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ULTRASONOGRAPHY APPARATUS AND
ULTRASONIC IMAGING METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
97153, filed on May 8, 2014, the entire contents of all of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonography apparatus and an ultrasonic imaging
method.

BACKGROUND

[0003] Conventionally, various methods have been applied
to reduce reverberation echoes of an ultrasonic image
(B-mode image) that interfere with a diagnosis. As one
example of such a method, a method of compounding mul-
tiple pieces of B-mode images with various deflection angles
in transmission and reception of ultrasonic waves by signal
averaging has been known. Moreover, applying this method,
a method has also been known in which a degree and a
position of a reverberation echo component are estimated
from B-mode images with various deflection angles, and a
weight at signal averaging is adaptively controlled from an
estimation result.

[0004] However, in the above method of compounding
multiple images with various deflection angles, an influence
of reduced amplitude when a deflection angle is increased
cannot be avoided due to the constraint of element factors.
That is, in an image taken in an inclined direction, the lateral
resolution is degraded compared to an ordinary image with a
deflection angle “0 degree” (center image). Furthermore, in
an image taken in an inclined direction, the sensitivity (S/N
ratio) relative to a center image is also degraded.

[0005] Therefore, in an output image that is obtained by
compounding multiple images with various deflection
angles, the lateral resolution and the sensitivity are degraded
with respect to an ordinary center image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG.1isablock diagram indicating a configuration
example of an ultrasonography apparatus according to a first
embodiment;

[0007] FIG.2isadiagram (1) for explaining a conceivable
method to reduce reverberation echoes;

[0008] FIGS. 3A and 3B are diagrams (2) for explaining a
conceivable method to reduce reverberation echoes;

[0009] FIG. 4isadiagram (3) for explaining a conceivable
method to reduce reverberation echoes;

[0010] FIG.5isadiagram (1) for explaining an action of an
aperture function;

[0011] FIG. 61is a diagram (2) for explaining an action of an
aperture function;

[0012] FIG.7isadiagram (3) for explaining an action of an
aperture function;

[0013] FIG. 8 is a diagram (1) for explaining the first
embodiment;

[0014] FIG. 9 is a diagram (2) for explaining the first
embodiment;
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[0015] FIG. 10 is a diagram (3) for explaining the first
embodiment;

[0016] FIG. 11 is a diagram (4) for explaining the first
embodiment;

[0017] FIG. 12 is a diagram (5) for explaining the first
embodiment;

[0018] FIG. 13 is a flowchart indicating one example of
processing of the ultrasonography apparatus according to the
first embodiment;

[0019] FIG. 14 is a diagram (1) for explaining a second
embodiment;

[0020] FIG. 15 is a diagram (2) for explaining the second
embodiment;

[0021] FIG. 16 is a diagram (3) for explaining the second
embodiment;

[0022] FIG. 17 is a diagram (4) for explaining the second
embodiment;

[0023] FIG. 18 is a diagram (5) for explaining the second
embodiment;

[0024] FIG. 19 is a diagram (6) for explaining the second
embodiment;

[0025] FIG. 20 is a diagram (1) for explaining a third
embodiment;

[0026] FIGS. 21A, 21B, and 21C are diagrams (2) for
explaining the third embodiment;

[0027] FIG. 22 is a diagram (3) for explaining the third
embodiment;
[0028] FIG. 23 is a diagram (4) for explaining the third
embodiment;
[0029] FIG. 24 is a diagram (5) for explaining the third
embodiment;
[0030] FIGS.25A,25B, 25C, and 25D are diagrams (6) for

explaining the third embodiment;

[0031] FIGS. 26A, 26B, 26C and 26D are diagrams for
explaining a fourth embodiment;

[0032] FIGS. 27A, 27B, 27C, and 27D are diagrams for
explaining a fifth embodiment;

[0033] FIG. 28 is a diagram (1) for explaining a sixth
embodiment;

[0034] FIG. 29 is a diagram (2) for explaining the sixth
embodiment;

[0035] FIG. 30 is a diagram (3) for explaining the sixth
embodiment; and

[0036] FIG. 31 is a diagram (4) for explaining the sixth
embodiment.

DETAILED DESCRIPTION
[0037] An ultrasonography apparatus of an embodiment

includes an acquiring unit, a calculating unit, a multiplying
unit, and an image generating unit. The acquiring unit assigns
various kinds of weights to reflected wave signals that are
generated at a reception aperture structured with multiple
devices included in an ultrasound probe, and with which a
delay according to a position inside the reception aperture is
multiplied, and acquires reception signals that are generated
by adding the weighted reflected wave signals for each kind of
the weights. The calculating unit calculates a coefficient that
corresponds to each of positions on a reception scan line
corresponding to the reception signals acquired by the acquir-
ing unit, based on a signal value or an image value that is a
signal value or a pixel value based on at least one reception
signal among the reception signals, and that corresponds to
each of the positions. The multiplying unit multiplies, by the
coefficient, a signal value or a pixel value that is based on at
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least one reception signal different from the at least one
reception signal among the reception signals, and that corre-
sponds to each of the positions on the reception scan line, to
acquire output data. The image generating unit generates
ultrasonic image data based on the output data acquired by the
multiplying unit.

[0038] Embodiments of the ultrasonography apparatus are
explained in detail below with reference to the accompanying
drawings.

First Embodiment

[0039] First, a configuration of an ultrasonography appara-
tus according to a first embodiment is explained. FIG. 1is a
block diagram indicating a configuration example of the
ultrasonography apparatus according to the first embodiment.
As exemplified in FIG. 1, the ultrasonography apparatus
according to the first embodiment includes an ultrasound
probe 1, a monitor 2, an input device 3, and an apparatus main
unit 10.

[0040] The ultrasound probe 1 includes multiple transduc-
ers (for example, piezoelectric transducers), and these trans-
ducers generate ultrasonic waves based on a driving signal
that is supplied by a transceiving unit 11 described later
included in the apparatus main unit 10. Moreover, the trans-
ducers included in the ultrasound probe 1 receive a reflected
wave from a subject P and convert into an electric signal.
Furthermore, the ultrasound probe 1 includes a matching
layer that is provided for the transducer, a backing material to
prevent propagation of an ultrasonic wave to a backward
direction from the transducer, and the like.

[0041] When ultrasonic waves are transmitted to the sub-
ject P from the ultrasound probe 1, the ultrasonic waves are
sequentially reflected on a discontinuous surface of an acous-
tic impedance in a tissue of the subject P, and received by the
transducers included in the ultrasound probe 1 as reflected
wave signals. The amplitude of the received reflected wave
signals is dependent on a difference in the acoustic impedance
on the discontinuous surface on which the ultrasonic waves
are reflected. Reflected wave signals when transmitted ultra-
sonic wave pulses are reflected on a surface of a moving
bloodstream, a cardiac wall, and the like have frequency shifts
dependent on a velocity component of a moving body relative
to a direction of transmission of ultrasonic waves by the
Doppler effect.

[0042] Theultrasound probe1is arranged detachably to the
apparatus main unit 10. When scanning (two-dimensional
scanning) of a two-dimensional region of the subject P is
performed, an operator connects, for example, a 1D array
probe in which multiple piezoelectric transducers are
arranged in a single row to the apparatus main unit 10, as the
ultrasound probe 1. The 1D array probe is a linear ultrasound
probe, a convex ultrasound probe, a sector ultrasound probe,
or the like. Furthermore, when scanning (three-dimensional
scanning) ofa three-dimensional region inside the subject Pis
performed, an operator connects, for example, a mechanical
4D probe or a 2D array probe to the apparatus main unit 10, as
the ultrasound probe 1. The mechanical 4D probe is capable
of two-dimensional scanning using multiple piezoelectric
transducers that are arranged in a single row as 1D array
probes, and is capable of three-dimensional scanning by
swinging the piezoelectric transducers at a predetermined
angle (swing angle). Moreover, the 2D array probe is capable
of three-dimensional scanning by piezoelectric transducers
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that are arranged in a matrix, and is capable of two-dimen-
sional scanning by transmitting ultrasonic waves in a con-
verged manner.

[0043] The input device 3 includes an input unit such as a
mouse, a keyboard, a button, a panel switch, a touch com-
mand screen, a foot switch, a track ball, and a joy stick, and
accepts a request for various kinds of settings from an opera-
tor of the ultrasonography apparatus, an transfers the
accepted request for various kinds of settings to the apparatus
main unit 10.

[0044] The monitor 2 displays, for example, a graphical
user interface (GUT) for an operator of the ultrasonography
apparatus to input a request for various kinds of setting by
using the input device 3, or displays ultrasonic image data
generated in the apparatus main unit 10, and the like.

[0045] The apparatus main unit 10 includes an apparatus
that generates ultrasonic image data based on a reflected wave
signal received by the ultrasound probe 1. The apparatus main
unit 10 shown in FIG. 1 includes an apparatus that can gen-
erate two-dimensional ultrasonic image data based on
reflected wave data corresponding to a two-dimensional
region of the subject P received by the ultrasound probe 1.
Furthermore, the apparatus main unit 10 shown in FIG. 1
includes an apparatus that can generate three-dimensional
ultrasonic image data based on reflected wave data corre-
sponding to a three-dimensional region of the subject P
received by the ultrasound probe 1.

[0046] The apparatus main unit 10 includes the transceiv-
ing unit 11, a B-mode processing unit 12, a Doppler process-
ing unit 13, an image generating unit 14, a data processing
unit 15, an image memory 16, an internal storage unit 17, and
a control unit 18 as shown in FIG. 1.

[0047] The transceiving unit 11 includes a transmission
beam former that controls the transmission directivity in
transmission of ultrasonic waves. For example, the transceiv-
ing unit 11 includes a transmitting unit 111 that has a rate
pulse generator 111a, a transmission delaying unit 1115, a
transmission pulser 111¢, and the like, and provides the ultra-
sound probe 1 with a driving signal. The rate pulse generator
111a generates rate pulses to form transmission ultrasonic
waves repeatedly at a predetermined rate frequency (pulse
repetition frequency (PRF)). The rate pulse applies a voltage
to the transmission pulser 111¢ in a state in which a transmis-
sion delay time is multiplied therewith by passing through the
transmission delaying unit 1115. That is, the transmission
delaying unit 1115 gives a transmission delay time that is
required to converge ultrasonic waves generated by the ultra-
sound probe 1 into a beam form and to determine the trans-
mission directivity to each rate pulse generated by the rate
pulse generator 111a. The transmission pulser 111c¢ applies a
driving signal (driving pulse) to the ultrasound probe 1 at
timing based on the rate pulse. The state in which the trans-
mission delay time is multiplied include a state in which the
transmission delay time is “0”.

[0048] The driving pulse is transferred to the transducer
inside the ultrasound probe 1 through a cable from the trans-
mission pulser, and then converted into a mechanical vibra-
tion from an electrical signal by the transducer. The ultrasonic
waves generated by this mechanical vibration are transmitted
into the inside of a living body. Ultrasonic waves that are
generated at the respective transducer each having a transmis-
sion delay time are converged to be propagated in a predeter-
mined transmission direction. The transmission delaying unit
1115 varies transmission delay times to be given to the
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respective rate pulses, to adjust the transmission direction
from a surface of the transducer arbitrarily. The transceiving
unit 11 controls the number and a position (transmission
aperture) of the transducers to be used to transmit an ultra-
sonic beam, and a transmission delay time according to a
position of each of the transducers structuring the transmis-
sion aperture, to give the transmission directivity.

[0049] The transceiving unit 11 has a function enabling to
change a transmission frequency, a transmission driving volt-
age, and the like instantaneously to execute a predetermined
scan sequence based on an instruction of the control unit 18
described later. Particularly, a change of the transmission
driving voltage is achieved by a linear-amplifier transmission
circuit that can change the value instantaneously, or a mecha-
nism of electrically switching multiple power supply units.
[0050] After reaching the transducer inside the ultrasound
probe 1, a reflected wave of an ultrasonic wave transmitted by
the ultrasound probe 1 is converted into an electrical signal
(reflected wave signal) from mechanical vibration by the
transducer. The reflected wave signal is input, through a
cable, to the transceiving unit 11 including a reception beam
former that controls the reception directivity in ultrasonic
wave reception.

[0051] For example the transceiving unit 11 includes a
receiving unit 112 having a preamplifier 1124, an analog/
digital (A/D) converter 1125, a reception delaying unit 112¢,
an adding unit 1124, and the like, and generates reflected
wave data by performing various kinds of processing on a
reflected wave signal received by the ultrasound probe 1. The
reflected wave data is converted into ultrasonic image data
(B-mode image data), for example, by processing of the
B-mode processing unit 12 and the image generating unit 14
described later, to be output to the monitor 2.

[0052] The preamplifier 112a performs gain correction
processing by amplifying a reflected wave signal per channel.
The A/D converter 1125 performs A/D conversion of the
reflected wave signal subjected to the gain correction, thereby
converting the reflected wave signal subjected to the gain
correction into digital data. The reception delaying unit 112¢
multiplies the digital data by a reception delay (reception
delay time) that is required to determine the reception direc-
tivity. That is, by multiplying an output signal of each trans-
ducer by the reception delay time by the reception delaying
unit 112¢, a data string of the signal from the same sample
point on the reception scan line is input to the adding unit
1124. The adding unit 1124 performs addition processing
(phasing addition processing) of the reflected wave signal
(digital data) to which the reception delay time is given by the
reception delaying unit 112¢. That is, the adding unit 1124
adds signals from the same sample point received by the
respective transducers at the reception aperture. By the addi-
tion processing by the adding unit 1124 a reflection compo-
nent from a direction according to the reception directivity of
the reflected wave signal is emphasized. A signal output by
the adding unit 1124 is output to a processing unit in a later
stage as reflected wave data (reception signal).

[0053] The transceiving unit 11 as the reception beam
former controls the number and the position (reception apet-
ture) of a transducer to be used to receivea reflected wave, and
the reception delay time according to the position of each of
the transducers structuring the reception aperture, thereby
giving the reception directivity. Furthermore, the reception
delay time is controlled according to a position of a reception
focus together with the position of the transducer.
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[0054] The transceiving unit 11 is capable of performing,
for example, the dynamic variable aperture focus (DVAF)
method. In case of performing the DVAF method, when
receiving a signal that is returned from near, the transceiving
unit 11 makes a reception aperture width small to make a
reception beam of a short distance thin. Moreover, in case of
performing the DVAF method, when receiving a signal that is
returned from far, the transceiving unit 11 makes the recep-
tion aperture width large according to a distance because as
the reception aperture width increases, stronger focus can be
applied. The reception aperture width is set based on an
“F-number” set in advance. The “F-number” is a value that is
defined by a ratio between the depth of a reception focus and
the reception aperture width, and is changed, for example, by
an operator arbitrarily. When performing the DVAF method,
the transceiving unit 11 changes the reception aperture width
at each depth position, according to the “F-number”. For
example, the transceiving unit 11 sets the reception aperture
having the reception aperture width that is determined by the
reception focus position and the “F-number” such that the
reception scan line is in center.

