ultrasound diagnostic device, a method has been pro-
posed of calculating a time difference of ultrasound tomo-
graphic image frame data and performing additional pro-
cessing of spatial variation on the ultrasound tomographic
image frame data (for example, Japanese Patent Application
No. 2001-269339).

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

An ultrasound diagnostic device is a means of visualizing
an ultrasound beam emitted from an ultrasound probe
toward a subject and reflected back. Accordingly, when a
substance having a significantly different refractive index
from biological tissue, such as a puncture needle composed
of metal, is irradiated by an ultrasound beam, cases occur in
which the ultrasound beam is strongly reflected at the
boundary between the puncture needle and the biological
tissue and the ultrasound beam does not sufficiently reach
areas deeper than the puncture needle, and such cases are
associated with a problem of image quality deterioration.

The present disclosure is achieved in view of the above
technical problem, and has an aim of providing an ultra-
sound image processing method and ultrasound diagnostic
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2

device using the ultrasound image processing method that
increases visibility of a puncture needle in ultrasound image
diagnosis while improving ease of use and preventing image
quality deterioration due to influence of the puncture needle.

Means for Solving the Problems

In order to solve the above technical problem, an ultra-
sound image processing method pertaining to an aspect of
the present disclosure is an ultrasound image processing
method for correcting at least one of a plurality of frame
receive signals generated based on ultrasound scans per-
formed sequentially, an ultrasound probe transmitting an
ultrasound beam towards a range to be scanned in a subject
and receiving reflected ultrasound in each of the ultrasound
scans, the ultrasound image processing method comprising:
acquiring at least two of the frame receive signals; calcu-
lating motion amounts, each indicating motion of an object
in the subject and corresponding to a respective one of a
plurality of pixel regions in one of the two frame receive
signals, each of the pixel regions indicating a region of at
least one pixel, the calculating of each of the motion
amounts being performed based on receive signal units
corresponding to identical pixel regions included in the at
least two of the frame receive signals; calculating cumula-
tive motion amounts, each corresponding to a target pixel
region in the one frame receive signal, by cuamulating motion
amounts corresponding to reference pixel regions in the one
frame receive signal that are located substantially along a
direction of transmission of the ultrasound beam from a
pixel region located at an upstream end of the ultrasound
beam to the target pixel region, each of the pixel regions
included in the one frame receive signal being specified as
the target pixel region; calculating enhancement amounts for
receive signal units, each of the receive signal units corre-
sponding to a respective one of the pixel regions included in
the one frame receive signal, the enhancement amounts
being based on the motion amounts and the cumulative
motion amounts; and enhancing the receive signal units
based on the enhancement amounts.

Further, an ultrasound diagnostic device pertaining to an
aspect of the present disclosure is an ultrasound diagnostic
device for correcting at least one of a plurality of frame
receive signals generated based on ultrasound scans per-
formed sequentially, an ultrasound probe transmitting an
ultrasound beam towards a range to be scanned in a subject
and receiving reflected ultrasound in each of the ultrasound
scans, the ultrasound diagnostic device comprising: a con-
trol circuit, the control circuit comprising: a receive signal
acquirer that acquires at least two of the frame receive
signals; a motion calculator that calculates motion amounts,
each indicating motion of an object in the subject and
corresponding to a respective one of a plurality of pixel
regions in one of the two frame receive signals, each of the
pixel regions indicating a region of at least one pixel, the
calculating of each of the motion amounts being performed
based on receive signal units corresponding to identical
pixel regions included in the at least two of the frame receive
signals; a cumulative motion calculator that calculates
cumulative motion amounts, each corresponding to a target
pixel region in the one frame receive signal, by cumulating
motion amounts corresponding to reference pixel regions in
the one frame receive signal that are located substantially
along a direction of transmission of the ultrasound beam
from a pixel region located at an upstream end of the
ultrasound beam to the target pixel region, each of the pixel
regions included in the one frame receive signal being
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specified as the target pixel region; an enhancement calcu-
lator that calculates enhancement amounts for receive signal
units, each of the receive signal units corresponding to a
respective one of the pixel regions included in the one frame
receive signal, the enhancement amounts being based on the
motion amounts and the cumulative motion amounts; and a
receive signal enhancer that enhances the receive signal
units based on the enhancement amounts.

BRIEF DESCRIPTION OF THE DRAWINGS

These and the other objects, advantages and features of
the invention will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings which illustrate a specific embodiment of
the invention.

In the drawings:

FIG. 1 is a function block diagram of an ultrasound
diagnostic device 10 pertaining to embodiment 1;

FIG. 2 is a flowchart indicating operation of an enhance-
ment processor 6 in the ultrasound diagnostic device 10
pertaining to embodiment 1;

FIG. 3 is a graph indicating a relationship between input
and output in an enhancement calculator 62 of the ultra-
sound diagnostic device 10 pertaining to embodiment 1;

FIG. 4 is a graph of measured results indicating motion
amounts and a cumulative motion amounts corresponding to
the puncture needle in a depth direction according to the
ultrasound diagnostic device 10 pertaining to embodiment 1;

FIG. 5 is a graph indicating a relationship between input
and output in an enhancement correction calculator 65 of the
ultrasound diagnostic device 10 pertaining to embodiment 1;

FIG. 6 is a graph indicating a relationship between input
luminance and output luminance of a B-mode image signal
in a B-mode image enhancer 63 of the ultrasound diagnostic
device 10 pertaining to embodiment 1;

FIG. 7 is a B-mode image acquired by the ultrasound
diagnostic device 10 pertaining to embodiment 1;

FIG. 8 is a B-mode image acquired by the ultrasound
diagnostic device 10 pertaining to embodiment 1;

FIGS.9A, 9B, and 9C are schematic diagrams for describ-
ing operation of a cumulative motion calculator 64 in an
ultrasound diagnostic device pertaining to embodiment 2;

FIG. 10 is a flowchart indicating operation of an enhance-
ment processor 6A in the ultrasound diagnostic device
pertaining to embodiment 2;

FIG. 11 is a B-mode image in which a puncture needle has
been enhanced, acquired by the ultrasound diagnostic device
pertaining to embodiment 2;

FIG. 12 is a function block diagram of an ultrasound
diagnostic device 10A pertaining to embodiment 3;

FIG. 13 is a function block diagram of a conventional
ultrasound diagnostic device 10X

FIG. 14 is a flowchart indicating operation of an enhance-
ment processor 6X in the conventional ultrasound diagnostic
device 10X;

FIG. 15 is a B-mode image acquired by the conventional
ultrasound diagnostic device 10X;

FIG. 16 is a B-mode image acquired by the conventional
ultrasound diagnostic device 10X; and

FIGS. 17A-17D are schematic diagrams for describing
pseudo-enhancement of a puncture needle shadow portion
associated with puncture needle enhancement processing in
the conventional ultrasound diagnostic device 10X.
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DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following describes the preferred embodiment.

<Developments that LED to the Embodiments of the
Present Invention>

The inventors performed various studies into improving
visibility of a puncture needle in ultrasound image diagno-
sis. FIG. 13 is a block diagram indicating a configuration of
a conventional ultrasound diagnostic device 10X. The ultra-
sound diagnostic device 10X includes an ultrasound trans-
mitter-receiver 2X, a transmission-reception controller 3X, a
B-mode image generator 4X, a B-mode image acquirer 5X,
an enhancement processor 6X, and a display controller 7X.
The enhancement processor includes a motion calculator
61X, an enhancement calculator 62X, and a B-mode image
enhancer 63X. Further, an ultrasound probe 1X and a display
8X are configured to be connectable to the ultrasound
transmitter-receiver 2X and the display controller 7X,
respectively.

The following describes operation of the ultrasound diag-
nostic device 10X. The ultrasound transmitter-receiver 2X,
based on a transmission control signal from the transmis-
sion-reception controller 3X, performs transmission pro-
cessing supplying a pulsed transmit ultrasound signal to the
ultrasound probe 1X, causing the ultrasound probe 1X to
transmit an ultrasound beam towards a scanning area of a
subject. The ultrasound transmitter-receiver 2X further gen-
erates acoustic line signals that are continuous in a depth
direction by delay-and-sum processing of radio frequency
(RF) signals after amplification and audio-digital (AD)
conversion of ultrasound signals based on reflected ultra-
sound acquired from the ultrasound probe 1X, and outputs
a sequence of ultrasound scans to the B-mode image
acquirer 5X. When the ultrasound scanning is performed,
the ultrasound transmitter-receiver sequentially outputs the
acoustic line signals to the B-mode image generator 4X.

