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(57) ABSTRACT

An ultrasound diagnosis apparatus includes a transmitter/
receiver, a signal processor, and an image generator. The
transmitter/receiver transmits, at least once in each scanning
line, a first ultrasound pulse and a second ultrasound pulse
whose amplitude corresponds to amplitude of the first ultra-
sound pulse modulated at a given ratio and acquires a
received-signal group consisting of multiple received signals.
The signal processor acquires, on the basis of a coefficient
that reduces the energy of a first composite signal that is
obtained by combining, in accordance with the given ratio,
multiple received signals contained in the first received signal
group acquired by the transmittet/receiver, a second compos-
ite signal by combining multiple received signals contained in
a second received signal group that is acquired by the trans-
mitter/receiver and that is different from the first received
signal group. The image generator generates an ultrasound
image based on the second composite signal.
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ULTRASOUND DIAGNOSIS APPARATUS AND
CONTROL METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2013-
146964, filed on Jul. 12, 2013; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and a control method.

BACKGROUND

[0003] In recent years, intravenous contrast agents have
been made into commercial products and a contrast echo
method known as contrast harmonic imaging (CHI) 1s now
performed using ultrasound diagnosis apparatuses. The aim
of the contrast echo method is, during an examination of, for
example, the heart or liver, to enhance the blood flow signals
by injecting an ultrasound contrast agent intravenously and
then to evaluate the hemodynamics. In many ultrasound con-
trast agents, microbubbles function as the reflection source.
However, due to the delicate nature of the microbubble base,
the microbubbles are broken down due to the mechanical
effect of the ultrasound even when the ultrasound exposure is
at the level of a normal diagnosis, which results in a decrease
in the intensity of signals from the scanned surface.

[0004] Accordingly, in order to observe the dynamics of
reflux in real time, it is necessary to make a relative reduction
in the breaking down of microbubbles due to scanning by, for
example, performing imaging by transmitting ultrasound at a
low sound pressure. Such imaging from low sound-pressure
ultrasound transmission also reduces the signal/noise ratio
(S/N ratio). In order to compensate for this, various signal
processing methods, such as phase modulation (PM), ampli-
tude modulation (AM) and amplitude and phase modulation
(AMPM), have been devised. Such visualization methods
allow contrast-enhanced images with a higher S/N ratio to be
displayed in real time. Ultrasound contrast agents are,
because they offer performance in real time and high spatial
resolution, used to carefully examine minute structures (such
as microvessel structures) that cannot be visualized with
X-ray CT apparatus or MRI apparatus.

[0005] For example, amplitude modulation is a visualiza-
tion method that offers an excellent bubble-tissue ratio and
tremendous depth sensitivity. Amplitude modulation is a
visualization method where, while non-linear responses from
a contrast agent are extracted, linear signals from body tissue
are canceled out in order for specific extraction of the contrast
agent. Accurate waveform formation is required to imple-
ment amplitude modulation. However, depending on how the
ultrasound diagnosis apparatus is implemented (e.g., the sys-
tem configuration, the aperture control and amplitude con-
trol) and the effect of nonlinearity of the circuit, an ultrasound
diagnosis apparatus is not necessarily able to completely
cancel out linear signals derived from tissue. In such a case,
tissue-derived linear signals remain, which reduces the
bubble-tissue ratio in the contrast-enhanced images.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 is a block diagram of an exemplary configu-
ration of an ultrasound diagnosis apparatus according to a
first embodiment;

[0007] FIG. 2 is a block diagram of an exemplary configu-
ration of a B-mode processing unit according to the first
embodiment;

[0008] FIG. 3A illustrates filter coeflicients according to
the first embodiment;

[0009] FIG. 3B illustrates amplitude and phase properties
of the filter according to the first embodiment;

[0010] FIG. 4 illustrates filter coefficient designing pro-
cessing performed by a filter coefficient designing unit
according to the first embodiment;

[0011] FIG. Sillustrates generated image based on the filter
coefficient by the filter coefficient designing unit according to
the first embodiment;

[0012] FIG. 6 is a flowchart of a procedure of processing
performed by an ultrasound diagnosis apparatus according to
the first embodiment;

[0013] FIG. 7 is a flowchart of a procedure of ultrasound
transmitting/receiving processing performed by the ultra-
sound diagnosis apparatus according to the first embodiment;
[0014] FIG. 81is a flowchart of a procedure of B-mode data
generation processing performed by the ultrasound diagnosis
apparatus according to the first embodiment;

[0015] FIG. 9 is a block diagram of an exemplary configu-
ration of a B-mode processing unit according to a second
embodiment;

[0016] FIG. 10 is a flowchart of a procedure of processing
performed by an ultrasound diagnosis apparatus according to
the second embodiment;

[0017] FIG. 11 is aflowchart of a procedure of filter design-
ing processing performed by the ultrasound diagnosis appa-
ratus according to the second embodiment; and

[0018] FIG. 12 is a flowchart of a procedure of processing
performed by an ultrasound diagnosis apparatus according to
a third embodiment.

DETAILED DESCRIPTION

[0019] An ultrasound diagnosis apparatus according to an
embodiment includes a transmitter/receiver, a signal proces-
sor, and an image generator. The transmitter/receiver trans-
mits, at least once in each scanning line, a first ultrasound
pulse and a second ultrasound pulse, whose amplitude is
equivalent to amplitude which is acquired by modulating
amplitude of the first ultrasound pulse by using a given ratio,
and acquires a received-signal group consisting of multiple
received signals based on the transmitting. The signal proces-
sor acquires, on the basis of a coefficient that reduces the
energy of a first composite signal that is obtained by combin-
ing, in accordance with the given ratio, multiple received
signals contained in a first received signal group acquired by
the transmitter/receiver, a second composite signal by com-
bining multiple received signals contained in a second
received signal group that is acquired by the transmitter/
receiver and that is different from the first received signal
group. The image generator generates an ultrasound image
based on the second composite signal.

First Embodiment

[0020] The configuration of the ultrasound diagnosis appa-
ratus according to a first embodiment will be described with
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FIG. 1. FIG. 1 is a block diagram of an exemplary configu-
ration of an ultrasound diagnosis apparatus 1 according to the
first embodiment. As illustrated in FIG. 1, the ultrasound
diagnosis apparatus 1 includes an ultrasound probe 10, an
input device 20, a monitor 30, and an apparatus main unit 100.
[0021] The ultrasound probe 10 includes multiple piezo-
electric transducer elements that generate ultrasound accord-
ing to a drive signal that is supplied from a transmitter/re-
ceiver 110 of the apparatus main unit 100, which will be
described below. The ultrasound probe 10 receives reflected-
wave signals from a patient P and converts the reflected-wave
signals into electrical signals. The ultrasound probe 10
includes a matching layer that is provided to the piezoelectric
transducer elements and a backing member that prevents
backward propagation of ultrasound from the piezoelectric
transducer elements. The ultrasound probe 10 is detachably
connected to the apparatus main unit 100.

[0022] When ultrasound is transmitted from the ultrasound
probe 10 to the patient P, the transmitted ultrasound is sequen-
tially reflected on a surface of a body tissue of the patient P
where acoustic impedance discontinuity occurs and is
received as reflected-wave signals by the multiple piezoelec-
tric transducer elements of the ultrasound probe 10. The
amplitude of the received reflected-wave signals depends on
the difference in acoustic impedance on the discontinuity
surface on which ultrasound is reflected. The reflected-wave
signals obtained when the transmitted ultrasound pulses are
reflected on the flowing blood or the surface of the heart wall
have a frequency shift due to the Doppler effect depending on
the velocity components of the moving object in the direction
in which ultrasound is transmitted.

[0023] The input device 20 is connected to the apparatus
main unit 100 and includes a track ball 21, various switches
22, various buttons 23, a mouse 24, and a keyboard 25. The
input device 20 notifies the apparatus main unit 100 of various
instructions from an operator. For example, various instruc-
tions include an instruction for setting a region of interest
(ROD), an instruction for setting imaging conditions including
an ultrasound transmission condition, and an instruction for
displaying the time elapsing from administration of a contrast
agent to the patient P.

[0024] The monitor 30 displays a graphical user interface
(GUD) for the operator of the ultrasound diagnosis apparatus
1 to make various settings by using the input device 20 and
displays ultrasound images that are generated by the appara-
tus main unit 100. Specifically, the monitor 30 displays in-
vivo morphological information and blood flow information
as images on the basis of video signals that are input from an
image generator 140, which will be described below. Upon
receiving an instruction for displaying the time elapsing from
administration of the contrast agent to the patient P, the moni-
tor 30 displays the time after the administration of the contrast
agent.