[0055] Furthermore, the transceiving unit 11 performs
reception apodization. That is, the adding unit 112d performs
addition processing after weighting is performed, by an aper-
ture function (apodization function), on signals (signals input
in astatein which the reception delay time is multiplied by the
reception delaying unit 112¢) from the same sample point
received by the respective devices (transducers) at the recep-
tion aperture that is structured by the devices (transducers)
included in the ultrasound probe 1. For example, the control
unit 18 described later creates the aperture function and the
transceiving unit 11 therefor. The aperture function (recep-
tion aperture function) is a function to which a weight is
assigned to each position of the transducer. Moreover, the
transceiving unit 11 can also perform parallel simultaneous
reception in which reflected waves corresponding to respec-
tive positions on the reception scan line that are obtained with
one ultrasonic wave transmission at a time.

[0056] The form of an output signal from the transceiving
unit 11 can be a signal including phase information, or can be
amplitude information (amplitude signal) subjected to enve-
lope detection processing, and various kinds of forms can be
chosen. The signal including phase information is a radio
frequency (RF) signal, or an IQ signal that includes an in-
phase signal (I-signal) and a quadrature-phase signal (Q-sig-
nal) that are extracted from the RF signal.

[0057] Thetransceiving unit 11 transmits, when scanning a
two-dimensional region inside the subject P, an ultrasonic
beam to scan the two-dimensional region from the ultrasound
probe 1. The transceiving unit 11 then generates two-dimen-
sional reflected wave data from two-dimensional reflected
wave signal that is received by the ultrasound probe 1. Fur-
thermore, the transceiving unit 11 transmits, when scanning a
three-dimensional region inside the subject P, an ultrasonic
beam to scan the three-dimensional region from the ultra-
sound probe 1. The transceiving unit 11 then generates three-
dimensional reflected wave data from a three-dimensional
reflected wave signal that is received by the ultrasound probe
1.

[0058] The B-mode processing unit 12 generates data
(B-mode data) in which a signal intensity (amplitude inten-
sity) is expressed by the intensity of brightness for each
sample point, by performing logarithm amplification, the
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envelope detection processing, logarithm compression, and
the like on the reflected wave data output by the transceiving
unit 11.

[0059] The Doppler processing unit 13 generates data
(Doppler data) in which movement information of a moving
body (blood stream and tissue, a contrast-agent echo compo-
nent, and the like) is extracted based on the Doppler effect, by
performing frequency analysis on the reflected wave data
output by the transceiving unit 11. Specifically, the Doppler
processing unit 13 generates Doppler data in which an aver-
age speed, a dispersion value, a power value, and the like are
extracted as the movement information of a moving body for
multiple points.

[0060] The B-mode processing unit 12 and the Doppler
processing unit 13 are capable of processing both two-dimen-
sional reflected wave data and three-dimensional reflected
wave data. The ultrasonography apparatus shown in FIG. 1
can perform harmonic imaging such as contrast harmonic
imaging (CHI) and tissue harmonic imaging (THI). The har-
monic imaging is an imaging method using that a harmonic
component of a frequency of transmission ultrasonic waves
returns from a living body. For example, the contrast har-
monic imaging is a method of acquiring an image indicating
aregion in which blood and the like are flowing by extracting
harmonic components that are generated at minute bubbles
included in an ultrasonic contrast agent, and by converting the
extracted harmonic components into an image. Furthermore,
for example, the tissue harmonic imaging is a method of
acquiring an image having small influence of side lobes by
extracting harmonic components included in a reflected wave
signal, and by converting the extracted harmonic components
into an image.

[0061] For example, in the harmonic imaging, imaging
methods called an amplitude modulation (AM) method, a
phase modulation (PM) method, and an AMPM method in
which the AM method and the PM method are combined are
performed. In the AM method, the PM method, and the
AMPM method, transmission of ultrasonic waves having
various amplitudes and phases is performed more than one
time to the same scan line. Thus, the transceiving unit 11
generates more than one piece of reflected wave data (recep-
tion signal) for each scan line. The transceiving unit 11
extracts harmonic components by performing addition/sub-
traction processing according to a modulation method on the
multiple pieces of the reflected wave data of each scan line.
Subsequently, the B-mode processing unit 12 performs the
envelope detection processing and the like on the reflected
wave data (reception signal) of the harmonic components to
generate B-mode data.

[0062] Forexample, whenthe PM method is performed, the
transceiving unit 11 transmits ultrasonic waves of the same
amplitude for which the phase polarity is reversed, for
example, as (-1, 1) twice for each scan line by a scan
sequence specified by the control unit 18. The transceiving
unit 11 then generates a reception signal by transmission of
“~1” and a reception signal by transmission of “1”. The
transceiving unit 11 adds these two reception signals. Thus, a
signal from which a basic wave component is removed and in
which a secondary harmonic component mainly remains is
generated. The B-mode processing unit 12 performs the enve-
lope detection processing and the like on this signal, to gen-
erate B-mode data of THI or B-mode data of CHI.

[0063] Furthermore, in THI, a method of performing visu-
alization using a secondary harmonic component and a dif-
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ference tone component included in the reception signal has
been in practical use. In a visualization method using a dif-
ference tone component, for example, a transmission ultra-
sonic wave having a composite waveform in which a first base
wave the center frequency of which is “f1”, and a second base
wave the center frequency of which is “f2” that is larger than
“f1” are combined is transmitted from the ultrasound probe 1.
This composite waveform is a waveform in which a wave-
form of the first base wave and a waveform of the second base
wave are combined for which phases thereof are adjusted so
that a difference tone component having the same polarity as
the secondary harmonic component is generated. The trans-
ceiving unit 11 transmits the transmission ultrasonic wave of
the composite waveform, for example, two times, while
reversing the phase. In such a case, the transceiving unit 11
generates two reception signals that respectively correspond
to the two times of transmission. The transceiving unit 11 then
adds these two reception signals. Thus, a signal from which
the base wave component is removed, and in which the dif-
ference tone component and the secondary harmonic compo-
nent mainly remain is generated. The B-mode processing unit
12 performs the envelope detection processing and the like on
this signal, to generate B-mode data of THI. The addition/
subtraction processing of multiple pieces of the reflected
wave data (reception signals) for each scan line can be per-
formed by the B-mode processing unit 12.

[0064] The image generating unit 14 generates ultrasonic
image data from the data that is generated by the B-mode
processing unit 12 and the Doppler processing unit 13. That
is, the image generating unit 14 generates two-dimensional
B-mode image data in which the intensity of a reflected wave
is expressed by brightness, from two-dimensional B-mode
data generated by the B-mode processing unit 12. Further-
more, the image generating unit 14 generates two-dimen-
sional Doppler image data that indicates moving body infor-
mation, from two-dimensional Doppler data generated by the
Doppler processing unit 13. The two-dimensional Doppler
image data is speed image data, dispersion image data, power
image data, or image data in which these are combined.
[0065] Generally, the image generating unit 14 converts
(scan converts) a scan-line signal string of ultrasonic scan-
ning into a scan-line signal string of a video format repre-
sented by television and the like, to generate ultrasonic image
data for display. For example, the image generating unit 14
generates the ultrasonic image data for display by performing
coordinate conversion according to a scanning form of an
ultrasonic wave by the ultrasound probe 1. Moreover, the
image generating unit 14 performs image processing
(smoothing) to regenerate a brightness average-value image,
image processing (edge enhancement) using a differential
filter in an image, and the like as various kinds of image
processing other than the scan conversion, by using image
frames after scan conversion, for example. Furthermore, the
image generating unit 14 composites character information of
various kinds of parameters, scales, body marks, and the like.
[0066] That is, the B-mode data and the Doppler data are
the ultrasonic image data before performing the scan conver-
sion processing, and data generated by the image generating
unit 14 is ultrasonic image data for display after the scan
conversion processing is performed. The B-mode data and the
Doppler data are also referred to as raw data.

[0067] Moreover, the image generating unit 14 generates
three-dimensional B-mode image data by performing coor-
dinate conversion on three-dimensional B-mode data gener-
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ated by the B-mode processing unit 12. Furthermore, the
image generating unit 14 generates three-dimensional Dop-
pler image data by performing coordinate conversion on
three-dimensional Doppler data generated by the Doppler
processing unit 13. That is, the image generating unit 14
generates the “three-dimensional B-mode image data and the
three-dimensional Doppler image data” as “three-dimen-
sional ultrasonic image data (volume data)”. The image gen-
erating unit 14 then performs various kinds of rendering
processing on the volume data to generate various kinds of
two-dimensional image data to display the volume data on the
monitor 2.

[0068] The data processing unit 15 is a processing unit that
performs various kinds of processing on data generated in the
apparatus main unit 10, and as shown in FIG. 1, includes an
acquiring unit 151, a calculating unit 152, and a multiplying
unit 153. For example, data processed by the data processing
unit 15 includes a signal obtained by performing phasing
addition on signals including phase information (an IQ signal
or an RF signal), an amplitude signal obtained by performing
phase detection on this signal, and an image signal obtained
by performing logarithm compression on this amplitude sig-
nal. The data processing unit 15 according to the first embodi-
ment is described in detail later.

[0069] The image memory 16 is a memory that stores
image data generated by the image generating unit 14. More-
over, the image memory 16 can also store data generated by
the B-mode processing unit 12 and the Doppler processing
unit 13. B-mode data and Doppler data stored in the image
memory 16 can be retrieved, for example, by an operator after
diagnosis, and are to be ultrasonic image data for display
through the image generating unit 14. Furthermore, the image
memory 16 can also store data output by the transceiving unit
11, or data output by the data processing unit 15.

[0070] Theinternal storage unit 17 stores a control program
to perform ultrasonic wave transmission/reception, image
processing, and display processing, diagnosis information
(for example, patient identification (ID), observations of a
doctor, and the like), or various kinds of data such as a diag-
nosis protocol and various kinds of body marks. Moreover,
the internal storage unit 17 is also used to archive data stored
in the image memory 16, and the like as necessary.

[0071] The control unit 18 controls overall processing of
the ultrasonography apparatus. Specifically, the control unit
18 controls processing of the transceiving unit 11, the
B-mode processing unit 12, the Doppler processing unit 13,
the image generating unit 14, and the data processing unit 15
based on various kinds of setting requests input by an operator
through the input device 3, or various kinds of control pro-
grams and data read from the internal storage unit 17. Fur-
thermore, the control unit 18 controls to display ultrasonic
image data for display that is stored in the image memory 16
on the monitor 2.

[0072] As above, the entire configuration of the ultrasonog-
raphy apparatus according to the first embodiment has been
explained. With such a configuration, generation and display
of ultrasonic image data (for example, B-mode image data)
are performed.

[0073] As a method of reducing reverberation echoes that
interfere diagnosis in a B-mode image, various methods are
conceivable. These methods are a method of reducing rever-
beration echoes by so-called spatial compounding process-
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ing. FIG. 2, FIGS. 3A and 3B, and FIG. 4 are diagrams for
explaining a conceivable method to reduce reverberation ech-
oes.

[0074] One example of such methods is a method in which
multiple pieces of B-mode image data with various deflection
angles in ultrasonic wave transmission/reception are com-
pounded by signal averaging. Moreover, by applying this
method, a method is conceivable in which a degree and a
position of a reverberation echo component are estimated
from B-mode image data with various deflection angles, and
weight at signal averaging is adaptively controlled from an
estimation result. These methods are methods of compound-
ing multiple pieces of ultrasonic image data with various
deflection angles that are generated by ultrasonic scanning in
which deflection angles in ultrasonic wave transmission/re-
ception are varied among frames.

[0075] The deflection angle in a direction perpendicular to
adirection of arrangement of the transducers is defined herein
as “0 degrees”. The deflection angle “0 degrees” is a direction
of normal ultrasonic wave transmission/reception that is petr-
formed without deflection. Furthermore, a deflection angle in
aleftward direction relative to the direction of arrangement of
the transducers is defined as a “positive angle”, and a deflec-
tion angle in a rightward direction relative to the direction of
arrangement of the transducers is defined as a “negative
angle”.

[0076] When the definition is applied, “C” shown in FIG. 2
is B-mode image data that is generated by performing ultra-
sonic wave transmission/reception with the deflection angle
of “0 degrees” is performed. Moreover, “L” shown in FIG. 2
is B-mode image data that is generated by performing ultra-
sonic wave transmission/reception deflected leftward with
the deflection angle of “+0 degrees” is performed. Further-
more, “R” shown in FIG. 2 is B-mode image data that is
generated by performing ultrasonic wave transmission/recep-
tion deflected rightward with the deflection angle of “-0
degrees” is performed. Hereinafter, “L” shown in FIG. 2 is
described as left-deflected image data L. Moreover, herein-
after, “R” shown in FIG. 2 is described as right-deflected
image data R. Furthermore, hereinafter, “C” shown in FIG. 2
that is to be a center image between the left-deflected image
data L and the right-deflected image data R is described as
center image data C.

[0077] Inthe method shown in FIG. 2, image data in which
the center image data C, the left-deflected image data I, and
the right-deflected image data R are subjected to signal aver-
aging is output. Alternatively, in the method shown in FIG. 2,
adegree and a position of a reverberation echo component are
estimated from the center image data C, the left-deflected
image data L, and the right-deflected image data R. Further-
more, in the method shown in FIG. 2, weight at signal aver-
aging is calculated from an estimation result, and weighting
addition is performed on the center image data C, the left-
deflected image data L, and the right-deflected image data R,
to output image data.

[0078] Moreover, two methods exemplified in FIG. 3A and
FIG. 3B are conceivable as a general spatial compounding
processing to reduce reverberation echoes, other than the
above “method of compounding multiple images with vari-
ous deflection angles”. The method shown in FIG. 3A is a
method in which signal averaging is performed on multiple
reception signal groups with various deflection angles that are
obtained simultaneously by parallel simultaneous reception
for the same transmission beam when a reception signal of a
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single scan line is acquired. In the method exemplified in FIG.
3A, fixing the transmission aperture and the reception apet-
ture, reflected waves with reception deflection angles (for
example, 0 degrees, +8 degrees, and -0 degrees) from three
directions are acquired by parallel simultaneous reception for
a transmission ultrasonic wave at one scan line, thereby
acquiring simultaneous reception signals based on a recep-
tion scan line from three directions. In the method shown in
FIG. 3A, by signal averaging the simultaneous reception sig-
nals based on the reception scan line in three directions, one
reception signal with the reception deflection angle of “0
degrees” is acquired. The processing is performed for all of
scan lines in a frame.

[0079] On the other hand, the method exemplified in FIG.
3B is a method in which reception signals from correspond-
ing directions are acquired while varying the deflection
angles of transmission among rates when a reception signal of
a single scan line is acquired, and the reception signals at
these multiple rates are signal averaged. FIG. 3B indicates
reception signals based on the reception scan line in three
directions generated by performing ultrasonic wave transmis-
sion/reception with transmission/reception deflection angles
(0 degrees, +0 degrees, and -0 degrees) in three directions,
fixing the transmission aperture and the reception aperture. In
the method shown in FIG. 3B, by signal averaging the recep-
tion signals based on the reception scan line in three direc-
tions, one reception signal with the reception deflection angle
“0degrees” is acquired. The processing is performed forall of
scan lines in a frame.

[0080] These three kinds of methods enable to improve a
signal-to-noise ratio in an image, by maintaining a signal
component (for example, a signal component originated in a
tissue) having relatively small intensity variation even if
inclined, by using a fact that a position at which a reverbera-
tion echo (noise) appears varies according to a deflection
angle when the deflection angle of an ultrasonic beam to the
subject P is changed (when the ultrasonic beam is inclined) by
compounding processing. For the change of the deflection
angle at transmission, a control by transmission delay pat-
terns is suitable. Moreover, as for the change of the deflection
angle at reception, there is a case in which a control of chang-
ing the reception delay pattern is performed, and a case in
which a control of unbalancing reception aperture distribu-
tion (apodization) on right and left is performed.