The B-mode image generator 4X executes processing
such as envelope detection and logarithmic compression on
the acoustic line signals to convert them into luminance, and
generates a B-mode image signal by performing coordinate
transformation to an orthogonal coordinate system on the
luminance. Each B-mode image signal generated at the
B-mode image generator 4X is transmitted to the B-mode
image acquirer 5X each time the ultrasound scanning is
performed, and is stored by the B-mode image acquirer. The
B-mode image acquirer 5X is a buffer that stores B-mode
image signals.

Next, in the enhancement processor 6X, enhancement
processing is performed on the B-mode image signals. FIG.
14 is a flowchart indicating operation of the enhancement
processor 6X in the ultrasound diagnostic device 10X;

In step S201X, the motion calculator 61X reads two
frames from the B-mode image acquirer 5X, a current frame
and a frame prior to the current fame, and calculates an
inter-frame difference for each pixel thereof. The inter-frame
difference is a difference between luminance indicated in the
B-mode image signal of the current frame and luminance
indicated in the B-mode image signal of a prior frame
acquired from the same location in the subject as the current
frame. The inter-frame difference is substantially propor-
tional to a motion amount indicating motion of an object. By
using the above inter-frame difference, etc., a portion of the
B-mode image signal indicating motion of a puncture needle
can be extracted.

In step S202X, the enhancement calculator 62X calculates
enhancement amounts based on the motion amounts, the
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B-mode image enhancer 63X enhances the B-mode image
signal pixel-by-pixel, based on the enhancement amounts,
the enhanced B-mode image signal is outputted to the
display controller 7X, and the enhanced B-mode image is
displayed on the display 8X. Enhancement amounts can be
determined per pixel by a condition according to which the
enhancement amount of the B-mode image signal is pro-
portional to the motion amount indicated by the inter-frame
difference.

FIG. 15 and FIG. 16 are B-mode images acquired by the
conventional ultrasound diagnostic device 10X. In FIG. 15
and FIG. 16, in each region A surrounded by a dashed line,
the white speckled portion in an upper portion of the region
A is a display image of a puncture needle that has been
enhanced. Further, below the display image of the puncture
needle in the region A is a white-colored part. This is a
shadow of the puncture needle having been pseudo-en-
hanced, and may be considered noise associated with the
puncture needle enhancement processing. The following
describes reasons for occurrence of pseudo-enhancement of
the shadow of the puncture needle, with reference to the
drawings.

FIGS. 17A-17D are schematic diagrams for describing
pseudo-enhancement of a puncture needle shadow portion
associated with puncture needle enhancement processing in
the conventional ultrasound diagnostic device 10X. In ultra-
sound diagnosis using a puncture needle, the puncture
needle is inserted into a scanning region to which an
ultrasound beam is transmitted from an ultrasound probe
towards a subject (FIG. 17A). At this time, along with
insertion of the puncture needle, a shadow region that is
insufficiently irradiated by the ultrasound beam occurs
below the puncture needle (FIG. 17B). As described above,
an enhancement amount of each pixel is calculated accord-
ing to a motion amount indicated by an inter-frame differ-
ence of each pixel in, for example, a current frame and an
immediately prior frame of a B-mode image signal. Thus, in
FIG. 17B, the portion that is newly shadowed by insertion of
the puncture needle is regarded as having changed in lumi-
nance compared to the immediately prior frame, and there-
fore a motion amount is detected according to the amount of
change in luminance (FIG. 17C). As a result, an enhance-
ment amount corresponding to the luminance change is
assigned to pixels in the portion newly shadowed along with
insertion of the puncture needle, and said pixels are
enhanced in the B-mode image signal (FIG. 17D).

Such pseudo-enhancement of the puncture needle shadow
is an artifact that does not exist in the originally measured
object, and is undesirable when performing an efficient and
appropriate diagnosis. Thus, the inventors performed inten-
sive investigations into techniques preventing occurrence of
pseudo-enhancement when performing enhancement pro-
cessing of a puncture needle in puncture needle enhance-
ment processing of a B-mode image, and arrived at the idea
of the ultrasound image processing method and the ultra-
sound diagnostic device using the ultrasound image pro-
cessing method pertaining to the embodiments of the present
invention.

The following describes details of the ultrasound image
processing method and the ultrasound diagnostic device
using the ultrasound image processing method pertaining to
the embodiments of the present invention, with reference to
the drawings.

Summary of Embodiments of the Present Invention

An ultrasound image processing method pertaining to the
present embodiment is an ultrasound image processing
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method for correcting at least one of a plurality of frame
receive signals generated based on ultrasound scans per-
formed sequentially, an ultrasound probe transmitting an
ultrasound beam towards a range to be scanned in a subject
and receiving reflected ultrasound in each of the ultrasound
scans, the ultrasound image processing method comprising:
acquiring at least two of the frame receive signals; calcu-
lating motion amounts, each indicating motion of an object
in the subject and corresponding to a respective one of a
plurality of pixel regions in one of the two frame receive
signals, each of the pixel regions indicating a region of at
least one pixel, the calculating of each of the motion
amounts being performed based on receive signal units
corresponding to identical pixel regions included in the at
least two of the frame receive signals; calculating cumula-
tive motion amounts, each corresponding to a target pixel
region in the one frame receive signal, by cumulating motion
amounts corresponding to reference pixel regions in the one
frame receive signal that are located substantially along a
direction of transmission of the ultrasound beam from a
pixel region located at an upstream end of the ultrasound
beam to the target pixel region, each of the pixel regions
included in the one frame receive signal being specified as
the target pixel region; calculating enhancement amounts for
receive signal units, each of the receive signal units corre-
sponding to a respective one of the pixel regions included in
the one frame receive signal, the enhancement amounts
being based on the motion amounts and the cumulative
motion amounts; and enhancing the receive signal units
based on the enhancement amounts.

Further, according to another aspect, when the direction is
a first direction, the reference pixel regions may be located
along a straight line parallel to the first direction from a pixel
region located at the upstream end of the ultrasound beam to
the target pixel region.

Further, according to another aspect, a second direction is
perpendicular to the direction, and each of the reference
pixel regions may be a pixel region corresponding to a
greatest motion amount among motion amounts correspond-
ing to pixel regions in a linear sequence in the second
direction.

Further, according to another aspect, the enhancement
amounts may be increased in proportion to the motion
amounts, and when a given one of the cumulative motion
amounts exceeds a predefined reference value, a correspond-
ing one of the enhancement amounts may be decreased in
proportion to an amount by which the predefined reference
value is exceeded.

Further, according to another aspect, the reference pixel
regions may be located along the transmit direction of the
ultrasound beam.

Further, according to another aspect, the motion amounts
may be determined based on differences between luminance
indicated by the receive signal units in the one frame receive
signal and luminance indicated by receive signal units
corresponding to identical pixel regions in a frame receive
signal generated based on an ultrasound scan prior to an
ultrasound scan corresponding to the one frame receive
signal, and the motion amount may be proportional to size
of the difference.

Further, according to another aspect, luminance indicated
by the receive signal units may be increased in proportion to
the enhancement amounts.

Further, according to another aspect, color indicated by
the receive signal units may be changed based on the
enhancement amounts.



US 10,568,609 B2

7

Further, according to another aspect, enhancement effect
duration with respect to the receive signal units may be
increased in proportion to the enhancement amounts.

Further, according to another aspect, a puncture needle is
inserted within the scanning range in the subject, and the
enhancement amounts may be large for receive signal units
of the one frame receive signal in which the puncture needle
is indicated.

Further, according to another aspect, the one frame
receive signal may be one of a frame B-mode image signal
and a frame acoustic line signal.

Further, according to another aspect, a computer-readable
non-transitory storage medium may store a program execut-
able by a computer to perform the above ultrasound image
processing method.

Further, an ultrasound diagnostic device pertaining to the
present embodiment is an ultrasound diagnostic device for
correcting at least one of a plurality of frame receive signals
generated based on ultrasound scans performed sequentially,
an ultrasound probe transmitting an ultrasound beam
towards a range to be scanned in a subject and receiving
reflected ultrasound in each of the ultrasound scans, the
ultrasound diagnostic device comprising: a control circuit,
the control circuit comprising: a receive signal acquirer that
acquires at least two of the frame receive signals; a motion
calculator that calculates motion amounts, each indicating
motion of an object in the subject and corresponding to a
respective one of a plurality of pixel regions in one of the
two frame receive signals, each of the pixel regions indi-
cating a region of at least one pixel, the calculating of each
of the motion amounts being performed based on receive
signal units corresponding to identical pixel regions
included in the at least two of the frame receive signals; a
cumulative motion calculator that calculates cumulative
motion amounts, each corresponding to a target pixel region
in the one frame receive signal, by cumulating motion
amounts corresponding to reference pixel regions in the one
frame receive signal that are located substantially along a
direction of transmission of the ultrasound beam from a
pixel region located at an upstream end of the ultrasound
beam to the target pixel region, each of the pixel regions
included in the one frame receive signal being specified as
the target pixel region; an enhancement calculator that
calculates enhancement amounts for receive signal units,
each of the receive signal units corresponding to a respective
one of the pixel regions included in the one frame receive
signal, the enhancement amounts being based on the motion
amounts and the cumulative motion amounts; and a receive
signal enhancer that enhances the receive signal units based
on the enhancement amounts.