[0025] The apparatus main unit 100 generates an ultra-
soundimage on the basis of the reflected-wave signals that are
received by the ultrasound probe 10. As illustrated in FIG. 1,
the apparatus main unit 100 includes a transmitter/receiver
110, a signal processor 115, the image generator 140, an
image memory 150, a software storage unit 160, an interface
unit 170, a storage unit 180, and a controller 190. The trans-
mitter/receiver 110, a B-mode processing unit 120, a Doppler
processing unit 130, the image generator 140 etc. may be
implemented with hardware, such as an integrated circuit, or
may implemented with a module software program.
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[0026] The transmitter/receiver 110 includes a delay cir-
cuit, a pulser circuit, and a trigger generation circuit, which
are not shown, and supplies a drive signal to the ultrasound
probe 10. The pulse generation circuit repeatedly generates
rate pulses for forming ultrasound transmitted at a given pulse
repetition frequency (PRF). The PRF is also referred to as the
rate frequency. The delay circuit focuses the ultrasound gen-
erated from the ultrasound probe 10 into a beam gives, to each
rate pulse, a delay for each piezoelectric transducer element
necessary to determine the transmission directivity. The trig-
ger generation circuit applies a drive signal (drive pulse) to
the ultrasound probe 10 at a timing based on each rate pulse
that is given with a delay by the delay circuit. The delay
corresponding to the transmission directivity is stored in the
storage unit 180 and the delay circuit gives a delay with
reference to the storage unit 180.

[0027] The transmitter/receiver 110 includes an amplifier
circuit, an analog/digital (A/D) converter, and an adder and
performs various types of processing on the reflected-wave
signals that are received by the ultrasound probe 10 to gen-
erate, for example, radio frequency (RF) signals as reflected-
wave data. The amplifier circuit amplifies the reflected-wave
signals on a channel-by-channel basis. The A/D converter
performs A/D conversion on the amplified reflected-wave
signals and gives a delay time necessary to determine a
receiving directionality. The adder performs an add operation
on the reflected-wave signals given with the delay to generate
reflected-wave data. The add operation of the adder enhances
the reflected components from the direction corresponding to
the reflected-wave signal receiving directionality and syn-
thetic beams of ultrasound transmitting/receiving are formed
in accordance with the receiving directionality and transmit-
ting directionality. The delay corresponding to the receiving
direction is stored in the storage unit 180. The reflected-wave
data can be referred to as the “received signals” below.
[0028] The transmitter/receiver 110 has a function of
changing delay information, transmission frequency, trans-
mission drive voltage, the number of aperture elements
instantly according to an instruction from the controller 190.
Particularly, the transmission drive voltage is changed by
using a linear amplifier transmitting circuit that can switch the
value instantly or a mechanism for electrically switching
between multiple power units. In this manner, the transmitter/
receiver 110 controls the transmitting directionality and
receiving directionality of ultrasound transmitting/receiving.
[0029] The signal processor 115 includes the B-mode pro-
cessing unit 120 and the Doppler processing unit 130. The
B-mode processing unit 120 receives reflected-wave data
from the transmitter/receiver 110 and performs logarithmic
amplification, envelope detection process, etc. on the
reflected-wave data to generate data (B-mode data) express-
ing the signal intensity by luminance intensity. B-mode data
is data where the luminance corresponding to the signal inten-
sity is allocated to each sample point on scanning lines. The
B-mode processing unit 120 is able to perform signal pro-
cessing for performing harmonic imaging where harmonic
components are visualized.

[0030] For example, contrast harmonic imaging (CHI) and
tissue harmonic imaging (THI) are known for harmonic
imaging. Furthermore, for harmonic imaging scanning meth-
ods, are known amplitude modulation (AM), phase modula-
tion (PM), and amplitude-phase modulation (AMPM) with
which effects of both AM and PM are obtained by combining
AM and PM.
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[0031] When performing CHI that is a visualization
method for generating a contrast-enhanced image, the trans-
mitter/receiver 110 transmits different waveforms several
times in each ultrasound scanning line. For example, when
performing CHI by AM, the transmitter/receiver 110 trans-
mits, in a second time, a waveform whose polarity is corre-
sponding to the same phase polarity of the waveform trans-
mitted in a first time and amplitude ratio is corresponding to
1/2 of the amplitude ratio of the waveform transmitted in the
first time, and generates each set of reflected-wave data. In
other words, the transmitter/receiver 110 transmits, at least
once in each scanning line, a first ultrasound pulse and a
second ultrasound pulse, whose amplitude is equivalent to
amplitude which is acquired by modulating amplitude of the
first ultrasound pulse by using a given ratio, and acquires a
received-signal group consisting of multiple received signals
based on the transmitting. When performing harmonic imag-
ing, the transmitter/receiver 110 transmits ultrasound by a
scan sequence that is set by the controller 190, which will be
described below. In AM, the B-mode processing unit 120
receives two sets of reflected-wave data on the patient P
injected with microbubbles from the transmitter/receiver 110.
The B-mode processing unit 120 corrects the ratio of the
amplitude of the two sets of reflected-wave data, which are
received from the transmitter/receiver 110, and calculates a
difference between the two sets of reflected-wave data to
generate reflected-wave data where the basic wave compo-
nents are reduced and harmonic components (non-linear
components) are extracted. In AM, for example, three types
of ultrasound whose amplitude is at a ratio of “1:2:1” at the
same phase polarity may be transmitted in each scanning line
and three sets of reflected-wave data may be received. In such
AM, the sets of reflected-wave data corresponding to the
ultrasound of the amplitude ratio 1 are summed and a differ-
ence between the resultant reflected-wave data and reflected-
wave data corresponding to the ultrasound of the amplitude
ratio 2 is calculated to generate reflected-wave data where

harmonic components (non-linear components) are
extracted.
[0032] Furthermore, for example, when performing CHI by

AMPM, the transmitter/receiver 110 transmits, in a second
time, a waveform whose polarity is corresponding to the
inverted phase polarity of the waveform transmitted in a first
time and amplitude ratio is corresponding to 1/2 of the ampli-
tude ratio of the waveform transmitted in the first time, and
generates each set of reflected-wave data. In other words, the
transmitter/receiver 110 transmits, at least once in each scan-
ning line, a first ultrasound pulse and a second ultrasound
pulse, whose phase polarity is equivalent to phase polarity
which is acquired by inverting phase polarity of the first
ultrasound pulse and amplitude is equivalent to amplitude
which is acquired by modulating the amplitude of the first
ultrasound pulse by using the given ratio, and acquires a
received-signal group consisting of multiple received signals
based on the transmitting, The second ultrasound pulse is an
ultrasound pulse at an inverted phase polarity with respect to
the phase polarity of the first ultrasound pulse, which is a
second ultrasound pulse obtained by modulating the ampli-
tude of the first ultrasound pulse such that the amplitude of the
first ultrasound pulse and the amplitude of the second ultra-
sound pulse are at a given ratio. In the above-described
AMPM, the B-mode processing unit 120 receives two sets of
reflected-wave data on the patient P injected with
microbubbles from the transmitter/receiver 110. The B-mode
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processing unit 120 corrects the ratio of amplitude of the two
sets of reflected-wave data, which are received from the trans-
mitter/receiver 110, and then sums the two set of reflected-
wave data to generate reflected-wave data where the basic
wave components are reduced and harmonic components
(non-linear components) are extracted. In AMPM, for
example, three types of ultrasound where the ultrasound
transmitted for the second time has an opposite polarity with
respect to the polarity of the ultrasound transmitted for the
first time and the third time and whose amplitude is at a ratio
of“1:2:1” may be transmitted in each scanning line and three
sets of reflected-wave data then received may be summed to
generate reflected-wave data where harmonic components
(non-linear components) are extracted.

[0033] Subsequently. the B-mode processing unit 120 per-
forms an envelope detection process etc. on the reflected-
wave data where harmonic components are detected to gen-
erate B-mode data for generating a contrast-enhanced image.
Accordingly, the image generator 140, which will be
described below, can generate a contrast-enhanced image
where the contrast agent that is flowing though the patient P is
visualized and a tissue image where tissue is visualized.

[0034] The Doppler processing unit 130 performs fre-
quency analysis on the velocity information from the
reflected-wave data received from the transmitter/receiver
110, extracts the blood flow, tissue, and contrast-agent echo
components by Doppler effect, and calculates blood flow
information (Doppler data), such as the velocity average,
dispersion, power etc., with respect to many points.