[0081] The method exemplified in FIG. 3A is more in real
time because parallel simultaneous reception is applied.
However, because the deflection angles are varied between
transmission and reception in the method exemplified in FIG.
3A, to obtain reverberation reducing effect, it is necessary to
make the deflection angle large. However, in the method
exemplified in FIG. 3A, if the deflection angles between
transmission and reception are large, the sensitivity is
degraded.

[0082] On the other hand, in the method exemplified in
FIG. 3B, the deflection angles can be the same between trans-
mission and reception, and therefore, the deflection angle can
be set large while suppressing degradation of the sensitivity,
and the reverberation reducing effect higher than the method
exemplified in FIG. 3A can be obtained. However, the method
exemplified in FIG. 3B requires a rate sequence, and the
frame rate decreases.

[0083] On the other hand, in the method exemplified in
FIG. 2, because the deflection angle is changed per frame (per
image), the deflection angle between transmission and recep-
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tion can be the same, thereby suppressing degradation of the
sensitivity, and decrease of the frame rate is small. That is,
when the deflection angle is change per frame, the transmis-
sion/reception deflection angle can be changed by the control
of the transmission/reception delay pattern, fixing the recep-
tion aperture size (reception aperture width), and therefore, a
relatively large deflection angle can be obtained while main-
taining the sensitivity. If the deflection angle is large, for
example, as shown in FIG. 4, among reflected waves of ultra-
sonic waves transmitted from the transmission aperture (Tx
Aperture) in an inclined manner, while a true signal compo-
nent (Signal) of single reflection is received by the reception
aperture (Rx Aperture), a reverberation component (Rever-
beration) that repeats reflection travels outside the reception
aperture (Rx Aperture) and is not received. As described, in
the method in which the deflection angle is change per frame,
by making the deflection angle large, the reverberation reduc-
ing effect is enhanced. Therefore, in the method exemplified
in FIG. 2, it is possible to achieve both the multiplex reducing
effect and maintenance the frame rate and the sensitivity to
some extent.

[0084] However, in the method in which the deflection
angle is changed per frame, the influence of reduced ampli-
tude when a deflection angle is increased cannot be avoided
due to the constraint of element factors. Particularly, at a
device at an end portion of the aperture, transmission and
reception are performed at relatively large deflection angles,
and therefore, the degree of reduction of amplitude is large.
This corresponds to reduction in an effective aperture width.
That is, in deflected image data (for example, the left-de-
flected image data [ and the right-deflected image data R), the
lateral resolution is degraded compared to image data with the
deflection angle of “0 degrees” (the center image data C).
Furthermore, in deflected image, the sensitivity (S/N ratio) to
the center image data C is also degraded. Therefore, in an
output image that is obtained by compounding multiple
images with various deflection angles, the lateral resolution
and the sensitivity are degraded compared to the image not
deflected (for example, the center image data C).

[0085] Moreover, a method of effectively reducing specu-
lar reverberation by reception apodization is conceivable
other than the spatial compounding method explained using
FIG. 2 to FIG. 4. In this method, reception apodization is
performed to remove reverberation components as much as
possible. An aperture function used in this reception apodiza-
tion is explained using FIG. 5 to FIG. 7, together with an
aperture function used in the reception apodization indicated
below. FIG. 5 to FIG. 7 are diagrams for explaining an action
of an aperture function. In the reception apodization
explained herein, to acquire a signal component with low side
lobe, for example, an aperture function to weight by a “ham-
ming window” is used (refer to “Hamming-weight” in an
upper diagram in FIG. 5). Alternatively, in this reception
apodization, to acquire a signal component with high lateral
resolution, for example, an aperture function to weight by a
“rectangular window” is used (refer to “Rect-weight” in an
upper diagram in FIG. 5). InFIG. 5 a reception aperture width
is indicated as “1.0”.

[0086] Furthermore, in the above method, for the purpose
of removing reverberation components, an aperture function
that makes a weight of a center portion of the reception
aperture substantially “0” is used. For example, in this
method, an aperture function in which a half (0.5) of the
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reception aperture width is “0” at an aperture center portion as
indicated in “Inv-weight” in a lower diagram in FIG. 5.
[0087] As shown in FIG. 5, the aperture function using the
hamming window is an aperture function in which a weight of
a device in the center portion is larger than a weight of a
device at the end portion of the reception aperture, and the
aperture function using the rectangular window is an aperture
function in which weights of the respective devices at the
reception aperture are uniform. On the other hand, the aper-
ture function of “Inv-weight” is an aperture function in which
a weight of a device in the center portion is smaller than a
weight of a device at the end portion of the reception aperture.
In the following, based on the difference in a form of weight-
ing patterns, the reception apodization based on the weighting
such as the above “Hamming-weight” and the “Rect-weight”
is described as “normal apodization”, and the reception
apodization based on the weighting such as the above “Inv-
weight” is described as “inverse apodization” in some cases.
Moreover, in the following, the aperture function used in the
“normal apodization” is described as a “normal aperture
function”, and the aperture function used in the “inverse
apodization” is described as an “inverse aperture function” in
some cases.

[0088] The fact that the inverse aperture function used in
the above method is effective for reducing reverberation is
explained using FIG. 6. “Aperture” shown in FIG. 6 is the
reception aperture. In FIG. 6, the width of the reception
aperture is indicated by a bidirectional arrow. FIG. 6 indicates
positional relation between the reception aperture and a scan
line direction (refer to “Receiving direction” in the figure)
when a reflected wave is received from a reflection source that
is positioned right under (in front) the reception aperture in
linear scanning or sector scanning. Furthermore, P1 shown in
FIG. 6 is a reflection source positioned in the scan line direc-
tion, and P2 shown in FIG. 6 is a reflection source positioned
closer to the reception aperture than the reflection source P1.
In FIG. 6, a distance between the reflection source P1 and the
reception aperture is twice as long as a distance between the
reflection source P2 and the reception aperture.

[0089] Suppose a reflected wave that has been reflected on
the reflection source P2 is reflected once on a surface of the
ultrasound probe 1 to re-enter a living body, and the reflected
wave re-entered is reflected on the reflection source P2 to be
received as a reflected wave signal. A wavefront of the
reflected wave reflected from the reflection source P2 in this
single reverberation is observed as a waveftont at the same
time as a reflected wave that is reflected on the reflection
source P1. Accordingly, areflection echo component from P1
and a reverberation echo component by P2 are superimposed
to be received, and therefore, it is impossible to distinguish
the two echo components. However, shapes of the wavefronts
of the two on the aperture are different. This is shown in FIG.
6. In FIG. 6, a signal wavefront from the normal reflection
source P2 is indicated by “WF2”, and a reverberation wave-
front from the reflection source P1 of the single reverberation
is indicated by “WF1”.

[0090] By reception delay processing using a position near
the reflection source P2 as a reception focus, for the signal
wavefront WF2, phases match at all of the devices structuring
the reception aperture. On the other hand, due to the differ-
ence between the depth in which a signal component from
front is finally reflected and the depth in which a reverberation
component from front is finally reflected, even if the reception
delay processing is performed, for the reverberation wave-
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front WF1, phases match only at devices in a limited range in
the center portion of the reception aperture. The inverse
apodization is a method of reducing reverberation compo-
nents using such a phenomenon, for example, by making the
weight of a signal component entering the center portion of
the reception aperture “0” applying the inverse aperture func-
tion (the inverse aperture function in which the center portion
is zero) indicated in the lower diagram in FIG. 5.

[0091] However, in the inverse apodization, although rever-
beration components can be reduced, a side lobe component
(particularly, a st side-lobe component) is high, and a main
beam is multiplexed, casing degradation of the image quality.
This is explained using FIG. 7. FIG. 7 indicates a result of
calculation of an acoustic field profile (received acoustic-field
profile) near the focus that is acquired by the three aperture
functions shown in FIG. 5. The horizontal axis in FIG. 7
indicates a position in an azimuth direction (unit: millimeter
(mm)), and the vertical axis in FIG. 7 indicates a root mean
square (RMS, unit: decibel (dB)) of an acoustic field near the
focus. RMS values corresponding to the three aperture func-
tions are normalized at peak values. It has been known that the
acoustic field profile near the focus is given by the Fourier
transform of the aperture function. For example, the Fourier
transform of the rectangular aperture function is a sinc func-
tion.

[0092] Asshownin FIG. 7, when an acoustic field profile of
the normal aperture function of the hamming window and an
acoustic field profile of the normal aperture function of the
rectangular window are compared, in the normal aperture
function of the hamming window, the side lobe component
can be maintained low, although the beam width of a main
lobe component is wide. On the other hand, as shown in FIG.
7, with the inverse aperture function in which the center
portion is zero, although the beam width of the main lobe
component is narrower than that of the normal aperture func-
tion of the rectangular window, the 1st side-lobe component
significantly increases. The acoustic field profile in FIG. 7
indicates how a point being a reflection source is drawn in an
image. FIG. 7 indicates that the lateral resolution of B-mode
image data that is obtained by the inverse apodization using
the inverse aperture function in which the center portion is
zero is lower than that in the normal apodization.

[0093] To ease degradation of the image quality in the
inverse apodization, aperture compounding processing in
which the normal apodization and the inverse apodization are
combined can also be performed. However, in the aperture
compounding processing with a reception signal acquired by
the normal aperture function and a reception signal acquired
by the inverse aperture function, the lateral resolution of an
image after compounding is degraded by the influence of the
side lobe component (particularly, the 1st side-lobe compo-
nent) that becomes high in the inverse apodization. Moreover,
the position of the 1st side-lobe component that is generated
in the inverse apodization corresponds to the position of the
main lobe component in the normal apodization as shown in
FIG. 7, and therefore, a moire (striped pattern artifact) occurs
in an image by phase interference of the both. Furthermore, in
general transmission/reception acoustic-field generation,
side lobe components are suppressed by narrowing a rela-
tively wide transmission beam with a narrow reception beam.
However, in the inverse apodization, as shown in FIG. 7, not
only the 1st side-lobe component but also a 2nd side-lobe
component and the like are also high. From this fact, ifa wide
transmission beam is used, a side lobe component in the
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inverse apodization becomes further higher compared to a
case in the normal apodization. As a result, when the general
transmission/reception acoustic-field generation in which a
wide transmission beam is narrowed by a narrow reception
beam is performed, in an image after the aperture compound-
ing, these surrounding noises are folded in, and the image
quality is tend to be degraded.

[0094] As described, in the above method of reducing
reverberation, it can be impossible to achieve both reduction
of reverberation and maintenance of the lateral resolution and
the sensitivity.

[0095] Therefore, in the ultrasonography apparatus accord-
ing to the first embodiment, processing by the data processing
unit 15 and the control unit 18 shown in FIG. 1 is performed
to acquire a high quality image in which reverberation is
reduced and the lateral resolution and the sensitivity are main-
tained.

[0096] First, the acquiring unit 151 according to the first
embodiment assigns various kinds of weights to reflected
wave signals that are generated at the reception aperture
structured with devices included in the ultrasound probe 1,
and to which delays according to a position in the reception
aperture are given, and acquires reception signals that are
generated by adding the weighted reflected wave signals for
each kind of weight. The assignment of various kinds weights
is performed by the adding unit 1124 using various kinds of
aperture functions. That is, in the first embodiment, by aper-
ture functions having different patterns of weights set accord-
ing to a position of each transducer that structures the recep-
tion aperture, reception signals are generated at each scan
line. Specifically, in the first embodiment, the normal aperture
function and the inverse aperture function described above
are used as different kinds of aperture functions.

[0097] Thenormal aperture function is an aperture function
to acquire a signal component, and is the “aperture function of
the hamming window” in which a weight of a device in the
center portion is larger than a weight of a device at the end
portion of the reception aperture, and the “aperture function
of the rectangular window” in which a weight of each device
at the reception aperture is uniform. Alternatively, the normal
aperture function may be the “aperture function of the ham-
ming window” or an “aperture function of a flat-top window”.
[0098] Moreover, the inverse aperture function is an aper-
ture function to reduce reverberation components. The
inverse aperture function is an aperture function in which a
weight of a “range including a reception position at which a
reverberation component is received at the reception aper-
ture” is smaller than a weight of an outside of the range. By
using the inverse function that is designed based on such a
concept, a reception signal in which information of a signal
received in the range of the reception aperture is lowered
more than a signal received outside the range can be output as
a reception signal of the reception aperture.

[0099] For example, when “a boundary formed with
objects causing reverberation and a probe surface are paral-
lel”, and “a direction of transmission/reception of an ultra-
sonic wave is perpendicular to the probe surface”, a position
(reception position) at which a reverberation component is
received at the reception aperture is a “position in the center
of the reception aperture”. When the reception position is
fixed to the center of the reception aperture, the inverse aper-
ture function is an aperture function in which a weight of a
device in the center portion is smaller than a weight of a
device at the end portion of the reception aperture. The
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“inverse aperture function in which the center portion is zero”
is one example of the inverse aperture function for which the
reception position is fixed to the “position in the center of the
reception aperture”. Furthermore, the “inverse aperture func-
tion in which the center portion is zero” is one example in
which the “range including a reception position” corresponds
to a “range having a reception position (center of the recep-
tion aperture) in center”, and the width of the “range includ-
ing a reception position” is half of the reception aperture
width.

[0100] The range used to create the inverse aperture func-
tion can be changed by the control unit 18 or by an operator
arbitrarily. Furthermore, the position of the “reception posi-
tion” in the “range” is not limited to the center of the “range”,
and can be changed by the control unit 18 or by an operator
arbitrarily, for example, to the center of gravity of the “range”
or the like. Moreover, the weight of the “range” of the inverse
aperture is not limited to be uniformly “0”, and as long as the
above design concept is satisfied, it can be changed by the
control unit 18 or by an operator arbitrarily. For example, the
weight pattern in the “range” of the inverse aperture function
may be such that a weight of positions at both ends of the
range is “1”, and a weight of the reception position is “0”
sequentially decreasing toward the reception position from
the ends.

[0101] The reception signal acquired by the acquiring unit
151 according to the first embodiment is a signal obtained by
performing phasing addition of signals including phase infor-
mation, or an amplitude signal obtained by performing phase
detection on the signal, or an image signal obtained by per-
forming logarithm compression on the amplitude signal. That
is, the first embodiment is applicable to either of a case in
which the acquiring unit 151 acquires an IQ signal or an RF
signal of each scan line output by the adding unit 1124 of the
transceiving unit 11, a case in which the acquiring unit 151
acquires an amplitude signal of each scan line subjected to
envelope detection 1s performed by the B-mode processing
unit 12, a case in which the acquiring unit 151 acquires an
image signal (a brightness value of each sample point) of each
scan line output by the B-mode processing unit 12, and a case
in which the acquiring unit 151 acquires a image signal (a
pixel value of each pixel) of each scan line output by the
image generating unit 14. Reception signals per scan line that
are acquired by the acquiring unit 151 may also be acquired
by parallel simultaneous reception.

