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ULTRASOUND DIAGNOSTIC APPARATUS,
CONTROLLER OF ULTRASOUND
DIAGNOSTIC APPARATUS, AND CONTROL
METHOD OF ULTRASOUND DIAGNOSTIC
APPARATUS

[0001] Theentire disclosure of Japanese Patent Application
No.2013-230021 filed on Nov. 6,2013 including description,
claims, drawings, and abstract are incorporated herein by
reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present application relates to an ultrasound
diagnostic apparatus, a controller of the ultrasound diagnostic
apparatus, and a control method of the ultrasound diagnostic
apparatus.

[0004] 2. Description of the Related Art

[0005] Based on a reflected ultrasound acquired by trans-
mitting/receiving an ultrasound to/from the inside of'a subject
through an ultrasound probe, an ultrasound diagnostic appa-
ratus images information inside the subject as an ultrasound
image. As the ultrasound image, there are a brightness (B)
mode image and a color flow (C) mode image superimposed
and displayed on the B mode image.

[0006] TheB modeimageisaninternal tissue of the subject
imaged by displaying amplitude strength of a reflected ultra-
sound in luminance.

[0007] On theother hand, the C mode image is bloodstream
information displayed in color in a region of interest (herein-
after, referred to as “ROI”) specified in the B mode image.
This C mode image is, for example, an image which is blood-
stream information in the ROI displayed with bloodstream in
a direction getting closer to an ultrasound probe being dis-
played in a red component and bloodstream in a direction
getting farther therefrom being displayed in a blue compo-
nent. The C mode image is superimposed and displayed on
the B mode image.

[0008] When the C mode image is generated, there may be
a case where information other than information related to a
bloodstream component is included in an acquired reflected
ultrasound and a noise component-derived image (hereinaf-
ter, referred to as “noise image”™) appears in the displayed C
mode image in addition to a bloodstream component-derived
image. Thus, an ultrasound diagnostic apparatus which per-
forms processing to calculate an average value, the maximum
value, or a rate of change between predetermined frames
based on information of C mode images of a plurality of
image frames and which performs processing without dis-
playing a noise image in the C mode image by threshold
processing has been proposed (see, for example, IP
05-277111 A).

SUMMARY OF THE INVENTION

[0009] In the above described related technique, technique
to control generation of a noise image in a C mode image has
been desired. An object of a non-limiting exemplary embodi-
ment of the present application is to provide an ultrasound
diagnostic apparatus, a controller of the ultrasound diagnostic
apparatus, and a control method of the ultrasound diagnostic
apparatus which are capable of controlling generation of a
noise image in a C mode image more effectively.

[0010] To achieve the abovementioned object, according to
an aspect of the present application, an ultrasound diagnostic
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apparatus configured in a manner connectable to an ultra-
sound probe and an indicator reflecting one aspect of the
present invention comprises: a transmission unit configured
to perform transmission processing to drive the ultrasound
probe and to transmit an ultrasound to a subject; a reception
unit configured to perform reception processing to generate a
reception signal based on a reflected ultrasound which is from
the subject and is received by the ultrasound probe; a B mode
image generation unit configured to generate a B mode image
based on the reception signal; a C mode image generation unit
configured to generate a first C mode image based on the
reception signal; and a display processing unit configured to
generate a composite image in which the C mode image is
superimposed and displayed on the B mode image and to
output the composite image to the indicator, wherein the C
mode image generation unit compares the first C mode image
data and second C mode image data generated before the first
C mode image data, determines whether there is a noise part
in the first C mode image data based on the comparison result,
eliminates the noise part when there is the noise part in the
first C mode image data, and generates a first C mode image
based on the first C mode image data from which the noise
part is eliminated.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The above and other objects, advantages and fea-
tures of the present invention will become more fully under-
stood from the detailed description given hereinbelow and the
appended drawings which are given by way of illustration
only, and thus are not intended as a definition of the limits of
the present invention, and wherein:

[0012] FIG. 11is an example of a functional block diagram
of an ultrasound diagnostic apparatus according to a first
embodiment of the present application;

[0013] FIG. 2 is an example of a configuration view of
hardware of the ultrasound diagnostic apparatus according to
the first embodiment of the present application;

[0014] FIG. 3 is an example of a detail functional block
diagram of a noise cut unit of the ultrasound diagnostic appa-
ratus according to the first embodiment of the present appli-
cation;

[0015] FIG. 4is an example of an operation flowchart of the
ultrasound diagnostic apparatus according to the first
embodiment of the present application; and

[0016] FIG. 5A and FIG. 5B are auxiliary views for
describing a noise determination unit of the ultrasound diag-
nostic apparatus according to the first embodiment of the
present application.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Hereinafter, an embodiment ofthe present invention
will be described with reference to the drawings. However,
the scope of the invention is not limited to the illustrated
examples.

[0018] Inventors of the present application have studied a
characteristic of a method disclosed in JP 05-277111 A in
detail. As aresult, it is found that the technique disclosed in JP
05-277111 A cannot eliminate a noise image adequately.
Specifically, since a noise (hereinafter, referred to as “clutter
noise”) which appears due to movement of an ultrasound
probe or the like includes signal strength at the same level
with that of weak bloodstream, an influence of the clutter
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noise is not eliminated by the method disclosed in JP
05-277111 A. Accordingly, specifically in a case of diagnos-
ing with an ultrasound image while moving an ultrasound
probe, such as a case of an ultrasound image diagnosis of a
finger or the like of a patient with rheumatoid arthritis, an
influence of a clutter noise appears prominently ina displayed
C mode image.

