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ULTRASOUND DIAGNOSIS APPARATTUS,
SIGNAL PROCESSING APPARATUS, AND
SIGNAL PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-038009, filed on Feb. 29, 2016, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus, a signal processing appa-
ratus, and a signal processing method.

BACKGROUND

[0003] Examples of modes used in ultrasound diagnosis
processes performed by ultrasound diagnosis apparatuses
include a Doppler mode. In the Doppler mode, an ultrasound
probe emits an ultrasound wave multiple times in mutually
the same direction toward a site subject to observation
(hereinafter, “observation target”) that is moving at prede-
termined velocity, so that the velocity of a blood flow
component, for example, is calculated by detecting a fre-
quency shift (a Doppler change) caused by a Doppler effect.
[0004] Mixed with a signal of the blood flow component
serving as the observation target, reception signals in the
Doppler mode include a signal called a clutter component,
which originates from tissues that are either stationary or
moving at low velocity. Usually, the signal intensity of the
clutter component is higher than the signal intensity of the
blood flow component, by tens to hundreds of decibels (dB).
For this reason, the clutter component is eliminated to
extract the signal of the blood flow component.

[0005] As a method for eliminating the clutter component,
a method is known by which a fitting process is performed,
by using a polynomial such as a Legendre polynomial, on
time-series data of obtained In-phase Quadrature-phase (IQ)
signals, so as to identify a component corresponding to one
or more lower degrees as a clutter component. However,
when this method is used, the level of precision in identi-
fying the clutter component may be insufficient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a diagram illustrating an ultrasound
diagnosis apparatus according to an embodiment;

[0007] FIG. 2 is a drawing for explaining a background of
the embodiment;

[0008] FIGS. 3 and 4 are drawings for explaining a flow
in a process performed by an ultrasound diagnosis apparatus
according to a first embodiment;

[0009] FIG. 5 illustrates an example of data generated for
comparing processes performed by ultrasound diagnosis
apparatuses according to a conventional technique and the
first embodiment;

[0010] FIG. 6 is a chart for explaining an example of the
process performed by the ultrasound diagnosis apparatus
according to the conventional technique;

[0011] FIG. 7 is a chart for explaining an example of the
process performed by the ultrasound diagnosis apparatus
according to the first embodiment;
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[0012] FIG. 8 is another chart for explaining the example
of the process performed by the ultrasound diagnosis appa-
ratus according to the conventional technique;

[0013] FIG. 9 is another chart for explaining the example
of the process performed by the ultrasound diagnosis appa-
ratus according to the first embodiment;

[0014] FIG. 10 is a drawing for explaining an example of
an image generated by the ultrasound diagnosis apparatus
according to the conventional technique;

[0015] FIG. 11 is a drawing for explaining an example of
an image generated by the ultrasound diagnosis apparatus
according to the first embodiment;

[0016] FIG. 12 is a flowchart for explaining a flow in a
process performed by an ultrasound diagnosis apparatus
according to a second embodiment; and

[0017] FIG. 13 is a diagram for explaining a hardware
configuration of a signal processing apparatus according to
an embodiment.

DETAILED DESCRIPTION

[0018] An ultrasound diagnosis apparatus according to an
embodiment includes processing circuitry. The processing
circuitry obtains time-series data having complex values
based on a reflected wave of an ultrasound wave transmitted
by an ultrasound probe and calculates an expansion coeffi-
cient in a case in which the obtained time-series data is
expressed as a linear sum of a plurality of mathematical
functions, the time-series data having, as an argument, a first
parameter related to time. The plurality of mathematical
functions are mathematical functions that are possible to be
generated on a basis of a function family that has, as
arguments, the first parameter and a second parameter
different from the first parameter.

[0019] Exemplary embodiments will be explained below,
with reference to the accompanying drawings.

First Embodiment

[0020] First, a configuration of an ultrasound diagnosis
apparatus according to a first embodiment will be explained.
FIG. 1 is a block diagram illustrating an exemplary con-
figuration of the ultrasound diagnosis apparatus according to
the first embodiment. As illustrated in FIG. 1, the ultrasound
diagnosis apparatus according to the first embodiment
includes an ultrasound probe 101, an apparatus main body
10, a display 135, and input circuitry 134.

[0021] The ultrasound probe 101 includes a plurality of
piezoelectric transducer elements. The plurality of piezo-
electric transducer elements are configured to generate an
ultrasound wave on the basis of a drive signal supplied
thereto from transmitter circuitry 9 (explained later)
included in the apparatus main body 10. Further, the plu-
rality of piezoelectric transducer elements included in the
ultrasound probe 101 are configured to receive reflected
waves from an examined subject (hereinafter, “patient™) P
and convert the received reflected waves into electrical
signals (reflected-wave signals). Further, the ultrasound
probe 101 includes matching layers provided for the piezo-
electric transducer elements, as well as a backing member or
the like that prevents ultrasound waves from propagating
rearward from the piezoelectric transducer elements. In this
situation, the ultrasound probe 101 is detachably connected
to the apparatus main body 10.
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[0022] When an ultrasound wave is transmitted from the
ultrasound probe 101 to the patient P, the transmitted ultra-
sound wave is repeatedly reflected on a surface of discon-
tinuity of acoustic impedances at a tissue in the body of the
patient P and is received as a reflected wave by each of the
plurality of piezoelectric transducer elements included in the
ultrasound probe 101, before being converted into a
reflected-wave signal. The amplitude of the reflected-wave
signal is dependent on the difference between the acoustic
impedances on the surface of discontinuity on which the
ultrasound wave is reflected. When a transmitted ultrasound
pulse is reflected on the surface of a moving blood flow, a
cardiac wall, or the like, the reflected-wave signal is, due to
the Doppler effect, subject to a frequency shift, depending on
a velocity component of the moving members with respect
to the ultrasound wave transmitter direction.

[0023] The input circuitry 134 includes a mouse, a key-
board, a button, a panel switch, a touch command screen, a
foot switch, a trackball, a joystick, and/or the like. The input
circuitry 134 is configured to receive various types of setting
requests from an operator of the ultrasound diagnosis appa-
ratus and to transfer the received various types of setting
requests to the apparatus main body 10.

[0024] The display 135 is configured to display a Graphi-
cal User Interface (GUT) used by the operator of the ultra-
sound diagnosis apparatus to input the various types of
setting requests through the input circuitry 134 and to
display ultrasound image data generated by the apparatus
main body 10 or the like.

[0025] The apparatus main body 10 is an apparatus con-
figured to generate the ultrasound image data on the basis of
the reflected-wave signals received by the ultrasound probe
101. As illustrated in FIG. 1, the apparatus main body 10
includes the transmitter circuitry 9, receiver circuitry 11,
Analog/Digital (A/D) converting circuitry 102, quadrature
detecting circuitry 103, storage circuitry 132, and processing
circuitry 150. The processing circuitry 150 includes a
B-mode processing function 151, a Doppler processing
function 152, a controlling function 153, and an image
generating function 154. More specifically, the Doppler
processing function 152 includes a parameter value obtain-
ing function 1524, a basis calculating function 1525, an
expansion coeflicient calculating function 152¢, a clutter
component calculating function 152d, and a blood flow
information computing function 152e.

[0026] The transmitter circuitry 9 includes a rate pulse
generator, transmission delay circuitry, and a transmission
pulser and is configured to supply the drive signal to the
ultrasound probe 101. The rate pulse generator is configured
to repeatedly generate a rate pulse used for forming a
transmission ultrasound wave, at a predetermined rate fre-
quency. The rate pulses apply a voltage to the transmission
pulser, while having mutually-different transmission delay
periods as a result of going through the transmission delay
circuitry. In other words, the transmission delay circuitry is
configured to apply a transmission delay period that is
required to converge the ultrasound wave generated by the
ultrasound probe 101 into the form of a beam and to
determine transmission directionality and that corresponds
to each of the piezoelectric transducer elements, to each of
the rate pulses generated by the rate pulse generator. The
ultrasound wave converged in the form of a beam will be
referred to as an “ultrasound beam”.
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[0027] The transmission pulser is configured to apply the
drive signal (a drive pulse) to the ultrasound probe 101 with
timing based on the rate pulses. The drive pulse travels from
the transmission pulser to the piezoelectric transducer ele-
ments included in the ultrasound probe 101 via a cable and
is subsequently converted from the electric signals into
mechanical vibrations in each of the piezoelectric transducer
elements. The mechanical vibrations are transmitted as
ultrasound waves within the patient’s body. In this situation,
the ultrasound waves having mutually-different transmission
delay periods in correspondence with the piezoelectric trans-
ducer elements are converged and are propagated in prede-
termined directions. In other words, by varying the trans-
mission delay periods applied to the rate pulses, the
transmission delay circuitry is able to arbitrarily adjust the
transmission directions from the surfaces of the piezoelectric
transducer elements.