Further, according to another aspect, when the direction is
a first direction, the reference pixel regions are located along
a straight line parallel to the first direction from a pixel
region located at the upstream end of the ultrasound beam to
the target pixel region.

Further, according to another aspect, a second direction is
perpendicular to the direction, and each of the reference
pixel regions may be a pixel region corresponding to a
greatest motion amount among motion amounts correspond-
ing to pixel regions in a linear sequence in the second
direction.

Further, according to another aspect, the receive signal
enhancer increases the enhancement amounts in proportion
to the motion amounts, and when a given one of the
cumulative motion amounts exceeds a predefined reference
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value, decreases a corresponding one of the enhancement
amounts in proportion to an amount by which the predefined
reference value is exceeded.

Embodiment 1

The following describes the ultrasound diagnostic device
pertaining to embodiment 1, with reference to the drawings.

<Overall Structure>

1. Ultrasound Diagnostic Device 10

FIG. 1 is a function block diagram of the ultrasound
diagnostic device 10 pertaining to embodiment 1. The
ultrasound diagnostic device 10 includes a control circuit
100 provided with an ultrasound transmitter-receiver 2, a
transmission-reception controller 3, a B-mode image gen-
erator 4, a B-mode image acquirer 5, an enhancement
processor 6, and a display controller 7.

Each element of the control circuit 100 is implemented by
a hardware circuit such as a field programmable gate array
(FPGA), application specific integrated circuit (ASIC), etc.
Alternatively, each element may be implemented by soft-
ware and a programmable device such as a central process-
ing unit (CPU), general-purpose computing on a graphics
processing unit (GPGPU), a processor. etc. Such elements
may be implemented as separate circuit components, or as
an assembly of a plurality of circuit components. Further, a
plurality of elements may be assembled as one circuit
component and a plurality of circuit components may be
integrated. Further, an ultrasound probe 1 and a display 8 are
configured to be connectable to the ultrasound transmitter-
receiver 2 and the display controller 7, respectively. FIG. 1
shows the ultrasound diagnostic device 10 connected to the
ultrasound probe 1 and the display 8.

The following describes each element connected exter-
nally to the ultrasound diagnostic device 10.

2. Ultrasound Probe

The ultrasound probe 1 has a plurality of transducers (not
illustrated) arranged, for example, in a one-dimensional
direction (hereafter, “transducer array direction”). The ultra-
sound probe 1 converts pulsed electrical signals (hereafter,
“transmit ultrasound signals”) supplied from the ultrasound
transmitter-receiver 2 (described later) into pulsed ultra-
sound. The ultrasound probe 1, in a state in which a
transducer-side outer surface of the ultrasound probe 1 is in
contact with a skin surface of a subject, transmits an
ultrasound beam composed of a plurality of ultrasound
waves emitted from the plurality of transducers towards a
measurement object. Subsequently, the ultrasound probe 1
receives a plurality of reflected ultrasound waves from the
subject, the plurality of transducers convert the plurality of
reflected ultrasound waves into electrical signals (hereafter,
“received ultrasound wave signals”), and the ultrasound
probe 1 supplies the received ultrasound wave signals to the
ultrasound transmitter-receiver 2.

In embodiment 1, the ultrasound probe 1 that has a
plurality of transducers arranged in a one-dimensional direc-
tion is indicated as an example, but the ultrasound probe 1
that can be used in the present embodiment is not limited in
this way. For example, a two-dimensional array of trans-
ducers arranged in two-dimensional directions, or a plurality
of transducers arranged in a one-dimensional direction and
mechanically caused to swing in an oscillating ultrasound
probe obtaining three-dimensional tomographic images may
be used, and can be appropriately selected according to
measurements to be acquired.

Further, the ultrasound probe 1 may be provided with a
portion of the functions of the ultrasound transmitter-re-
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ceiver 2. For example, a function of generating a transmit
electrical signal in the ultrasound probe 1 based on a control
signal (hereafter, “transmit control signal”) for generating
the transmit electrical signal outputted from the ultrasound
transmitter-receiver 2 and converting the transmit electrical
signal into ultrasound may be provided on the ultrasound
probe side. Further, a function of, after received reflected
ultrasound is converted into receive electrical signals, gen-
erating a receive signal (described later) based on the receive
electrical signals may be provided on the ultrasound probe
side.

3. Display 8

The display 8 is a display device for image display that
displays image output from the display controller 7 (de-
scribed later) on a display screen. A liquid crystal display,
CRT, organic EL display, etc., can be used as the display 8.

<Component Configuration>

The following describes configurations of each block
included in the ultrasound diagnostic device 10.

1. Ultrasound Transmitter-Receiver 2

The ultrasound transmitter-receiver 2 is connected to the
ultrasound probe 1. The ultrasound transmitter-receiver 2 is
a circuit that, based on a transmission control signal from the
transmission-reception controller 3, performs transmission
processing supplying a pulsed transmit ultrasound signal to
the ultrasound probe 1, causing the ultrasound probe 1 to
transmit an ultrasound beam. Specifically, the ultrasound
transmitter-receiver 2 includes, for example, a clock gener-
ating circuit, a pulse generating circuit, and a delay circuit.
The clock generating circuit is a circuit generating a clock
signal determining transmit timing of an ultrasound beam.
The pulse generating circuit is a circuit for generating pulse
signals driving the transducers. The delay circuit is a circuit
for performing focusing and steering of an ultrasound beam
by delaying transmission of the ultrasound beam by a delay
time that sets a transmit timing of the ultrasound beam for
each transducer.

The ultrasound transmitter-receiver 2 further generates an
acoustic line signal that is continuous in a depth direction by
delay-and-sum processing of RF signals after amplification
and AD conversion of received ultrasound wave signals
based on reflected ultrasound acquired from the ultrasound
probe 1. Subsequently, the ultrasound transmitter-receiver 2
sequentially outputs acoustic line signals to the B-mode
image generator 4 in the order of sub-scanning.

RF signals are, for example, composed of a plurality of
signals from a direction perpendicular to the transducer
array (the transmit direction of ultrasound and the transducer
array direction, respectively), each signal being a digital
signal after AD conversion of an electrical signal converted
from an amplitude of reflected ultrasound.

The acoustic line signals are continuous data in a depth
direction that include RF signals after delay-and-sum pro-
cessing. The depth direction is a direction of travel of a
transmitted ultrasound signal, from a body surface of a
subject into the body. The acoustic line signals, for example,
construct a frame composed of a plurality of signals from the
direction perpendicular to the transducer array (the transmit
direction of ultrasound and the transducer array direction,
respectively). Acoustic line signals acquired by one ultra-
sound scan are referred to as a frame acoustic line signal.
Here, “frame” indicates a unit of one unified signal required
to construct a single tomographic image.

The ultrasound transmitter-receiver 2 continuously
repeats transmit processing and receive processing.
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2. Transmission-Reception Controller 3

The transmission-reception controller 3 is a circuit that
generates and outputs transmit control signals and receive
control signals to the ultrasound transmitter-receiver 2. In
the present embodiment, in the transmit control signals and
the receive control signals, information indicating transmis-
sion and reception timing, etc., is outputted to the ultrasound
transmitter-receiver 2.

3. B-Mode Image Generator 4

The B-mode image generator 4 is a circuit that converts
each acoustic line signal in a frame into a luminance signal
corresponding to intensity of the acoustic line signal, and
generates a frame B-mode image signal by performing
coordinate transformation on the luminance signals to an
orthogonal coordinate system. The B-mode image generator
4 processes each frame in sequence and outputs generated
tomographic images to the B-mode image acquirer 5. Spe-
cifically, the B-mode image generator 4 executes processing
such as envelope detection and logarithmic compression on
the acoustic line signals to convert them into luminance, and
generates a B-mode image signal by performing coordinate
transformation on the luminance to an orthogonal coordinate
system. In other words, the B-mode image signal expresses
intensity of ultrasound receive signals as luminance. The
frame B-mode image signals generated by the B-mode
image generator 4 are sequentially transmitted to the
B-mode image acquirer 5 as each ultrasound scan is pet-
formed.