[0019] The inventors of the present application have ear-
nestly studied technique to control generation of a noise
image in a C mode image effectively even in such a case and
have found a new ultrasound diagnostic apparatus, controller
of the ultrasound diagnostic apparatus, and method of the
ultrasound diagnostic apparatus. An outline of an ultrasound
diagnostic apparatus, a controller of the ultrasound diagnostic
apparatus, and a control method of the ultrasound diagnostic
apparatus according to an aspect of the present application
will be described in the following.

[0020] An ultrasound diagnostic apparatus according to an
aspect of the present application is an ultrasound diagnostic
apparatus configured in a manner connectable to an ultra-
sound probe and an indicator, the apparatus including;: a trans-
mission unit configured to perform transmission processing
to drive the ultrasound probe and to transmit an ultrasound to
a subject; a reception unit configured to perform reception
processing to generate a reception signal based on a reflected
ultrasound which is from the subject and is received by the
ultrasound probe; a B mode image generation unit configured
to generate a B mode image based on the reception signal; a
C mode image generation unit configured to generate a first C
mode image based on the reception signal; and a display
processing unit configured to generate a composite image in
which the C mode image is superimposed and displayed on
the B mode image and to output the composite image to the
indicator, wherein the C mode image generation unit com-
pares the first C mode image data and second C mode image
data generated before the first C mode image data, determines
whether there is a noise part in the first C mode image data
based on the comparison result, eliminates the noise part
when there is the noise part in the first C mode image data, and
generates a first C mode image based on the first C mode
image data from which the noise part is eliminated.

[0021] A controller of an ultrasound diagnostic apparatus
according to an aspect of the present application is a control-
ler of an ultrasound diagnostic apparatus configured in a
manner connectable to an ultrasound probe and an indicator,
the controller including: a transmission unit configured to
perform transmission processing to drive the ultrasound
probe and to transmit an ultrasound to a subject; a reception
unit configured to perform reception processing to generate a
reception signal based on a reflected ultrasound which is from
the subject and is received by the ultrasound probe; a B mode
image generation unit configured to generate a B mode image
based on the reception signal; aC mode image generation unit
configured to generate a first C mode image based on the
reception signal; and a display processing unit configured to
generate a composite image in which the C mode image is
superimposed and displayed on the B mode image and to
output the composite image to the indicator, wherein the C
mode image generation unit compares the first C mode image
data and second C mode image data generated before the first
C mode image data, determines whether there is a noise part
in the first C mode image data based on the comparison result,
eliminates the noise part when there is the noise part in the
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first C mode image data, and generates a first C mode image
based on the first C mode image data from which the noise
part is eliminated.

[0022] A control method of an ultrasound diagnostic appa-
ratus according to an aspect of the present application is a
control method of an ultrasound diagnostic apparatus config-
ured in a manner connectable to an ultrasound probe and an
indicator, the method including: a process A to perform trans-
mission processing to drive the ultrasound probe and to trans-
mit an ultrasound to a subject; a process B to perform recep-
tion processing to generate a reception signal based on a
reflected ultrasound which is from the subject and is received
by the ultrasound probe; a process C to generate a B mode
image based on the reception signal; a process D to generate
a first C mode image based on the reception signal; and a
process E to generate a composite image in which the Cmode
image is superimposed and displayed on the B mode image
and to output the composite image to the indicator, wherein
the process D includes a process to compare the first C mode
image data and second C mode image data generated before
the first C mode image data, to determine whether there is a
noise part in the first C mode image data based on the com-
parison result, to eliminate the noise part when there is a noise
part in the first C mode image data, and to generate a first C
mode image based on the first C mode image data from which
the noise part is eliminated.

[0023] Hereinafter, an ultrasound diagnostic apparatus, a
controller of the ultrasound diagnostic apparatus, and a con-
trol method of the ultrasound diagnostic apparatus according
to an aspect of an embodiment of the present application will
be described with reference to the drawings. However, the
scope of the invention is not limited to the illustrated
examples.

First Embodiment

[0024] Hereinafter, an ultrasound diagnostic apparatus, a
controller of the ultrasound diagnostic apparatus, and a con-
trol method of the ultrasound diagnostic apparatus according
to the first embodiment will be described with reference to the
drawings.

[0025] FIG. 1 is a schematic block diagram illustrating a
configuration of the ultrasound diagnostic apparatus accord-
ing to the first embodiment. To the ultrasound diagnostic
apparatus 100 in FIG. 1, an ultrasound probe 101 and an
indicator 102 are connected.

[0026] The ultrasound diagnostic apparatus 100 illustrated
in FIG. 1 includes a controller 1 and an operation unit 2. The
controller 1 includes a transmission unit 3, a reception unit 4,
a B mode image generation unit 5, an ROI setting unit 6, a C
mode image generation unit 7, a display processing unit 8,
and a control unit 9.