[0028] The transmitter circuitry 9 is configured to apply
transmission directionality by controlling a transmission
opening (the number and the positions of the piezoelectric
transducer elements used when an ultrasound beam is trans-
mitted), by employing the controlling function 153 included
in the processing circuitry 150. The transmitter circuitry 9
moves the transmission opening every time ultrasound trans-
missions corresponding to one scanning line are completed.
Further, the transmitter circuitry 9 is configured to converge
the ultrasound waves into the form of a beam by controlling
the timing with which the piezoelectric transducer elements
at the transmission opening are driven, with the use of the
transmission delay circuitry.

[0029] The transmitter circuitry 9 has a function that is
able to instantly change the transmission frequency, the
transmission drive voltage, and the like, for the purpose of
executing a predetermined scanning sequence on the basis of
an instruction from the controlling function 153 (explained
later). In particular, the function to change the transmission
drive voltage is realized by using a linear-amplifier-type
transmitter circuitry of which the value can be instantly
switched or by using a mechanism configured to electrically
switch between a plurality of power source units.

[0030] When the ultrasound diagnosis apparatus is con-
figured with a Doppler mode, the ultrasound diagnosis
apparatus is configured, for example, to emit ultrasound
pulses onto the patient as many times as K via the ultrasound
probe 101 including a plurality of ultrasound piezoelectric
elements, where K is an integer expressing the number of
times of transmissions corresponding to one packet (a set of
data obtained when a plurality of reflected echo signals (the
reflected waves) having mutvally the same depth are
arranged in a time series).

[0031] The receiver circuitry 11 is configured to receive
the reflected-wave signals from the ultrasound probe 101.
For example, in the Doppler mode, the packet including as
many reflected echo signals (reflected waves) as K, which
are the reflections of the ultrasound beams emitted onto the
patient P, is converted into electrical signals by the ultra-
sound probe 101.

[0032] More specifically, after the reflected waves of the
ultrasound waves transmitted by the ultrasound probe 101
have reached the piezoelectric transducer elements provided
on the inside of the ultrasound probe 101, the reflected
waves are converted in the piezoelectric transducer elements
from the mechanical vibrations into the electric signals (the
reflected-wave signals) and are then input to the receiver
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circuitry 11. The receiver circuitry 11 includes a pre-ampli-
fier and reception delay adding circuitry and is configured to
generate reflected-wave data, which is analog data, by
performing various types of processing processes on the
reflected-wave signals received by the ultrasound probe 101.

[0033] The pre-amplifier is configured to perform a gain
adjusting process by amplifying the reflected-wave signal
for each of the channels. The reception delay adding cit-
cuitry is configured to apply a reception delay period
required to determine reception directionality, to the
reflected-wave signals. The reception delay adding circuitry
generates the reflected-wave data by performing an adding
process (a phase matched adding process) on the reflected-
wave signals of which the temporal phases are matched by
the application of the reception delay periods. As a result of
the phase-matched adding process performed by the recep-
tion delay adding circuitry, reflected components from the
direction corresponding to the reception directionality of the
reflected-wave signals are enhanced.

[0034] The receiver circuitry 11 is configured to apply the
reception directionality by controlling a reception opening
(the number and the positions of the piezoelectric transducer
elements used when the reflected-wave signals are received)
by employing the controlling function 153. The receiver
circuitry 11 moves the reception opening every time the
transmission opening is moved. The receiver circuitry 11 is
configured to generate reflected-wave data corresponding to
one scanning line, by performing the phased-matched add-
ing process on the reflected-wave signals received by the
piezoelectric transducer elements at each reception opening.

[0035] In the manner described above, the transmitter
circuitry 9 and the receiver circuitry 11 control the trans-
mission directionality and the reception directionality of the
transmissions and the receptions of the ultrasound waves.

[0036] The A/D converting circuitry 102 is configured to
convert a sequence of acquired signals received by the
receiver circuitry 11 into digital signals. Further, the quadra-
ture detecting circuitry 103 is configured to convert the
reflected-wave data received by the receiver circuitry 11 into
an In-phase signal (“I signal”) and a Quadrature-phase
signal (“Q signal™) in a baseband. For example, the T signal
is a signal corresponding to a cosine part (a real part) of a
Doppler-shifted wave, whereas the Q signal is a signal
corresponding to a sine part (an imaginary part) of the
Doppler-shifted wave.

[0037] By employing the Doppler processing function
152, the processing circuitry 150 is configured to generate
data (Doppler data) obtained by extracting motion informa-
tion of mobile members (blood flows, tissues, contrast agent
echo components, and the like) based on the Doppler effect,
by performing a frequency analysis on the reflected-wave
data that has been converted into the digital data by the A/D
converting circuitry 102 and the quadrature detecting cir-
cuitry 103. More specifically, as the motion information of
the mobile members, the Doppler processing function 152
generates the Doppler data obtained by extracting an aver-
age velocity value, a dispersion value, a power value, and
the like from each of multiple points.

[0038] While the Doppler mode is selected, a plurality of
pieces of reflected-wave data are acquired by transmitting an
ultrasound wave multiple times on the same scanning line.
Accordingly, in this configuration, the quadrature detecting
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circuitry 103 generates a plurality of IQ signals on multiple
sampling points positioned on mutually the same scanning
line.

[0039] In the Doppler mode, a sequence of a plurality of
1Q signals obtained by arranging, in a time series, the pieces
of reflected-wave data from mutually the same depth cor-
responding to the pieces of data resulting from the emissions
performed multiple times in mutually the same direction will
be referred to as a “packet”. By employing the Doppler
processing function 152, the processing circuitry 150 gen-
erates the packet on the basis of the reflected-wave data
received by the receiver circuitry 11.

[0040] More specifically, the Doppler processing function
152 included in the processing circuitry 150 includes the
parameter value obtaining function 152, the basis calcu-
lating function 1525, the expansion coeflicient calculating
function 152¢, the clutter component calculating function
152d, and the blood flow information computing function
152e. Details of these functions will be explained later.
[0041] The B-mode processing function 151 is configured
to generate data (B-mode data) in which signal intensities
(amplitude intensities) are expressed by degrees of bright-
ness, by performing a logarithmic amplification, an envelope
detection, a logarithmic compression, and/or the like on the
reflected-wave data that has been converted into the digital
data by the A/D converting circuitry 102 and the quadrature
detecting circuitry 103. Further, the B-mode processing
function 151 is capable of varying the frequency band to be
rendered in images, by varying the detected frequency.
[0042] In an embodiment, processing functions performed
by the B-mode processing function 151, the Doppler pro-
cessing function 152, the controlling function 153, and the
image generating function 154 are stored in the storage
circuitry 132 in the form of computer-executable programs.
The processing circuitry 150 is a processor configured to
realize the functions corresponding to the programs, by
reading and executing the programs from the storage cir-
cuitry 132. In other words, the processing circuitry 150 that
has read the programs has the functions illustrated within the
processing circuitry 150 in FIG. 1. Further, with reference to
FIG. 1, the example was explained in which the single
processing circuitry (i.e., the processing circuitry 150) real-
izes the processing functions of the B-mode processing
fanction 151, the Doppler controlling function 152, the
controlling function 153, and the image generating function
154; however, it is also acceptable to structure the process-
ing circuitry 150 by combining together a plurality of
independent processors, so that the processors realize the
functions by executing the programs.

[0043] In other words, it is acceptable to structure each of
the abovementioned functions as a program so that single
processing circuitry executes the programs. Alternatively, it
is also acceptable to install one or more specific functions in
a dedicated and independent program executing circuitry.
[0044] The term “processor” used in the above explana-
tions denotes, for example, a Central Processing Unit
(CPU), a Graphical Processing Unit (GPU), or circuitry such
as an Application Specific Integrated Circuit (ASIC) or a
programmable logic device (e.g., a Simple Programmable
Logic Device [SPLD], a Complex Programmable Logic
Device [CPLD], or a Field Programmable Gate Array
[FPGA]). The processor realizes the functions by reading
and executing the programs stored in the storage circuitry
132.
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[0045] Alternatively, it is also acceptable to directly incor-
porate the programs into the circuitry of the processor,
instead of storing the programs in the storage circuitry 132.
In that situation, the processor realizes the functions by
reading and executing the programs incorporated in the
circuitry thereof.