[0035] The image generator 140 generates, from the
B-mode data generated by the B-mode processing unit 120, a
B-mode image where the signal intensity is expressed by
luminance intensity and generates, from the blood flow infor-
mation generated by the Doppler processing unit 130, a color
Doppler image where power components etc. representing
the blood flow velocity, dispersion, and amount of blood flow
etc. are displayed such that they can be identified by color.
The data before being input to the image generator 140 can be
referred to as the “raw data”.

[0036] Specifically, the image generator 140 removes noise
components from the ultrasound scanning line signal row by
performing a filtering process on the B-mode data and the
Doppler data and stores the filtered data in the image memory
150. The image generator 140 then converts the ultrasound
scanning line signal row of the filtered data into scanning line
signal row in a normal video format for, for example, TV. The
image generator 140 performs processing for adjusting the
luminance and contrast, image processing such as spatial
filtering, or combining processing for combining character
information on various setting parameters, memories, etc.
and outputs the processed signals to the monitor 30 as video
signals. Accordingly, the ultrasound images, such as cross-
sectional images that are generated by the image generator
140 and that represent the patient tissue shape, are displayed
on the monitor 30.

[0037] The image memory 150 is a memory that stores
ultrasound images that are generated by the image generator
140 and images that are generated by performing image pro-
cessing on ultrasound images. For example, after a diagnosis,
the operator can access images that are recorded during the
examination in the image memory 150 and images can be
reproduced as still images or as a video image using multiple
images. The image memory 150 stores image luminance sig-
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nals that have passed through the transmitter/receiver 110,
other raw data, and images that are acquired via network etc.,
as required.

[0038] The software storage unit 160 is a storage area in
which various apparatus control programs are loaded by the
controller 190, which will be described below.

[0039] The interface unit 170 is an interface between the
input device 20, external devices (not shown), and the net-
work. Data, such as ultrasound images acquired by the ultra-
sound diagnosis apparatus 1, can be transferred by the inter-
face unit 170 to other devices via the network.

[0040] The storage unit 180 stores various data groups of,
for example, scan sequences, various apparatus control pro-
grams for performing image processing and image display
processing etc., diagnostic information (e.g. patient IDs and
doctor’s opinions), diagnosis protocols, and various types of
setting information. Various apparatus control programs may
include a program in which the procedure for performing the
same processing as that performed by the controller 190 is
described. The storage unit 180 is also, as required, used to
store ultrasound images that the image memory 150 stores.
Various types of data stored in the storage unit 180 can be
transferred to external devices via the interface unit 170.
[0041] The controller 190 is a control processor (central
processing unit (CPU)) that implements the functions of an
information processing device (computer) and controls
whole processing performed by the ultrasound diagnosis
apparatus 1. Specifically, the controller 190 loads various
types of instructions and setting instructions that are input
from the operator via the input device 20 and various types of
apparatus control programs that are read from the storage unit
180 into the software storage unit 160 and, on the basis of
various types of setting information, controls processing per-
formed by the transmitter/receiver 110, the B-mode process-
ing unit 120, the Doppler processing unit 130, and the image
generator 140 and controls the monitor 30 to display ultra-
sound images stored in the image memory 150.

[0042] Thewhole configuration of the ultrasound diagnosis
apparatus 1 according to the first embodiment has been
described. The ultrasound diagnosis apparatus 1 according to
the first embodiment having such a configuration generates,
by, for example, performing CHI by AM to the patient P
injected with microbubbles, a contrast-enhanced image
where non-linearly components derived from contrast agent
are further enhanced. However, depending on how the ultra-
sound diagnosis apparatus 1 is implemented (e.g., the system
configuration, the aperture control and amplitude control)
and the effect of nonlinearity of the circuit, the ultrasound
diagnosis apparatus 1 is not necessarily able to completely
cancel out linearly signals derived from tissue. In such a case,
tissue-derived linearly signals remain, which reduces the
bubble-tissue ratio in the contrast-enhanced images.

[0043] For this reason, the ultrasound diagnosis apparatus 1
according to the first embodiment performs waveform shap-
ing on the reflected-wave data received from the transmitter/
receiver 110 before performing beam addition/subtraction
operations according to the modulation. With reference to
FIGS. 2 10 6, the B-mode processing unit 120 according to the
first embodiment will be described more in detail.

[0044] FIG. 2 is a block diagram of an exemplary configu-
ration ofthe B-mode processing unit 120 according to the first
embodiment. As shown in F1G. 2, the B-mode processing unit
120 includes a quadrature detector 121a, a filter processing
unit 1215, a filter coefficient table 121¢, and an adder/sub-

Jan. 15,2015

tractor 121d. For the purpose of illustration, a case will be
assumed where, when performing CHI by AM, the ultrasound
diagnosis apparatus 1 transmits, twice and for each line, ultra-
sound that is modulated at an amplitude ratio of “1:2”, e.g,,
(0.5, 1.0), at the same phase polarity. The ultrasound of the
amplitude ratio 2 is referred to as the high amplitude trans-
mission rate and the ultrasound of the amplitude ratio 1 is
referred to as the low amplitude transmission rate.

[0045] The quadrature detector 121a performs quadrature
detection for converting RF signals that are output as
reflected-wave data from the transmitter/receiver 110 into
in-phase signals (I signal) and quadrature-phase signals (Q
signals) of the base band. The quadrature detector 1214 out-
puts the I and Q signals (hereinafter, referred to as the 1Q
signals) as reflected-wave data (received signals) to a down-
stream processor. In the first embodiment, the quadrature
detector 121« outputs 1Q signals at the low amplitude trans-
mission rate to the adder/subtractor 1214 and outputs 1Q
signals at the high amplitude transmission rate to the filter
processing unit 1215. The IQ signals are one type of reflected-
wave data (received signals).

[0046] The filter processing unit 1215 includes a filter (not
shown). The filter according to the first embodiment is a finite
impulse response (FIR) filter. In the first embodiment,
because filter processing is performed on the IQ signals, a
complex FIR filter is used. Filter coefficients are set in the
filter.

[0047] Thefilter coefficients are designed so as to minimize
the energy of a non-contrast composite signal that is obtained
by combining, by addition/subtraction operations according
to the modulation, i.e., AM or AMPM, multiple non-contrast
received signals that are multiple received signals of each
ultrasound that is transmitted for multiple times for the same
scanning line according to the modulation when there is not
any contrast agent. The non-contrast received signals are
signals received when there is not any contrast agent. In other
words, the non-contrast received signals are multiple received
signals acquired by the transmitter/receiver 110 when there is
not any contrast agent in the scanning area. The non-contrast
received signals are also referred to as the first received signal
group. Furthermore, multiple received signals that are
acquired by the transmitter/receiver 110 when there is a con-
trast agent in the scanning area are also referred to as the
second received signal group.

[0048] Itis preferable that, for designing filter coefficients,
each of the multiple non-contrast received signals comes
from a non-saturated area where the signal level is not satu-
rated. In other words, it is preferable that each of the multiple
received signals acquired by the transmitter/receiver 110
when there is not any contrast agent comes from a non-
saturated area where the signal level is not saturated. Further-
more, it is preferable that, for designing a filter coefficient,
each of the multiple non-contrast received signals is a signal
resulting from transmission of ultrasound at a sound pressure
that reduces occurrence of non-linearly propagation. In other
words, each of the multiple received signals that are acquired
by the transmitter/receiver 110 when there is not any contrast
agent is a signal resulting from transmission of ultrasound at
a sound pressure that reduces occurrence of non-linearly
propagation.

[0049] When contrast-enhanced imaging is performed, the
filter processing unit 1215 filters at least one of the multiple
received signals of each ultrasound that is transmitted for
multiple times for the same scanning line according to the
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modulation. In other words, the filter processing unit 1215
performs filter processing by using a filter on at least one of
the multiple received signals that are contained in the second
received signal group. For example, the filter processing unit
1215 performs convolution on an 1Q signal at the high ampli-
tude transmission rate. In other words, the filter processing
unit 1215 corrects the 1Q signal at the high amplitude trans-
mission rate by using a filter coefficient that is stored in the
filter coefficient table 121¢. In AMPM, the filter processing
unit 1215 also performs convolution on an IQ signal at the
high amplitude transmission rate. The filter processing unit
1215 outputs the corrected IQ signal to the adder/subtractor
121d. The filter processing unit 1215 acquires, from the filter
coefficient table 121¢, filter coefficients corresponding to the
transmission conditions under which the contrast-enhanced
imaging is performed and sets the acquired filter coefficients
for a filter.