[0027] FIG. 2 is a view illustrating a main configuration of
hardware of the ultrasound diagnostic apparatus 100. In a
standpoint of the hardware, the ultrasound diagnostic appa-
ratus 100 includes, for example, a pulsar 52, an amplifier 53,
an A/D converter 54, a transmission beam former 55, a recep-
tion beam former 56, an image processor 57, a B mode image
processor 58, a C mode image processor 59, a memory 60,
and a calculation processor 61. The ultrasound probe 101
includes a plurality of piezoelectric transducing elements 51
to transmit/receive an ultrasound. The number of pulsars 52,
amplifiers 53, and A/D converters 54 corresponds to the num-
ber of piezoelectric transducing elements 51. The memory 60
stores a program which defines a procedure to realize a func-
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tionofeach element illustrated in FIG. 1 and a program which
defines a procedure to control the ultrasound diagnostic appa-
ratus 100, the ultrasound probe 101, and the indicator 102 and
to generate and display a B mode image and a C mode image
described later by making each element operate in a prede-
termined procedure. These programs are successively read
from the memory 60 and are executed by the calculation
processor 61.

[0028] Each element illustrated in FIG. 1 includes hard-
ware illustrated in FIG. 2.

[0029] The transmission unit 3 includes the pulsar 52 and
the transmission beam former 55. The reception unit 4
includes the amplifier 53, the A/D converter 54, and the recep-
tion beam former 56. The B mode image generation unit 5
includes the image processor 57 and the B mode image pro-
cessor 58. The C mode image generation unit 7 includes the C
mode image processor 59. The display processing unit 8
includes the image processor 57, the B mode image processor
58, and the C mode image processor 59.

[0030] A function of the ROI setting unit 6 is realized by
software. Specifically, the programs stored in the memory 60
are executed by the calculation processor 61, and thus, the
function of the ROI setting unit 6 is realized. That is, it can be
said that the ROI setting unit 6 is configured by the programs.
[0031] The above described configuration of the hardware
is an example and various modifications can be made thereto.
For example, a function of the B mode image generation unit
5 or the C mode image generation unit 7 may be realized by
software. Also, functions of the transmission beam former 55
and the reception beam former 56 may be realized by soft-
ware. A personal computer including the calculation proces-
sor 61, the memory 60, and the image processor 57 may be
used instead of the hardware.

[0032] Also, in respect to each function block of the con-
troller 1, apart or the whole of a function of each function
block can be typically realized as an LSI which is an inte-
grated circuit. Each of these may be realized as one chip, ora
part or the whole thereof may be realized as one chip. Note
that here, the LSI is used but may be referred to as an IC, a
system LSI, a super LS, an ultra LST depending on a degree
of integration.

[0033] Also, amethod of circuit integration is not limited to
the LSI and may be realized by a special circuit or a general
processor. A field programmable gate array (FPGA) which
can be programed after production of an LSI or a reconfig-
urable processor in which connection or setting of a circuit
cell inside an LSI can be reconfigured after production of the
LSI may be used.

[0034] Moreover, when circuit integration technique which
replaces the LSI appears by progress in semiconductor tech-
nique or by different technique derived therefrom, integration
of a function block may be performed by using the technique
in all reason.

[0035] As described, the ultrasound probe 101 includes a
plurality of piezoelectric transducing elements 51 arrayed in
one-dimensional direction. Each of the piezoelectric trans-
ducing elements 51 converts a transmission electric signal,
which is from the transmission unit 3 described later, into an
ultrasound and generates an ultrasound beam. Thus, by
arranging the ultrasound probe 101 on a surface of a subject
which is an object to be measured, an operator can emit an
ultrasound beam to the inside of the subject. Then, the ultra-
sound probe 101 receives a reflected ultrasound from the
inside of the subject. The ultrasound probe 101 converts, with
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the plurality of piezoelectric transducing elements 51, the
reflected ultrasound into a reception electric signal and sup-
plies the converted signal to the reception unit 4 described
later.

[0036] Note that in the first embodiment, the ultrasound
probe 101 will be described with the ultrasound probe 101 in
which the plurality of piezoelectric transducing elements 51
is arrayed in one-dimensional direction as an example. But
the example is not a limitation. For example, an ultrasound
probe 101 in which the plurality of piezoelectric transducing
elements 51 is arranged two-dimensionally or an ultrasound
probe 101 in which the plurality of piezoelectric transducing
elements 51 arrayed in one-dimensional direction rocks can
be used. Also, based on control by the control unit 9, by
selecting a piezoelectric transducing element 51 used by the
ultrasound probe 101 and changing timing to give voltage to
the piezoelectric transducing element 51 and a value of the
voltage respectively, the transmission unit 3 can control an
emitted position or an emitted direction of an ultrasound
beam transmitted by the ultrasound probe 101.

[0037] Also, theultrasound probe 101 may include a part of
a function of the transmission unit 3 or the reception unit 4
which will be described later. For example, based on a control
signal (hereinafter, referred to as “transmission signal™)
which s output from the transmission unit 3 and is to generate
a transmission electric signal, the ultrasound probe 101 gen-
erates a transmission electric signal in the ultrasound probe
101 and converts the transmission signal into an ultrasound
by the piezoelectric transducing elements 51 and a received
reflected ultrasound into a reception electric signal. A recep-
tion signal described later is generated in the ultrasound probe
101 based on the reception electric signal.