[0046] Further, the expansion coeflicient calculating func-
tion 152¢, the clutter component calculating function 1524,
the basis calculating function 1524, and the image generat-
ing function 154 are examples of a first calculating unit, a
second calculating unit, a third calculating unit, and an
image generating unit, respectively. The input circuitry 134
is an example of an input unit. Further, the receiver circuitry
11, the A/D converting circuitry 102, and the quadrature
detecting circuitry 103 are examples of a generating unit.
[0047] By employing the controlling function 153, the
processing circuitry 150 is configured to control the overall
processing of the ultrasound diagnosis apparatus. More
specifically, by employing the controlling function 153, the
processing circuitry 150 is configured to control processes
performed by the transmitter circuitry 9, the receiver cir-
cuitry 11, the B-mode processing function 151, the Doppler
processing function 152, and the image generating function
154, on the basis of the various types of setting requests
input by the operator via the input circuitry 134 and various
types of control programs and various types of data read
from the storage circuitry 132.

[0048] Further, by employing the controlling function 153,
the processing circuitry 150 is configured to exercise control
so that display-purpose ultrasound image data stored in the
storage circuitry 132 is displayed on the display 135. For
example, the storage circuitry 132 may be a semiconductor
memory element such as a Random Access Memory or may
be a storage device such as a hard disk, an optical disk, or
the like. The B-mode processing function 151, the quadra-
ture detecting circuitry 103, and the processing circuitry 150
may each be, for example, an electronic circuit such as a
Central Processing Unit (CPU) or a Micro Processing Unit
(MPU) or an integrated circwit such as an Application
Specific Integrated Circuit (ASIC) or a Field Programmable
Gate Array [FPGA].

[0049] By employing the image generating function 154,
the processing circuitry 150 is configured to generate ultra-
sound image data from the data generated by the B-mode
processing function 151 and the Doppler processing func-
tion 152. In other words, the processing circuitry 150
including the image generating function 154 generates
B-mode image data in which intensities of the reflected
waves are expressed by degrees of brightness, from the
B-mode data generated by the processing circuitry 150 while
employing the B-mode processing function 151. Further, the
image generating function 154 generates an average velocity
image, a dispersion image, and a power image each express-
ing mobile member information or color Doppler image data
representing an image combining any of these images, from
the Doppler data generated by the processing circuitry 150
while employing the Doppler processing function 152.
[0050] In this situation, generally speaking, by employing
the image generating function 154, the processing circuitry
150 converts (by performing a scan convert process) a
scanning line signal sequence from an ultrasound scan into
a scanning line signal sequence in a video format used by,
for example, television and generates the display-purpose
ultrasound image data. More specifically, by employing the
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image generating function 154, the processing circuitry 150
generates the display-purpose ultrasound image data by
performing a coordinate transformation process compliant
with the ultrasound scanning mode used by the ultrasound
probe 101. Further, by employing the image generating
function 154, the processing circuitry 150 combines text
information of various parameters, scale graduations, body
marks, and the like with the ultrasound image data. By
employing the image generating function 154, the process-
ing circuitry 150 is capable of generating a three-dimen-
sional B-mode image by performing a coordinate transfor-
mation process on three-dimensional B-mode data generated
by the B-mode processing function 151. Further, by employ-
ing the image generating function 154, the processing cir-
cuitry 150 is capable of generating a three-dimensional color
Doppler image by performing a coordinate transformation
process on three-dimensional Doppler data generated by the
Doppler processing function 152. Furthermore, by employ-
ing the image generating function 154, the processing cit-
cuitry 150 is also capable of generating display-purpose
two-dimensional ultrasound image data, by performing any
of various types of rendering processes on three-dimensional
image data.

[0051] The storage circuitry 132 is a memory configured
to store therein the image data generated by the processing
circuitry 150 while employing the image generating function
154. Further, the storage circuitry 132 is capable of storing
therein the data generated by the processing circuitry 150
while employing the B-mode processing function 151 or the
Doppler processing function 152.

[0052] Next, a background of the first embodiment will
briefly be explained.

[0053] Examples of modes used in ultrasound diagnosis
processes performed by ultrasound diagnosis apparatuses
include the Doppler mode. In the Doppler mode, an ultra-
sound probe emits an ultrasound wave multiple times in
mutually the same direction toward a site serving as an
observation target that is moving at predetermined velocity,
so that the velocity of a blood flow component, for example,
is calculated by detecting a frequency shift (a Doppler
change) caused by the Doppler effect.

[0054] Mixed with a signal of the blood flow component
serving as the observation target, reception signals in the
Doppler mode include a signal called a clutter component,
which originates from tissues that are either stationary or
moving at low velocity. Usually, the signal intensity of a
clutter component is higher than the signal intensity of the
blood flow component, by tens to hundreds of decibels (dB).
For this reason, in order to extract the signal of the blood
flow component, the clutter component is eliminated.
[0055] FIG. 2 illustrates the situation described above.
FIG. 2 is a drawing for explaining the background of the
embodiment. In FIG. 2, the point 22a expresses 1Q signals
at a time t=0. The value of the real part and the value of the
imaginary part of the point 22a on a complex number plane
correspond to the magnitude of the I signal and the magni-
tude of the Q signal, respectively. Further, the point 225
expresses 1Q signals at a time t=1. Each of the points 22¢ and
22d expresses 1Q signals at a corresponding one of the times
=2 and t=3.

[0056] The vector 23a is a vector expressing a clutter
component in the 1Q signals at the time t=0. The vector 235
is a vector expressing a clutter component in the 1Q signals
at the time t=1. FEach of the vectors 23¢ and 234 is a vector
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expressing a clutter component in the IQ signals at a
corresponding one of the times t=2 and t=3.

[0057] The vector 24a is a vector expressing a blood flow
signal in the IQ signals at the time t=0. The vector 245 is a
vector expressing a blood flow signal in the IQ signals at the
time t=1. Further, each of the vectors 24¢ and 24d is a vector
expressing a blood flow signal in the IQ signals at a
corresponding one of the times t=2 and t=3.

[0058] For example, at the time t=0, it is possible to
calculate the vector 24a expressing the blood flow signal, by
subtracting the vector 23a expressing the clutter component
from a position vector of the point 22a expressing the
magnitude of the IQ signals. Similarly, at the times t=1, 2,
and 3, it is possible to calculate each of the vectors 245, 24c,
and 24d expressing the blood flow signals, by subtracting a
corresponding one of the vectors 235, 23¢, and 23d express-
ing the clutter components, from the position vector of a
corresponding one of the points 225, 22¢, and 22d express-
ing the magnitudes of the IQ signals.

[0059] In this situation, because the magnitudes of the
vectors 24a to 244 expressing the targeted blood flow signals
are smaller than the magnitudes of the vectors 234 to 234
expressing the clutter components, the contributions of the
targeted blood flow signals to the IQ signals are small.
Accordingly, how properly the clutter component can be
eliminated has an impact on the quality of the image
rendering the blood flow signals.

[0060] As a method for eliminating the clutter component,
a method called a polynomial fitting method is known by
which a fitting process is performed by using a predeter-
mined polynomial on time-series data of obtained IQ signals
so as to identify components of small degrees as a clutter
component. As another example, a method called complex
Legendre method is also known. However, when these
methods are used, the level of precision in the extraction of
the clutter component may be insufficient.

[0061] For example, when the polynomial fitting method
is used, estimation of a clutter and estimation of suppression
of a clutter that are realized by performing a least-squares
fitting process may be insufficient. Further, in the estimation
and the suppression of the clutter component according to
the polynomial fitting method, it is not possible to distin-
guish between positive velocity values and negative velocity
values. More specifically, the phases of the 1Q signals
observed in the Doppler mode fluctuate with positive/nega-
tive signs corresponding to the positive/negative values of
the velocity of the measurement target object. In other
words, a signal approaching the probe exhibits a positive
phase change, whereas a signal moving away from the probe
exhibits a negative phase change. However, the mathemati-
cal function system used in the polynomial fitting method is
a real-number polynomial function system. When the IQ
signals, which are complex signals, are expressed by using
a real-number function system, it means that it is not
possible to distinguish between a positive phase and a
negative phase. For this reason, the real-number polynomial
function system is not able to distinguish between two
measurement target objects of which the signals have an
equal absolute value (i.e., equal amplitude) but have velocity
values with mutually-different signs. As a result, it is more
difficult to distinguish between a clutter component and a
blood flow signal of which the intensities are significantly
different.
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[0062] Further, complex Legendre method has an advan-
tage over the polynomial fitting method because it is pos-
sible to better estimate velocity values with signs. However,
because the capability of expressing clutters are not different
from that of the polynomial fitting method, the level of
precision for the estimation and the suppression of the
clutters may not be improved so much in some situations.

[0063] In view of the background described above, an
ultrasound diagnosis apparatus according to an embodiment
is configured to eliminate (suppress) the clutter component,
by calculating an expansion coeflicient in a case in which 1Q
signals arranged in a time series (the signals in one packet)
are expressed as a linear sum of a plurality of predetermined
mathematical functions. In this situation, the plurality of
predetermined mathematical functions are mathematical
functions that are possible to be generated on the basis of a
function family that has a first parameter t related to time and
a second parameter ¢ different from the first parameter t as
arguments.