[0102] The calculating unit 152 according to the first
embodiment calculates a coefficient using at least one recep-
tion signal among reception signals acquired by the acquiring
unit 151. Specifically, the calculating unit 152 calculates a
coefficient corresponding to each of positions on the recep-
tion scan lines corresponding to the reception signals
acquired by the acquiring unit 151 based on a signal value or
a pixel value that are a signal value or a pixel value based on
at least one reception signal among the reception signals, and
that corresponds to each of the positions. The multiplying unit
153 according to the first embodiment acquires output data by
multiplying at least one reception signal that is different from
the above at least one reception signal used to calculate the
coefficient, among the reception signals acquired by the
acquiring unit 151 by the coefficient. Specifically, the multi-
plying unit 153 multiplies a signal value or a pixel value that
is based on at least one reception signal that is different from
the above at least one reception signal used to calculate the
coefficient among the reception signals acquired by the
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acquiring unit 151, and that corresponds to each of positions
on a reception scan line by the coefficient, thereby acquiring
the output data. The reception signal that is used to calculate
a coefficient distribution by the calculating unit 152 is a
reception signal that is generated based on the inverse aper-
ture function. Furthermore, the reception signal that is mul-
tiplied by the coefficient distribution by the multiplying unit
153 is a reception signal that is generated based on the normal
aperture function. Subsequently, the control unit 18 accord-
ing to the first embodiment controls to display, on the monitor
2, ultrasonic image data based on the output data from the
multiplying unit 153. That is, the image generating unit 14
generates ultrasonic image data based on the output data that
is acquired by the multiplying unit 153, and the monitor 2
displays the ultrasonic image data by the control ofthe control
unit 18.

[0103] That is, the first embodiment is to acquire output
image data for display, by calculating a “weight (coefficient)”
from a reception signal with reduced reverberation acquired
by the inverse apodization, and by multiplying a reception
signal with high spatial resolution and sensitivity acquired by
the normal apodization by the calculated “weight (coeffi-
cient)”.

[0104] A specific example of processing performed by the
data processing unit 15 and the control unit 18 according to
the first embodiment is explained below using FIG. 8 to FIG.
12 and the like. FIG. 8 to FIG. 12 are diagrams for explaining
the first embodiment. In the following, a case in which the
normal aperture function of the hamming window and the
inverse aperture function in which the center portion is zero
are used as two kinds of aperture functions, and the acquiring
unit 151 acquires B-mode image data that is generated by the
normal aperture function of the hamming window and
B-mode image data that is generated by the inverse aperture
function in which the center portion is zero is explained.
[0105] First, by the control of the control unit 18, the trans-
ceiving unit 11 performs transmission and reception of an
ultrasonic wave at each scan line forming a scanning range.
To the adding unit 1124 of the transceiving unit 11, a recep-
tion signal (“1Q-CH data” shown in FIG. 8) of each cannel to
which required delay is given by the reception delaying unit
112¢is input as an input signal. While “IQ-CH data” indicates
adatastring of an IQ signal, the input signal to the adding unit
1124 may be a data string of an RF signal. The adding unit
1124 separates the input signal “IQ-CH data” into two sys-
tems as shown in FIG. 8. The adding unit 1124 then performs
phasing addition by performing weighting using the normal
aperture function of the hamming window as the normal
apodization (NormApod) in one system, and performs phas-
ing addition by performing weighting using the inverse apet-
ture function in which the center portion is zero as the inverse
apodization (InvApod) in the other system. Reflected wave
data (IQ signal) including phase information of each scan line
of the two systems output by the adding unit 1224 is subjected
to detection processing, logarithm compression processing,
and the like by the B-mode processing unit 12, and then
converted into an image signal for display by the image gen-
erating unit 14.

[0106] “Norm-Apod image=Norm(x, y)” shown in FIG. 8
indicates B-mode image data as an image signal acquired by
the normal apodization. Moreover, “Inv-Apod image=Inv (X,
y)” shown in FIG. 8 indicates an image signal of B-mode
image data that is acquired by the inverse apodization. “(X,y)”
indicates a position of each pixel (each image signal) consti-
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tuting the B-mode image data. The calculating unit 152 cal-
culates a coefficient for each pixel. That is, the calculating
unit 152 calculates a coefficient distribution that indicates
respective coefficients of pixels.

[0107] For example, the calculating unit 152 calculates a
coefficient distribution “cofl(x, y)” of a weight from “Inv(x,
y)” as shown in FIG. 9. Specifically, the calculating unit 152
calculates “cofl(x, y)” by following Equation 1. In Equation
1 below, “cofl(x, y)” is “0.0=cofl(x, y)=<1.0”.

cofl (x,y)=(Tnv(x,y)/p)* (where cofl (x,y)=1.0 when

Inv(x,y)>p} )
[0108] InEquation 1 above, it is defined that “cofl(x,y)” is
an “o-th power” of a value obtained by dividing Inv(x, y) by
“B”. Moreover, in Equation 1 above, it is defined that “cof1(x,
y)” is “1” when a value obtained by dividing Inv(x, y) by “p”
is larger than “1”. “a, p” are predetermined values. Specifi-
cally, “B” signifies an upper limit level of an output signal, and
is set to a level equal to or lower than a maximum value “max”
of an image signal. It is preferable that “B” be set to a level of
about 70% to 80% of “max”. Furthermore, it is preferable that
“o” be set to a value of about “Va to 14”.
[0109] A graph shown in FIG. 9 is a graph in which output
values “cofl(x, y)” that are calculated from input values
“Inv(x, y)/p” are plotted. An advantage of calculating a coef-
ficient distribution using a function including an arithmetic
processing in which the calculating unit 152 exponentiates an
input value as in Equation 1 is explained later.
[0110] The multiplying unit 153 multiplies “Norm(x, y)”
by the coefficient distribution “cofl(x, y)”, and outputs output
image data “Multiply=0_N(x, y)”. Specifically, the multiply-
ing unit 153 performs arithmetic processing of Equation 2
below.

O__N(x,y)=Norm(x,y)*cofl(x,y) (3]

[0111] The control unit 18 controls to display the output
image data “Multiply=0_N(x, y)” on the monitor 2 as B-mode
image data subjected to correction processing. In the above
example, because the image signal generated by the image
generating unit 14 is used, output data of the multiplying unit
153 is to be ultrasonic image data for display. When a signal
(an IQ signal or an RF signal) generated by the adding unit
1124 1s used, output data of the multiplying unit 153 is sub-
jected by processing by the B-mode processing unit 12 and
the image generating unit 14, to be ultrasonic image data for
display. Moreover, when an amplitude signal is used, the
multiplying unit 153 is subjected to logarithm compression
processing by the B-mode processing unit 12 and scan con-
vert processing by the image generating unit 14, and the like,
to be ultrasonic image data for display. Furthermore, when an
output signal of the B-mode processing unit 12 is used, output
data of the multiplying unit 153 is subjected to processing by
the image generating unit 14, to be ultrasonic image data for
display.

[0112] For a reception signal in the normal apodization
acquired by the acquiring unit 151 in the first embodiment, a
signal of a basic wave component that is suitable for imaging
with high sensitivity even to a deep portion may be used, or a
signal of a tissue harmonic component (a non-linear compo-
nent of a tissue) having small side lobes of transmission
beams, and in which mixing of an artifact component is few
may be used. On the other hand, a reception signal in the
inverse apodization acquired by the acquiring unit 151 in the
first embodiment has high side lobes of reception beams as
described above, it is preferable that a signal of a tissue
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harmonic component (a non-linear component of a tissue)
having small side lobes of transmission beams, and in which
mixing of an artifact component is few be used.

[0113] Therefore, in the first embodiment, it is preferable
that at least a reception signal that is used by the calculating
unit 152 for calculation of a coefficient distribution be a
reception signal for which a non-linear component is
extracted. In terms of simplifying a configuration of the trans-
ceiving unit 11, it is advantageous to regard, in both the
normal apodization and the inverse apodization, “IQ-CH
data” shown in FIG. 8 as data string of an IQ signal from
which a tissue harmonic component is extracted. In such a
case, for example, the transceiving unit 11 performs ultra-
sonic wave transmission/reception by the PM method
described above to acquire a signal for which a non-linear
component is extracted, and performs the normal apodization
and the inverse apodization.

[0114] An effect and the like obtained by the processing
described above are explained below. ‘“Norm-Apod
image=Norm(x, y)” and “Inv-Apod image=Inv(x, y)” shown
in FIG. 8 and the like are B-mode image data that is obtained
by imaging a region including a carotid artery by THI by
using a linear probe, and “Multiply=0_N(x, y)” shown in
FIG. 10 is B-mode image data indicating a result of applica-
tion of the present embodiment. Furthermore, “Compound”
shown in FIG. 11 is image data that is obtained by compos-
iting “Norm(x, y)” and “Inv(x, y)” by a conventional com-
pounding processing, for comparison with “Multiply”.
[0115] Because a lumen of the carotid artery is a low echo
portion in which blood through which ultrasonic waves easily
pass is filled, when a reverberation component is not present,
the lumen is drawn in black in an image. In FIG. 10 and FIG.
11, a lumen portion inside a carotid artery is indicated as “B”.
As shown in FIG. 10, in “Norm(x, y)”, although the lateral
resolution is high, a reverberation component is superim-
posed particularly on the lumen portion B of the carotid
artery. Moreover, as shown in FIG. 11, in “Inv(x, y)”,
although the reverberation component in the lumen portion B
is reduced, the lateral resolution is degraded. In addition, in
“Inv(x, y)”, moire on a deep thyroid gland is observed. How-
ever, in “Multiply=0_N(x, y)” shown in FIG. 10, the rever-
beration component in the lumen portion B observed in
“Norm(x, y)” is reduced, and the lateral resolution of “Norm
(%, y)” is maintained. On the other hand, in “Compound”
shown in FIG. 11, although the reverberation component in
the lumen portion B is reduced, speckled granular blurriness
in the thyroid gland caused by degradation of the lateral
resolution, and remaining moire on the deep thyroid gland
“Inv(x, y)” are observed.

[0116] Furthermore, FIG. 12 indicates a result of imaging a
phantom covered with water on a surface thereof by THI to
acquire an image including a specular reverberation compo-
nent. Animage 100 indicated in a left figure is B-mode image
data of a tissue harmonic component acquired by the normal
apodization, and an image 200 is image data that is acquired
by the above multiplication processing. In the image 100, a
single specular-reflection component M1 between a surface
of the phantom and a probe surface, a double specular-reflec-
tion component M2 between the surface of the phantom and
the probe surface, and a reverberation component superim-
posedon a portion C1 and a portion C2 that simulate cysts are
observed. The portion simulating a cyst appears in black in an
image when a reverberation component is not present, simi-
larly to the lumen inside a carotid artery. On the other hand, in
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the image 200, it is observed that the double specular-reflec-
tion component M2 between the surface of the phantom and
the probe and the reverberation component superimposed on
the portion C1 and the portion C2 that simulate cysts are
reduced compared to the image 100. However, a reverbera-
tion component (particularly, the single specular-reflection
component M1 between the surface of the phantom and the
probe surface) that is superimposed on a tissue having high
brightness has a large coefficient value as described later
because a background tissue component is large, and there-
fore, an effect of reducing reverberation is poor. Image data
shown in FIG. 8 to FIG. 12 indicate results of processing
performed with the settings of “a=Y4, =192, max=255".

[0117] As described, an image output by the above multi-
plication processing is to be a high quality image in which
reverberation superimposed on a portion with low brightness
is reduced and the lateral resolution and the sensitivity are
maintained. This is achieved by the calculation method of the
coefficient value described above.

[0118] As for a converting method to acquire a coefficient
value, which is output data, from a reception signal, which is
input data, of the inverse apodization, it is desirable that for a
degree of input intensity at such a level being a boundary of'a
signal and a noise, an output value be maintained high in a
signal region, and an output value be sufficiently small in a
noise region. As a simplest method to obtain such a conver-
sion characteristics, threshold processing is conceivable in
which an output value is set to “1” when an input value
exceeds a predetermined threshold, and to “0” when the input
value is equal to or smaller than the threshold.

[0119] However, a “signal-noise boundary level” used to
set a threshold generally varies according to the subject P, and
therefore, cannot specifically determined. Accordingly, to
obtain a robust reverberation reducing effect, it is effective to
use a conversion characteristics that smoothly varies with
respect to an input and has a characteristic close to the thresh-
old processing.

[0120] Foraspecific method to obtain such a characteristic,
it is preferable to give an output value by a “power function”
according to an input level as indicated in above Equation 1.
For example, in a conversion characteristics shown in FIG. 9
and FIG. 10, in a range in which “Inv(x, y)/f” is larger than
“0.17, the coefficient value smoothly varies, and in a range in
which “Inv(x, v)/p” is equal to or smaller than “0.1”, the
coefficient value abruptly decreases.

[0121] However, when the above coefficient control is pet-
formed, as is obvious from the graphs in FIG. 9 and FIG. 10,
in the output image data “0_N8x, y)”, a signal in a low
brightness region is hardly displayed, and therefore, a display
dynamic range appears to be narrow and a gain tends to
decrease. Therefore, the control unit 18 according to the first
embodiment may compensate, using a predetermined look up
table (LUT), the display dynamic range and the gain at the
time of displaying output image data so that image data on
which the above multiplication processing is not performed
and the display dynamic range and the gain on appearance are
equivalent.

[0122] Subsequently. using FIG. 13, a flow of the process-
ing by the ultrasonography apparatus according to the first
embodiment is explained. FIG. 13 is a flowchart indicating
one example of the processing performed by the ultrasonog-
raphy apparatus according to the first embodiment. FIG. 13
indicates one example of processing that is performed acquir-
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ing ultrasonic image data of the normal apodization and ultra-
sonic image data of the inverse apodization by the acquiring
unit 151.

[0123] As exemplified in FIG. 13, the acquiring unit 151 of
the ultrasonography apparatus according to the first embodi-
ment determines whether ultrasonic image data of the normal
aperture function and ultrasonic image data of the inverse
aperture function are acquired (step S101). When ultrasonic
image data of the normal aperture function and ultrasonic
image data of the inverse aperture function have not been
acquired (step S101: NO), the acquiring unit 151 waits until
acquired.

[0124] Ontheotherhand, when ultrasonic image data of the
normal aperture function and ultrasonic image data of the
inverse aperture function have been acquired (step S101:
YES), the calculating unit 152 calculates a coefficient distri-
bution from the ultrasonic image data of the inverse aperture
function (step S102). The multiplying unit 153 then multi-
plies the ultrasonic image data of the normal aperture by the
coefficient distribution (step S103).

[0125] Subsequently, by the control of the control unit 18,
the monitor displays image data of a multiplication resultant
(step S104), and the processing is ended. In the present
embodiment, at step S104, the monitor 2 may display the
ultrasonic image data of the normal aperture and the ultra-
sonic image data of the inverse aperture function together
with the image data of the multiplication resultant, by an
instruction of the control unit 18. Moreover, in parallel with
the processing at step S102 and step S103, for example, the
image generating unit 14 may generate compound image data
that is obtained by compounding processing of the ultrasonic
image data of the normal aperture and the ultrasonic image
data of the inverse aperture function, and the monitor 2 may
display the compound image data at step S104.

[0126] As described above, in the first embodiment, a
reception signal with excellent spatial resolution and sensi-
tivity acquired by the normal apodization is used as a base
signal. In the first embodiment, a “weight (coefficient)” is
calculated from a reception signal in which a reverberation
component is reduced acquired in the inverse apodization,
and by multiplying the base reception signal by the “weight
(coefficient)”, output image data for display is obtained.
Because, in the first embodiment, a weight for the base signal
is determined from a reception signal of the inverse apodiza-
tion in which reverberation is reduced, for example, it is
possible to reduce a reverberation component generated in a
portion drawn in black (hereinafter, described as a black void
portion) when a reverberation component is not present such
as a lumen and a cyst. Furthermore, in the first embodiment,
because a signal of the normal apodization with small side
lobes and excellent lateral resolution is used as a base, the
lateral resolution is improved from the conventional com-
pounding processing, and moire is reduced.