[0038] Moreover, the ultrasound probe 101 is generally
connected to the ultrasound diagnostic apparatus 100 electri-
cally through a cable but is not limited thereto. For example,
the ultrasound probe may receive/transmit a transmission
signal or a reception signal from/to the vltrasound diagnostic
apparatus 100 by wireless communication. In such a case,
each of the ultrasound diagnostic apparatus 100 and the ultra-
sound probe 101 includes a communication unit which can
perform wireless communication.

[0039] The indicator 102 is so-called a monitor to display
an image output from the ultrasound diagnostic apparatus 100
(display processing unit 8 described later). Note that in the
first embodiment, the indicator 102 is connected to the ultra-
sound diagnostic apparatus 100. However, for example, in a
case of a touch panel type ultrasound diagnostic apparatus in
which the indicator 102 and the operation unit 2 described
later are integrally configured and an operation of the opera-
tion unit 2 is performed by a touch operation on the indicator
102, the ultrasound diagnostic apparatus 100 and the indica-
tor 102 are formed integrally. However, in the present appli-
cation, even in a case where the ultrasound diagnostic appa-
ratus 100 and the indicator 102 are configured integrally, it is
assumed that “the indicator 102 is connected to the ultrasound
diagnostic apparatus 100”.

[0040] The operation unit 2 receives an input from an
operator and outputs a command based on the input from the
operator to the ultrasound diagnostic apparatus 100, specifi-
cally, to the control unit 9 of the controller 1. The operation
unit 2 has a function with which the operator can select a
mode whether to display only a B mode image (hereinafter,
referred to as “B mode”) or to superimpose and display a C
mode image on the B mode image (hereinafter, referred to as
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“C mode”). Also, the operation unit 2 has a function with
which the operator specifies a position of the ROI on the B
mode image on which position the C mode image is dis-
played.

[0041] The transmission unit 3 at least performs transmis-
sion processing to generate a transmission signal and to make
the ultrasound probe 101 transmit an ultrasound beam. For
example, the transmission unit 3 performs transmission pro-
cessing to generate a transmission signal to transmit an ultra-
sound beam from the ultrasound probe 101 including the
piezoelectric transducing elements 51 and supplies a trans-
mission electric signal at high voltage, which signal is gen-
erated at predetermined timing, to the ultrasound probe 101
based on the transmission signal. Thus, the piezoelectric
transducing elements 51 of the ultrasound probe 101 are
driven. Accordingly, by converting the transmission electric
signal into an ultrasound, the ultrasound probe 101 can emit
an ultrasound beam to a subject which is an object to be
measured.

[0042] Inacaseofdisplaying the C mode image, the trans-
mission unit 3 performs transmission processing to display
the C mode image in addition to transmission processing to
display the B mode image. For example, after a transmission
electric signal to display the B mode image is supplied, a
transmission electric signal to display the C mode image is
supplied for a plurality of times in a direction of the ROI
which is set by the ROI setting unit 6. Also, the transmission
unit 3 specifies additional information of transmission pro-
cessing for a B mode image or of transmission processing for
a C mode image during the transmission processing and sup-
plies the additional information to the reception unit 4.
[0043] Note that the transmission processing of the trans-
mission unit 3 to display the C mode image is publicly-known
technique. The above described transmission processing is
Just an example and is not a limitation.

[0044] The reception unit 4 at least performs reception
processing to generate a reception signal based on a reflected
ultrasound. For example, the reception unit 4 receives a
reflected ultrasound with the ultrasound probe 101 and ampli-
fies a reception electric signal converted based on the
reflected ultrasound and performs an A/D conversion thereon,
whereby a reception signal is generated. Then, by execution
of the transmission processing by the transmission unit 3 and
execution of the reception processing by the reception unit 4,
a plurality of reception signals corresponding to one image
frame is acquired. By repeating the execution continuously,
the reception unit 4 acquires a plurality of reception signals
corresponding to a plurality of image frames.

[0045] Thereception unit 4 acquires additional information
from the transmission unit 3. In a case where the acquired
additional information is additional information for a B mode
image, the reception unit 4 supplies the reception signal to the
B mode image generation unit 5 and in a case where the
acquired additional information is additional information for
a C mode image, the reception unit 4 supplies the reception
signal to the C mode image generation unit 7. Hereinafter, a
reception signal for B mode image generation will be referred
to as a “B mode reception signal” and a reception signal for C
mode image generation will be referred to as a “C mode
reception signal”.

[0046] Note that in the first embodiment, the reception unit
4 classifies whether a generated reception signal is for a B
mode image or a C mode image and supplies the signal to
each block but this example is not a limitation. For example,
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a generated reception signal may be classified in each of the B
mode image generation unit 5 and the C mode image genera-
tion unit 7.