[0064] A procedure in a process performed by the ultra-
sound diagnosis apparatus according to the first embodiment
will be explained, with reference to FIGS. 3 and 4. FIGS. 3
and 4 are drawings for explaining a flow in the process
performed by the ultrasound diagnosis apparatus according
to the first embodiment.

[0065] First, the transmitter circuitry 9 causes the ultra-
sound probe 101 to transmit a plurality of ultrasound waves
corresponding to one packet toward the patient P (step
S100). The receiver circuitry 11 receives, via the ultrasound
probe 101, reflected waves each corresponding to a different
one of the plurality of ultrasound waves transmitted toward
the patient at step S100 (step S110). The A/D converting
circuitry 102 performs an A/D conversion on the reflected
waves received by the receiver circuitry 11 at step S110 (step
S120). The quadrature detecting circuitry 103 generates 1Q
signals by performing a quadrature detection process on the
data resulting from the A/D conversion performed at step
S120 (step S130). In other words, the A/D converting
circuitry 102 and the quadrature detecting circuitry 103
structuring the generating unit generate time-series data
having complex values that has the first parameter related to
time as an argument, on the basis of the reflected waves of
the ultrasound waves transmitted by the ultrasound probe
101. The processing circuitry 150 obtains the time-series
data having the complex values generated in this manner.
Subsequently, the processing circuitry 150 calculates and
eliminates a clutter component by employing the parameter
value obtaining function 1524, the basis calculating function
1525, the expansion coeflicient calculating function 152¢,
and the clutter component calculating function 1524 (step
S140). The process at this step will be explained in detail,
with reference to FIG. 4. Further, by employing the blood
flow information computing function 152e, the processing
circuitry 150 calculates information about the blood flow by
subtracting the clutter component calculated at step S140
from the time-series data of the IQ signals generated at step
S130 (step S150). After that, by employing the image
generating function 154, the processing circuitry 150 gen-
erates an image from the information about the blood flow
calculated at step S150, i.e., a signal component obtained by
subtracting the clutter component calculated at step S140
from the time-series data of the IQ signals generated at step
S130 (step S160). The display 135 receives data of the image
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generated at step S160 from the processing circuitry 150 and
displays the image (step S170).

[0066] Next, the operation at step S140 will be explained
in detail, with reference to FIG. 4. FIG. 4 is a drawing for
explaining in details the process at step S140 in FIG. 3.
[0067] First, by employing the parameter value obtaining
function 152a, the processing circuitry 150 obtains the value
of the second parameter ¢ that is different from the first
parameter t related to time (step S141). In an example, the
second parameter ¢ may be a parameter calculated on the
basis of a phase change in the clutter. For example, the
second parameter ¢ is an estimated value of a phase change
in the clutter per unit time period. For example, the second
parameter ¢ is a value set in the range of —n<@<+m, as a
value indicating at what velocity the clutter is measured,
when the range of the estimated velocity of the clutter (the
velocity of the measurement target object detectable in the
Doppler mode), i.e., the amount of change in the phase
among the IQ signals in the measured packet, is expressed
as — to +.

[0068] Further, the input circuitry 134 may receive an
input of the value of the second parameter ¢ from the user.
Alternatively, the processing circuitry 150 may obtain the
value of the second parameter ¢ from the storage circuitry
132. In that situation, the value of the second parameter ¢
may be, for example, stored in the storage circuitry 132 in
advance for each of the body sites that are imaged, as an
empirical value that is known in advance for each of the
body sites that are imaged.

[0069] Further, the input circuitry 134 may calculate the
value of the second parameter ¢, on the basis of a set value
for a flow rate range (the highest velocity in the positive
direction and the highest velocity in the negative direction
with respect to the velocity of the object of interest, such as
a blood flow, observed in a region of interest) of the
ultrasound diagnosis apparatus. Alternatively, the input cir-
cuitry 134 may calculate the value of the second parameter
¢, on the basis of both the body site to be imaged and the set
value for the flow rate range.

[0070] Subsequently, the processing circuitry 150 gener-
ates a function family A prior to an orthogonalization
process (hereinafter, “pre-orthogonalization function family
A”), on the basis of the values of the first parameter t related
to time and the second parameter ¢ (step S142). The
pre-orthogonalization function family A can be expressed as
indicated in Expression (1) below, for example:

4=[Co,C,C,Cy ... .Gy . - ] M

[0071] In Expression (1), C, (1) denotes an m-th function
among the mathematical functions (hereinafter, “functions”,
as appropriate) belonging to the function family A, where m
is an integer of 0 or larger. C (1) is a function of the first
parameter t related to time. C, (1) is a function that exhibits
complex values, for example.

[0072] For instance, a specific example of the function
system of C,,(t) can be expressed as indicated in Expression
(2) below:

C, (O @

[0073] In Expression (2), f{t) is a predetermined function
related to the first parameter t. In this situation, an indicator
of the pre-orthogonalization function family A can be
expressed as indicated in Expression (3) below:

A=A, M) &)
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[0074] 1In this situation, a specific example of f(t) can be
expressed as indicated in Expression (4) below, for example:

fn=te® (C)

[0075] In Expression (4), the letter “e” denotes the natural
logarithm, whereas the letter “j” denotes the imaginary unit,
and the letter “¢” denotes the second parameter ¢ explained
above. When the expression is at the limit on the assumption
that ¢ is not present (i.e., ¢=0), f(t)=t is satisfied. In other
words, while using the situation f(t)=t as the reference,
Expression (4) corrects the function system of f(t) by using
the second parameter ¢ according to a predetermined
method. In this situation, a specific expression of the pre-
orthogonalization function family A can be written as indi-
cated in Expression (5) below, for example:

et (©)

[0076] When f(t) is not a constant, the elements C,(t) of
the pre-orthogonalization function family A are linearly
independent. When the elements C,(t) of the pre-orthogo-
nalization function family A are defined in a predetermined
region, it is possible to define a predetermined inner product
with respect to the function. For example, when C,(t)
exhibits complex values, it is possible to define a Hermitian
inner product with respect to the function. In this situation,
by applying a process known as a Schmidt orthogonalization
process to each of the elements of the pre-orthogonalization
fanction family A under the defined inner product, it is
possible to generate orthonormal bases.

[0077] In other words, by employing the basis calculating
function 1524, the processing circuitry 150 generates a set B
of orthogonal bases, by performing the orthogonalization
process on the pre-orthogonalization function family A
according to the predetermined method under the predeter-
mined inner product (step S143). More explicitly, the set B
of orthogonal bases can be expressed as indicated in Expres-
sion (6) below, for example:

B=lefn),e1(1)0200), - - - ey1), - - - ] (6)
[0078] In Expression (6), the letter “e” denotes being an
orthonormal basis. In other words, e, (t) is an n-th orthonor-
mal function, which is a function of the first parameter t,
where n is a natural number. The orthonormal basis e, (t)
may be, for example, a function that exhibits complex
values. In this situation, in an example, the orthonormality

can be expressed as indicated in Expression (7) below, for
example.

I die* (De£)=0; M

[0079] In Expression (7),1 and j are each a predetermined
natural number, The symbol “*” expresses a complex con-
jugate. The letter “d” denotes a Kronecker delta. In other
words, when 1= is satisfied, the integration on the left-hand
side of Expression (7) is equal to 1. On the contrary, when
i#] is satisfied, the integration on the left-hand side of
Expression (7) is equal to 0. Accordingly, it is considered
that Expression (7) is an expression in which the concept of
the Hermitian inner product regarding points is naturally
generalized with respect to the function.
[0080] To explain the meaning of Expression (4), let us
discuss at first the situation based on the assumption that the
second parameter ¢ is not present (i.e., $=0). In that situa-
tion, it is possible to simplify Expression (4) as indicated in
Expression (8) below:

fo= ®
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[0081] In this situation, a specific expression of the pre-
orthogonalization function family A can be written as indi-
cated in Expression (9) below:

A=[1125, ... " ®

[0082] In this situation, with respect to a closed interval
[-1 to 1], when an inner product is naturally introduced to
among the functions by using an L, norm so as to perform
an Schmidt orthogonalization on the introduce inner prod-
uct, it is possible to express the elements of the set B of
orthonormal bases with a function P, (t) in which a Legendre
polynomial is multiplied by a predetermined normalization
constant, as indicated in Expression (10) below:

B=P0POPAD, - .. PO, ... ] 10)

[0083] In other words, in Expression (4), the letter “t” on
the right-hand side is a term for generating the Legendre
polynomial after the Schmidt orthogonalization is per-
formed. In this situation, “exp(j¢t)” on the right-hand side of
Expression (4) is a term for correcting the clutter compo-
nent. In other words, when the second parameter ¢ expresses
the phase change in the clutter per a unit time period,
exp(jot) serves as a term expressing the effect of incorpo-
rating, in the pre-Schmidt-orthogonalization function fam-
ily, an effect where the phase of the time-series data of the
1Q signals changes in the course of time, due to the fact that
the phase change ¢ in the clutter per unit time period is finite.
As a result, because the Schmidt orthogonalization is pet-
formed while the term exp(jot) is included, the generated
orthonormal basis expressed as e,(t) is an orthonormal basis
incorporating the phase change ¢ in the clutter per unit time
period. Accordingly, by expanding the time-series data of
the 1Q signals while using these bases, it is possible to
improve the level of precision in the estimation of the clutter
component.