[0127] Moreover, in the first embodiment, by using a non-
linear component (tissue harmonic component), it becomes
possible to reduce influence of increase of side lobes that is
caused by applying the inverse apodization. From these facts,
in the first embodiment, a high quality image in which rever-
beration is reduced, and the lateral resolution and the sensi-
tivity are maintained can be acquired.

[0128] Although in one example described above, a case of
using two different aperture functions has been explained, the
first embodiment is not limited thereto. For example, in the
first embodiment, three kinds of aperture functions may be
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used with the aperture function of the hamming window and
the aperture function of the rectangular window as two kinds
of the normal aperture functions, and the aperture function in
which the center portion is zero as the inverse aperture func-
tion. In such a case, the multiplying unit 153 multiplies a
compound signal that is compounded by performing signal
averaging or weighting addition on a reception signal that is
acquired by the aperture function of the hamming window
and a reception signal that is acquired by the aperture function
of the rectangular window, by a coefficient distribution that is
calculated by a reception signal of the aperture function in
which the center portion is zero.

[0129] Furthermore, for example, in the first embodiment,
the aperture function of the hamming window may be used as
the normal aperture function, and the aperture function in
which the center portion is zero and the other inverse aperture
function described above may be used as the inverse aperture
functions. In such a case, the calculating unit 152 calculates a
coefficient distribution from a compound signal that is com-
pounded by performing signal averaging or weighting addi-
tion on two reception signals that are acquired by the two
kinds of the inverse aperture functions, and the multiplying
unit 153 multiplies a reception signal that is acquired by the
aperture function of the hamming window by the coefficient
distribution.

[0130] Moreover, forexample, in the first embodiment, two
kinds of the normal aperture functions and two kinds of the
inverse aperture functions may be used. In such a case, the
calculating unit 152 calculates a coefficient distribution from
a compound signal of two reception signals that are acquired
by the two kinds of the inverse aperture functions, and the
multiplying unit 153 multiplies a compound signal of two
reception signals that are acquired by the two kinds of normal
aperture functions by the coefficient distribution. The above
combination can be changed arbitrarily, for example, accord-
ing to a demand of an operator.

Second Embodiment

[0131] In the first embodiment, a case in which a “center-
fixed inverse aperture-function” in which a reception position
at whicha weight becomes small inside the reception aperture
is fixed to the center of the reception aperture is used as the
inverse aperture function has been explained. In a second
embodiment, a case in which an inverse aperture function in
which a reception position at which a weight becomes small
is adaptively shifted according to an imaging condition and an
imaging part is used is explained using FI1G. 14 to FIG. 19.
FIG. 14 to FIG. 19 are diagrams for explaining the second
embodiment.

[0132] When a “boundary formed at a subject causing
reverberation and the probe surface are parallel”, and “a
direction of ultrasonic wave transmission/reception is per-
pendicular to the probe surface”, “the directivity of a main
beam of a reflected signal and the directivity of a main beam
of a reverberation signal are in an identical direction”, and “a
reception position of a reverberation component is substan-
tially at the center portion of the reception aperture similarly
to the reception position of a reflection component”. When
these preconditions are satisfied, it becomes possible to
remove multiplex signals by the “center-fixed inverse apet-
ture-function”.

[0133] However, in the inverse apodization with the “cen-
ter-fixed inverse aperture-function”, if a subject is inclined
relative to the probe surface, the above preconditions are not
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satisfied, and it can be ineffective. Furthermore, in the inverse
apodization with the “center-fixed inverse aperture-func-
tion”, if a transmission beam is steered (deflected), the above
preconditions are not satisfied, and it can be ineffective. That
is, when the above preconditions are not satisfied, a reception
position at which reverberation components are received with
matched phases at the reception aperture is shifted toward an
aperture end portion from the aperture center portion. In such
a case, if the “center-fixed inverse aperture-function” is used,
areverberation signal is to be received at a transducer position
having a weight, and the reverberation reducing effect is
degraded.

[0134] As described, a reception position at which rever-
beration components are received with matched phases at the
reception aperture is shifted from relation with the direction
of a subject causing reverberation. However, assuming that
reverberation by an angle formed with a direction of an ultra-
sonic wave transmission/reception and a direction ofa subject
(boundary formed by a subject being reverberation source) is
caused by specular reflection, a position at which a reflected
signal and a reverberation signal are received at the reception
aperture can be estimated by geometrical operation.

[0135] Therefore, in the second embodiment, the control
unit 18 shown in FIG. 1 calculates a reception position of a
reverberation component based on a direction of ultrasonic
wave transmission/reception and a direction of a subject caus-
ing reverberation, to create an inverse aperture function. For
example, the control unit 18 uses the inverse aperture function
of the aperture function in which the center portion is zero as
a base as shown in FIG. 14. When the control unit 18 derives
that a reception position of a reverberation component in the
reception aperture (Rx Aperture) is on a right side relative to
the aperture center, from calculation based on the direction of
the ultrasonic wave transmission/reception and the direction
of the subject, as shown in FIG. 14, a range in which a
“weight: 0” is applied is shifted rightward. In the following,
the inverse aperture function created in the second embodi-
ment is described as a “shifted inverse aperture-function” in
some cases. Moreover, in the following, the inverse apodiza-
tion by the “shifted inverse aperture-function” is described as
“shifted inverse apodization” in some cases. Furthermore, in
the following, the inverse apodization by the “center-fixed
inverse aperture-function” is described as “fixed inverse
apodization” in some cases.

[0136] The shifted inverse apodization is performed by the
control unit 18 acquiring parameters shown in FIG. 15. In
FIG. 15, a direction of arrangement of transducers (lateral
direction) is indicated by an x axis. Moreover, in FIG. 15, a
direction that passes through a center position of the reception
aperture (that is, a depth direction) perpendicular to the x axis
is indicated by a downward arrow. In the following, explana-
tion is given assuming that the center position of the reception
aperture (and the transmission aperture) is an origin (0, 0).

[0137] Furthermore, FIG. 15 indicates that an angle “0,”
formed by a direction of a transmission/reception beam and
the depth direction is used as one example of a parameter
indicating the direction of the transmission/reception beam.
Moreover, FIG. 15 indicates that an angle “0,” formed by
direction of the transmission/reception beam and the x axis is
used as one example of a parameter indicating the direction of
the subject. Furthermore, “d” shown in FIG. 15 indicates a
depth ofa position at which an ultrasonic beam transmitted at
the angle “6,” is first reflected on a boundary formed by the
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subject inclined at the angle “6,”. That is, “d” shown in FIG.
15 indicates the depth at which the subject is positioned on a
scan line.

[0138] Moreover, “X” shown in FIG. 15 indicates a dis-
tance from the center position of the reception aperture to a
reception position at which a main beam of a single rever-
beration is received at the reception aperture. That is, “X”
indicates a reference position that is used to set a range in
which a weight is reduced, and is to be, for example, a center
of gravity position (center position) of a range in which a
transducer group weight of which is set to “0” occupies. The
control unit 18 calculates “X” by, for example, multiplying a
fanction F(0,, 0,) that is formulated with the angle “0,” and
the angle “0,” by “d”. This F(0,, 6,,) is explained in detail later
using a mathematical expression.

[0139] First, a method of acquiring various kinds of param-
eters shown in FIG. 15 is explained. Because the control unit
18 controls ultrasonic wave transmission/reception, the con-
trolunit 18 can acquire the angle “0,” indicating a direction of
a transmission/reception beam. That is, the control unit 18
acquires the angle “0,” from various kinds of transmission/
reception conditions that are set prior to ultrasonic scanning.
For example, the control unit 18 acquires the angle “6,=0” in
normal B-mode imaging.

[0140] Furthermore, the control unit 18 acquires the angle
“0,” indicating a direction of a subject by various methods
explained below. In the simplest method, the control unit 18
acquires a value that is initially set as the angle “0,” in
advance. For example, the control unit 18 acquires the angle
“0,=0 degrees”, “0,=3 degrees”, and the like from setting
values stored in the internal storage unit 17. In such a case, an
operator can change the value “0,” initially set, arbitrarily
according to information of an examined part, and the like.
[0141] Alternatively, the angle “0,” indicating a direction a
subject can be acquired using ultrasonic image data that is
acquired by imaging a scanning range in which actual ultra-
sonic wave scanning is performed by normal B-mode. In such
a case, the control unit 18 acquires a direction of a subject
based on information input by an operator referring to ultra-
sonic image data that has been acquired in advance. For
example, the control unit 18 causes the monitor 2 to display
B-mode image data that is acquired beforehand by prelimi-
nary imaging, as shown in FIG. 16. In the B-mode image data
exemplified in FIG. 16, a “signal” corresponding to an
inclined blood vessel wall is shown, and furthermore, a “mul-
tiplex signal” corresponding to reverberation by a blood ves-
sel wall at a shallow position is shown. In the B-mode image
data exemplified in FIG. 16, a “multiplex signal” correspond-
ing to reverberation by a blood vessel wall at a deep position
signal is not shown due to attenuation or a display depth. The
operator measures the inclination of the blood vessel wall at a
shallow position causing the multiplex signal using a tool for
angle measurement. For example, the operator turns a knob
for the angle measurement included in the input device 3, to
measure an angle of the “signal”. The control unit 18 acquires
the angle measured with the knob by the operator as the angle
“D,” indicating a direction a subject.

[0142] Because measuring a direction of a subject manu-
ally is processing needing an effort for an operator, the control
unit 18 may acquire a direction of a subject automatically.
When automation of acquisition processing for the angle “0,,”
is specified, the control unit 18 estimates a direction of a
subject causing reverberation using at least one reception
signal acquired by the acquiring unit 151, to set the inverse
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aperture function. Specifically, the control unit 18 analyzes
ultrasonic image data that has been acquired in advance, to
estimate a direction of a subject. For example, the control unit
18 estimates the angle “0,” indicating a direction of a subject
by performing edge detection or main component analysis as
analysis processing of the B-mode image data shown in FIG.
16. For example, the control unit 18 performs edge enhance-
ment processing of the B-mode image data shown in FIG. 16,
and then detects an edge portion. Subsequently, the control
unit 18 estimates the angle “6,” from a direction of the
detected edge portion. As the simplest example among these
examples, the control unit 18 regards the direction of the edge
is equal to “0,”, and estimates the direction of the edge as
“,”. Alternatively, the control unit 18 makes estimation
assuming that a direction of a characteristic vector corre-
sponding to a characteristic value (as a preferable example, a
maximum characteristic value) that is acquired by the main
component analysis of an image subjected to edge enhance-
ment is equal to “8,”. The above method is merely one
example, and the control unit 18 can estimate the angle “6,”
by various widely known methods.

[0143] When the angle “0,” is performed by detection pro-
cessing of image information, to reduce a load, the control
unit 18 may perform following processing. Specifically, the
control unit 18 performs the detection processing of image
information, limiting to a region of interest (ROI) specified
for B-mode image data imaged in advance. For example, the
ROI is specified by an operator that has referred to the
B-mode image data.

[0144] Alternatively, to reduce a load on an operator, the
control unit 18 may automatically set the ROIL. Usually, a
region shown in a center of an image is a region that is
particularly focused in image diagnosis. Therefore, to avoid a
multiplex signal is shown in the center of an image, the
control unit 18 automatically set the ROI in a predetermined
shape setting the center of the image as a center.

[0145] Alternatively, the control unit 18 uses a depth at
which a tissue of a subject of examination is positioned from
a contact surface of the ultrasound probe 1, as a parameter
used for automatic setting of the ROI. For example, the con-
trol unit 18 acquires information that a tissue of a subject of
examination is a “carotid artery” from information relating to
examination that has been input in advance. Usually, the
depth at which a carotid artery is positioned from a contact
surface of the ultrasound probe 1 is near “10 mm”. For
example, the internal storage unit 17 stores, for each tissue of
a subject of examination, a table in which a representative
depth at which the tissue is positioned. The control unit 18
refers to the table to acquire a depth that is associated with the
tissue acquired from the examination information, to set the
ROI in a predetermined shape. The control unit 18 automati-
cally sets the ROI setting the depth at which the tissue of a
subject of examination is positioned in center, to avoid a
multiplex signal is shown in a region in which the tissue of a
subject of examination is to be shown.

[0146] Alternatively, the control unit 18 uses a position of a
transmission focus as a parameter used for automatic setting
of the ROI. A region having the position of the transmission
focus is also a region that is particularly focused in image
diagnosis. Therefore, the control unit 18 automatically sets
the ROI setting the depth position of the transmission focus in
center, to avoid a multiplex signal is shown in a region includ-
ing the position of the transmission focus.
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[0147] The control unit 18 according to the second embodi-
ment can perform two patterns of the shifted inverse apodiza-
tion. In a first pattern, the control unit 18 calculates a recep-
tion position of a reverberation component without acquiring
a depth “d” at which a subject is positioned on a scan line.
Specifically, the control unit 18 calculates a reception posi-
tion of a reverberation component assuming that the subject is
positioned at respective depths of reception focuses set on a
reception scan line.

[0148] For example, the control unit 18 uses depths of
reception focuses ona scan line “d,, d,, d,, d,, ... "as “d” that
is used to calculate the reception position of a reverberation
component. The control unit 18 performs control of changing
a width of the reception aperture according to a position of a
reception focus. That is, the control unit 18 causes the trans-
ceiving unit 11 to perform the DVAF method described
above. The control unit 18 then calculates the reception posi-
tion of a reverberation component at the reception aperture at
each reception focus. The control unit 18 calculates the recep-
tion position of a reverberation component at the reception
aperture at each reception focus for each of reception scan
lines.

[0149] FIG. 17 indicates the reception aperture at each
reception focus set by the DVAF method, arranging at a depth
of the corresponding reception focus. A width (L) for which
the aperture width of the reception aperture is spread is “L=d/
F-number” based on the depth “d” of a reception focus and
“F-number”.

[0150] “L,” indicated in FIG. 17 is an initial value of the
aperture width given at a depth “0”. In FIG. 17, “F-num-
ber=1". Therefore, the aperture width at a depth “d1” is “d, +
L,” as indicated in FIG. 17. Similarly, the aperture width at
“d,, d;, d,” are “d,+L,, d;+L,, d,+L,” respectively as indi-
cated in FIG. 17. Because the reception aperture stretches
from the aperture center toward both ends in the DVAF
method, in FIG. 17 in which the reception aperture is arranged
at cach reception focus, the inclination of a straight line
passing through end points of the reception apertures is
“F-number/2=15".

[0151] The control unit 18 calculates a reception position
“X=l,” of a reverberation component at the depth “d,” by
“ly=d,"F(0,, 0,)” as indicated in FIG. 17. Furthermore, as
shown in FIG. 17, the control unit 18 calculates reception
positions of reverberation component at “d,, d, d,,” as “(d,/
dy) 1y, (dy/d)) 1, (dy/d)) 1,7, respectively, using proportional
relation. FIG. 17 indicates that a reverberation component
(for example, a main beam of reverberation) is received at a
position on a right side relative to the center portion of the
reception aperture from relation between the angle “6,” and
the angle “0,”.