[0047] The B mode image generation unit 5 includes a
similar structure with a general ultrasound diagnostic appa-
ratus. The B mode image generation unit 5 mainly analyzes
amplitude of the B mode reception signal and generates data
which is an imaged inner structure of a subject (hereinafter,
referred to as “B mode image data”). The B mode image data
is data to be displayed on the indicator 102 and is an image
signal which is converted into a luminance signal mainly
according to signal strength of a reception signal and on
which coordinate transformation is performed to make the
luminance signal correspond to an orthogonal coordinate sys-
tem. The B mode image data generated in the B mode image
generation unit 5 is supplied to the display processing unit 8.
[0048] The ROI setting unit 6 sets the ROI in an intended
position on the B mode image which position is specified by
an operation of the operation unit 2 by an operator. Then, the
ROI setting unit 6 supplies, to the transmission unit 3 and the
display processing unit 8, information related to the ROl set in
the intended position on the B mode image. By using the
information related to the ROI, the transmission unit 3 can
perform transmission processing corresponding to a C mode
on a subject within the specified range of the ROL

[0049] The C mode image generation unit 7 generates a C
mode image based on the C mode reception signal acquired in
the reception unit 4. Specifically, the C mode image genera-
tion unit 7 includes the C mode signal processing unit 71, the
noise cut unit 72, and a C mode image conversion unit 73.
These units respectively execute the following functions.
[0050] By performing orthogonal detection, the C mode
signal processing unit 71 calculates a phase difference
between the acquired C mode reception signal and a reference
signal and acquires a complex Doppler signal. Here, the ref-
erence signal is a signal multiplied by the C mode reception
signal in the orthogonal detection. Then, the C mode signal
processing unit 71 acquires a complex Doppler signal
sequence by repeating transmission/reception of an ultra-
sound.

[0051] In the acquired C mode reception signal, a signal
related to a blood vessel wall or a biological tissue is included
in additionto bloodstream information. Thus, by an MTI filter
included in the C mode signal processing unit 71, a complex
Doppler signal which has a radio-frequency wave and small
amplitude and is a bloodstream component is extracted from
the complex Doppler signal sequence. Then, by performing
processing such as autocorrelation calculation on the
extracted complex Doppler signal sequence, a signal indicat-
ing a state of bloodstream such as speed, power, or variance of
the bloodstream (hereinafter, referred to as “bloodstream sig-
nal”) is calculated.

[0052] Thenoise cut unit 72 eliminates a clutter noise from
the extracted bloodstream signal.

[0053] Since being generated due to movement of a tissue
(including relative movement accompanying movement of
ultrasound probe 101), the clutter noise generally includes a
relatively high frequency component compared to a signal
component of a static tissue.

[0054] Thus, since the MTI filter included in the C mode
signal processing unit 71 cannot eliminate a clutter noise
included in the complex Doppler signal sequence adequately,
the ultrasound diagnostic apparatus 100 of the present appli-
cation includes the noise cut unit 72.
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[0055] As illustrated in FIG. 3, the noise cut unit 72
includes the ultrasound probe movement determination unit
74, the frame temporary storage unit 75, the noise determi-
nation unit 76, and the noise cut execution unit 77 and
executes the following functions.

[0056] The ultrasound probe movement determination unit
74 determines whether there is movement of the ultrasound
probe 101. The ultrasound probe movement determination
unit 74 includes a predetermined threshold in advance and
determines, by using the predetermined threshold, whether
there is movement of the ultrasound probe 101 based on a
movement determination quantity of the ultrasound probe
101. Note that the movement determination quantity of the
ultrasound probe 101 is information indicating whether there
is movement in the ultrasound probe 101, and is a rate of
movement or acceleration in a unit time of the ultrasound
probe 101 or different information which changes along with
the movement of the ultrasound probe.

[0057] When it is determined by the ultrasound probe
movement determination unit 74 that there is movement of
the ultrasound probe 101, a noise is eliminated by the noise
determination unit 76 and the noise cut execution unit 77
which will be described later. When it is determined that there
is no movement, processing by the noise determination unit
76 and the noise cut execution unit 77 is skipped.

[0058] Note that in the first embodiment, since a configu-
ration to eliminate a clutter noise which appears prominently
in a case of performing an ultrasound image diagnosis while
moving the ultrasound probe 101 has been described, the
ultrasound probe movement determination unit 74 is
included. However, specifically when an ultrasound image
diagnosis is performed with the ultrasound probe 101 being
fixed, the present function block may not be included.
[0059] Inrespect to a complex Doppler signal sequence to
which the MTT filter is not yet applied, the ultrasound probe
movement determination unit 74 detects a Doppler shift fre-
quency by a fast Fourier transform (FFT) analysis and calcu-
lates a spread quantity of a Doppler shift from the Doppler
shift frequency. Then, based on the spread quantity, the ultra-
sound probe movement determination unit 74 detects speed in
a direction orthogonal to a progress direction of the ultra-
sound, and thus, a rate of movement of the ultrasound probe
101 is calculated. The ultrasound probe movement determi-
nation unit 74 performs threshold processing on the calcu-
lated rate of movement of the ultrasound probe 101 by using
a predetermined threshold stored in advance and determines
whether there is movement of the ultrasound probe 101.
[0060] Note that a method to calculate a rate of movement
of an ultrasound probe based on a complex Doppler signal
sequence is based on technique described in JP 2000-107187
A.

[0061] Also, in JP 2000-107187 A, a rate of movement of
an ultrasound probe 101 is calculated based on a Doppler shift
frequency but the present application is not limited thereto.
For example, in acquiring a C mode image of one image
frame, transmission/reception of an ultrasound to/from a sub-
ject is performed for a plurality of times. However, to deter-
mine whether there is movement of the ultrasound probe 101,
average speed may be compared with a predetermined thresh-
old based on a bloodstream signal (such as average speed
information) calculated from a complex Doppler signal
sequence acquired by the plurality of times of transmission/
reception. That is, in the present application, there is not a
specific limitation in a configuration, as long as it is deter-
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mined based on the C mode reception signal whether there is
movement of the ultrasound probe 101.