[0084] After that, by employing the expansion coeflicient
calculating function 152¢, the processing circuitry 150 cal-
culates an expansion coefficient w, by expanding the time-
series data I(t)+jQ(t) of the IQ signals by using the generated
orthogonal bases e,(t) (step S144). This situation can be
expressed as indicated in Expression (11) below, for
example:

11
10+j0W = ) wie® b

[0085] In Expression (11), I(t) denotes a signal in the
real-number part within the time-series data of the 1Q
signals. Q(t) denotes a signal of the imaginary-part within
the time-series data of the IQ signals. The letter “j” denotes
the imaginary unit. The orthonormal basis e,(t) denotes an
i-th orthonormal basis. The expansion coefficient , is an
expansion coeflicient for the i-th orthonormal basis e,(t). The
orthonormal basis e,(t) may be a complex number, for
example. The expansion coeflicient , may be either a real
number or a complex number, for example.

[0086] To summarize, by employing the expansion coef-
ficient calculating function 152c, the processing circuitry
150 calculates the expansion coefficient w, in a case in which
the time-series data [(t)+jQ(t) of the IQ signals is expressed
as a linear sum of the plurality of mathematical functions
e,(t). In this situation, the plurality of mathematical functions
¢(t) are mathematical functions that are possible to be
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generated on the basis of the function family A that has the
first parameter t related to time and the second parameter ¢
different from the first parameter t as the arguments. In this
situation, the plurality of mathematical functions e,(t) are
mathematical functions that are possible to be generated by
implementing a predetermined orthogonalization method
such as the Schmidt orthogonalization on the function
family A. Further, typically, the plurality of mathematical
functions e,(t) are mathematical functions having values in
complex numbers.

[0087] A specific expression of the expansion coefficient
w, can be written as indicated in Expression (12) below, for
example, by using a standard method:

o) et OIDdT_ e Q) 12

[0088] It is possible to easily confirm the derivation of
Expression (12), by using Expression (13) below, for
example. Expression (13) uses Expression (7), which is a
relation expression for the orthonormal bases.

1 1 13
f U + jODMr = f ej(n{zw,-e,-(z)}dz =
-1 -1 ;
1
=Z f e (Dwie;(ndr
— J
1
:Zw;f ei(ne;(n)dr
- -1
= Z w;é;j

=wj

[0089] Further, as a method for calculating the expansion
coeflicient w,, the processing circuitry 150 may, by employ-
ing the expansion coeflicient calculating function 152¢,
numerically project the observation packet (the time-series
data I(t)+jQ(t) of as many IQ signals as K) resulting from the
quadrature detection process, onto a space defined by the
orthonormal bases e,(t) (where 1<i<M), while M is a pre-
determined natural number equal to or smaller than K
(which means that M may be equal to K or may be a natural
number smaller than K). In that situation, the processing
circuitry 150 calculates the expansion coefficient w, by
performing a least-squares fitting process, for example,
while employing the expansion coefficient calculating func-
tion 152¢.

[0090] Subsequently. by employing the clutter component
calculating function 1524, the processing circuitry 150 iden-
tifies orthogonal bases corresponding to the clutter compo-
nent (step S145). In other words, by employing the clutter
component calculating function 152d, the processing cit-
cuitry 150 identifies the clutter component included in the
time-series data I(t)+jQ(t), on the basis of the expansion
coeflicient w, calculated at step S144.

[0091] According to an example of a method for identi-
fying the clutter component, while employing the clutter
component calculating function 1524, the processing cir-
cuitry 150 identifies a degree 1,, at which the expansion
coeflicient w, calculated at step S144 switches from decreas-
ing to increasing as the degree of expansion “i” increases
and further identifies the clutter component on the basis of

the identified degree i,,. More specifically, the processing
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circuitry 150 identifies a component related to the orthonor-
mal bases corresponding to degrees equal to or lower than
the identified degree as the clutter component and identifies
a component corresponding to degrees higher than the
identified degree as the signal component of blood or the
like. In other words, on the basis of the notion that the clutter
component is expressed in the lower-degree component,
whereas the signal component of the blood or the like is
expressed in the higher-degree component, the processing
circuitry 150 identifies, as the clutter component, the com-
ponent corresponding to one or more degrees equal to or
lower than the degree at which it is possible to separate the
lower-degree component and the higher-degree component
from each other when the fitting process is performed on the
time-series data by using a linear sum of the two compo-
nents.

[0092] According to another example of a method for
identifying the clutter component, by employing the clutter
component calculating function 152d, the processing cir-
cuitry 150 may identify a component corresponding to one
or more degrees of expansion equal to or lower than a
predetermine degree, as a clutter component. For example,
by employing the clutter component calculating function
1524, the processing circuitry 150 may identify the compo-
nent corresponding to the zeroth and the first degrees of
expansion (i.e., the component corresponding to ey(t) and
¢,(1)) as the clutter component.

[0093] Subsequently, when the degree of the clutter com-
ponent has been identified at step S145 by employing the
clutter component calculating function 152d, the processing
circuitry 150 calculates the clutter component on the basis of
the identified degree (step S146). After that, the processing
circuitry 150 eliminates (subtracts) the clutter component
calculated at step S146 from the time-series data of the IQ
signals (step S147) so as to extract the data corresponding to
the blood flow signal or the like. The extracted data is used
for generating the image at step S160 illustrated in FIG. 3.
In other words, by employing the image generating function
154, the processing circuitry 150 generates the image (the
Doppler image) from the signal component obtained by
subtracting the clutter component calculated at step S146
from the time-series data.

[0094] Further, by employing the blood flow information
computing function 152e, the processing circuitry 150 cal-
culates blood flow information such as the flow rate, the flow
volume, the dispersion or the like of the blood flow, by using
the signal obtained by extracting the Doppler-shifted blood
flow component as a result of eliminating (suppressing) the
clutter component. The calculated blood flow information is
displayed at step S170 on the subsequent stage, while being
superimposed on a B-mode (brightness) image taken at a
different time, for example.

[0095] Next, a specific example of the clutter eliminating
(suppressing) process performed by the ultrasound diagnosis
apparatus according to the first embodiment will be
explained, with reference to FIGS. 5 to 11. FIG. 5 illustrates
an example of data generated for comparing processes
performed by ultrasound diagnosis apparatuses according to
a conventional technique and the first embodiment. FIGS. 6,
8, and 10 are drawings for explaining examples of the
process performed by the ultrasound diagnosis apparatus
according to the conventional technique. FIGS. 7, 9, and 11
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are drawings for explaining examples of the process per-
formed by the ultrasound diagnosis apparatus according to
the first embodiment.

[0096] FIG. 5 illustrates IQ signals having a packet size of
16 that were generated in a simulation. In other words, FIG.
5 illustrates the IQ signals in the situation where an ultra-
sound wave is transmitted 16 times (K=16) per packet. The
horizontal axis in FIG. 5 expresses the I signal (i.e., the real
part of the signal), whereas the vertical axis in FIG. 5
expresses the Q signal (i.e., the imaginary part of the signal).
The sixteen diamond-shaped markers in FIG. 5 indicate the
sixteen 1Q signals in a time-series. The graph 30 is a graph
expressing the IQ signals in the time-series. The 1Q signals
were generated by adding together a clutter of which the
amplitude was 1 and the velocity was 7/15 and a blood flow
signal of which the amplitude was 0.01 and the velocity was
/4. FIG. 6 illustrates a result obtained by sequentially
performing a fitting process that uses the function according
the conventional technique on the IQ signals, starting with
the lowest degree. FIG. 7 illustrates a result obtained by
sequentially performing a fitting process that uses the ortho-
normal bases e,(t) according to the first embodiment on the
1Q signals, starting with the lowest degree. As information
(phase information) of the second parameter ¢ used for
designing the pre-orthogonalization function C, (), mw/15,
which is the velocity of the clutter, was given.

[0097] InFIG. 6, the graph 31a is a graph of the signals on
which the fitting process is performed. FIG. 6 illustrates
results of the fitting process performed on these graphs by
using the function according the conventional technique. In
the present example, the function according to the conven-
tional technique is a real-number polynomial function
expressed as R ()=t™. The graphs 32a, 32b, 32¢, and 324
indicate a zeroth-degree component, a first-degree compo-
nent, a second-degree component, and a third-degree com-
ponent obtained by using the function according to the
conventional technique, respectively.