4. B-Mode Image Acquirer 5

The B-mode image acquirer 5 is a circuit provided with a
buffer that stores frame B-mode image signals sequentially
transmitted as each ultrasound scan is performed, as input of
B-mode image signals generated by the B-mode image
generator.

In the present specification, a B-mode image signal or an
acoustic line signal that is a base for generating a B-mode
image signal is also referred to as a receive signal or an
ultrasound receive signal.

5. Enhancement Processor 6

The enhancement processor 6 includes a motion calcula-
tor 61, an enhancement calculator 62, a cumulative motion
calculator 64, an enhancement correction calculator 65, and
a B-mode image enhancer 63.

(5.1) Motion Calculator 61

The motion calculator 61 is a circuit that calculates
motion amounts, each indicating motion of an object in
frame B-mode image signals by calculating an inter-frame
difference of luminance indicated by the frame B-mode
image signals acquired from the B-mode image acquirer 5.
Here, “object in a pixel region” indicates tissue of a subject
or an artificial object such as a puncture needle inserted into
tissue of the subject, the tissue or artificial object being
indicated by an image of a pixel region. In the present
embodiment, the motion calculator 61 calculates motion
amounts indicating motion of a puncture needle. Specifi-
cally, the motion calculator 61 reads, from the B-mode
image acquirer 5, at least two frame B-mode image signals
including the current frame, and performs a calculation of an
inter-frame difference of luminance, for example, between
identical pixel regions in the at least two frame B-mode
image signals, the pixel regions indicating a region of at
least one pixel. Subsequently, the motion calculator 61
calculates motion amounts according to a condition that the
motion amounts corresponding to the pixel regions of the
current frame B-mode image signal increase in proportion to
increases in the values of the inter-frame differences of the
identical pixel regions. The motion amounts calculated for
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each pixel region included in the frame B-mode image
signal are outputted to the enhancement calculator 62 and
the cumulative motion calculator 64.

(5.2) Cumulative Motion Calculator 64

The cumulative motion calculator 64 is a circuit that
calculates cumulative motion amounts, each cortesponding
to a target pixel region in the frame B-mode image signal, by
cumulating motion amounts corresponding to pixel regions
in the frame B-mode image signal that are located substan-
tially along a direction substantially parallel to the ultra-
sound beam transmission direction from a pixel region
located at an upstream end of the ultrasound beam to the
target pixel region, each of the pixel regions included in the
frame B-mode image signal being specified as the target
pixel region.

Here, “a direction substantially parallel to the ultrasound
beam transmission direction” (hereafter, “first direction™)
indicates a direction with an angle no greater than 45 degrees
between the direction and the ultrasound beam transmission
direction in a frame B-mode image display. Further the
“ultrasound beam transmission direction” indicates a depth
direction of the acoustic line signal in a B-mode image
display. For example, when a B-mode image is displayed, in
orthogonal coordinates, from an x direction and y direction
arbitrarily set on the B-mode image, a direction having the
smallest angle between the direction and the depth direction
of the acoustic line signal in the B-mode image is the first
direction.

In the present embodiment, the cumulative motion calcu-
lator 64 calculates cumulative motion amounts, each corre-
sponding to a target pixel region, by cumulating motion
amounts corresponding to pixel regions that are located
along a straight line parallel to the first direction that passes
through the target pixel region from a pixel region located at
an upstream end of the ultrasound beam to the target pixel
region, each of the pixel regions included in the current
frame B-mode image signal being specified as the target
pixel region. Each of the cumulative motion amounts cal-
culated for the pixel regions included in the frame B-mode
image signal is outputted to the enhancement correction
calculator 65.

(5.3) Enhancement Correction Calculator 65

The enhancement correction calculator 65 is a circuit that
calculates an enhancement amount correction for each pixel
region, based on the cumulative motion amount of each
pixel region of a frame B-mode image signal. The enhance-
ment amount correction for each pixel region is calculated to
reduce an enhancement amount for the pixel region propor-
tional to an amount of excess by which a corresponding
cumulative motion amount exceeds a predefined reference
value. The enhancement correction calculator 65 outputs the
enhancement amount correction calculated for each pixel
region to the enhancement calculator 62.

(5.4) Enhancement Calculator 62

The enhancement calculator 62 is a circuit that acquires
motion amounts corresponding to the pixel regions from the
motion calculator 61 and the enhancement amount correc-
tion for each of the pixel regions from the enhancement
correction calculator 65; and calculates an enhancement
amount for each pixel based on the motion amounts of the
pixel regions of the frame B-mode image signal. The
enhancement amount for each pixel region is calculated by
increasing the enhancement amount with respect to the
B-mode image signal of the pixel region by an amount
proportional to the motion amount of the pixel region, and
decreasing the enhancement amount based on the enhance-
ment amount correction for the pixel region.
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(5.5) B-Mode Image Enhancer 63

The B-mode image enhancer 63 is a circuit that acquires
the frame B-mode image signal from the B-mode image
acquirer 5 and the enhancement amount for each pixel
region of the frame B-mode image signal from the enhance-
ment calculator 62; and performs enhancement processing
with respect to a B-mode image signal unit corresponding to
respective ones of the pixel regions of the frame B-mode
image signal. At this time, the B-mode image enhancer 63
performs enhancement processing for the B-mode image
signal unit to increase luminance indicated by a receive
signal unit of a target pixel region by an amount proportional
to the enhancement amount. The B-mode image enhancer 63
outputs the frame B-mode image signal that has been
enhanced to the display controller 7.

6. Display Controller 7

The display controller 7 is a circuit that causes the
externally connected display 8 to display a B-mode image
based on the frame B-mode image signal that has been
enhanced.

<Operation>

The following describes operation of the ultrasound diag-
nostic device 10 configured as described above. FIG. 2 is a
flowchart indicating operation of the enhancement processor
6 in the ultrasound diagnostic device 10 pertaining to
embodiment 1.

1. Step S201

In step S201, a motion amount of each pixel region from
a plurality of frame B-mode image signals is calculated.
According to an inter-frame difference of each pixel region
of the frame B-mode image signals a motion amount of an
object in the frame B-mode image signals is calculated.
Specifically, the motion calculator 61 reads, from the
B-mode image acquirer 5, at least two frame B-mode image
signals including the current frame, and performs a calcu-
lation of an inter-frame difference of luminance, for
example, between identical pixel regions composed of at
least one pixel in the at least two frame B-mode image
signals. The inter-frame difference is a difference between
luminance indicated in the current frame B-mode image
signal and luminance indicated in at least one frame B-mode
image signal acquired before the current frame B-mode
image signal in identical pixel regions composed of at least
one pixel. In a case in which each of the pixel regions is
composed of a plurality of pixels, a difference in luminance
between the pixel regions can be calculated using an average
luminance of each of the plurality of pixels. Further, in a
case in which the inter-frame difference uses at least three
frame B-mode image signals, a configuration may be used
that calculates an average and variance of a plurality of
inter-frame  difference results between two frames, for
example. Subsequently, the motion calculator 61 calculates
motion amounts so that the motion amounts in the pixel
regions of the current frame B-mode image signal increase
in proportion to increases in the calculated values corre-
sponding to identical pixel regions.

2. Step S202

In step S202, the cumulative motion calculator 64 calcu-
lates a cumulative motion amount of a target pixel region by
cumulating motion amounts of each pixel region along a
straight line parallel to the first direction, which is substan-
tially parallel to the ultrasound beam transmission direction,
and passes through the target pixel region, from a pixel
region at an upstream end of the ultrasound beam to the
location of the target pixel region; and calculates a cumu-
lative motion amount of each pixel region by performing
this cumulating for each location in a second direction
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perpendicular to the first direction and for each pixel region
included in the current frame B-mode image signal.

3. Step S203

In step S203, the enhancement correction calculator 65
calculates an enhancement amount correction for each pixel
region, based on the cumulative motion amount of each
pixel region of the frame B-mode image signal. The
enhancement amount correction for each pixel region is
calculated to reduce an enhancement amount for the pixel
region proportional to an amount of excess by which a
corresponding cumulative motion amount exceeds a pre-
defined reference value.

4. Step 5204

In step S204, the enhancement calculator 62 calculates an
enhancement amount for each pixel of the frame B-mode
image signal, based on the motion amount of each pixel
region supplied from the motion calculator 61 and the
enhancement amount correction for each pixel region sup-
plied from the enhancement correction calculator 65. The
enhancement amount for each pixel region is calculated by
increasing an enhancement amount with respect to the
B-mode image signal of the pixel region by an amount
proportional to the motion amount of the pixel region, and
decreasing the enhancement amount based on the enhance-
ment amount correction for the pixel region.