[0062] Moreover, calculation of amovement determination
quantity of the ultrasound probe 101 is not limited to a method
based on the C mode reception signal. For example, the
calculation may be performed by a sensor embedded in the
ultrasound probe 101 or provided separately to the outside of
the ultrasound probe 101. A sensor used in this case is not
particularly limited as long as the movement determination
quantity can be calculated. For example, an acceleration sen-
sor, a gyro sensor, or an optical sensor can be used. In this
case, instead of performing movement determination of the
ultrasound probe 101 based on an extracted complex Doppler
signal sequence of bloodstream component as illustrated in
FIG. 3, the ultrasound probe movement determination unit 74
performs movement determination based on output informa-
tion from the sensor provided inside or outside the ultrasound
probe 101.

[0063] The frame temporary storage unit 75 successively
stores a bloodstream signal of an image frame supplied from
the C mode signal processing unit 71 and temporarily stores
a bloodstream signal of a predetermined number of image
frames, the number being one or more. Every time a blood-
stream signal of a new image frame is supplied from the C
mode signal processing unit 71, the frame temporary storage
unit 75 eliminates a bloodstream signal related to the oldest
image frame and stores a bloodstream signal of a newly
supplied image frame.

[0064] Then, the frame temporary storage unit 75 supplies,
to the noise determination unit 76, a bloodstream signal of a
predetermined number of image frames, the number being
one or more, generated before an image frame which
becomes an object of determination in the noise determina-
tion unit 76 which will be described later.

[0065] The noise determination unit 76 compares a blood-
stream signal of the image frame supplied from the C mode
signal processing unit 71 with a bloodstream signal of an
image frame supplied from the frame temporary storage unit
75 and determines a noise part in the image frame.

[0066] Based on output information from the noise deter-
mination unit 76, the noise cut execution unit 77 eliminates,
from an object frame, a bloodstream signal in the noise part.

[0067] Specifically, the noise cut execution unit 77 sets, as
an object of noise elimination, an image frame in which it is
determined by the ultrasound probe movement determination
unit 74 that there is movement of the ultrasound probe 101.
The noise cut execution unit 77 performs processing not to
display, as the bloodstream information, a part determined as
anoise in the image frame by the noise determination unit 76.

[0068] Note that as described above, in the first embodi-
ment, specifically a case of diagnosing with an ultrasound
image while moving the ultrasound probe 101 such as a case
of an ultrasound diagnosis of a finger or the like of a patient
with rheumatoid arthritis is assumed. Also, in order to elimi-
nate a noise accurately, an image frame on which processing
of noise elimination is performed is classified based on a
determination result by the ultrasound probe movement
determination unit 74. However, this example is not a limita-
tion. That is, in a case of diagnosing with the ultrasound probe
101 being fixed to a surface of a subject, the ultrasound probe
movement determination unit 74 may not be included (that s,
image frame to be object of noise elimination depending on
movement of ultrasound probe 101 is not classified).
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[0069] TheC mode image conversion unit 73 generates a C
mode image in respect to a bloodstream signal in an image
frame processed in the noise cut unit 72.

[0070] The display processing unit 8 constructs display
image data to be displayed on the indicator 102 and performs
processing to display the display image data on the indicator
102. Specifically, when the B mode is selected, processing to
display a B mode image, which is generated in the B mode
image generation unit 5, as an ultrasound image in display
screen data is performed. Also, when the C mode is selected,
processing to generate composite image data, in which a C
mode image generated in the C mode image generation unit 7
is superimposed on an position of the ROI selected on the B
modeimage generated in the B mode image generation unit 5,
and to display the data as an ultrasound image in display
screen data is performed.

[0071] A detail operation of the ultrasound diagnostic
apparatus 100 including the above described configuration
will be described with reference to an operation flowchart in
FIG. 4 in accordance with an operation of an operator. Here,
an operation related to processing of noise elimination ofa C
mode image (that is, generation of C mode image) will be
mainly described. Other operations will be omitted since
being similar to those of a general ultrasound diagnostic
apparatus.

[0072] In step 1 (S001), an operator selects a B mode by
operating the operation unit 2 and performs various kinds of
setting to acquire a B mode image.

[0073] 1In step 2 (S002), by performing transmission pro-
cessing corresponding to the B mode based on the setting of
the operation unit 2, the transmission unit 3 transmits an
ultrasound to the inside of a subject through the ultrasound
probe 101. Then, the reception unit 4 receives the reflected
ultrasound through the ultrasound probe 101 and performs
reception processing to generate a B mode reception signal.
By repeatedly performing the transmission processing and
the reception processing, a plurality of reception signals for
each image frame is generated.

[0074] Instep 3 (S003), the B mode image generation unit
5 generates B mode image data by performing, on each image
frame, conversion into a luminance signal corresponding to
signal strength of the B mode reception signal and by per-
forming coordinate transformation in such a manner that the
luminance signal corresponds to an orthogonal coordinate
system. Then, based on the B mode image data generated in
the B mode image generation unit 5, the display processing
unit 8 generates display screen data and outputs the generated
data to the indicator 102. Accordingly, an image including the
generated B mode image is displayed on the indicator 102.