[0098] FIG. 7 illustrates a result obtained by performing
the fitting process by using the function according to the first
embodiment. In the present example, the function according
to the first embodiment is the complex orthonormal basis
e, (t) derived from the complex function C,,(t) by perform-
ing the Schmidt orthogonalization. The graphs 33a, 335,
33¢, and 334 indicate a zeroth-degree component, a first-
degree component, a second-degree component, and a third-
degree component obtained by using the function according
to the first embodiment, respectively.

[0099] FIG. 8 illustrates amplitude values of the expansion
coeflicient corresponding to the various degrees, when the
1Q signals illustrated in FIG. 5 are expanded by using the
real-number polynomial function R, (t). As illustrated in
FIG. 8, the amplitude corresponding to the second-degree
coeflicient 34 is too large.

[0100] In contrast, FIG. 9 illustrates amplitude values of
the expansion coefficient, when the 1Q signals illustrated in
FIG. 5 are expanded by using the complex orthonormal basis
e, (1) derived from the complex function C, (t) by perform-
ing the Schmidt orthogonalization. As illustrated in FIG. 9,
the value corresponding to the second-degree coefficient 35
significantly decreases from the value corresponding to the
first-degree coefficient, while the value corresponding to the
third-degree coeflicient 36 increases from the value corre-
sponding to the second-degree coeflicient. As explained
herein, because the expansion coefficient switches from
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decreasing to increasing due to the incremental growth of
the degree of expansion, it is possible to determine that the
component up to the second-degree coeflicient represents
the clutter component and that the component corresponding
to coefficients of the third-degree and higher represents the
signal of the measurement target such as the blood. In
contrast, in the example in FIG. 8, it is not possible to
distinguish the clutter component from the signal of the
measurement target, on the basis of the data.

[0101] Next, images generated by the ultrasound diagnosis
apparatuses according to the conventional technique and the
first embodiment will be compared with each other, with
reference to FIGS. 10 and 11. FIG. 10 illustrates an example
of an ultrasound diagnosis image according to the conven-
tional technique. FIG. 11 illustrates an example of an
ultrasound image generated by the ultrasound diagnosis
apparatus according to the first embodiment. In FIGS. 10
and 11, the up-and-down direction corresponds to the depth
direction, whereas the left-and-right direction corresponds to
the azimuth direction.

[0102] In FIG. 10, the signal 40a is a blood flow signal at
a smaller depth. The signal 424 is a blood flow signal at a
larger depth. However, the noise 414 is noise occurring from
an incomplete clutter elimination at the larger depth.
According to the conventional technique, because the clutter
elimination is incomplete, it is difficult to distinguish the
signal 42a and the noise 41a from each other.

[0103] In contrast, in FIG. 11, the signal 405 is a blood
flow signal at a smaller depth. The signal 425 is a blood flow
signal at a larger depth. Further, because the level of
precision of the clutter elimination is high in the region 415,
the noise is eliminated in the region 415. As a result, the
signal 425 is rendered while being separated from the clutter
component.

[0104] As explained above, compared to the method that
uses the real-number polynomial function, it is possible to
improve the level of precision in the estimation and the
suppression of the clutter, by using the complex orthonormal
basis e, (t) derived from the complex function C,(t) by
performing the Schmidt orthogonalization. Consequently, it
is possible to improve the recognizability of the blood flow
signal.

[0105] Possible embodiments are not limited to the
examples described above. For instance, by employing the
image generating function 154, the processing circuitry 150
may generate an ultrasound elastography image on the basis
of the clutter component identified at step S145.

[0106] In this situation, elastography is to express in an
image a distribution of levels of hardness of a tissue in a
patient’s body. Ultrasound elastography images are images
obtained by implementing the procedure. Examples of ultra-
sound elastography can roughly be divided into two meth-
ods: One of the methods is a strain method by which the
levels of hardness are visualized on the basis of magnitudes
of strains on a scanned cross-sectional plane that are mea-
sured when an ultrasound probe is used to apply and release
pressure to and from a tissue of a patient’s body through the
body surface. The other method is a shear wave method by
which a modulus of elasticity is obtained by applying
vibration to a tissue of a patient’s body through the body
surface with the use an acoustic radiation force or an
external vibration source so as to cause a displacement and
further measuring the displacement chronologically in each
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of various positions on a scanned cross-sectional plane so as
to calculate a propagation velocity of a shear wave on the
basis of the displacements.

[0107] In the following sections, an example with the
strain method will be explained. However, the embodiment
is also applicable to the shear wave method.

[0108] When the strain method is used, pressure is repeat-
edly applied and released to and from a tissue, as an operator
manually oscillates the ultrasound probe 101. During that
period of time, the ultrasound diagnosis apparatus according
to the embodiment, for example, transmits the transmission
waves at step S100 in FIG. 3 and subsequently receives the
reflected waves at step S110, before performing the pro-
cesses at steps S120 and S130. Within step S140, at steps
S141 through S146, the ultrasound diagnosis apparatus
according to the embodiment performs the same processes
as described above.

[0109] When the processing circuitry 150 has calculated
the clutter component at step S146 by employing the clutter
component calculating function 152d, the processing cir-
cuitry 150 generates, as the motion information of the tissue
that is a mobile member, tissue Doppler data obtained by
extracting velocity values, dispersion values, and power
values, with respect to multiple points within a two-dimen-
sional space or a three-dimensional space. Subsequently, the
processing circuitry 150 calculates strain distribution infor-
mation indicating a spatial distribution of strains, from the
generated tissue Doppler data. After that, the processing
circuitry 150 generates an ultrasound elastography image by
color-coding values of the strain distribution information, or
the like, while employing the image generating function 154
(step S150) and causes the generated image to be displayed
(step S160).

[0110] Possible embodiments are not limited to the
example described above. For instance, an expression of the
pre-orthogonalization function family A may be written as
indicated in Expression (14) below, for example:

..... c. e ] (14)

[0111] In the present example, an expression of C, (t) may
be written as indicated in Expression (15) below, for
example:

Ca (" (15)

[0112] Further, in the present example, an expression of
f(t) may be written as indicated in Expression (16) below, for
example:

M= (16)

[0113] In this situation, each of the expressions of the
orthonormal basis e,(t) is obtained by multiplying an ordi-
nary Legendre polynomial by a complex number having an
absolute value of 1 and indicating a phase change in the
clutter.

[0114] Further, in the embodiment above, the example is
explained in which, with respect to the pre-orthogonaliza-
tion function family A defined in the interval [-1, 1], the
Hermitian inner product is defined with the application of
the uniform weight under the L, norm so as to generate the
orthonormal bases by performing the Schmidt orthogonal-
ization on the basis of the defined inner product. However,
possible embodiments of the defined inner product, the
applied weights, and the interval in which the pre-orthogo-
nalization function family A is defined are not limited to
these examples. The method for introducing the inner prod-



US 2017/0245832 Al

uct, the applied weights, and the interval in which the
pre-orthogonalization function family A is defined may each
be in any of a variety of forms. Accordingly, the plurality of
functions (the orthonormal bases e,(t)) that are generated
therefrom may also be in any of a variety of forms.

[0115] Further, the generated plurality of functions may be
a plurality of orthonormal bases generated by calculating
direct products of the plurality of orthonormal bases, for
example.

[0116] In other words, at the limit reached on the assump-
tion that the second parameter ¢ is not present (¢p=0), the
generated plurality of mathematical functions (the orthonor-
mal bases e,t)) may include, for example, a term corre-
sponding to at least one selected from among the following:
a Legendre polynomial, a Laguerre polynomial, a Cheby-
shev polynomial, a Hermite polynomial, a Bessel function,
a spherical Bessel function, an associated Legendre poly-
nomial, a spherical harmonic function, a Gegenbauer poly-
nomial, and a Jacobi polynomial.

[0117] Further, in the embodiment above, the example is
explained in which the plurality of functions represented by
the orthonormal bases e,(t) are generated by performing the
Schmidt orthogonalization on the pre-orthogonalization
function family A; however, possible embodiments are not
limited to this example. For instance, the generated plurality
of functions do not necessarily have to be normal and do not
necessarily have to be bases that are orthogonal. For
example, an expansion operation using unstandardized
orthogonal bases 1s an operation substantially equivalent to
an expansion operation using the orthonormal bases. Fur-
ther, when the bases subject to an expansion process are at
least linearly independent of each other, it is possible to
uniquely determine the expansion coeflicient for these bases,
with respect to the given time-series data. Accordingly, the
processing circuitry 150 may calculate an expansion coef-
ficient, by using bases that are linearly independent of each
other and are not orthogonal to each other.