5. Step S205

The B-mode image enhancer 63 performs enhancement
processing with respect to the B-mode image signal unit of
each pixel region of the frame B-mode image signal, based
on the frame B-mode image signal supplied from the
B-mode image acquirer 5 and the enhancement amount for
each pixel region of the frame B-mode image signal sup-
plied from the enhancement calculator 62. At this time, the
B-mode image enhancer 63 performs enhancement process-
ing for the B-mode image signal to increase luminance
indicated by a B-mode signal unit of a target pixel region by
an amount proportional to the enhancement amount. This
processing is performed at each location in the second
direction perpendicular to the first direction (5206), and
generates an enhanced frame B-mode image signal that has
been enhanced.

The enhanced frame B-mode image signal is outputted to
the image controller 7, the enhanced frame B-mode image
signal is displayed on the display 8, and processing to update
and display the enhanced frame B-mode image is performed
each time the ultrasound scan is performed.

Preventing Pseudo-Enhancement in Puncture Needle
Enhancement Processing

The following describes the effect of preventing pseudo-
enhancement in puncture needle enhancement processing in
the ultrasound diagnostic device 10, with reference to the
drawings.

FIG. 3 is a graph indicating a relationship between the
motion amount, which is input, and a calculated enhance-
ment amount k1 in the enhancement calculator 62 of the
ultrasound diagnostic device 10. In the present embodiment,
as shown in FIG. 3, the enhancement amount k1 is propor-
tional to the motion amount.

Next, in a B-mode image signal acquired when inserting
a puncture needle into a subject, distribution of the motion
amount and a cumulative motion amount in the depth
direction of an acoustic line signal is examined. FIG. 4
includes a measurement result indicating the motion amount
and the cumulative motion amount of the puncture needle in
the depth direction according to the ultrasound diagnostic
device 10. As shown in FIG. 4, the motion amount (dashed
line) has a peak when the puncture needle is at a certain
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depth (near pixel 40), and is also distributed in a range
deeper than the puncture needle (from pixel 40 to the
vicinity of pixel 180). The distribution of the motion amount
in a range deeper than the puncture needle is due to the effect
of the shadow of the puncture needle. As described above,
a portion that newly becomes a shadow region of the
puncture needle along with insertion of the puncture needle,
i.e. insufficiently irradiated by the ultrasound beam, is rec-
ognized as having a motion amount according to a change in
luminance because luminance is recognized as having
changed when compared to a previous frame.

Distribution of a cumulative motion amount (solid line) is
obtained by integrating the distribution of the motion
amount in the depth direction. The cumulative motion
amount has a distribution of abruptly increasing at the depth
of the puncture needle (near pixel 40), increasing moderately
at depths greater than pixel 40, and gradually increasing
until near pixel 120 after which the cumulative motion
amount is saturated. Further, according to the inventors’
experiments, the amount of increase in the cumulative
motion amount at the depth of the puncture needle remained
substantially constant even when the depth of the puncture
needle was changed. The reason for this is that the puncture
needle has a smooth metal surface and a thickness limited to
a prescribed range by criteria for use, and therefore when the
puncture needle is inserted into the subject, the change in
luminance and the motion amount indicated by the change
in luminance in a B-mode image signal is constant. Accord-
ingly, depth of the puncture needle can be correctly detected
by detecting a rapid increase in the cumulative motion
amount.

FIG. 5 is a graph indicating a relationship between the
cumulative motion amount, which is input, and an enhance-
ment amount correction k2, which is output, in the enhance-
ment correction calculator 65 of the ultrasound diagnostic
device 10. As shown in FIG. 5, the enhancement amount
correction k2 is a variable in a range from 0 to 1, and a
predefined reference value m is a range of the cumulative
motion amount in which enhancement of the puncture
needle is preferably maintained. In the present embodiment,
the enhancement amount correction k2 is 1 in a range from
zero until the cumulative motion amount is the predefined
reference value m, and decreases towards O after the cumu-
lative motion amount exceeds the predefined reference value
m. The predefined reference value m of the cumulative
motion amount can be determined from the experimental
results of F1G. 4, etc. For example, the predefined reference
value m is preferably a cumulative motion amount slightly
above a value after the abrupt increase at the depth of the
puncture needle (near pixel 40 in FIG. 4). In the present
embodiment, the predefined reference value m is preferably
a value including a range from 6 to 10, and more preferably
including a range from 6 to 8.

In this way, the enhancement amount (k1xk2) increases in
proportion to the motion amount of the pixel region to be
corrected, and when the cumulative motion amount of the
pixel region to be corrected exceeds the predefined reference
value, the enhancement amount is reduced in proportion to
the amount of excess.

FIG. 6 is a graph indicating a relationship between input
luminance and output luminance of a B-mode image signal
in the B-mode image enhancer 63 of the ultrasound diag-
nostic device 10. In the enhancement processing for the
B-mode image signal in the present embodiment, the input
signal is increased and outputted based on the enhancement
amount (k1xk2).
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The following is an evaluation regarding the effect of
preventing pseudo-enhancement in puncture needle
enhancement processing in the ultrasound diagnostic device
10, by display of B-mode images. FIG. 7 and FIG. 8 are
B-mode images acquired by the ultrasound diagnostic
device 10. In FIG. 7 and FIG. 8, in each region A surrounded
by a dashed line, the white portion in an upper portion of the
region A is a display image of a puncture needle that has
been enhanced. It can be seen that the puncture needle is
enhanced in the same way as in the B-mode image acquired
by the ultrasound diagnostic device 10X in FIG. 15. On the
other hand, it can be seen that a portion colored white below
the display image of the puncture needle in each region A is
reduced and less conspicuous compared to FIG. 15. The
white-colored portion visible in FIG. 15 is the shadow of the
puncture needle that has been pseudo-enhanced, and is noise
accompanying the puncture needle enhancement processing.
In this way, it can be seen that, in the ultrasound diagnostic
device 10, pseudo-enhancement of the puncture needle
shadow that accompanies the puncture needle enhancement
processing is reduced by adopting the above configuration.

Summary

As described above, in the ultrasound image processing
method and the ultrasound diagnostic device using the
ultrasound image processing method pertaining to embodi-
ment 1, pseudo-enhancement with respect to the puncture
needle is reduced by the configuration described above.
Thus, visibility of the puncture needle is improved in
ultrasound image diagnosis, prevention of image quality
deterioration due to effects of the puncture needle is pos-
sible, and ease of use of the ultrasound diagnostic device is
improved.

Embodiment 2

In the ultrasound diagnostic device 10 pertaining to
embodiment 1, the cumulative motion calculator 64 calcu-
lates a cumulative motion amount of a target pixel region by
cumulating motion amounts for each pixel region along a
straight line parallel to the first direction that passes through
the target pixel region from a pixel region located at an
upstream end of the ultrasound beam to the target pixel
region; and calculates a cumulative motion amount of each
pixel region by performing this cumulating for each pixel
region included in the current frame B-mode image signal.
However, the cumulative motion calculator 64 may calculate
a cumulative motion amount of each pixel region included
in the current frame B-mode image signal by cumulating
motion amounts for each pixel region substantially along a
direction of transmission of the ultrasound beam from a
pixel region at an upstream end of the ultrasound beam to the
location of the target pixel region; and configuration of the
cumulative motion calculator 64 can be changed appropri-
ately.

In embodiment 2, the cumulative motion calculator 64
specifies, for each linear sequence of pixel regions in a
second direction perpendicular to the first direction, a great-
est motion amount among motion amounts corresponding to
pixel regions in the linear sequence, and calculates the
cumulative motion amount of a target pixel region by
cumulating the greatest motion amounts from a pixel region
located at the upstream end of the ultrasound beam to a
location of the target pixel region along the first direction;
and performs this calculation specifying each pixel region
included in the present frame B-mode image signal as the
target pixel region. Configuration other than the cumulative
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motion calculator 64 is the same for each element indicated
in embodiment 1, and description thereof is omitted here.

Configuration

The following describes the ultrasound diagnostic device
pertaining to embodiment 2, with reference to the drawings.

FIGS.9A, 9B, and 9C are schematic diagrams for describ-
ing configuration of the cumulative motion calculator 64 in
the ultrasound diagnostic device pertaining to embodiment
2.