[0050] The filter coefficient table 121¢ stores multiple filter
coefficients that are previously designed for multiple trans-
mission conditions (frequency, position in transmission focus
depth direction, sound pressure, depth of display etc.). For
example, the filter coefficient table 121¢ stores filter coeffi-
cients that minimize the energy, after addition/subtraction, of
each set reflected-wave data received from the patient P into
which not any contrast agent 1s applied. In other words, the
filter coefficient table 121c stores filter coefficients that mini-
mize tissue-derived linearly signals. The filter coefficient
table 121c stores, for example, coefficients that are acquired
from another ultrasound diagnosis apparatus. A method of
designing a filter coefficient will be described below.

[0051] FIGS. 3A and 3B illustrate filter coefficients accord-
ing to the firstembodiment. FIGS. 3A and 3B illustrate exem-
plary coeflicients and amplitude and phase property that are
designed so as to minimize linear components remaining in a
non-contrast composite signal that is acquired by AM without
any non-contrast agent. FIGS. 3A and 3B illustrate exemplary
filter coefficients and amplitude and phase property that are
designed so as to perform filter processing on received signals
(1Q signals) at the high amplitude rate to minimize the energy
of a non-contrast composite signal. FIG. 3A illustrates exem-
plary filter coefficients represented by time components. The
vertical axis in FIG. 3A represents the filter coefficient and the
horizontal axis represents the time. The time represents the
depth direction on the scanning line corresponding to the time
after transmission of ultrasound. In FIG. 3A, 3a denotes the
filter coefficient corresponding to the real part (I signal) of an
1Q signal and 35 denotes the filter coefficient for the imagi-
nary part (Q signal) of the IQ signal. As illustrated in F1G. 3A,
each depth is associated with each filter coefficient. When
performing filter processing in the time area, the filter pro-
cessing unit 1215 sequentially samples the waveform of the
1Q signal for each depth and shapes the sampled IQ signal
with the filter coefficient that is preset for each depth.

[0052] FIG. 3B is amplitude and phase property where the
filter coefficients that are represented by time components in
FIG. 3A are represented by frequency components by Fourier
transformation. The horizontal axis in FIG. 3B represents the
frequency and the vertical axis represents the amplitude char-
acteristic or phase characteristic. In FIG. 3B, 3¢ denotes the
amplitude characteristic and 3d denotes the phase character-
istic. As illustrated in FIG. 3B, each frequency is associated
with the amplitude characteristic and the phase characteristic.
When performing filter processing in the frequency area, the
filter processing unit 1215 sequentially samples the wave-
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form of the 1Q signal for each frequency and shapes the
waveform with the amplitude characteristic and phase char-
acteristic that are previously set for each frequency. The
amplitude characteristics of filter coefficient illustrated in
FIG. 3B forms a concave shape in the visualized frequency
band and, in the filter processing, the amplitude of the 1Q
signal is changed so as to cancel out linear components. The
filter processing unit 1215 performs filter processing on any
one of the frequency area and the time area.

[0053] The adder/subtractor 1214 outputs a composite sig-
nal that is obtained by, by addition/subtraction according to
the modulation, combining multiple received signals that has
been filtered by the filter processing unit 1215. For example,
when performing CHI by AM, the adder/subtractor 1214
generates a composite signal by summing the 1Q signal at the
low amplitude transmission rate that is input by the quadra-
ture detector 121a and the corrected IQ signal at the high
amplitude transmission rate that is input by the filter process-
ing unit 1215. As described below, the amplitude ratio and
phase polarity of two sets of reflected-wave data are taken into
consideration for the filter coefficients and accordingly, when
performing CHI by AM, the adder/subtractor 121d sums two
sets of reflected-wave data to generate a composite signal.
Furthermore, for example, when performing CHI by AMPM,
the adder/subtractor 1214 generates a composite signal by
summing an IQ signal at the low amplitude transmission rate
that is input by the quadrature detector 121a and a corrected
1Q signal at the high amplitude transmission rate that is input
by the filter processing unit 1215. Accordingly, the adder/
subtractor 121d can cancel out the linearly signals derived
from tissue and extract the harmonic components derived
from the contrast agent. The composite signal generated by
the adder/subtractor 1214 serves as “B-mode data” for gen-
erating a contrast-enhanced image.

[0054] The B-mode processing unit 120 acquires a second
composite signal by combining, on the basis of coefficients to
reduce the energy of a first composite signal that is obtained
by combining, in accordance with a given ratio, multiple
received signals contained in a first received signal group that
is acquired by the transmitter/receiver 110, multiple received
signals contained in a second received signal group that is
acquired by the transmitter/receiver 110 and that is different
from the first received signal group. The image generator 140
generates an ultrasound image based on the second composite
signal. In other words, the image generator 140 generates
B-mode image data (contrast-enhanced image data) from the
B-mode data and displays a contrast-enhanced image on the
monitor 30.

[0055] The method of designing a filter coefficient will be
described here. Filter coefficients according to the first
embodiment are designed by a different ultrasound diagnosis
apparatus by using another patient in which there is not any
contrast agent, a patient P in which there is a contrast agent,
and a phantom. In other words, filter coefficients according to
the first embodiment are designed by using multiple non-
contrast received signals that are signals received from a
phantom or a living body. Each of the multiple received
signals acquired by the transmitter/receiver 110 when there is
not any contrast agent is a signal received from a phantom or
a living body. The different ultrasound diagnosis apparatus
has the same configuration as that of the ultrasound diagnosis
apparatus 1 except that the B-mode processing unit of the
different ultrasound diagnosis apparatus has a different con-
figuration from that of the ultrasound diagnosis apparatus 1.
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Specifically, the different ultrasound diagnosis apparatus
includes a filter coefficient designing unit in the B-mode
processing unit. The filter coefficient processing performed
by the filter coefficient designing unit will be described
below. Filter coefficients may be designed by a work station.
[0056] FIG. 4illustrates the filter coefficient designing pro-
cessing according to the first embodiment. FIG. 4 illustrates
exemplary visualization of IQ signals of transmission signals
of ahigh amplitude transmission rate. InF1G. 4, 4a denotes an
exemplary area where the IQ signal of transmission signals at
ahigh amplitude transmission rate is saturated and 45 denotes
an exemplary area where the IQ signal of transmission signals
at a high amplitude transmission rate is not saturated but
tissue-derived linearly signals are generated (also referred to
as the non-saturated area). To design filter coefficients, it is
necessary to sample reflected-wave data avoiding the signal
area of the contrast agent and a part where the signal level is
saturated. For this reason, the filter coefficient designing unit
according to the first embodiment receives a setting of a
non-saturated area made by the operator. For example, the
filter coefficient designing unit receives an instruction made
by the operator for setting a rectangular area denoted by 45
shown in FIG. 4 for an area to be sampled. The filter coeffi-
cient designing unit designs a filter that minimizes the signal
energy after addition of beam without any contrast agent.
[0057] Filter designing performed by the filter coefficient
designing unit will be described below. For the purpose of
illustration, exemplary filter designing in a case where CHI is
performed by AM in which the transmission rate of transmis-
sion signals is 2. The filter coefficients form a filter that
improves only the performance of canceling out linear com-
ponents. Fort this reason, the filter coefficient designing unit
sets a non-contrast component influence filter.

[0058] A transmission signal at the low amplitude trans-
mission rate and a transmission signal at the high amplitude
transmission rate, which are transmitted by the transmitter/
receiver 110, are denoted by s, ;(t) and s . ,,(t), respectively.
A received signal (RF signal or IQ signal) corresponding to
the transmission signal at the low amplitude transmission rate
and a received signal (RF signal or 1Q signal) corresponding
to the transmission signal at the high amplitude transmission
rate, which are acquired when those transmission signals are
reflected by an object (reflection coefficient: p(z=2tc,) where
¢, denotes the propagation velocity), are denoted by ry.,(t)
and r,, (1), respectively. Furthermore, the noise (white noise)
thatis received when the transmission signal at the low ampli-
tude transmission rate is transmitted is denoted by n, , (t) and
the noise (white noise) that is received when the transmission
signal at the high amplitude transmission rate is transmitted is
denoted by ny, ;(t), where “t” denotes the time and the posi-
tion of each sample point along the depth direction is denoted
by “”.