[0118] For example, the processing circuitry 150 may
generate a plurality of functions by performing an identity
transformation process on the pre-orthogonalization func-
tion family A (which means that the plurality of functions are
elements themselves of the pre-orthogonalization function
family A) so as to calculate an expansion coeflicient by using
the plurality of functions as bases.

[0119] Further, in view of the purpose of eliminating
(suppressing) the clutter component, not all of the bases
subject to the expansion process have to be linearly inde-
pendent of each other. For example, as long as the dimension
of the linear space structured by the bases subject to the
expansion process is two or more, the processing circuitry
150 may calculate an expansion coeflicient by causing
certain bases a part of which are linearly dependent on each
other to be subject to the expansion process, so as to
calculate a clutter component by using the calculated expan-
sion coeflicient. In that situation, as long as the bases
identified as a clutter component are linearly independent of
each other, the processing circuitry 150 is able to uniquely
determine the value of the clutter component, regardless of
the fact that it is not possible to uniquely determine the
expansion coeflicient.

Second Embodiment

[0120] In a second embodiment, an example will be
explained in which a process is performed by calculating the
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second parameter ¢ from the time-series data itself. More
specifically, on the basis of the parameter value obtaining
function 152a, the processing circuitry 150 calculates a
value of the second parameter ¢ on the basis of the 1Q
signals (the time-series data) generated at step S130 in FIG.
3. On the basis of a result calculated based on the parameter
value obtaining function 1524 described above, the process-
ing circuitry 150 generates the abovementioned expansion
coefficient.

[0121] At steps S100 through S130 and steps S150
through S170 illustrated in FIG. 3, an ultrasound diagnosis
apparatus according to the second embodiment performs the
same processes as those performed by the ultrasound diag-
nosis apparatus according to the first embodiment. Further,
also at step S140 in FIG. 3, the ultrasound diagnosis appa-
ratus according to the second embodiment performs the
same processes as those performed by the ultrasound diag-
nosis apparatus according to the first embodiment at steps
S142 through S147, excluding step S141 in FIG. 4. Accord-
ingly, explanations of the processes other than the process at
step S141 will be omitted.

[0122] FIG. 12 is a chart for explaining a flow in a process
performed by the ultrasound diagnosis apparatus according
to the second embodiment. More specifically, FIG. 12 is a
chart for more specifically explaining the process performed
at step S141 in FIG. 4 by the ultrasound diagnosis apparatus
according to the second embodiment.

[0123] By employing the parameter value obtaining func-
tion 152a, the processing circuitry 150 calculates an auto-
correlation function from the IQ signals in a time series (the
time-series data) (step S141a). Subsequently, by employing
the parameter value obtaining function 1524, the processing
circuitry 150 calculates a value of the phase (the second
parameter ¢) from the calculated autocorrelation function
(step S1414). In other words, by employing the parameter
value obtaining function 152a, the processing circuitry 150
calculates the value of the second parameter ¢, on the basis
of the autocorrelation function calculated at step S141a.

[0124] More specifically, the processing circuitry 150 cal-
culates a phase of the autocorrelation function calculated
from 1Q signals of which the quantity is equal to N (where
2=Nz=K)) selected from among as many IQ signals as K that
are the time-series 1Q signals. In this situation, the phase of
the autocorrelation function can be expressed as indicated in
Expression (17) below, when the I signals of which the
quantity is equal to N are expressed as I(t,). . . ., and It,),
whereas the Q signals of which the quantity is equal to N are
expressed as Q(t,), . . ., and Q(t,).

N-1 (17
D Atk Q(K) - Qs (e}

K=1
¢ = arct

N-1
KZ‘I g ) (1x) = Qlik 1)k}

[0125] In the manner described above, by performing the
processes at steps S141¢ and S1415b, the ultrasound diag-
nosis apparatus according to the second embodiment per-
forms the process at step S141 in FIG. 4. Subsequently, the
ultrasound diagnosis apparatus according to the second
embodiment performs the processes at step S142 and there-
after.
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[0126] Possible embodiments are not limited to the
example described above. For instance, at step S141a, the
ultrasound diagnosis apparatus according to the second
embodiment may calculate the second parameter ¢ on the
basis of at least one of an average value of phase differences
among data, a median value of phase differences among data
and a representative value selected from phase differences
among data, the data being calculated from the 1Q signals of
which the quantity is equal to N (where 2<N<K) selected
from among as many 1Q signals as K that are the time-series
1Q signals. Further, the second embodiment may be com-
bined with any of the various elements described in the first
embodiment as appropriate. For example, the processes
according to the second embodiment may be combined with
the processes described in the first embodiment and used for
generating an ultrasound elastography image.

[0127] As explained above, the ultrasound diagnosis appa-
ratus according to the second embodiment is configured to
calculate the phase information (the second parameter ¢)
from the measured packet. It is therefore possible to save the
trouble of the user giving the second parameter ¢. Further,
even when the second parameter ¢ is different for each of
various locations, for example, it is possible to automatically
calculate the second parameter ¢.

Third Embodiment

[0128] In a third embodiment, an example in which a
clutter has a plurality of components will be explained.
[0129] When a clutter has a plurality of components, for
example, it is possible to adopt a function system as indi-
cated in Expression (18) below, as an expression of f{t) in
Expression (3).

f =leiémr s

[0130] In Expression (18), the symbol “¢,” is a parameter
expressing a phase change in an i-th component of the
clutter. The symbol “A,” is a parameter expressing a weight
applied to the i-th component of the clutter. For example,
when the clutter has two components, the expression of f{t)
can be written as indicated in Expression (19) below:

SRt )L 19)

[0131] In Expression (19), the symbols “¢,” and “¢,”
denote parameters expressing the phase change in a first
component and the phase change in a second component of
the clutter, respectively. The symbols “h,” and “A,” denote
parameters expressing a weight applied to the first compo-
nent of the clutter and a weight applied to the second
component of the clutter, respectively. In other words, the
pre-orthogonalization function family A has the first param-
eter t, the second parameter ¢,, and the third parameter ¢,
that is different from the first parameter t and the second
parameter ¢,, as arguments. In the present example, the
second parameter ¢, is a parameter expressing the phase
change in the first component of the clutter. The third
parameter ¢, is a parameter expressing the phase change in
the second component of the clutter.
[0132] When Expression (19) is substituted to Expression
(3), a specific expression of the pre-orthogonalization func-
tion family A can be written as indicated in Expression (20)
below:
A=[LH00 e He2) 2 (021 PH01 20 e H1H 07
P N (20
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[0133] The processing circuitry 150 performs the same
processes as those in the first embodiment on the pre-
orthogonalization function family A.

[0134] Processes performed by an ultrasound diagnosis
apparatus according to the third embodiment will be
explained, with reference to, again, the flowcharts in FIGS.
3 and 4. At steps S100 through S130 and steps S150 through
S170 in FIG. 3, the ultrasound diagnosis apparatus accord-
ing to the third embodiment performs the same processes as
those performed by the ultrasound diagnosis apparatus
according to the first embodiment. Further, also at step S140
in FIG. 3, the ultrasound diagnosis apparatus according to
the third embodiment performs the same processes as those
performed by the ultrasound diagnosis apparatus according
to the first embodiment at steps S143 through S147, exclud-
ing steps S141 and S142 in FIG. 4. Accordingly, detailed
explanations of the same processes will be omitted. In the
following sections, an example in which the clutter has as
many components as L, where L is a natural number of 2 or
larger (Expression (18)) will be explained.

[0135] By employing the parameter value obtaining func-
tion 1524, the processing circuitry 150 according to the third
embodiment obtains values of parameters ¢, ¢,, ¢, . . . and
¢, that are different from the first parameter t related to time,
in a process corresponding to step S141 according to the first
embodiment. In addition, by employing the parameter value
obtaining function 152a, the processing circuitry 150
obtains values of parameters A, A,, A,, and A;.

[0136] As for a method for obtaining these parameters, the
processing circuitry 150 may obtain these parameters from
the user via the input circuitry 134. In another example, the
processing circuitry 150 may obtain these parameters by
repeatedly performing the same processes as those per-
formed in the second embodiment.

[0137] On the basis of the obtained parameters, the pro-
cessing circuitry 150 generates the pre-orthogonalization
fanction family A, by using Expression (18), for example
(step S142). Subsequently, the processing circuitry 150
generates the orthogonal bases e(t) by performing an
orthogonalization process according to a predetermined
method (step S143). After that, the processing circuitry 150
calculates an expansion coeflicient by expanding the time-
series data of the IQ signals while using the generated
orthogonal bases e,(t) (step S144). The processing circuitry
150 then eliminates the clutter component by performing the
processes at steps S145 through S147.

[0138] By using the ultrasound diagnosis apparatus
according to the third embodiment, it is possible to effi-
ciently eliminate the clutter having the plurality of compo-
nents.