[0152] Thecontrol unit 18 creates the “shifted inverse aper-
ture-function” based on a reception position of a reverbera-
tion component at the reception aperture of each reception
focus from the angle “6,” and the angle “6,,”, and informs the
“shifted inverse aperture-function” to the transceiving unit 11
(the adding unit 1124), thereby performing the shifted inverse
apodization.

[0153] Next, acalculation method of areception position of
a reverberation component is explained in detail using FIG.
18 and a mathematical expression. FIG. 18 indicates that a
position (hereinafter, P1) that an ultrasonic beam that has
been transmitted at the angle “0,” first reaches on a boundary
inclined by “0,” is (x,, d). Moreover, FIG. 18 indicates that a
reception position (hereinafter, P2) onthe probe surface of the
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reflected wave that has been reflected at P1 by specular reflec-
tion with the angle “8,” and the angle “6,” is (X;+X,, 0).
Furthermore, FIG. 18 indicates that a position (hereinafter,
P3) that the reflected wave reflected at P2 reaches the bound-
ary again, by the specular reflection with the angle “8,” and
the angle “0,” is (X,+X,+X,;, d+d'). Moreover, FIG. 18 indi-
cates that a reception position (hereinafter, P4) of a reverbera-
tion component on the probe surface of the reflected wave that
has been reflected at P3 by specular reflection with the angle
“B,” and the angle “0,” 1s (X, +X,+X5+X,, 0).

[0154] “X” shownin FIG. 15 calculated in shifted inverse-
reception apodization, that is, the reception position “X” to be
a reference for setting a range in which a transducer group a
weight of which is set to substantially “0” by the aperture
function occupies is “X=x,+X,+x;+x,” as shown in FIG. 18.

[0155] First, an “angle between a direction from the origin
to P1 and a depth direction” is “8,” as shown in FIG. 18.
Furthermore, by g geometrical operation assuming that
reflected occurring between the angle “8,” and the angle “6,”
is specular reflection, the “angle between a direction from P1
to P2 and a depth direction” and the “angle between a direc-
tion from P2 to P3 and a depth direction” are “0,+26,” as
shown in FIG. 18. Moreover, by similar geometrical opera-
tion, an “angle between a direction from P3 to P4 and a depth
direction” is “8,+46,” as shown in FIG. 18.

[0156] First, from “0,” and “d”, the control unit 18 calcu-
lates “x,” by Equation 3 below. Furthermore, the control unit

18 calculates “x,” from “6,+28,” and “d” by Equation 4
below.

x,=dtan(0,) G
x,=d"tan(0,+20,) (4)
[0157] On the other hand, from “0,+26,”, “d”, and “d",

“x,” can be expressed by Equation 5 below. Furthermore,
from “6,440,”, “d”, and “d™, “x,” can be expressed by Equa-
tion 6 below.

x3 = (d +d')tan(d, +200) 5

=X+ d’ -tan(@; + 26)

x4 = (d +d")-tan(d; +40p) ©)
[0158] Moreover, “d” can be expressed by Equation 7
below.

d' = (x; + x3) -tan(6,) @)

=(2x + d -tan(f; + 26,)) - tan(fy)

[0159] Developing Equation 7, Equation 8 below can be
obtained.

@(1-tan(0 +20) tan(0,=2x tan(0,) (®)
[0160] When an addition theorem of a trigonometric indi-

cated in Equation 9 is applied, “l1-tan(0,4+20,)tan(0,)”
expressed in a left side of Equation 8 is to be a right side of
Equation 10 below.

tana + tanf3 ()]

tan(@+ f) = 1 — tanatanf
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-continued
[tan(8, + 26,) +tan(6y)] (10)

1 —tan(f, +28;) - tan(fy) = want@, + 30)

[0161] Itisshown that by substituting Equation 10in Equa-
tion 8, “d"™ can be calculated from “x2”, “8,”, “6,” as indi-
cated in Equation 11.

d'=2x,tan(0)tan(0,+30,)/[tan(0,+20,)+an(0y)] (11)

[0162] From the above, “x;” can be calculated by Equation
12 below, and “x,” can be calculated by Equation 13 below.

X3 = (d+d')-tan(8, +26;) 12)
_ (1 + 2-tan(6; + 26) -1an(6y ) - tan(, + 300)]
= [tan(8, + 260) + tan(fo)]

x4 = (d +d')-tan(0, +46,) (13)
_ 1+ 2-tan(6, + 46,) -1an(6,) - tan(6, +36,)
"‘2'( ltan(@, +26,) + @n(6,)] ]

[0163] The control unit 18 acquires the angle “0,” and the
angle “8,” by the above method, and calculates “x,” and “x,”
by substituting the depth “d” of a reception focus, by Equa-
tion 3 and Equation 4. Using calculated “x,”, and “0,” and
“8,”, the control unit 18 then calculates “x;” and “x,” by
Equation 12 and Equation 13. Subsequently, the control umt
18 calculates “x, +X,+X;+X,” t0 acquire a reception position
“X” of a reverberation component. As is obvious from Equa-
tion 3, Equation 4, Equation 12, and Equation 13, when “d” is
factored as a common factor, “X=x;+x,+x5+x,” can be for-
mulated by a product of a function F(8,, 8,) that is expressed
with the angle “8,” and the angle “6,”, and “d”. The control
unit 18 can calculate the reception position “X” of a rever-
beration component at the reception aperture set for each
reception focus by multiplying a value obtained by substitut-
ing the acquired angle “6,” and angle “6,” into F(6,, 8,) by an
arbitrary depth “d”.

[0164] This is the first pattern of the shifted inverse
apodization. In the first pattern, a depth of a subject is a
reception focus position, and a position of “X” is automati-
cally calculated with F(0,, 8,) and “F-number”. However, in
the first pattern, because a transducer group a weight of which
is “0” at each depth “d” is always present, the effective apet-
ture width is small compared to the normal reception apodiza-
tion.

[0165] Ontheother hand, ina shifted inverse apodization of
a second pattern, the control unit 18 further acquires a depth
“d” at which a subject is present on a scan line, to calculate a
reception position of a reverberation component. That is, in
the shifted inverse apodization of the second pattern, the
control unit 18 calculates a reception position of a reverbera-
tion component based on a direction of ultrasonic wave trans-
mission/reception, a direction of a subject causing reverbera-
tion, and a depth of the subject, to create the inverse aperture
function.

[0166] B-mode image data shown in FIG. 19 is the same
image as the B-mode image data shown in FIG. 16, and is
B-mode image data that is imaged in advance. For example,
an operator measures the angle “0,” as shown in FIG. 19, and
also measures a depth “d,” of the subject at the same time.
The control unit 18 acquires the depth measured by the opera-
tor as the depth “d,” of the subject.
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[0167] Alternatively, the control unit 18 estimates the angle
“B,” by edge detection or main component analysis as
described above, and for example, acquires the depth “d,”,
regarding an edge extracted by the edge detection as a bound-
ary formed on the subject, by automatically measuring a
position of the edge in an image.

[0168] Alternatively, the control unit 18 acquires “d,,” from
among various parameters that are used for setting the ROI
described above. Specifically, the control unit 18 acquires an
“Image center”, a “representative depth of a tissue of a subject
of examination”, or a “transmission focus™ that is used for
setting the ROI as “d,”. By setting as “transmission
focus=d,”, it is possible to respond immediately to a change
of a transmission/reception condition during imaging.
[0169] For example, “d,” shown in FIG. 9 is a depth at a
right end of a subject. The control unit 18 calculates a depth
“d,” of a subject on each scan line from the angle “6,” and
“d,”, and creates the shifted inverse aperture-function at each
scan line by “d,F(0, 6,)". Subsequently, the control unit 18
instructs the transceiving unit 11 to use the created shifted
inverse aperture-function at a reception focus of the depth
“d,”, or at a reception focus near the depth “d,”, and further
instructs the transceiving unit 11 to use the normal aperture
function at reception focuses other than this reception focus.
[0170] That is, in the shifted inverse apodization of the
second pattern, the shifted inverse aperture-function is
applied at a reception focus corresponding to a depth of a
subject, and the normal aperture function is applied at a
reception focus that is far from the depth of the subject. In
other words, the first pattern in which a depth of a subject is
notusedis a pattern setting auniform shifted inverse aperture-
function in an entire image (all sample points), and the second
pattern that uses a depth of a subject is a pattern setting a
shifted inverse aperture-function that is adaptively created for
a local region among an entire image (all sample points).
[0171] In the second embodiment, by the processing
described above, the inverse aperture function for which a
region in which a weight is reduced is shifted can be applied
to the inverse apodization in the first embodiment, according
to animaging condition and a positionofa subject in a portion
to be imaged. In a reception signal that is acquired by the
shifted inverse apodization of the first pattern or the shifted
inverse apodization of the second pattern, a reverberation
component is preferably reduced compared to a reception
signal that is acquired by the fixed inverse apodization. More-
over, the reception signal that is acquired by the shifted
inverse apodization of the second pattern is a reception signal
that is acquired by performing the inverse apodization limit-
ing to a local region, and therefore, the sensitivity thereof is
higher than that of a reception signal that is acquired by the
shifted inverse apodization of the first pattern in which the
overall effective aperture width is narrow.

[0172] Inthe second embodiment, the multiplying unit 153
multiplies a reception signal having excellent spatial resolu-
tion and sensitivity acquire by the normal apodization by a
“weight (coefficient)” that is calculated from a reception sig-
nal acquired by the shifted inverse apodization. Accordingly,
in the second embodiment, a high quality image in which
reverberation is reduced, and the lateral resolution and the
sensitivity are maintained can be acquired reliably.

[0173] A concept of the shifted inverse apodization
described above is also applicable, for example, to the normal
apodization that uses the normal aperture function of the
hamming window. For example, “x;+x,” that can be calcu-
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lated by Equation 3 and Equation 4 is to be a position at which
a signal component is received. Therefore, for example, the
control unit 18 may create a shifted normal aperture-function
for which a position at which a weight in the hamming win-
dow is “1” is “x,+X,” when a position of “x,+x,” is distant
more than a predetermined distance from the center of the
reception aperture, to inform to the transceiving unit 11. That
is, in the second embodiment, the processing explained in the
first embodiment may be performed by the shifted normal
apodization and the shifted inverse apodization. Furthermore,
in the second embodiment, the normal aperture function that
is used in the shifted inverse apodization of the second pattern
may be the shifted normal aperture function described above.

Third Embodiment

[0174] In a third embodiment, a case in which the rever-
beration reducing effect is further enhanced by using a second
coefficient distribution that is acquired independently from
the coefficient distribution “cofl(X, y)” acquired in the nor-
mal and inverse apodization explained in the first embodi-
ment or the second embodiment is explained using FIG. 20 to
FIG. 25D, and the like. FIG. 20 to FIG. 25D are diagrams for
explaining the third embodiment. In the following, the coef-
ficient and the coefficient distribution “cofl(x, y)” explained
in the first embodiment are described as a first coefficient and
a first coefficient distribution, respectively.

[0175] The acquiring unit 151 according to the third
embodiment acquires an image data group that is constituted
of multiple pieces of ultrasonic image data with various
deflection angles generated by ultrasonic scanning in which
the deflection angles of ultrasonic wave transmission/recep-
tion are varied among frames, and that is the ultrasonic scan-
ning including a deflection angle ofa predetermined direction
(that is, the deflection angle of 0 degrees) performed to
acquire multiple reception signals explained in the first
embodiment or the second embodiment. The calculating unit
152 according to the third embodiment further calculates a
second coefficient (second coefficient distribution) using at
least one piece of the ultrasonic image data with a deflection
angle of a direction other than the predetermined direction.
The multiplying unit 153 according to the third embodiment
multiplies image data that is obtained by performing com-
pounding processing on ultrasonic image data of the deflec-
tion angle of the predetermined direction, or ultrasonic image
data of each of deflection angles of directions including the
predetermined direction from the image data group, by the
first coefficient and the second coefficient (the first coefficient
distribution and the second coeflicient distribution).

[0176] That is, in the third embodiment, ultrasonic scan-
ning in which the deflection angle is varied per frame (per
image) explained using FIG. 2 is performed. For example, by
the control of the control unit 18, the transceiving unit 11
causes the ultrasound probe 1 to execute ultrasonic wave
transmission/reception of three directions (deflection angles:
0 degrees, +0 degrees, -0 degrees). Thus, three pieces of
B-mode image data with different deflection angles are gen-
erated by the image generating unit 14. Processing explained
below is applicable as long as being an image signal as a
reception signal explained in the first embodiment.

[0177] The above predetermined direction is the direction
of the deflection angle of “0 degrees”. The direction of the
deflection angle of “0 degrees” is a direction in which scan-
ning to acquire “0_N(x, y)” explained in the first embodiment
is performed. The acquiring unit 151 acquires these three
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pieces of the B-mode image data. “L(x, y)” and “R(x, y)”
shown in FIG. 20 are left-deflected image data and right-
deflected image data in which reverberation component is
reduced by inclined transmission and reception. Moreover,
“C(x, y)” shown in FIG. 20 is B-mode image data of the
direction of the deflection angle of “O degrees” associated
with FIG. 2, and is front image data (center image data)
having high lateral resolution and sensitivity, but has a pos-
sibility that the reverberation component is increased com-
pared to the left-deflected image data and the right-deflected
image data. “(x, y)” indicates a position of each pixel consti-
tuting image data.

[0178] In FIG. 20, image data “0_N(x, y)” that is finally
acquired at the deflection angle of 0 degrees by the normal/
inverse apodization of the first embodiment or the second
embodiment corresponds to “C(x, y)”. In this image data, a
reverberation component is reduced by effectively reducing a
weight of a signal at a position at which phases of the rever-
beration components are matched in the reception aperture.
On the other hand, for image data that is deflected rightward
and leftward, the reverberation component is reduced by
inclined transmission/reception as shown in FIG. 4 so that the
reverberation component goes out of the reception aperture.
As described, a principle of reducing a reverberation compo-
nent by the embodiment described previously and a principle
of reducing a reverberation component by inclined transmis-
sion/reception are different, and acquiring further effect of
reducing reverberation components by combining these two
actions 1s characteristics of the third embodiment, and a
fourth embodiment and a fifth embodiment described later.
“O_N(x,y)”1s “Norm(x, y)*cofl(x,y)” as indicated in Equa-
tion 2. The multiplying unit 153 according to the third
embodiment performs processing of multiplying “Norm(x,
y)” by the first coefficient distribution and the second coeffi-
cient distribution. When “cof1(x, y)” is acquired in the third
embodiment, as an exponentiation value “o” described
above, it is preferable that a value of about Y5 to Y&, which is
half of about ¥ to 4, be set.

[0179] FIG. 20 shows a case in which the calculating unit
152 calculate the second coefficient distribution with “L(x,
y)”and “R(x, y)” as subjects of processing, and the multiply-
ing unit 153 handles “C(x, y)=0_N(x, y)” as a subject of
multiplication of the second coefficient distribution. As the
input data “L(x, y)” and “R(x, y)” to calculate the second
coefficient distribution, it is effective if data in which occur-
rence of reverberation decreases at a black void portion such
as alumen and a cyst described above is selected. A condition
under which “L(x, y)” and “R(x, y)” are acquired is selectable
from among three cases described below. This is described in
detail later.