[0059] The composite signal (also referred to as the AM
signal) r,(t) that is obtained by summation after filter pro-
cessing is represented by Equation (1):

Fant (D) = P (0 + WO @ rro (1) = ()

{s7xL(0) + A(D) @ STy (1)} @ pl2 = 2100) + iy (1) + AT @ Ny (1)

[0060] where h(t) denotes a filter impulse response func-
tion. For h(t), the amplitude ratio and phase polarity of two
sets of reflected-wave data are taken into consideration.
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[0061] By performing Fourier transformation on the
expressions on both sides of Equation (1) into frequency
components, is obtained Equation (2):

Raw () = Rrsz(w) + H@)Rrp(w) = @

1S7x(©) + H()STe 1t () P() + Nrocp(0) + H{@) N7 ()

where are used the following Fourier transformation pairs:

[0062] ()R 0 (0), 11z (DS Ry (0). TS Ry
(w)

[0063] h(t)eH(w)

[0064]  s7,;(1) Spz(w), S72A0) S S ®)

[0065] p(z=2tc,) < P(w)

[0066] 17,/ (1) € Ny (0), Dy (1) Ny ()

[0067] The composite signal after the summation contains

the residual signal and noise. For this reason, the filter coef-
ficient designing unit calculates a filter H(w) that minimizes
the energy ofthe composite signal after summation. Equation
(3) represents d(w) denoting the ensemble average of the
absolute value square of the AM signal R ,,,after summation.
Equation (4) represents the nature of white noise. Equation
(5) represents the nature of scattering coefficient, where ®
denotes frequency.

)
2

&(w) = E[|R ()] (
= E[|Rrus(@) + H)Rre ()]

~ H {S720() + H(@)S7e (@)} P(w) +
N Nrxr (@) + H(@)Nrp (@)

2

E[Nror(@)] = E[Nrap (@)] = 0 Average: 0 )
EllNse(@)*] = ElNr @) = o

E[N7y(@)Nrcy ()] = 0

o o2
Dispersion: oy

Independent(not correlated)

[0068] where * denotes a complex conjugate.
E[P(o)]=0,E/\P(w)*]=0,? )
[0069] When not correlating to noise, €(w) is represented

by Equation (6):

Splw)Sp @)k ©

&) = [Srep(@)*oh + ox | Hw) + :
* P ISrep(@Po +0%

IS @)Poh + 20

- N
ISrxn(@)Pod + 0%

20% +

[0070] Because the second and following terms are con-
stants in Equation (6), H(w) for which €(w) is the minimum is
represented by H,, (w) for which the first term is the mini-
mum as represented by Equation 7:

Hop () = Srx (@) (@)D M
o Srat@lPrh o
[0071] If actual transmission spectra s, ;(w) and sz ;(w)

are known, an optimal filter can be obtained in accordance
with Equation (7). However, depending on the case, only
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reflection signals from a group of uniform scatterers may be
acquired. In such a case, it is required to calculate a quasi-
optimal filter. Ultrasound at a sound pressure that reduces
occurrence of non-linearly propagation (e.g. ultrasound at a
low/intermediate sound pressure) is transmitted and thus the
received signals do not contain tissue-derived non-linear
components.

[0072] Equation (8) represents a received signal r, ;,(t) that
is obtained by transmitting a transmission signal at a high
amplitude transmission rate. By performing Fourier transfor-
mation on the expressions on both sides of Equation (8), is
obtained Equation (9).

=510 ® pe=2ec0 oz ®)
Ra(0)=S g 0)P(0)+N (@) ©)
[0073] By calculating the ensemble average of power spec-

trum of Equation (9), Equation (10) that is the denominator of
Equation (7) is obtained.

El[Rru )] = ELIS o (@)P(w) + Ny (@) ] (10

= ISru(@los +a

[0074] Equation (11) represents a received signal 1, (1)
that is obtained by transmitting a transmission signal at the
low amplitude transmission rate. By performing Fourier
transformation on the expressions on both sides of Equation
(11), Equation (12) is obtained.

rral=s70® ple=2eco) s, ay
R (0)=Sp (0)P{@)+Np (@) (12)
[0075] Equation (13) represents the product of the spec-

trum of the received signal obtained when a transmission
signal at the high amplitude transmission rate is transmitted,
i.e., the complex conjugate of Equation (9), and the spectrum
of the received signal obtained when a transmission signal at
the low amplitude transmission rate is transmitted, i.e., Equa-
tion (12). The ensemble average is represented by Equation
(14) by using the nature represented by Equations (4) and (5).

R (0)Rp* (0)={S o (0) P(0)+N 1. (0) }x{ S 7™
(@)P*O)+N ()} (13)

EfR 7 (R (@)]=S: Tf_L((J‘))STxH*(O‘))Opz (14)

[0076] Equation (14) is the numerator of Equation (7). For
this reason, by calculating each of the sample spectra R,
(w) and R, z:(w) of the received signal corresponding to the
transmission signal at the low amplitude transmission rate
and the received signal corresponding to the transmission
signal at the high amplitude transmission rate for one scan-
ning line 1, a filter coefficient can be given by Equation (15):

D ARr (@R (@) (1)
H(w) = - —— g
Z|Rrxn @)
[0077] In this manner, the filter coefficient designing unit

calculates a filter coefficient on the basis of the sample spectra
Ry Aw) and Ry, () of the received signals of multiple
scanning lines. In other words, as Equation (15) represents, a
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robust filter can be generated by the scanning-direction
ensemble average processing performed by the filter coeffi-
cient designing unit. Accordingly, the ultrasound diagnosis
apparatus 1 can improve the robustness. The filter coefficient
designing unit may design a filter coefficient by calculating a
filter coefficient only for one scanning line.

[0078] FIG. Sillustrates the filter coefficient designing pro-
cessing performed by the filter coefficient designing umt
according to the first embodiment. FIG. 5 illustrates an exem-
plary visualization of IQ signals of transmission signals at the
high amplitude transmission rate in a case where the 1Q
signals are corrected with filter coefficients that are designed
by the filter coefficient designing unit. The imaging area
shown in FIG. 5is the same as the imaging area shown in FIG.
4. As shown in FIG. 5, when IQ signals of transmission
signals at the high amplitude transmission rate are corrected
with the filter coefficients, the tissue-derived linearly signals
denoted by 4a in FIG. 4 are canceled out.

[0079] The filter coefficients form the filter and the filter is
designed to have a filter length (i.e., kernel length, filter coef-
ficient length, or tap length) approximately twice as long as
the pulse length of transmitted ultrasound. In other words, the
filter coefficient designing unit designs a filter having a filter
length approximately twice as long as the pulse length.
Accordingly, if the top of the waveform of a received signal to
be corrected is positioned at the center of the filter, the end of
the waveform of the received signal to be corrected is within
the filter. If the filter length is too long, the spatial resolution
in the depth direction may be unnecessarily lost while tissue-
derived linearly signals can be canceled out. If the filter length
is too short, tissue-derived linearly signals cannot be canceled
out. The filter coefficient designing unit designs filter coeffi-
cients for each of various transmission conditions.

[0080] The filter coefficient table 121¢ stores filter coeffi-
cients that are designed for each of various transmission
conditions. When imaging is performed, the filter processing
unit 1215 acquires a filter coefficient that matches a transmis-
sion condition or a filter coefficient close to the transmission
condition from the filter coefficient table 121¢ and sets the
filter coefficients for a filter.

[0081] Theprocedure of processing performed by the ultra-
sound diagnosis apparatus 1 will be described with reference
to FIGS. 6 to 8. FIG. 6 is a flowchart of the procedure of
processing performed by the ultrasound diagnosis apparatus
1 according to the first embodiment. As shown in FIG. 6, the
controller 190 accepts administration of a contrast agent (step
S101). The transmitter/receiver 110 performs ultrasound
transmitting/receiving processing (step S102). The ultra-
sound transmitting/receiving processing will be described in
detail below with reference to FIG. 7.

[0082] The B-mode processing unit 120 performs B-mode
data generation processing (step S103). The B-mode data
generation processing will be described in detail below with
reference to FIG. 8. The image generator 140 generates con-
trast-enhanced image data (step S104) and displays a con-
trast-enhanced image on the monitor 30 (step S105).

[0083] FIG. 7 is a flowchart of the procedure of ultrasound
transmitting/receiving processing performed by the ultra-
sound diagnosis apparatus according to the first embodiment.
The processing corresponds to the processing at step S102
shown in FIG. 6. As shown in FIG. 7, the transmitter/receiver
110 transmits ultrasound at a low amplitude transmission rate
to a patient P (step S201). The transmitter/receiver 110 then
receives reflected-wave signals at the low amplitude trans-
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mission rate and generates reflected-wave data (step S202).
The transmitter/receiver 110 also transmits ultrasound at the
high amplitude transmission rate to a patient P (step S203).
The transmitter/receiver 110 then receives reflected-wave
signals at the high amplitude transmission rate and generates
reflected-wave data (step S204). The transmitter/receiver 110
may perform steps S203 and S204 first and then perform steps
S201 and S202. The flowchart of FIG. 7 is performed on
multiple scanning lines of one frame.