[0139]

[0140] Itis possible to execute instructions indicated in the
processing procedures described in any of the embodiments
described above, on the basis of a computer program (here-
inafter, “program”) represented by software. When a gen-
eral-purpose computer system stores the program therein in
advance, it is possible to achieve the same advantageous
effects as those achieved by the ultrasound diagnosis appa-
ratuses and the signal processing apparatuses (the image
processing apparatuses) according to the embodiments
described above, by reading the stored program. The instruc-
tions described in the embodiments above are recorded as a

Computer Programs
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computer-executable program on a magnetic disk (a flexible
disk, a hard disk, or the like), an optical disk (a Compact
Disk Read-Only Memory (CD-ROM), a Compact Disk
Recordable (CD-R), a Compact Disk Rewritable (CD-RW),
a Digital Versatile Disk Read-Only Memory (DVD-ROM),
a DVD recordable (DVDzR), a DVD Rewritable
(DVD+RW), or the like), a semiconductor memory, or any
other similar recording media. Any storage format may be
used as long as a computer or an incorporated system is able
to read data from the storage medium. The computer is able
to realize the same operations as those performed by the
ultrasound diagnosis apparatuses and the signal processing
apparatuses (the image processing apparatuses) according to
the embodiments described above, by reading the program
from the recording medium and causing a CPU to execute
the instructions written in the program on the basis of the
read program. Needless to say, when the computer obtains or
reads the program, the computer may obtain or read the
program via a network.

[0141] Further, on the basis of the instructions of the
program installed from the storage medium into a computer
or an incorporated system, an Operating System (OS) work-
ing in the computer, database management software, or
middleware (MW) used in a network or the like may execute
a part of the processes for realizing any of the embodiments
described above.

[0142] Furthermore, the storage medium does not neces-
sarily have to be a medium independent of the computer or
the incorporated system. Examples of the storage medium
include a storage medium that downloads and stores therein
or temporarily store therein the program transmitted via a
Local Area Network (LAN) or the Internet.

[0143] Further, the storage medium does not necessarily
have to be singular. Examples of the storage medium accord-
ing to the embodiments include the situation where the
processes of any of the embodiments described above are
executed from two or more media. The medium or the media
may have any configuration.

[0144] The computer or the incorporated system accord-
ing to any of the embodiments is configured to execute the
processes in the embodiment on the basis of the program
stored in the storage medium and may be configured in any
of various forms including the following: a single apparatus
such as a personal computer or a microcomputer; and a
system or the like in which a plurality of apparatuses are
connected via a network.

[0145] Further, the term “computer” according to the
embodiments does not necessarily have to be a personal
computer and may be an arithmetic processing unit included
in an information processing device, a microcomputer, or the
like. The term “computer” generally refers to any device or
apparatus that is capable of realizing the functions described
in the embodiments by using one or more programs.
[0146] FIG. 13 is a diagram illustrating a hardware con-
figuration of the processing circuitry 150 (the signal pro-
cessing apparatus) according to the embodiments. The sig-
nal processing apparatus (the image processing apparatus)
according to the embodiments described above includes a
controlling device such as a Central Processing Unit (CPU)
310, storage devices such as a Read-Only Memory (ROM)
320, a Random Access Memory (RAM) 330 and/or the like,
a communication interface 340 that performs communica-
tion by making a connection to a network, and a bus 301 that
connects the functional units to one another.
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[0147] The program executed by the image processing
apparatus according to the embodiments described above is
provided as being incorporated in advance in the ROM 320
or the like. Further, the program executed by the signal
processing apparatus (the image processing apparatus)
according to the embodiments described above is able to
cause a computer to function as the functional units of the
signal processing apparatus (the image processing appara-
tus) described above. The computer is configured so that the
CPU 310 is capable of reading the program from a com-
puter-readable storage medium into a main storage device
and executing the read program.
[0148] By using the ultrasound diagnosis apparatus
according to at least one aspect of the embodiments
described above, it is possible to efficiently eliminate the
clutter.
[0149] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions.
[0150] Indeed, the novel embodiments described herein
may be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.
What is claimed is:
1. An ultrasound diagnosis apparatus comprising:
processing circuitry configured to obtain time-series data
having complex values based on a reflected wave of an
ultrasound wave transmitted by an ultrasound probe
and configured to calculate an expansion coeflicient in
a case in which the obtained time-series data is
expressed as a linear sum of a plurality of mathematical
functions, the time-series data having, as an argument,
a first parameter related to time, wherein
the plurality of mathematical functions are mathematical
functions that are possible to be generated on a basis of
a function family that has, as arguments, the first
parameter and a second parameter different from the
first parameter.
2. The ultrasound diagnosis apparatus according to claim
1, wherein the second parameter is a parameter calculated on
a basis of a phase change of a clutter.
3. The ultrasound diagnosis apparatus according to claim
1, wherein the plurality of mathematical functions are the
mathematical functions that are possible to be generated by
implementing a predetermined orthogonalization method on
the function family.
4. The ultrasound diagnosis apparatus according to claim
1, wherein the plurality of mathematical functions are the
mathematical functions having values in complex numbers.
5. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is configured to identify
a clutter component included in the time-series data, on a
basis of the expansion coeflicient.
6. The ultrasound diagnosis apparatus according to claim
5, wherein the processing circuitry is configured to generate
an image from a signal component obtained by subtracting
the clutter component from the time-series data.
7. The ultrasound diagnosis apparatus according to claim
5, wherein the processing circuitry is configured to identify
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a degree at which the expansion coefficient switches from
decreasing to increasing as a degree of expansion increases
and further configured to identify the clutter component on
a basis of the identified degree.

8. The ultrasound diagnosis apparatus according to claim
5, wherein the processing circuitry is configured to identify
a component corresponding to one or more degrees of
expansion equal to or lower than a predetermined degree as
the clutter component.

9. The ultrasound diagnosis apparatus according to claim
5, wherein the processing circuitry is configured to generate
an ultrasound elastography image on a basis of the identified
clutter component.

10. The ultrasound diagnosis apparatus according to claim
1, further comprising: input circuitry configured to receive
an input of a value of the second parameter from a user,
wherein

the processing circuitry is configured to calculate the

expansion coeflicient on a basis of a result of the input
received by the input circuitry.

11. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry is configured to calculate
a value of the second parameter on a basis of the time-series
data and further configured to generate the expansion coef-
ficient on a basis of the calculated value of the second
parameter.

12. The ultrasound diagnosis apparatus according to claim
11, wherein the processing circuitry is configured to calcu-
late an autocorrelation function from the time-series data
and further calculates the value of the second parameter on
a basis of the calculated autocorrelation function.

13. The ultrasound diagnosis apparatus according to claim
11, wherein the processing circuitry is configured to calcu-
late, from the time-series data, the value of the second
parameter on a basis of at least one of an average value of
phase differences among some of the time-series data, a
median value of phase differences among some of the
time-series data and a representative value selected from
phase differences among some of the time-series data.

14. The ultrasound diagnosis apparatus according to claim
1, wherein, at a limit reached on an assumption that the
second parameter is not present, the plurality of mathemati-
cal functions include a term corresponding to at least one
selected from among: a Legendre polynomial, a Laguerre
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polynomial, a Chebyshev polynomial, a Hermite polyno-
mial, a Bessel function, a spherical Bessel function, an
associated Legendre polynomial, a spherical harmonic func-
tion, a Gegenbauer polynomial, and a Jacobi polynomial.
15. The ultrasound diagnosis apparatus according to claim
1, wherein
the function family further has a third parameter as an
argument, the third parameter being different from the
first parameter and the second parameter,
the second parameter is a parameter expressing a phase
change in a first component of a clutter, and
the third parameter is a parameter expressing a phase
change in a second component of the clutter.
16. A signal processing apparatus comprising:
processing circuitry configured to calculate an expansion
coeflicient in a case in which time-series data having
complex values is expressed as a linear sum of a
plurality of mathematical functions, the time-series
data having been generated on a basis of a reflected
wave of an ultrasound wave transmitted by an ultra-
sound probe and having a first parameter related to time
as an argument, wherein
the plurality of mathematical functions are mathematical
functions that are possible to be generated by imple-
menting an orthogonalization method on a function
family that has, as arguments, the first parameter and a
second parameter different from the first parameter.
17. A signal processing method comprising;
obtaining, by processing circuitry, time-series data having
complex values based on a reflected wave of an ultra-
sound wave transmitted by an ultrasound probe, the
time-series data having, as an argument, a first param-
eter related to time; and
calculating, by the processing circuitry, an expansion
coefficient in a case in which the time-series data is
expressed as a linear sum of a plurality of mathematical
functions, wherein
the plurality of mathematical functions are mathematical
functions that are possible to be generated by imple-
menting an orthogonalization method on a function
family that has, as arguments, the first parameter and a
second parameter different from the first parameter.
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