FIG. 9A is a schematic diagram indicating configuration
of the cumulative motion calculator 64 pertaining to
embodiment 1. As indicated in the present diagram, in
embodiment 1, the cumulative motion amount of a target
pixel region is calculated by cumulating motion amounts
from a pixel region located at the upstream end of the
ultrasound beam in the first direction to the target pixel
region. Thus, in a case in which, in the frame B-mode image
signal, the ultrasound beam transmit direction and the first
direction are not parallel and form a constant angle therebe-
tween, the cumulative motion amount is reduced at a loca-
tion removed from below the first direction of the puncture
needle, and the enhancement amount correction is reduced
with respect to the location.

Accordingly, a problem occurs in that a portion of the
shadow region that occurs in the downstream side of the
ultrasound beam transmit direction of the puncture needle
protrudes from the portion below the first direction from the
puncture needle, and the protruding portion becomes
pseudo-enhanced. In FIG. 9A, the white speckling located in
the bottom right of the fan-shaped image is a remaining
portion of pseudo-enhancement.

Further, even when the beam transmit direction and the
first direction are parallel on the frame B-mode image signal,
in a case in which the ultrasound beam is a beam having a
shape that spreads outward, a portion of the shadow region
of the puncture needle that occurs downstream in the ultra-
sound beam transmit direction may protrude from the region
below the first direction from the puncture needle in the
B-mode image signal, causing the same problem.

On the other hand, FIG. 9B and FIG. 9C are schematic
diagrams indicating a configuration of the cumulative
motion calculator 64 pertaining to embodiment 2. As shown
in the present diagram, in embodiment 2, in locations of each
vertical direction (the first direction), the maximum value of
the motion amount of each pixel region in the horizontal
direction (the second direction) is calculated (FIG. 9B).
Subsequently, the cumulative motion amount of a target
pixel region is calculated by cumulating the maximum
motion amounts from pixel regions located at the upstream
end of the ultrasound beam in the first direction to the target
pixel region (FIG. 9C). This processing calculates a cumu-
lative motion amount of each pixel region by performing
this cumulating for each pixel region included in the current
frame B-mode image signal.

In this way, the cumulative motion amount along the first
direction is a cumulated amount of the maximum value of
motion amounts in each first direction location in the second
direction. Thus, even in a case in which a portion of the
shadow region of the puncture needle that occurs down-
stream of the ultrasound beam transmit direction is located
apart from the first direction below the puncture needle, the
cumulative motion amount of the portion of the shadow
region becomes the same value as when below the puncture
needle in the first direction. Accordingly, in the shadow
region of the puncture needle that occurs downstream of the
ultrasound beam transmit direction, pseudo-enhancement of
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a portion protruding from the first direction below the
puncture needle can be prevented.

<Operation>

FIG. 10 is a flowchart indicating operation of the enhance-
ment processor 6 in the ultrasound diagnostic device per-
taining to embodiment 2.

1. Step S201

Step S201 is identical to embodiment 1. The motion
amount of an object in a frame B-mode image signal is
calculated from an inter-frame difference of a plurality of
frame B-mode image signals.

2. Step S202A

Step S202A has a sub-step S2021A and a sub-step
S2022A.

In the sub-step S2021A, the cumulative motion calculator
64 calculates a motion amount of a pixel region that has the
greatest motion amount among pixel regions in the second
direction perpendicular to the first direction as a maximum
motion amount of the second direction.

In sub-step S2022A, the cumulative motion calculator 64
calculates the cumulative motion amount of a target pixel
region by cumulating the maximum motion amount of the
second direction from a pixel region location at the upstream
end of the ultrasound beam along the first direction to the
target pixel region. This processing calculates a cumulative
motion amount of each pixel region by performing this
cumulating for all pixel regions included in the current
frame B-mode image signal.

3. Step S203

Step S203 is identical to embodiment 1. The enhancement
correction calculator 65 calculates an enhancement amount
correction for each pixel region, based on the cumulative
motion amount of each pixel region of a frame B-mode
image signal.

4. Step S204

Step S204 is identical to embodiment 1. The enhancement
calculator 62 calculates an enhancement amount for each
pixel of the frame B-mode image signal, based on the
motion amount of each pixel region supplied from the
motion calculator 61 and the enhancement amount correc-
tion for each pixel region supplied from the enhancement
correction calculator 65.

5. Step S205

The B-mode image enhancer 63 is identical in embodi-
ment 1. The B-mode image enhancer 63 performs enhance-
ment processing with respect to the B-mode image signal
unit of each pixel region of the frame B-mode image signal,
based on the frame B-mode image signal supplied from the
B-mode image acquirer 5 and the enhancement amount for
each pixel region of the frame B-mode image signal sup-
plied from the enhancement calculator 62. The frame
B-mode image signal that has been enhanced is generated,
and outputted to the display 8 via the display controller 7.

Effect of Preventing Pseudo-Enhancement

The following is an evaluation of the effect of preventing
pseudo-enhancement in embodiment 2 from a B-mode
image. FIG. 11 is a B-mode image acquired by the ultra-
sound diagnostic device pertaining to embodiment 2. FIG. 8
is a B-mode image acquired by the ultrasound diagnostic
device 10 pertaining to embodiment 1. In FIG. 8, the white
speckled location near the lower-right of region A sur-
rounded by a broken line is a portion of a shadow region of
the puncture needle that occurs downstream in the ultra-
sound beam transmit direction, which protrudes from a
location below the puncture needle in the first direction on
the B-mode image and has been pseudo-enhanced. In con-
trast, in FIG. 11, the white speckled location in region A

20

25

35

40

45

60

65

18

surrounded by a broken line is less intense and no longer
conspicuous. In other words, in the configuration pertaining
to embodiment 2, in the shadow region that occurs down-
stream of the puncture needle in the ultrasound beam
transmit direction, enhancement correction is performed
based on a cumulative motion amount with respect to a
portion protruding from below the first direction of the
puncture needle, and the pseudo-enhancement that occurs in
embodiment 1 is noticeably reduced.

Summary

As described above, in the ultrasound image processing
method and the ultrasound diagnostic device using the
ultrasound image processing method pertaining to embodi-
ment 2, the following effect is achieved in addition to the
effect in embodiment 1.

In a case in which the ultrasound beam transmit direction
and the first direction are not parallel and form a constant
angle on the frame B-mode image signal, a problem occurs
in that a portion of the shadow region that occurs in the
downstream side of the ultrasound beam transmit direction
of the puncture needle protrudes from the portion below the
first direction from the puncture needle in the B-mode image
signal, and the protruding portion becomes pseudo-en-
hanced. In a case in which the ultrasound beam is a beam
having a shape that spreads outward, the same problem also
occurs.

However, in embodiment 2, according to the above con-
figuration, the enhancement amount correction is calculated
based on the cumulative motion amount even for a protrud-
ing portion as described above, reducing the pseudo-en-
hancement that occurs in embodiment 1.

Embodiment 3

In embodiment 1, a frame B-mode image signal is
enhanced by calculating an enhancement amount for a
B-mode image signal of a pixel region, based on motion
amounts calculated from B-mode image signals of pixel
regions included in a plurality of frame B-mode image
signals.

However, enhancement processing may be performed
with respect to a plurality of frame receive signals by
calculating an enhancement amount for a receive signal unit
corresponding to a pixel region, based on a characteristic
calculated from receive signal units of pixel regions
included in a plurality of frame receive signals, and a target
of enhancement processing may be changed appropriately.

An ultrasound diagnostic device 10A pertaining to
embodiment 3 is characterized in that an enhancement
amount with respect to an acoustic line signal unit corre-
sponding to a pixel region is calculated based on a motion
amount calculated from an acoustic line signal unit corre-
sponding to a pixel region composed of at least one pixel
included in acoustic line signals of a plurality of frames, and
enhancement processing is performed with respect to the
acoustic line signal units of a frame.

Configuration

The following describes configuration of the ultrasound
diagnostic device 10A. FIG. 12 is a function block diagram
of the ultrasound diagnostic device 10A pertaining to
embodiment 3. The ultrasound diagnostic device 10A
includes a control circuit 100A provided with the ultrasound
transmitter-receiver 2, the transmission-reception controller
3, the B-mode image generator 4, an acoustic line signal
acquirer 5A, an enhancement processor 6A, and the display
controller 7. Configuration other than the acoustic line signal
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acquirer 5A and the enhancement processor 6A is the same
for each element indicated in embodiment 1, and description
thereof is omitted here.

1. Acoustic Line Signal Acquirer SA

The acoustic line signal acquirer 5A is a circuit provided
with a buffer storing frame acoustic line signals sequentially
transmitted as scanning is performed, as inputs of acoustic
line signals generated at the ultrasound transmitter-receiver
2. The frame acoustic line signals are outputted to the
enhancement processor 6A.