[0084] FIG. 8is a flowchart of the procedure of the B-mode
data generation processing performed by the ultrasound diag-
nosis apparatus 1 according to the first embodiment. The
processing corresponds to the processing at step S103 shown
in FIG. 6. The quadrature detector 121a of the B-mode pro-
cessing unit 120 performs quadrature detection on the
received signals that are input from the transmitter/receiver
110 (step S301). The quadrature detector 121a outputs
reflected-wave data (IQ signal) at the low amplitude trans-
mission rate to the adder/subtractor 121d and outputs
reflected-wave data (1Q signal) at the high amplitude trans-
mission rate to the filter processing unit 1215. The filter
processing unit 1215 reads filter coefficients that match or are
close to transmission conditions from the filter coefficient
table 121¢ to correct the reflected-wave data (IQ signal) at the
high amplitude transmission rate (step S302). The adder/
subtractor 1214 performs an addition/subtraction operation
on the reflected-wave data (IQ signal) at the low amplitude
transmission rate and the corrected reflected-wave data (1Q
signal) at the high amplitude transmission rate (step S303).
The flowchart shown in FIG. 8 is performed on multiple
scanning lines for one frame. Accordingly, B-mode data of
contrast-enhanced imaging of one frame is generated.

[0085] As described above, the ultrasound diagnosis appa-
ratus 1 according to the first embodiment includes a filter for
which filter coefficients for canceling out tissue-derived lin-
early signals of received signals and, when performing CHI,
processes at least one of the multiple received signals by
using the filter. Accordingly, the ultrasound diagnosis appa-
ratus 1 can cancel out tissue-derived linearly signals and
extract contrast-agent-derived harmonic  components.
Accordingly, the ultrasound diagnosis apparatus 1 can gen-
erate a contrast-enhanced image offering a high bubble-tissue
ratio.

[0086] Furthermore, each of the multiple received signals is
a signal received from a phantom or a living body, i.e.,
received from a non-saturated area where the signal level is
not saturated. Accordingly, the filter coefficient setting unit is
able to design filter coefficients offering a high bubble-tissue
ratio.

[0087] According to the first embodiment, filter coefli-
cients are designed by using received signals resulting from
transmission of ultrasound at a sound pressure that reduces
occurrence of non-linearly propagation. Thus, according to
the first embodiment, filter coefficients are designed under the
condition that tissue-derived linear components are not con-
tained, which makes it possible to design a filter that is able to
cancel out tissue-derived linear components and extract only
contrast-agent-derived harmonic components.

[0088] The filter coefficient table 121¢ stores multiple filter
coefficients that are designed for each of multiple transmis-
sion conditions. Thus, an operator only needs to input a trans-
mission condition for contrast-enhanced imaging in order for
automatic selection of filter coefficients that matches the
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input transmission condition. Accordingly, a contrast-en-
hanced image offering a high bubble-tissue ratio can be gen-
erated easily.

Second Embodiment

[0089] For the first embodiment, the case has been
described where filter coefficients are previously set. How-
ever, in order to generate a contrast-enhanced image with
further higher quality, it is more preferable to perform filter
processing with filter coefficients that are adaptively designed
according to the site to be imaged than to perform filter
processing by using pre-designed filter coefficients. Thus, for
the second embodiment, a case will be described where the
ultrasound diagnosis apparatus 1 adaptively designs filter
coeflicients on the basis of received signals from a patient P to
be scanned.

[0090] The ultrasound diagnosis apparatus 1 according to
the second embodiment has the same configuration as that of
the ultrasound diagnosis apparatus 1 shown in FIG. 1 accord-
ing to the first embodiment except that the configuration of
the B-mode processing unit of the ultrasound diagnosis appa-
ratus 1 according to the second embodiment is partly different
from that of the ultrasound diagnosis apparatus 1 according to
the first embodiment. FIG. 9 is a block diagram of an exem-
plary configuration of the B-mode processing unit 120
according to the second embodiment. As illustrated in FIG. 9,
the B-mode processing unit 120 according to the second
embodiment includes the quadrature detector 121a, the filter
processing unit 1215, the adder/subtractor 1214, and a filter
coefficient designing unit 121e.

[0091] The filter coefficient designing unit 121e according
to the second embodiment designs filter coefficients on the
basis of multiple non-contrast received signals. In other
words, the filter coefficient designing unit 121e according to
the second embodiment designs filter coefficients on the basis
of multiple received signals that are acquired by the transmit-
ter/receiver 110 when there is not any contrast agent. The
filter coeflicient designing unit 121e according to the second
embodiment has the same function as that of the filter coef-
ficient designing unit of the first embodiment.

[0092] Each of multiple non-contrast received signals that
are used by the filter coefficient designing unit 121e is a signal
that is received under the same transmission conditions as
those under which contrast-enhanced imaging is performed
and received from a site to be imaged in the patient P in which
contract-enhanced imaging is performed and there is not any
contrast agent. Specifically, each of the multiple non-contrast
received signals is a signal received from a site to be imaged
to which not any contrast agent has reached or a site to be
imaged before administration of a contrast agent. For
example, the filter coefficient designing unit 121e designs
filter coefficients in response to an input made by an operator.
Specifically, before a contrast agent is administered, filter
coeflicients are designed at the timing when ultrasound scan-
ning on a site to be imaged is started.

[0093] Furthermore, on the basis of the signal level of the
multiple non-contrast received signals, the filter coefficient
designing unit 121e determines whether the multiple received
signals are from a non-saturated area. For example, on the
basis of the energy and dynamic range of the received signals
that are input, the filter coefficient designing unit 121e deter-
mines whether the received signals are saturated. Specifically,
when a received signal whose energy is greater than the
dynamic range is input, the filter coefficient designing umt
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121e determines that the received signal is saturated. When
designing filter coefficients, the filter coefficient designing
unit 121e uses, for example, received signals at a high ampli-
tude transmission rate to determine whether the received sig-
nals are saturated. The filter coefficient designing unit 121e
may use, for example, received signals at a low amplitude
transmission rate to determine whether the received signals
are saturated. Alternatively, the filter coefficient designing
unit 121e may use, for example, received signals at the low
amplitude transmission rate and received signals at the high
amplitude transmission rate to determine whether the
received signals are saturated.

[0094] The filter coefficient designing unit 121e may
design filter coefficients for a frame by using all scanning
lines of the frame, design filter coefficients for a frame by
using a part of multiple scanning lines of the frame, or design
filter coefficients for a frame by using one scanning line of the
frame. The filter coefficient designing unit 121e may receive
a setting of a region of interest (ROI) made by an operator to
design filter coefficients for a ROI by using all scanning lines
of the ROI, design filter coefficients for a ROI by using a part
of multiple scanning lines of the RO, or design filter coeffi-
cients for a ROI by using one scanning line in the ROI. Such
processing may be performed for multiple frames.

[0095] The filter processing unit 1215 according to the
second embodiment sets, for a filter, the filter coefficients that
are designed by the filter coefficient designing unit 121e. The
filter processing unit 1214 then filters at least one of multiple
received signals. In other words, the filter processing unit
1215 according to the second embodiment performs filter
processing on at least one of multiple received signals that are
contained in a second received signal group. The adder/sub-
tractor 1214 according to the second embodiment outputs a
composite signal (B-mode data) that is obtained by combin-
ing the filtered multiple received signals by addition/subtrac-
tion according to the modulation. The image generator 140
generates, from the B-mode data, a B-mode image where the
signal intensity is represented by luminance intensity.
[0096] FIG. 10 is a flowchart of a procedure of processing
performed by the ultrasound diagnosis apparatus 1 according
to the second embodiment, As illustrated in FIG. 10, the filter
coefficient designing unit 121e performs filter setting pro-
cessing (step S401). The filter setting processing will be
described in detail below with reference to FIG. 11. The
controller 190 accepts administration of a contrast agent (step
S402). The transmitter/receiver 110 performs ultrasound
transmitting/receiving processing (step S403). The procedure
of the ultrasound transmitting/receiving processing is the
same as the procedure shown in FIG. 7.

[0097] The B-mode processing unit 120 then performs the
B-mode data generation processing (step S404). The proce-
dure of the B-mode data generation processing is the same as
that of the procedure illustrated in FIG. 8. The image genera-
tor 140 generates contrast-enhanced image data (step S405)
and displays a contrast-enhanced image on the monitor 30
(step S406).