[0180] First, the calculating unit 152 acquires mean image
data “M(x,y)” of “L(x, y)” and “R(x, y)” as shown in F1G. 20.
Specifically, the calculating unit 152 acquires “M(x, v)” by
Equation 14 below.

M(x,y)= L )+ RG, ) ; R ) (overlapped region) a4
=Lx, y) (left side region)
=R(x, y) (right side region)
[0181] As shown in FIG. 20, positioning “L(x, y)” and

“R(x, y)”, there are an overlapped region that is a region in
which both are overlapped, a left side region other than the
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overlapped region in “L(x, y)”, and a right side region other
than the overlapped region in “R(x, y)”. Equation 14 above
indicates that a mean value of pixel values at the same posi-
tion in “L(x, y)” and “R(x, y)” is allocated to the overlapped
region, a pixel value of “L(x, y)” is allocated to the left side
region, and a pixel value of “R(x, y)” is allocated to the right
side region, thereby acquiring the mean image data “M(x, y)”.
[0182] Thecalculating unit 152 calculates a coefficient dis-
tribution “cof(x, y)” from the mean image data “M(x, y)” as
shown in FIG. 20. Specifically, the calculating unit 152 cal-
culates “cof2(x, y)” by Equation 15 below.

cof2(x, y) = (M, )/ B (19
(where when M (x, y) > f3, cof 2(x, y) = 1.0)

[0183] In above Equation 15, an “a'-th power” of a value
obtained by dividing M(x, y) by “B" is defined as “cof2(x,
y)”. Furthermore, in above Equation 15, it is defined that
“cof2(x, y)” is “1” when a value obtained by dividing “M(x,
y)” by “p’is larger than “1”. “o', f*” are values that are set in
advance for a similar purpose as “a, f” explained in the first
embodiment. Specifically, “B" signifies an upper level of an
output signal, and is set to a level equal to or lower than the
maximum value “max” in an image signal. It is preferable that
“P" be set to a level of about 70% to 80% of “max”. Further-
more, it is preferable that “a" be set to a value of about ¥ to
Y6, which is half of about “V4 to ¥4” similarly to “c.”.
[0184] A graph shown in FIG. 201s a graph in which output
values “cof2(x, y)” that are calculated from input values
“M(x, y)/p"” using Equation 15 where “a'='4” are plotted. An
advantage of calculating the second coefficient distribution
using a function including an arithmetic processing in which
the calculating unit 152 exponentiates an input value as in
Equation 15 is similar to the reason explained in the calcula-
tion processing of the first coefficient distribution “cofl(x,
v
[0185] The multiplying unit 153 multiplies “C(x, y)=0_N
(X, y)” by the second coefficient distribution “cof2(x,y)” as in
Equation 20 and Equation 16, and outputs output image data
“Output(x, y)=0_N(x, y)*cof2(x,y)”. Thatis, the multiplying
unit 153 outputs “Norm(x, y) *cofl (X, y)*cof2(x, y)” as “Out-
put(x, y)”.

Output(x,y)=0_Nix,y)*cof2(x,y) (16)

The control unit 18 controls to display the output image data
“Output(x, y)” on the monitor 2 as B-mode image data sub-
jected to correction processing. When coefficient control
using “a, ™ is performed, similarly to a case of performing
the coefficient control using “a, 7 in the first embodiment, a
signal in a low brightness region is hardly displayed. There-
fore, also in the third embodiment, the control unit 18 may
compensate, using a predetermined LUT, the display
dynamic range and the gain at the time of displaying output
image data so that image data on which the multiplication
processing is not performed and the display dynamic range
and the gain on appearance are equivalent.

[0186] Also in the third embodiment, as explained in the
first embodiment, at least data that is used for calculation of
the second coefficient distribution by the calculating unit 152
is preferable to be data for which a non-linear (tissue har-
monic) component is extracted to prevent mixing of side lobe
components. In such a case, also data to which the multiply-
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ing unit 153 multiplies by the second coefficient distribution
is preferable to be data for which non-linear components are
extracted in terms of a circuit configuration.

[0187] Next, a condition for generating “L(x, y)” and “R(x,
y)” that are the input data to calculate the second coefficient
distribution is explained referring to FIGS. 21A, 21B, 21C,
and FIG. 22 to FIG. 24.

[0188] For “L(x, y)” and “R(x, y)” to acquire the second
coefficient distribution, three cases shown in FIGS. 21A,
21B, and 21C are conceivable. In a first case, data used to
calculate the second coefficient distribution by the calculating
unit 152 is data that is generated based on the “normal aper-
ture function in which a weight of a device in the center
portion is larger than a weight of'a device at the end portion of
the reception aperture”. For example, the acquiring unit 151
acquires B-mode image data “I,_Norm(x, y)” and “R_Norm
(X, y)” that are acquired by the normal apodization using the
aperture function of the hamming window, as “L(x, y)”” and
“R(x,y)” as shownin FIG. 21A. The calculating unit 152 then
calculates the second coefficient distribution from mean
image data of “L_Norm(x, y)” and “R_Norm(x, y)”.

[0189] A reason why data acquired by the normal apodiza-
tion when deflected rightward and leftward can be used as
input sources of the second coefficient distribution as the first
case is explained using FIG. 22 and FIG. 23. FIG. 22 and FIG.
23 indicate a result of imaging a phantom covered with water
on a surface thereof with deflection angles in three directions
of a front direction and right and left directions to acquire a
B-mode image of THI including a specular reverberation
component. “Center_norm” shown in FIG. 22 and FIG. 23 is
B-mode image data acquired by performing ultrasonic wave
transmission/reception in the front direction (deflection
angle: 0 degrees), and by performing the normal apodization
applying the aperture function of the hamming window as the
normal aperture function.

[0190] Furthermore, “Right_norm” shown in FIG. 22 is
B-mode image data acquired by performing ultrasonic wave
transmission/reception in the right direction, and by perform-
ing the normal apodization applying the aperture function of
the hamming window as the normal aperture function. More-
over, “Left_norm” shown in FIG. 22 is B-mode image data
acquired by performing ultrasonic wave transmission/recep-
tion in the left direction, and by performing the normal
apodization applying the aperture function of the hamming
window as the normal aperture function. Furthermore,
“Right_inv”” shown in FIG. 23 is B-mode image data acquired
by performing ultrasonic wave transmission/reception in the
right direction, and by performing the inverse apodization
applying the aperture function in which the center portion is
zero as the inverse aperture function. Moreover, “Left_inv”
shown in FIG. 23 is B-mode image data acquired by perform-
ing ultrasonic wave transmission/reception in the left direc-
tion, and by performing the inverse apodization applying the
aperture function in which the center portion is zero as the
inverse aperture function. That is, “Right_inv” and “Left_
inv” shown in FIG. 23 are image data that are acquired by the
fixed apodization.

[0191] In one example shown in FIG. 22 and FIG. 23, a
surface of the phantom is slightly inclined toward an upper
right direction. Therefore, it is shown that the inclination at
which reverberation echoes are displayed of a reflected wave
of a single reverberation and a reflected wave of a double
reverberation between the phantom surface and the probe
surface increases as the depth increases with elongation of
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respective paths (propagation distance of echoes). When
“Right_norm” and “Left_norm” are compared, the reverbera-
tion component is smaller in “Left_norm”. Particularly, in
“Left_norm”, the double reverberation echo shown at a deep
portion of the “Right_norm” is reduced to the extent that it is
hardly observed. This is caused by a fact that a position at
which phases of reverberation components are matched is
shifted toward a left end direction of the aperture a weight of
which is small in the normal aperture function with elonga-
tion of a path because the inclination of the phantom surface
and the direction of the deflection angle are opposite to each
other. Moreover, as for the double reverberation component,
it is regarded that a reception position of the double rever-
beration echo falls outside the reception aperture, so that it is
not received, and therefore, it is not viewed. To the contrary,
in “Right_norm”, it is regarded that because the inclination of
the phantom surface and the direction of the deflection angle
are identical, the reverberation component is received inside
the reception aperture and the reverberation component
becomes relatively large. However, a reverberation artifact of
“Right_norm” is reduced lower than “Center_norm”.

[0192] On the other hand, when “Right_inv” and “Left_
inv” shown in FI1G. 23 and “Left_norm” and “Right_norm”
shown in FIG. 22 are compared, it is shown that an image in
the inverse apodization has a larger reverberation echo than an
image in the normal apodization both when deflected right-
ward and deflected leftward. This is because a region in which
phases of reverberation components match is shifted from the
aperture center portion at which the weight is zero due to
rightward and leftward deflection, the component is received
in a region of the end portion having a weight. Furthermore,
as shown in FIG. 23, also in the inverse apodization, a rever-
beration component of “Right_inv” in which the inclination
of the phantom surface and the deflection angle are in the
same direction is larger than that of “Left_inv”. As described,
when deflected, and when the normal apodization by the
normal aperture function in which the weight at the aperture
end portion is smaller than the weight at the aperture center
portion is applied, a reverberation component is smaller than
that when the fixed inverse apodization is applied.

[0193] Therefore, in terms of simplification of processing,
it is preferable that an input source to acquire the second
coefficient distribution be acquired by the normal apodiza-
tion.

[0194] The second case is explained. In the second case,
data used to calculate the second coefficient distribution by
the calculating unit 152 is data that is generated based on the
inverse aperture function. Specifically, in the second case,
data used to calculate the second coefficient distribution by
the calculating unit 152 is data that is generated based on the
shifted inverse aperture-function explained in the second
embodiment. For example, the acquiring unit 151 acquires
B-mode image data “I_Inv(x, y)” and “R_Inv(x, y)” that are
acquired by the shifted inverse apodization using the shifted
aperture function, as “L(x, y)” and “R(x, y)” as shown in FIG.
21B. The calculating unit 152 then calculates the second
coefficient distribution from mean image data of “L_Inv(x,
y)” and “R_Inv(x, y)”.

[0195] As explained in the second embodiment, by per-
forming the shifted inverse apodization based on a direction
of ultrasonic wave transmission/reception, the multiplex
reducing effect can be obtained even when deflected. There-
fore, in the second case, by using data acquired in the shifted
inverse apodization as the data to calculate the second coef-
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ficient distribution, the second coefficient distribution that
enables to preferably reduce a reverberation component of the
center image data can be acquired. The shifted inverse
apodization used in the second case may be either of the first
pattern or of the second pattern.

[0196] The third case is explained. In the third case, data
used to calculate the second coefficient distribution by the
calculating unit 152 is data that is acquired by multiplying the
first coefficient distribution. For example, in the third case,
the calculating unit 152 calculates the first coefficient distri-
bution from “L_Inv(x, y)” that is acquired by the shifted
inverse apodization, and the multiplying unit 153 multiplies
“L_Norm(x, y)” by the first coefficient distribution, and the
acquiring unit 151 acquires “OL_N(x, y)” that is output data
of the multiplying unit 153 as shown in FIG. 21C. Moreover,
for example, the calculating unit 152 calculates the first coef-
ficient distribution from “R_Inv(x, y)” that is acquired by the
shifted inverse apodization, and the multiplying unit 153
multiplies “R_Norm(x, y)” by the first coefficient distribu-
tion, and the acquiring unit 151 acquires “OR_N(x, y)” that is
output data of the multiplying unit 153 as shown in FIG. 21C.
Subsequently, the calculating unit 152 calculate the second
coefficient distribution from mean image data of “OL_N(x,
y)” and “OR_N(x, y)”. The shifted inverse apodization used
in the third case may be either of the first pattern or of the
second pattern explained in the second embodiment. Further-
more, the normal apodization used in the second case may be
performed using the shifted normal aperture-function
explained in the second embodiment.

[0197] In the third case, by using output data obtained as a
result of multiplication of the first coefficient distribution that
is acquired by the shifted inverse apodization and the normal
apodization as data used to calculate the second coefficient
distribution, it is possible to acquire the second coefficient
distribution that enables to reduce a reverberation component
of the center image data.

[0198] FIG. 24 indicates a result when the first case
described above is applied. FIG. 24 shows a result of imaging
a phantom covered with water on a surface thereof in a state
in which the phantom surface is slightly inclined toward an
upper right direction to acquire a B-mode image of THI
including a specular reverberation component. “Comp3”
shown in FIG. 24 is an image obtained by compounding
“Norm(x, y)”, “L_Norm(x, y)”, and “R_Norm(x, y)” in three
directions, for example, by signal averaging. Furthermore,
“Center_norm” shown in FIG. 24 is “Norm(x, y)”’. Moreover,
“Cof2*DA_cof” shown in FIG. 24 is output image by the first
case.

[0199] As shown in FIG. 24, in “Norm(x, y)” indicated by
“Center_norm”, the granularity of speckles is clear, and wires
indicated by white ovals are precisely drawn, and the lateral
resolution is high. On the other hand, in “Comp3” that is
acquired by conventional compounding, although a rever-
beration component is lowest, the granularity of speckles is
deteriorated, and the wires are drawn thick, and the lateral
resolution is degraded. Furthermore, in “Cof2*DA_cof” that
is acquired by processing of the present embodiment, a rever-
beration component is reduced compared to “Norm(x, y)”,
and the width of drawn wire is equivalent to “Norm(x, y)”.
Moreover, the granularity of speckles is also close to “Norm
(%, y)” in “Cof2*DA_cof” compared to “Comp3”.

[0200] In the above, a representative example in which a
coefficient distribution is calculated using mean image data of
left-deflected image data and right-deflected image data of
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either case out of the first case to the third case, applying three
directions (+8 degrees, 0 degrees) as the deflection angles has
been given. Note that “inclined deflected image data” to cal-
culate the second coefficient distribution that enables to
reduce reverberation independently of the first coefficient
distribution may be deflected image data deflected in either
one direction of right or left. For example, the calculating unit
152 may calculate the second coefficient distribution “cof2(x,
v)” by substituting “L(x, y)” into Equation 2.

[0201] However, a structure to be a reverberation source
inside a scanning region of the subject P can be inclined, for
example, relative to the direction of arrangement of transduc-
ers. Accordingly, to obtain a robust reverberation reducing
effect using the second coefficient distribution, it is preferable
that the mean image data of the left-deflected image data and
the right-deflected image data be used as described above. As
shown in FIG. 20, for mean image data of a left side region
other than a overlapped region, left-deflected image data is
used, and for mean image data of a right side region other than
the overlapped region, right-deflected image data is used, and
even in such a case, by a synergistic effect of the first coeffi-
cient distribution and the second coefficient distribution, out-
put image data in which reverberation is reduced and the
lateral resolution and the sensitivity are maintained can be
acquired.

[0202] Furthermore, in the third embodiment, the number
of directions of the deflection angles may be increased to five
or seven. In such a case, “(a): a method of increasing the
number of addition direction of mean image data, “(b): a
method of using image data obtained by performing com-
pounding processing (for example, weighting processing) on
multiple pieces of image data including front image data as
the center image data”, and “(c): a method of combining (a)
and (b) can be performed.

[0203] One example in which the above method is applied
when the number of direction is “seven” is explained using
FIGS. 25A, 25B, 25C, and 25D. In FIG. 25A, image data in
seven directions generated by frame sequence of deflection
angles “+8, degrees, +08, degrees, +0 degrees, 0 degrees, -0
degrees, -0, degrees, -0, degrees (0,>0,>0)” are indicated as
“L2,L1,L0,C,R0,R1, R2”.