2. Enhancement Processor 6A

The enhancement processor 6A includes the motion cal-
culator 61, the enhancement calculator 62, the cumulative
motion calculator 64, an enhancement correction calculator
65, and an acoustic line signal enhancer 63A. Configuration
other than the acoustic line signal enhancer 63A 1s identical
to embodiment 1, and description thereof is omitted here.
Further, according to the acoustic line signal enhancer 63A,
the acoustic line signal replaces the B-mode image as a
target for enhancement processing, but is otherwise identical
to the B-mode image enhancer 63.

The acoustic line signal enhancer 63A is a circuit that
performs enhancement processing on the acoustic line signal
unit of each pixel region of a frame acoustic line signal,
acquiring the frame acoustic line signal from the acoustic
line signal acquirer 5A and an enhancement amount for each
pixel region of the frame acoustic line signal from the
enhancement calculator 62. The acoustic line signal
enhancer 63 A outputs the frame acoustic line signal that has
been enhanced to the B-mode image generator 4. The frame
acoustic line signal that has been enhanced is converted to
a B-mode image signal and outputted to the display 8 via the
display controller 7.

Enhancement processing in the ultrasound diagnostic
device 10A is identical to the flowchart in FIG. 2, except that
the B-mode image signal is replaced by the acoustic line
signal.

Summary

As described above, the ultrasound diagnostic device 10A
achieves the following effects in addition to the effects of the
ultrasound diagnostic device 10 indicated in embodiment 1.

In the ultrasound diagnostic device 10A, enhancement
amounts of pixel regions are generated based on character-
istic values calculated from the acoustic line signal units
corresponding to pixel regions included in the acoustic line
signals of a plurality of frames. In this way, by performing
enhancement processing on acoustic line signals instead of
B-mode image signals, the influence of operator-specific
image quality adjustments included when generating a
B-mode image is eliminated and enhancement amounts are
determined with respect to the puncture needle at the acous-
tic line signal stage. Thus, enhancement amounts are deter-
mined independent of operator-specific adjustments.

Further, as described above, in a case in which the
ultrasound beam transmit direction and the first direction are
not parallel and form a constant angle on the frame B-mode
image signal, a problem occurs in that a portion of the
shadow region that occurs in the downstream side of the
ultrasound beam transmit direction of the puncture needle
protrudes from the region below the first direction from the
puncture needle in the B-mode image signal, and the pro-
truding region becomes pseudo-enhanced. In embodiment 3,
according to the above configuration, the first direction used
to calculate the cumulative motion amount is the direction of
the acoustic line signal, and therefore the first direction and
the ultrasound beam transmit direction are always parallel.
Thus, protruding portions do not exist, and the problem of
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pseudo-enhancement of the protruding portions does not
occur. Thus, even when using an identical processing
method to embodiment 1, pseudo-enhancement is elimi-
nated.

Other Modifications

The above describes ultrasound diagnostic devices pet-
taining to each embodiment. The present invention is not
limited to the above embodiments and may be appropriately
modified based on aspects of implementation.

In the above embodiments, the B-mode image enhancer
63 performs enhancement processing for the B-mode image
signal to increase luminance indicated by a receive signal
unit corresponding to a target pixel region by an amount
proportional to the enhancement amount. However, display
of an enhancement amount is not limited in this way, and
may be appropriately modified. For example, the B-mode
image enhancer 63 may be configured to perform enhance-
ment processing with respect to the B-mode image signal so
that color displayed on the display is changed based on a
receive signal unit corresponding to a target pixel region
based on the enhancement amount. Further, the B-mode
image enhancer 63 may be configured to sequentially per-
form enhancement processing with respect to the B-mode
image signals so that enhancement effect duration is
increased for a receive signal unit corresponding to a target
pixel region in proportion to an increase in enhancement
amount. In this way, enhancement effect can be represented
more prominently.

Further, in the above embodiments, the ultrasound probe
is indicated to be an ultrasound probe in which a plurality of
piezoelectric elements are arranged in a one-dimensional
direction. However, configuration of the ultrasound probe is
not limited in this way. For example, an ultrasound probe
may be used in which a plurality of piezoelectric elements
are arranged in two dimensions. In a case in which an
ultrasound probe having a two-dimensional arrangement is
used, irradiation position and irradiation direction of a
transmitted ultrasound beam can be controlled according to
changes in timing of voltage and voltage values applied
individually to piezoelectric elements.

Further, the ultrasound probe may include a portion of
functions of the transmitter-receiver. For example, based on
a control signal for generating a transmit electrical signal
outputted from the transmitter-receiver, the ultrasound probe
may generate the transmit electrical signal internally, and
convert the transmit electrical signal to ultrasound. In addi-
tion, a configuration can be adopted that can convert a
received reflected ultrasound to a receive electrical signal
and generate a receive signal based on the receive electrical
signal in the ultrasound probe.

Further, each processing unit included in the ultrasound
diagnostic device pertaining to each embodiment is typically
implemented as an LSI, which is an integrated circuit. Each
processing unit, a portion of a processing unit or all pro-
cessing units may be a single chip.

Further, in the embodiments, each block is described as
independent hardware. However, each block in the ultra-
sound diagnostic device need not be independent hardware.
For example, functions of each block may be implemented
by a CPU or software as required.

Further, a portion of functions or all functions of each
function block of the ultrasound diagnostic device is typi-
cally implemented as an LSI, which is an integrated circuit.
Each function block, a portion of a function block or all
function blocks may be a single chip. Note that LS may be
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referred to as IC, system LSI, super LSI, or ultra LSI,
depending on the degree of integration.

Note that methods of integration are not limited to LSI,
and may be implemented by dedicated circuits or general-
purpose processors. After LSI manufacture, a field program-
mable gate array (FPGA) that allows programming or a
re-configurable processor that allows re-configuring of con-
nections and settings of circuit cells within the LSI may be
used.

Further, if integrated circuit technology that replaces LSI
is introduced due to progress of semiconductor technology
or derivative technology, integration of function blocks is of
course possible using the technology.

Further, a portion or all functions of the ultrasound
diagnostic device pertaining to each embodiment may be
implemented by execution of a program by a processor such
as a CPU.

Furthermore, the present invention may be the program
described above, or may be a non-transitory computer-
readable storage medium storing the program described
above. Further, the program described above may of course
be distributed by a transmission medium such as the internet.

Further, divisions of functional blocks in the block dia-
grams are examples, and a plurality of function blocks may
be implemented as a single function block, a single function
block may be divided into a plurality of function blocks, and
a portion of functions may be moved to another function
block. Further, functions of a plurality of function blocks
having similar functions may be processed in parallel or by
time division by a single piece of hardware or software.

Further, orders in which the above steps are implemented
are merely examples for describing specifics of the present
invention, and orders other than the orders described above
may be used. Further, a portion of a step described above
may be executed at the same time as another step.

Further, at least a portion of functions of the ultrasound
diagnostic device pertaining to each embodiment or modi-
fication may be combined.

Further, various modifications to the present embodi-
ments within a range that occurs to those skilled in the art are
also included in the present invention.

Summary

As described above, the ultrasound image processing
method pertaining to the present embodiment is an ultra-
sound image processing method for correcting at least one of
a plurality of frame receive signals generated based on
ultrasound scans performed sequentially, an ultrasound
probe transmitting an ultrasound beam towards a range to be
scanned in a subject and receiving reflected ultrasound in
each of the ultrasound scans, the ultrasound image process-
ing method comprising: acquiring at least two of the frame
receive signals; calculating motion amounts, each indicating
motion of an object in the subject and corresponding to a
respective one of a plurality of pixel regions in one of the
two frame receive signals, each of the pixel regions indi-
cating a region of at least one pixel, the calculating of each
of the motion amounts being performed based on receive
signal units corresponding to identical pixel regions
included in the at least two of the frame receive signals
(8201); calculating cumulative motion amounts, each cor-
responding to a target pixel region in the one frame receive
signal, by cumulating motion amounts corresponding to
reference pixel regions in the one frame receive signal that
are located substantially along a direction of transmission of
the ultrasound beam from a pixel region located at an
upstream end of the ultrasound beam to the target pixel
region, each of the pixel regions included in the one frame
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receive signal being specified as the target pixel region
(5202); calculating enhancement amounts for receive signal
units, each of the receive signal units corresponding to a
respective one of the pixel regions included in the one frame
receive signal, the enhancement amounts being based on the
motion amounts and the cumulative motion amounts (5204);
and enhancing the receive signal units based on the enhance-
ment amounts (S205).