[0075] Instep 4 (S004), the operator selects a C mode with
the operation unit 2. Then, while checking the B mode image
displayed on the indicator 102, the operator operates the
operation unit 2 and sets an ROI in the B mode image dis-
plaved on the indicator 102, whereby a region to display the
C mode image is specified.

[0076] Instep5(S003),to acquire areception signal of one
image frame, the transmission unit 3 performs transmission
processing to generate a B mode image and transmission
processing to generate a C mode image in the ROI. Then, by
the transmission processing in the transmission unit 3, the
reception unit 4 generates a B mode reception signal and a C
mode reception signal in one image frame and gives addi-
tional information thereto.
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[0077] Instep 6(S006), based on the additional information
given by the reception unit 4, the C mode signal processing
unit 71 acquires a C mode reception signal.

[0078] In step 7 (S007), by performing orthogonal detec-
tion in one image frame, the C mode signal processing unit 71
detects a phase difference between the acquired C mode
reception signal and a reference signal and acquires a com-
plex Doppler signal. Then, the C mode signal processing unit
71 acquires a complex Doppler signal sequence by repeating
transmission/reception of an ultrasound and extracts a com-
plex Doppler signal, which has a radio-frequency wave and
small amplitude and is a bloodstream component, with the
MTI filter from the complex Doppler signal sequence.
[0079] In step 8 (S008), when the ultrasound probe move-
ment determination unit 74 corresponds to the image frame
which is the object of the processing in step 7 (S007), it is
determined with a predetermined threshold whether there is
movement of the ultrasound probe 101. In respect to an image
frame in which it is determined that there is movement of the
ultrasound probe (“Yes” in FIG. 4), a step goes to step 9
(8009) and in respect to an image frame in which it is deter-
mined that there is no movement of the ultrasound probe
(“No” in FIG. 4), a step goes to step 11 (S011).

[0080] In step 9 (S009), the noise determination unit 76
determines a noise part by comparing a complex Doppler
signal of an image frame, which is an object of determination,
with that of an image frame generated before the image
frame, which is the object of determination, and stored in the
frame temporary storage unit 75. This point will be described
in detail with reference to FIG. 5A and FIG. 5B.

[0081] FIG. 5A s a view illustrating an image frame which
is an object of determination in the noise determination unit
76. FIG. 5B is a view illustrating an image frame stored in the
frame temporary storage unit 75. In FIG. 5A and FIG. 5B, a
shaded part indicates that there is bloodstream information.
Here, in a case where speed/power of a bloodstream signal
exceeds a predetermined threshold, it is said that there is
bloodstream information.

[0082] The image frame in FIG. 5B needs to be an image
frame generated before the image frame which is the object of
determination and is preferably an image frame generated
right before the image frame which is the object of determi-
nation.

[0083] Thenoise determination unit 76 compares the image
frame, which is the object of determination, with an image
frame stored in the frame temporary storage unit 75 and
extracts a noise part. For example, in an example in FIG. SA
and FIG. 5B, there is bloodstream information in a part sut-
rounded by a circle with a broken line in FIG. 5A but there is
no bloodstream information in the same part in the image
frame stored in the frame temporary storage unit 75 in FIG.
5B, thus the noise determination unit 76 determines the part
surrounded by acircle with a broken line in FIG. 5A as anoise
part.

[0084] In step 10 (S010), based on a result of the noise
determination in step 9 (S009), the noise cut execution unit 77
performs processing of noise elimination.

[0085] That is, when it is determined that there is a noise in
step 9 (S009) as illustrated in FIG. 5A and FIG. 5B, the noise
cut execution unit 77 eliminates a part determined as the
noise. Then, a step goes to step 11 (S011).

[0086] Instep11(S011), the C mode image conversion unit
73 generates a C mode image based on a complex Doppler
signal in the image frame.



US 2015/0126869 A1

[0087] Instep12(S012), the B mode image generation unit
5 acquires a B mode reception signal based on the additional
information given by the reception unit 4.

[0088] Instep13 (S013), the B mode image generation unit
5 generates B mode image data by performing, on each image
frame, conversion into a luminance signal corresponding to
signal strength of the B mode reception signal and by per-
forming coordinate transformation in such a manner that the
luminance signal corresponds to an orthogonal coordinate
system.

[0089] In step 14 (S014), the display processing unit 8
generates composite image data in which the C mode image
data generated in step 11 (S011) is superimposed on a posi-
tion, in which the ROI is set, on the B mode image data
generated in step (S013). Then, the display processing unit 8
generates display screen data including the composite image
data and outputs the generated data to the indicator 102,
whereby a generated image including the B mode image and
the C mode image is displayed on the indicator 102.

[0090] As described, according to the ultrasound diagnos-
tic apparatus, the controller of the ultrasound diagnostic appa-
ratus, and the control method of the ultrasound diagnostic
apparatus described in the first embodiment, a noise image in
a C mode image can be effectively controlled.