[0098] After the administered contrast agent has flown out,
the ultrasound diagnosis apparatus 1 may administer a con-
trast agent again and, when performing contrast-enhanced
imaging under different transmission conditions, go to step
S401 to repeat the processing at step S401 and the following
steps.

[0099] FIG.11isaflowchartof a procedure of filter design-
ing processing performed by the ultrasound diagnosis appa-
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ratus 1 according to the second embodiment. As illustrated in
FIG. 11, the filter coefficient designing unit 121e receives
reflected-wave data at each rate (step S501). For example, the
filter coefficient designing unit 121e receives reflected-wave
data at a low amplitude transmission rate and reflected-wave
data at a high amplitude transmission rate.

[0100] Thefilter coefficient designing unit 121e determines
whether they are signals from which filter coefficients can be
designed (step S502). When the filter coefficient designing
unit 121e does not determine that they are signals from which
filter coefficients can be designed (NO at step S502), the
processing proceeds to step S501 to receive reflected-wave
data at each rate. When the filter coefficient designing unit
121e does not determine that they are signals from which
filter coefficients can be designed, for example, the filter
coefficient designing unit 121e may make a notification to the
controller 190 to display, on the monitor, an instruction to
change the probe contact position and an instruction to
change the transmission conditions. Accordingly, it is deter-
mined whether the signals that are received again are signals
from which filter coefficients can be designed.

[0101] Incontrast, when the filter coefficient designing unit
121e determines that the signals that are received again are
signals from which filter coefficients can be designed (YES at
step S502), the filter coefficient designing unit 121e designs
filter coefficients (step S503). For example, the filter coeffi-
cient designing unit 121e calculates filter coefficients from
the reflected-wave data of transmission signals (IQ signal) at
alow amplitude transmission rate and the reflected-wave data
of transmission signals (1Q signal) at a high amplitude trans-
mission rate. The filter coefficient designing unit 121e noti-
fies the filter processing unit 1215 of the calculated filter
coefficients.

[0102] As describe above, the ultrasound diagnosis appa-
ratus 1 according to the second embodiment designs filter
coefficients adaptive to the patient P and transmission condi-
tions. Each of the multiple non-contrast received signals is a
signal received under the same transmission conditions as
those under which contrast-enhanced imaging is performed
and received from a site to be imaged in a patient in which
contrast-enhanced imaging is performed and there is not any
contrast agent. Accordingly, the ultrasound diagnosis appa-
ratus 1 can generate a contrast-enhanced image offering a
high bubble-tissue ratio.

[0103] Ittakes about 20to 30 seconds for a contrast agent to
reach the site to be imaged after the contrast agent is admin-
istered. For this reason, in the second embodiment, filter
coefficients may be designed, not before but after the contrast
agent is applied, by using the time until the contrast agent
reaches the site to be imaged. In such a case, the processing
uses the contrast agent administration timer that is normally
used for contrast-enhanced imaging. The controller 190
acquires the time elapsing after administration of the contrast
agent from the contrast agent administration timer. For
example, an instruction for, after 10 minutes from adminis-
tration of a contrast agent, automatically designing filter coef-
ficients from a non-contrast received signal group acquired
after administration of the contrast agent is transmitted to the
filter coefficient designing unit 121e. In other words, the filter
coefficient designing unit 121e designs filter coefficients in
tandem with the contrast agent application timer that mea-
sures the time of administration of a contrast agent. Accord-
ingly, the operator does not have to input an instruction for
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designing filter coefficients before a contrast agent is applied
and filter coefficients can be designed automatically.

[0104] Furthermore, in the second embodiment, the
B-mode processing unit 120 may include the filter coefficient
table 121¢. In such a case, the filter coefficient designing unit
121e stores adaptively-designed filter coeflicients in the filter
coefficient table 121¢. Accordingly, when the filter coefficient
table 121¢ stores filter coefficients that are designed from the
same patient and under the same conditions, the filter pro-
cessing unit 1215 can read filter coefficients from the filter
coefficient table 121¢ and set the filter coefficients for a filter.
[0105] What described in the first embodiment can be
applied to the second embodiment except for that adaptive
filter coefficients are designed by using a non-contrast
received signal group that is acquired under conditions used
for contrast-enhanced imaging (imaging conditions) before
the contrast agent reaches.

Third Embodiment

[0106] In the second embodiment, an example has been
described where a filter is adaptively designed on the basis of
signals received from a patient P to be scanned. Thereisa case
where it is desired to acquire a contrast-enhance image under
changed transmission conditions after administration of a
contrast agent. In such a case, it is preferable to design filter
coefficients that matches the changed transmission condi-
tions. However, contrast agent bubbles remain in the patient P
because it is after administration of the contrast agent and, for
this reason, it is not possible to set filter coefficients. For this
reason, in a third embodiment, the ultrasound diagnosis appa-
ratus 1 designs a filter that can cancel out tissue-derived
linearly signals in a state where there is not any contrast agent
bubbles because of transmission of ultrasound to break down
residual contrast agent bubbles. Ultrasound at a sound pres-
sure that can break down a contrast agent is referred to as
“flash”.

[0107] Upon receiving an operator’s selecting of a “flash
button”, the controller 190 according to the third embodiment
issues, to the transmitter/receiver 110, an instruction for
transmitting ultrasound (flash) at a sound pressure that can
break down the contrast agent.

[0108] The filter coefficient designing unit 121e according
to the third embodiment has the following functions in addi-
tion to the same functions as those of the filter coefficient
designing unit 121e according to the second embodiment. For
example, the filter coefficient designing unit 121e according
to the third embodiment designs filter coefficients by using
each of multiple non-contrast received signals that are signals
received from a site to be imaged to which ultrasound at a
sound pressure that can break off the contrast agent adminis-
tration of the contrast agent has been transmitted.

[0109] Thefilter processing unit 1215 according to the third
embodiment sets filter coefficients that are designed by the
filter coeflicient designing unit 121e for a filter. The filter
processing unit 1215 filters at least one of multiple received
signals as in the case of the second embodiment. As in the case
of the second embodiment, the adder/subtractor 1214 outputs
a composite signal (B-mode data) that is obtained by com-
bining filtered multiple received signals by addition/subtrac-
tion according to the modulation. The image generator 140
then generates, from the B-mode data, a B-mode image where
the signal intensity is expressed by luminance intensity.
[0110] FIG. 12 is a flowchart of a procedure of processing
performed by the ultrasound diagnosis apparatus 1 according
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to the third embodiment. As shown in FIG. 12, the controller
190 transmits flash for pre-set frames (step S601). The filter
coefficient designing unit 121e then performs filter designing
processing (step S602). The procedure of the filter designing
processing is the same as the procedure shown in FI1G. 11.
[0111] The transmitter/receiver 110 performs ultrasound
transmitting/receiving processing (step S603). The procedure
of the ultrasound transmitting/receiving processing is the
same as the procedure shown in FIG. 7. The B-mode process-
ing unit 120 then performs the B-mode data generation pro-
cessing (step S604). The procedure of the B-mode data gen-
eration processing is the same as the procedure shown in FIG.
8. The image generator 140 generates a contrast-enhanced
image data (step S605) and displays a contrast-enhanced
image on the monitor 30 (step S606). When further perform-
ing contrast-enhanced imaging under the changed transmis-
sion conditions, the ultrasound diagnosis apparatus 1 pro-
ceeds to step S601 and performs processing to transmit flash
and design filter coefficients. After designing filter coeffi-
cients, the ultrasound diagnosis apparatus 1 performs step
S602 and the following steps.

[0112] As described above, by transmitting ultrasound that
breaks off the contrast agent bubbles, the ultrasound diagno-
sis apparatus 1 according to the third embodiment can design
adaptive filter coefficients even when the transmission con-
ditions for contrast-enhanced imaging are changed as
required. Thus, in the third embodiment, a contrast-enhanced
image offering a high bubble-tissue ratio can be generated
even when the transmission conditions for contrast-enhanced
imaging are changed.

[0113] What described in the first and second embodiments
canbe applicable to the third embodiment except for that filter
coefficients are re-designed by using transmission of flash.

OTHER EMBODIMENTS

[0114] The embodiments have been described using
examples where CHI is performed by AM. Alternatively, CHI
may be performed by AMPM. Furthermore, THI may be
performed by AMPM.