Further, the ultrasound diagnostic device 10 pertaining to
the present embodiment is an ultrasound diagnostic device
for correcting at least one of a plurality of frame receive
signals generated based on ultrasound scans performed
sequentially, an ultrasound probe transmitting an ultrasound
beam towards a range to be scanned in a subject and
receiving reflected ultrasound in each of the ultrasound
scans, the ultrasound diagnostic device 10 comprising: a
control circuit 100, the control circuit comprising: a receive
signal acquirer that acquires at least two of the frame receive
signals; the motion calculator 61 that calculates motion
amounts, each indicating motion of an object in the subject
and corresponding to a respective one of a plurality of pixel
regions in one of the two frame receive signals, each of the
pixel regions indicating a region of at least one pixel, the
calculating of each of the motion amounts being performed
based on receive signal units corresponding to identical
pixel regions included in the at least two of the frame receive
signals; the cumulative motion calculator 64 that calculates
cumulative motion amounts, each corresponding to a target
pixel region in the one frame receive signal, by cumulating
motion amounts corresponding to reference pixel regions in
the one frame receive signal that are located substantially
along a direction of transmission of the ultrasound beam
from a pixel region located at an upstream end of the
ultrasound beam to the target pixel region, each of the pixel
regions included in the one frame receive signal being
specified as the target pixel region; the enhancement calcu-
lator 62 that calculates enhancement amounts for receive
signal units, each of the receive signal units corresponding
to a respective one of the pixel regions included in the one
frame receive signal, the enhancement amounts being based
on the motion amounts and the cumulative motion amounts;
and the receive signal enhancer 63 that enhances the receive
signal units based on the enhancement amounts.

Further, when the direction is a first direction, the refer-
ence pixel regions may be located along a straight line
parallel to the first direction from a pixel region located at
the upstream end of the ultrasound beam to the target pixel
region.

Further, when a second direction is perpendicular to the
direction, each of the reference pixel regions may be a pixel
region corresponding to a greatest motion amount among
motion amounts corresponding to pixel regions in a linear
sequence in the second direction.

According to the ultrasound image processing method and
the ultrasound diagnostic device using the ultrasound image
processing method, pseudo-enhancement with respect to a
puncture needle is reduced, and visibility of the puncture
needle in ultrasound imaging is improved while preventing
image quality deterioration caused by the puncture needle.
Thus, ease of use of the ultrasound diagnostic device is
improved.

<Supplement>

The embodiments described above each illustrate a pre-
ferred embodiment of the present invention. Values, shapes,
materials, elements, positions and connections of elements,
processes, process orders, etc., indicated in the embodiments
are examples, and are not intended to limit the present
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invention. Further, among elements of the embodiments, a
process not recited in independent claims that indicate the
most significant concepts of the present invention is
described as an element of a more preferred form.
Further, in order to make understanding of the invention
easiet, scale of each element of the above embodiments may
differ from actual scale. Further, the present invention is not
limited to the description of the above embodiments and
may be modified as appropriate without departing from the
spirit and scope of the present invention.
Further, members such as circuit components on a sub-
strate, lead wires, etc., also exist in the ultrasound diagnostic
device, but electrical wiring and electrical circuits may be
implemented various ways based on ordinary skill in the art,
and are not described as they do not have direct relevance to
description of the present invention. Note that each drawing
indicated above is a schematic diagram, and the present
invention is not necessarily exactly as shown.
Although the present invention has been fully described
by way of examples with reference to the accompanying
drawings, it is to be noted that various changes and modi-
fications will be apparent to those skilled in the art. There-
fore, unless such changes and modifications depart from the
scope of the present invention, they should be construed as
being included therein.
What is claimed is:
1. An ultrasound image processing method for correcting
at least one of a plurality of frame receive signals generated
based on ultrasound scans performed sequentially, an ultra-
sound probe transmitting an ultrasound beam towards a
scanning range to be scanned in a subject and receiving
reflected ultrasound in each of the ultrasound scans, the
ultrasound image processing method comprising:
acquiring at least two of the plurality of frame receive
signals, wherein a first frame receive signal of the at
least two of the plurality of frame receive signals
includes a plurality of first receive signal units each
corresponding to a respective one of a plurality of pixel
regions in the first frame receive signal, and a second
frame receive signal of the at least two of the plurality
of frame receive signals includes a plurality of second
receive signal units each corresponding to a respective
one of a plurality of pixel regions in the second frame
receive signal, wherein each of the plurality of pixel
regions in the first frame receive signal and each of the
plurality of pixel regions in the second frame receive
signal indicate a region of at least one pixel,

calculating motion amounts, each indicating motion of an
object in the subject and corresponding to a respective
one of the plurality of pixel regions in the first frame
receive signal, the calculating of each of the motion
amounts being performed based on respective pairs of
the first and second receive signal units corresponding
to identical pixel regions included respectively in the
first frame receive signal and the second frame receive
signal;

calculating cumulative motion amounts, each correspond-

ing to a target pixel region in the first frame receive
signal, by cumulating motion amounts corresponding
to reference pixel regions in the first frame receive
signal that are located between an upstream end of the
ultrasound beam and the target pixel region with
respect to a first direction that is substantially parallel
to a direction of transmission of the ultrasound beam,
each of the plurality of pixel regions included in the
first frame receive signal being specified as the target
pixel region;
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calculating enhancement amounts for the first receive
signal units, each of the first receive signal units
corresponding to a respective one of the plurality of
pixel regions included in the first frame receive signal,
the enhancement amounts being based on the motion
amounts and the cumulative motion amounts, wherein
the enhancement amounts are increased in proportion
to the motion amounts, and calculating the enhance-
ment amounts further comprises comparing the cumu-
lative motion amounts of the plurality of pixel regions
included in the first frame receive signal with a pre-
defined reference value which is stored in advance, and,
when a given one of the cumulative motion amounts
exceeds the predefined reference value which is stored
in advance, decreasing the enhancement amount of the
one of the plurality of pixel regions included in the first
frame receive signal corresponding to the given one of
the cumulative motion amounts that exceeds the pre-
defined reference value, in proportion to an amount by
which the given one of the cumulative motion amounts
exceeds the predefined reference value;

enhancing the first receive signal units based on the

corresponding calculated enhancement amounts; and
generating an enhanced ultrasound image based on the
enhanced first receive signal units.

2. The ultrasound image processing method of claim 1,
wherein the reference pixel regions are located along a
straight line parallel to the first direction from a pixel region
located at the upstream end of the ultrasound beam to the
target pixel region.

3. The ultrasound image processing method of claim 1,
wherein each of the reference pixel regions is a pixel region
between the upstream end of the ultrasound beam and the
target region with respect to the first direction, and corre-
sponding to a greatest motion amount among motion
amounts corresponding to pixel regions arranged in a linear
sequence in a second direction that is perpendicular to the
first direction.

4. The ultrasound image processing method of claim 1,
wherein the reference pixel regions are located along the
direction of transmission of the ultrasound beam.

5. The ultrasound image processing method of claim 1,
wherein the motion amounts are determined based on dif-
ferences between luminance indicated by the first receive
signal units in the first frame receive signal and luminance
indicated by the second receive signal units corresponding to
identical pixel regions in the second frame receive signal,
wherein the second frame receive signal is generated based
on an ultrasound scan prior to an ultrasound scan corre-
sponding to the first frame receive signal, and the motion
amount of a given one of the plurality of pixel regions in the
first frame receive signal is proportional to a size of the
difference between the luminance indicated by the first
receive signal unit corresponding to the given one of the
plurality of pixel regions in the first frame receive signal and
the luminance indicated by the second receive signal unit
corresponding to a pixel region in the second frame receive
signal that is identical to the given one of the plurality of
pixel regions in the first frame receive signal.

6. The ultrasound image processing method of claim 1,
wherein luminance indicated by the first receive signal units
is increased in proportion to the enhancement amounts.

7. The ultrasound image processing method of claim 1,
wherein color indicated by the first receive signal units is
changed based on the enhancement amounts.
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8. The ultrasound image processing method of claim 6,
wherein enhancement effect duration with respect to the first
receive signal units is increased in proportion to the
enhancement amounts.

9. The ultrasound image processing method of claim 1,
wherein a puncture needle is inserted within the scanning
range in the subject, and the enhancement amounts are larger
for first receive signal units among the first receive signal
units of the first frame receive signal in which the puncture
needle is indicated as compared to first receive signal units
among the first receive signal units of the first frame receive
signal in which the puncture needle is not indicated.

10. The ultrasound image processing method of claim 1,
wherein the first frame receive signal is one of a frame
B-mode image signal and a frame acoustic line signal.

11. A computer-readable non-transitory storage medium
storing a program executable by a computer to perform the
ultrasound image processing method of claim 1.
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