[0091] Specifically, in a case where a noise is eliminated
only when determination of movement of an ultrasound probe
is performed and it is determined that there is movement of
the ultrasound probe, a clutter noise generated by the move-
ment of the ultrasound probe can be eliminated accurately.
When diagnosis is performed with the ultrasound probebeing
fixed to a surface of a subject, it can be prevented that blood-
stream which appears on and disappears from an image frame
due to pulsatility is eliminated as a noise by mistake.

[0092] According to the ultrasound diagnostic apparatus,
the controller of the ultrasound diagnostic apparatus, and the
control method of the ultrasound diagnostic apparatus
according to an aspect of the present application, generation
of a noise image in a C mode image can be controlled effec-
tively. Specifically, an aspect of the present application is
useful for diagnosis which is performed while an ultrasound
probe is moved and in which a clutter noise is likely to be
generated, such as an ultrasound image diagnosis of rheuma-
toid arthritis.

[0093] Although the present invention has been described
and illustrated in detail, it is clearly understood that the same
is by way of illustration and example only and is not to be
taken by way of limitation, the scope of the present invention
being interpreted by terms of the appended claims.

What is claimed is:

1. An ultrasound diagnostic apparatus configured in a man-
ner connectable to an ultrasound probe and an indicator,
comprising:

a transmission unit configured to perform transmission
processing to drive the ultrasound probe and to transmit
an ultrasound to a subject;

a reception unit configured to perform reception process-
ing to generate a reception signal based on a reflected
ultrasound which is from the subject and is received by
the ultrasound probe;

a B mode image generation unit configured to generate a B
mode image based on the reception signal,

a C mode image generation unit configured to generate a
first C mode image based on the reception signal; and
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adisplay processing unit configured to generate a compos-
ite image in which the C mode image is superimposed
and displayed on the B mode image and to output the
composite image to the indicator,

wherein the C mode image generation unit compares the
first C mode image data and second C mode image data
generated before the first C mode image data, deter-
mines whether there is a noise part in the first C mode
image data based on the comparison result, eliminates
the noise part when there is the noise part in the first C
mode image data, and generates a first C mode image
based on the first C mode image data from which the
noise part is eliminated.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the C mode image generation unit compares the
first C mode image data and the second C mode image data
generated before the first C mode image data and determines,
as the noise part, a part of the first C mode image data in which
part there is no bloodstream information in the second C
mode image data and there is bloodstream information in the
first C mode image data.

3. The ultrasound diagnostic apparatus according to claim

1, wherein the second C mode image data is C mode image
data generated right before the first C mode image data.

4. The ultrasound diagnostic apparatus according to claim

1, further comprising an ultrasound probe movement deter-
mination unit configured to determine whether there is move-
ment of the ultrasound probe,

wherein the C mode image generation unit performs pro-
cessing, which is to eliminate the noise part, on the first
C mode image data in which it is determined by the
ultrasound probe movement determination unit that
there is movement of the ultrasound probe.

5. The ultrasound diagnostic apparatus according to claim

4, wherein based on a complex Doppler signal sequence
extracted based on the reception signal or a bloodstream
signal calculated from the complex Doppler signal sequence,
the ultrasound probe movement determination unit deter-
mines whether there is movement of the ultrasound probe.

6. The ultrasound diagnostic apparatus according to claim

4, wherein based on output information from a sensor which
is provided inside or outside the ultrasound probe and is
configured to determine a movement determination quantity,
the ultrasound probe movement determination unit deter-
mines whether there is movement of the ultrasound probe.

7. A controller of an ultrasound diagnostic apparatus con-

figured in a manner connectable to an ultrasound probe and an
indicator, comprising:

a transmission unit configured to perform transmission
processing to drive the ultrasound probe and to transmit
an ultrasound to a subject;

a reception unit configured to perform reception process-
ing to generate a reception signal based on a reflected
ultrasound which is from the subject and is received by
the ultrasound probe;

a B mode image generation unit configured to generatea B
mode image based on the reception signal;

a C mode image generation unit configured to generate a
first C mode image based on the reception signal; and

adisplay processing unit configured to generate a compos-
ite image in which the C mode image is superimposed
and displayed on the B mode image and to output the
composite image to the indicator,
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wherein the C mode image generation unit compares the
first C mode image data and second C mode image data
generated before the first C mode image data, deter-
mines whether there is a noise part in the first C mode
image data based on the comparison result, eliminates
the noise part when there is the noise part in the first C
mode image data, and generates a first C mode image
based on the first C mode image data from which the
noise part is eliminated.

8. A control method of an ultrasound diagnostic apparatus

configured in a manner connectable to an ultrasound probe

and an indicator, the method comprising:

aprocess A to perform transmission processing to drive the
ultrasound probe and to transmit an ultrasound to a sub-
ject;

a process B to perform reception processing to generate a
reception signal based on a reflected ultrasound which is
from the subject and is received by the ultrasound probe;
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a process C to generate a B mode image based on the
reception signal;

aprocess D to generate a first C mode image based on the
reception signal; and

aprocess E to generate a composite image in which the C
mode image is superimposed and displayed on the B
mode image and to output the composite image to the
indicator,

wherein the process D includes a process to compare the
first C mode image data and second C mode image data
generated before the first C mode image data, to deter-
mine whether there is a noise part in the first C mode
image data based on the comparison result, to eliminate
the noise part when there is the noise part in the first C
mode image data, and to generate a first C mode image
based on the first C mode image data from which the
noise part is eliminated.
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