[0115] The embodiments have been described where the
filter processing unit 1215 filters 1Q signals at a high ampli-
tude transmission rate. Alternatively, for example, the filter
processing unit 1215 may filter the IQ signals at a low ampli-
tude transmission rate. Alternatively, the filter processing unit
1215 may filter IQ signals at a high amplitude transmission
rate and IQ signals at a low amplitude transmission rate.
[0116] The embodiments have been described where the
filter processing unit 1215 filters IQ signals on which quadra-
ture detection has been performed. Alternatively, for
example, the filter processing unit 1215 may filter RF signals.
In other words, the filter processing unit 1215 may filter 1Q
signals or RF signals. A complex FIR (finite impulse
response) filter is used to process IQ signals and a real number
FIR (finite impulse response) filter is used to process RF
signals. In other words, when the second received signal
group consists of 1Q signals, the filter for which filter coeffi-
cients are set is a complex finite impulse response filter and,
when the second received signal group consists of RF signals,
the filter for which filter coefficients are set is a real number
finite impulse response filter.

[0117] The filter coefficient designing unit 121e may cal-
culate filter coefficients not only for one image (frame) but
also two or more frames and design coefficients each of which
is obtained by averaging the filter coefficients in each scan-
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ning line. The filter coefficient designing unit 121¢ may
divide one frame into strip areas and set filter coefficients to
each of the divided areas. The filter coefficient designing unit
121e may design filter coefficients according to the depth
direction. Accordingly, the ultrasound diagnosis apparatus 1
can cancel out tissue-derived linearly signals when perform-
ing multi-focus and thus generates a contrast-enhanced image
offering a high bubble-tissue ratio. The filter coefficient
designing unit 121e may divide an area to be imaged into
meshes and calculate filter coefficients for each of multiple
pixels contained in the divided area.

[0118] According to at least one of the above-described
embodiments, a contrast-enhanced image offering a high
bubble-tissue ratio can be generated.

[0119] 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 inventions.
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 depart-
ing from the spirit of the inventions. The accompanying
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:

a transmitter/receiver configured to transmit, at least once
in each scanning line, a first ultrasound pulse and a
second ultrasound pulse, whose amplitude is equivalent
to amplitude which is acquired by modulating amplitude
of the first ultrasound pulse by using a given ratio, and
acquire a received-signal group consisting of multiple
received signals based on the transmitting;

a signal processor configured to, on the basis of a coeffi-
cient that reduces the energy of a first composite signal
that is obtained by combining, in accordance with the
given ratio, multiple received signals contained in a first
received signal group acquired by the transmitter/re-
ceiver, acquire a second composite signal by combining
multiple received signals contained in a second received
signal group that is acquired by the transmitter/receiver
and that is different from the first received signal group;
and

an image generator configured to generate an ultrasound
image based on the second composite signal.

2. The ultrasound diagnosis apparatus according to claim

1, wherein the second ultrasound pulse is an ultrasound pulse,
whose phase polarity is equivalent to phase polarity which is
acquired by inverting phase polarity of the first ultrasound
pulse and amplitude is equivalent to amplitude which is
acquired by modulating the amplitude of the first ultrasound
pulse by using the given ratio.

3. The ultrasound diagnosis apparatus according to claim

1, wherein

the first received signal group consists of multiple received
signals that are acquired by the transmitter/receiver
when there is not any contrast agent in a scanning area,
and

the second received signal group consists of multiple
received signals that are acquired by the transmitter/
receiver when there is a contrast agent in a scanning area.

4. The ultrasound diagnosis apparatus according to claim

2, wherein
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the first received signal group consists of multiple received
signals that are acquired by the transmitter/receiver
when there is not any contrast agent in a scanning area,
and

the second received signal group consists of multiple
received signals that are acquired by the transmitter/
receiver when there is a contrast agent ina scanning area.

5. The ultrasound diagnosis apparatus according to claim
1, wherein each of the multiple received signals that are
acquired by the transmitter/receiver when there is not any
contrast agent is a signal from a non-saturated area where the
signal level is not saturated.

6. The ultrasound diagnosis apparatus according to claim
2, wherein each of the multiple received signals that are
acquired by the transmitter/receiver when there is not any
contrast agent is a signal from a non-saturated area where the
signal level is not saturated.

7. The ultrasound diagnosis apparatus according to claim
1, wherein each of the multiple received signals that are
acquired by the transmitter/receiver when there is not any
contrast agent is a signal resulting from transmission of ultra-
sound at a sound pressure that reduces occurrence of non-
linearly propagation.

8. The ultrasound diagnosis apparatus according to claim
2, wherein each of the multiple received signals that are
acquired by the transmitter/receiver when there is not any
contrast agent is a signal resulting from transmission of ultra-
sound at a sound pressure that reduces occurrence of non-
linearly propagation.

9. The ultrasound diagnosis apparatus according to claim
1, wherein each of the multiple received signals that are
acquired by the transmitter/receiver when there is not any
contrast agent is a signal that is received from a phantom or a
living body.

10. The ultrasound diagnosis apparatus according to claim
2, wherein each of the multiple received signals that are
acquired by the transmitter/receiver when there is not any
contrast agent is a signal that is received from a phantom or a
living body.

11. The ultrasound diagnosis apparatus according to claim
1, wherein the coefficient forms a filter and a length of the
filter is twice as long as a pulse length of ultrasound that is
transmitted.

12. The ultrasound diagnosis apparatus according to claim
2, wherein the coefficient forms a filter and a length of the
filter is twice as long as a pulse length of ultrasound that is
transmitted.

13. The ultrasound diagnosis apparatus according to claim
1, wherein the signal processor includes:

a coefficient table configured to store a multiple coeffi-
cients that are previously designed for each of multiple
transmission conditions; and

a filter processing unit configured to acquire, from the
coefficient table, a coefficient corresponding to a trans-
mission conditionunder which contrast-enhanced imag-
ing is performed, set the acquired coefficient for a filter,
and perform filter processing by using the filter on at
least one of the received signals contained in the second
received signal group.

14. The ultrasound diagnosis apparatus according to claim

2, wherein the signal processor includes:

a coefficient table configured to store a multiple coeffi-
cients that are previously designed for each of multiple
transmission conditions; and
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a filter processing unit configured to acquire, from the
coefficient table, a coefficient corresponding to a trans-
mission condition under which contrast-enhanced imag-
ing is performed, set the acquired coefficient for a filter,
and perform filter processing by using the filter on at
least one of the received signals contained in the second
received signal group.

15. The ultrasound diagnosis apparatus according to claim

1, wherein the signal processor includes:

a designing unit configured to design the coefficient on the
basis of multiple received signals that are acquired by
the transmitter/receiver when there is not any contrast
agent; and

a filter processor configured to set. for a filter, the coeffi-
cient that is designed by the designing unit and perform
filter processing, by using the filter, on at least one of the
multiple received signals that are contained in the sec-
ond received signal group.

16. The ultrasound diagnosis apparatus according to claim

2, wherein the signal processor includes:

a designing unit configured to design the coefficient on the
basis of multiple received signals that are acquired by
the transmitter/receiver when there is not any contrast
agent: and

a filter processor configured to set, for a filter, the coeffi-
cient that is designed by the designing unit and perform
filter processing, by using the filter, on at least one of the
multiple received signals that are contained in the sec-
ond received signal group.

17. The ultrasound diagnosis apparatus according to claim

1, wherein, when the second received signal group consists of
1Q signals, the filter for which the coefficient is set is a
complex finite impulse response filter and, when the second
received signal group consists of RF signals, the filter for
which the coefficient is set is a real number finite impulse
response filter.

12
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18. The ultrasound diagnosis apparatus according to claim
2, wherein, when the second received signal group consists of
1Q signals, the filter for which the coefficient is set is a
complex finite impulse response filter and, when the second
received signal group consists of RF signals, the filter for
which the coefficient is set is a real number finite impulse
response filter.

19. A control method comprising:

transmitting, at least once in each scanning line, a first
ultrasound pulse and a second ultrasound pulse, whose
amplitude is equivalent to amplitude which is acquired
by modulating amplitude of the first ultrasound pulse by
using a given ratio, and acquiring a received-signal
group consisting of multiple received signals based on
the transmitting;

acquiring, on the basis of a coefficient that reduces the
energy of a first composite signal that is obtained by
combining, in accordance with the given ratio, multiple
received signals contained in a first received signal
group acquired by the transmittet/receiver, a second
composite signal by combining multiple received sig-
nals contained in a second received signal group that is
acquired by the transmitter/receiver and that is different
from the first received signal group; and

generating an ultrasound image based on the second com-
posite signal.

20. The control method according to claim 19, wherein the
second ultrasound pulse, whose phase polarity is equivalent
to phase polarity which is acquired by inverting phase polar-
ity of the first ultrasound pulse and amplitude is equivalent to
amplitude which is acquired by modulating the amplitude of
the first ultrasound pulse by using the given ratio.
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