[0204] Insuch acase, for example, the calculating unit 152
or the image generating unit 14 generates mean image data
from six pieces of image data of “L.2, L1, L0, R0, R1, R2”, to
calculate the second coefficient distribution as shown in FIG.
25B. In such a case, the multiplying unit 153 multiplies “C”
by the first coefficient distribution and the second coefficient
distribution.

[0205] Alternatively, for example, the multiplying unit 153
or the image generating unit 14 performs weighting addition
on “L0, C, R0” as shown in FIG. 25C, to generate center
image data. Moreover, for example, the calculating unit 152
or the image generating unit 14 generates mean image data
from “L2, L1, R1,R2” as shown in FIG. 25C, to calculate the
second coefficient distribution.

[0206] Alternatively, image data used for mean image data
may be used also for the center image data. For example, the
multiplying unit 153 or the image generating unit 14 performs
weighting addition on “L1, L0, C, R0, R1” to generate the
center image data as shown in FIG. 25D. Furthermore, for
example the calculating unit 152 or the image generating unit
14 generates mean image data from “L2, L1, R1, R2”, to
calculate the second coefficient distribution as shown in FIG.
25D. Also when these application examples are performed,
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by a synergistic effect of the first coefficient distribution and
the second coefficient distribution, output image data in
which reverberation is reduced and the lateral resolution and
the sensitivity are maintained can be acquired.

[0207] Note that the frame rate does not change from that at
normal scanning of normal B-mode scanning even in the
conventional method in which compounding processing is
performed by frame sequence, or in the method according to
the third embodiment in which multiplication processing
using the first coefficient distribution and the second coeffi-
cient distribution is performed by frame sequence. However,
in both of the methods, because the corresponding number of
frames to the number of directions are used for processing,
the responsivity in change of images to movement of the
ultrasound probe 1, movement of the subject P caused by
respiration, and the like is tend to be degraded as the number
of directions increases. On the other hand, in both of the
methods, the reverberation reducing effect becomes higher as
the number of directions increases.

[0208] Accordingly, in the method according to the third
embodiment, a tradeoff between the responsivity and the
reverberation reducing effect occurs according to the set
number of directions. Therefore, it is preferable, in the third
embodiment, that candidate sets of the number of directions
be prepared in advance so that setting of “the overall number
of directions” and “the number of directions used for genera-
tion processing of mean image data and the number of direc-
tions used for generation processing of center image data” is
configurable by an operator according to a use. In such a case,
an operator selects a desirable setting from candidate sets
displayed, for example, on GUI.

[0209] As described above, in the third embodiment, for
example, the second coefficient distribution is acquired from
deflected image data acquired by frame sequence, and data
that is obtained by multiplying front image data without
deflection acquired by frame sequence by the first coefficient
distribution and the second coefficient distribution is output
as B-mode image data. Thus, in the third embodiment, it is
possible to acquire a higher quality image in which reverbera-
tion is further reduced than images acquired in the first
embodiment and the second embodiment.

[0210] Inthe third embodiment, as a modification, data that
is obtained by compounding “image data with multiple
deflection angles acquired by multiplication processing with
the first coefficient distribution” explained in the third case
may be acquired as an output image. For example, in the third
embodiment, as a modification, data obtained by compound-
ing “OL_N(x, y)” and “OR_N(x, y)” used in the third case
and “O_N(x, y)” that is acquired in the first embodiment and
the second embodiment by signal averaging or weighting
addition may be acquired as an output image. In a compound
image in this modification, although the lateral resolution and
the granularity of speckles are degraded by the compounding
processing, a reverberation component is reduced by the mul-
tiplication processing with the first coefficient distribution.

Fourth Embodiment

[0211] Inthe fourthembodiment, a case in which the rever-
beration reducing effect is further enhanced by using a third
coefficient distribution that is independently acquired of the
first coefficient distribution “cof1(x, y)” explained in the first
embodiment or the second embodiment is explained using
FIG. 26 A to FIG. 26D, and the like. FIG. 26 A to FIG. 26D are
diagrams for explaining the fourth embodiment.

Nov. 12,2015

[0212] The acquiring unit 151 according to the fourth
embodiment further acquires a reception signal group that is
constituted of reception signals with various deflection angles
generated by ultrasonic scanning including a deflection angle
of a predetermined direction (that is, the deflection angle of 0
degrees) in which deflection angles in ultrasonic wave trans-
mission/reception are varied among rates and that is per-
formed to acquire multiple reception signals explained in the
first embodiment or the second embodiment. That is, in the
fourth embodiment, ultrasonic scanning in which deflection
angles are varied by the rate sequence explained using FIG.
3B is performed.

[0213] The calculating unit 152 according to the fourth
embodiment further calculates a third coefficient (third coef-
ficient distribution) using at least one reception signal with a
deflection angle in a direction other than the predetermined
direction from the reception signal group. Subsequently, the
multiplying unit 153 according to the fourth embodiment
multiplies a reception signal with the deflection angle of the
predetermined direction, or a signal that is obtained by com-
pounding reception signals of respective deflection angles of
multiple directions including the predetermined direction by
the first coefficient and the third coefficient (the first coeffi-
cient distribution and the third coefficient distribution). Pro-
cessing explained below is applicable to various kinds of
signals (an RF signal, an IQ signal, an amplitude signal, and
an image signal) that are regarded as reception signals in the
first embodiment.

[0214] In the rate sequence, to acquire a signal of a single
reception scan line, ultrasonic wave transmission/reception
with various deflection angles relative to a direction of this
reception scan line as the center is performed more than once.
For example, by control of the control unit 18, the transceiv-
ing unit 11 causes the ultrasound probe 1 to perform ultra-
sonic wave transmission/reception in three directions (deflec-
tion angles: 0 degrees, +0 degrees, -0 degrees) in a rate unit.
Thus, three reception signals with different deflection angles
are acquired. The predetermined direction described above is
the direction of the deflection angle of “0 degrees”. The
direction of the deflection angle of “0 degrees™ is a direction
to acquire “0_N(x, y)” explained in the first embodiment.
Subsequently, the acquiring unit 151 acquires these three
reception signals.

[0215] “Lr(d)” and “Rr(d)” shown in FIG. 26A are a lefi-
deflected reception signal and a right-deflected reception sig-
nal in which a reverberation component is reduced by
inclined transmission and reception. Moreover, “Cr(d)”
shown in FIG. 26 A is areception signal in the direction of the
deflection angle of “0 degrees”, and is a front signal (center
signal) that enables to acquire an image with high lateral
resolution and sensitivity but has a possibility that a rever-
beration component is included more than the left-deflected
reception signal and the right-deflected reception signal.
“(d)” indicates a position in a depth direction (direction of a
reception scan line) in a reception signal.

[0216] InFIGS.26A, 26B, 26C, and 26D, a reception sig-
nal that is finally acquired from a reception signal of the
deflection angle of 0 degrees by the first coefficient distribu-
tion in the normal/inverse apodization is “Cr(d)”. That is,
“Cr(d)” 1s a reception signal that is obtained by dividing a
reception signal with the deflection degree of “Odegrees” into
two systems, and by multiplying a reception signal that is
obtained from a system of the normal apodization by the first
coefficient distribution that is calculated from a reception
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signal obtained in the system of the inverse apodization.
When cofl(x, y) is acquired in the fourth embodiment. as an
exponentiation value “c” described above, it is preferable that
avalue of about Vs to ¥s, which is half of about V4 to 14, be set.
[0217] In FIGS. 26B, 26C, and 26D, a case in which the
calculating unit 152 calculates a third coefficient distribution
with “Lr(d)” and “Rr(d)” as subjects of processing, and the
multiplying unit 153 multiplies “Cr(d)” by the third coeffi-
cient distribution is exemplified. The processing of multiply-
ing “Cr(d)” by the third coefficient distribution is equivalent
to the processing of multiplying a reception signal that is
acquired in the system of the normal apodization at the deflec-
tion angle of “0 degrees” by the first coefficient distribution
and the third coefficient distribution.

[0218] As for “Lr(d)” and “Rr(d)” that are input data to
calculate the third coefficient distribution, it is effective to
select data in which occurrence of multiplexing is small. The
three cases explained in the third embodiment can be applied,
when determining what kind of data is to be selected as
“Lr(d)” and “Rr(d)”. That is, in the first case according to the
fourth embodiment, data that is generated based on the nor-
mal aperture function is used as the data (“Lr(d)” and “Rr(d)”)
used to calculated the third coefficient distribution by the
calculating unit 152. Moreover, in the second case according
to the fourth embodiment, data that is generated based on the
shifted inverse aperture-function explained in the second
embodiment is used as the data (“Lr(d)” and “Rr(d)”") used to
calculated the third coefficient distribution by the calculating
unit 152. Furthermore, in the third case according to the
fourth embodiment, data that is acquired by performing mul-
tiplication processing of the first coefficient distribution to
which the normal apodization and the shifted inverse
apodization are applied n is used as the data (“Lr(d)” and
“Rr(d)”) to used calculated the third coefficient distribution
by the calculating unit 152.

[0219] Moreover, also in the fourth embodiment, it is pref-
erable that at least data that is used for calculation of the third
coefficient distribution by the calculating unit 152 is prefer-
able to be data for which a non-linear component is extracted
to prevent mixing of side lobe components. In such a case,
also data to which the multiplying unit 153 multiplies by the
third coefficient distribution is preferable to be data for which
a non-linear component is extracted in terms of a circuit
configuration.

[0220] When the acquiring unit 151 acquires the data
described above, the calculating unit 152 acquires mean sig-
nal “Mr(d)” of “Lr(d)” and “Rr(d)” as shown in FIG. 26B.
Specifically, the calculating unit 152 acquires “Mr(d)” by
Equation 17 below.

Mr(d)=(Lr(d)+Rr(d))/2 17
[0221] The calculating unit 152 then calculates the third
coefficient distribution/*cof3_r(d)” to be given to “Cr(d)” at
the depth direction “d” from the mean signal (Mr(d)*. Spe-

cifically, the calculating unit 152 calculates “cof3_r(d)” by
Equation 18 below.

cof3_x(d) = (Mr(d) ] B3)% } (13)
(Where when Mr(d) > 3. cof 3_r(d) = 1.0)

[0222] In above Equation 18, it is defined that an “a3-th
power” of a value that is obtained by dividing Mr(d) by “B3”
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is “cof3_r(d)”. Moreover, in above Equation 18, it is defined
that when a value obtained by dividing Mr(d) by “$3”is larger
than “1”, “cof3_r(d)” is “1”. “a3, 3" are values set in
advanced as explained in the first embodiment and the third
embodiment. Specifically, “B3” signifies an upper level of an
output reception signal, and is set to a level equal to or lower
than the maximum value “max” of a reception signal. It is
preferable that “B3” be set to a level of about 70% to 80% of
“max”. Furthermore, it is preferable that “c3” be set to a value
of about ¥ to ¥ as indicated in the third embodiment. An
advantage of calculating the third coefficient distribution
using a function including an arithmetic processing in which
the calculating unit 152 exponentiates an input value as in
Equation 18 is similar to the reason explained in the calcula-
tion processing of the first coefficient distribution “cofl(x,
y)”.

[0223] Subsequently. the multiplying unit 153 multiplies
“Cr(d)” by the third coefficient distribution “cof3_r(d)” as
shown in FIG. 26D, and outputs an output reception signal
“O_Cr(d)”. Specifically, the multiplying unit 153 performs
arithmetic processing of Equation 19 below.

O_CHd)=Cr(d)*cof3_H(d) (19)

[0224] The data processing unit 15 performs the above
processing for all of reception scan lines, to output an output
reception signal of one frame. By control of the control unit
18, the image generating unit 14 generates output image data
from an output reception-signal group of one frame. The
monitor 2 displays output image data by control of the control
unit 18. The output image data is to be high quality image data
in which reverberation is reduced and the lateral resolution
and the sensitivity are maintained by a synergistic effect of the
first coefficient distribution and the third coefficient distribu-
tion. Also in the fourth embodiment, the control unit 18 may
compensate, using a predetermined LUT, the display
dynamic range and the gain at the time of displaying output
image data so that image data on which the multiplication
processing is not performed and the display dynamic range
and the gain on appearance are equivalent.

[0225] In the fourth embodiment also, as explained in the
third embodiment, one inclined reception signal (for
example, “Lr(d)”) may be used to calculate the coefficient
distribution. Furthermore, also in the fourth embodiment, as
explained in the third embodiment, the number of directions
of deflection angle may be increased to five or seven.

[0226] One example of processing performed when the
number of direction is “seven” is explained. In the following,
image data in seven directions generated by frame sequence
of deflection angles “+0, degrees, +0, degrees, +0 degrees, 0
degrees, -0 degrees, -0, degrees, —0, degrees (6,>6,>0)" are
indicated as “Lr2, Lr1, Lr0, Cr, Rr0, Rr1, Rr2”.

[0227] Insuchacase, for example, the calculating unit 152
generates mean signal from six reception signals of “Lr2, Lrl,
Lr0, Rr0, Rr1, Rr2”, to calculate the third coefficient distri-
bution. In such a case, the multiplying unit 153 multiplies
“Cr” by the third coefficient distribution.

[0228] Alternatively, for example, the multiplying unit 153
performs weighting addition on “Lr0, Cr, Rr0”, to generate a
center signal. Moreover, for example, the calculating unit 152
generates a mean signal from “Lr2, Lr1, Rrl, Rr2”, to calcu-
late the third coefficient distribution.

[0229] Alternatively, for example, the multiplying unit 153
performs weighting addition on “Lr1, Lr0, Cr, Rr0, Rr1”, to
generate a center signal. Furthermore, for example, the cal-
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culating unit 152 generates a mean signal from “Lr2, Lrl,
Rrl1, Rr2”, to calculate the third coefficient distribution. Also
when these application examples are performed, by a syner-
gistic effect of the first coefficient distribution and the third
coefficient distribution, it is possible to acquire an output
reception signal enabling to generate output image data in
which a reverberation component is reduced and the lateral
resolution and the sensitivity are maintained.

[0230] When the above application examples are per-
formed, in the fourth embodiment, similarly to the third
embodiment, it is preferable that candidate sets of the number
of directions be prepared in advance so that setting of “the
overall number of directions™ and “the number of directions
used for generation processing of a mean signal and the
number of directions used for generation processing of a
center signal” is configurable by an operator according to a
use.

[0231] As described above, in the fourth embodiment, by
performing the multiplication processing using the first coef-
ficient distribution and the third coefficient distribution, it is
possible to acquire a higher quality image in which reverbera-
tion is further reduced than images acquired in the method in
which the spatial compounding among rates explained in
using F1G. 3B is performed, or in the first embodiment and the
second embodiment.

[0232] In the fourth embodiment, similarly to the modifi-
cation of the third embodiment, an output image may be
acquired by data obtained by compounding “reception sig-
nals with multiple deflection angles acquired by multiplica-
tion processing with the first coefficient distribution” of the
third case.

Fifth Embodiment

[0233] In the fifth embodiment, a case in which the rever-
beration reducing effect is further enhanced by using a fourth
coefficient distribution that is independently acquired of the
first coefficient distribution “cofl(x, y)” explained in the first
embodiment or the second embodiment is explained using
FIG. 27A to FIG. 27D, and the like. FIG. 27A to FIG. 27D are
diagrams for explaining the fifth embodiment.

[0234] The acquiring unit 151 according to the fifth
embodiment further acquires a simultaneous reception-signal
group that is constituted of simultaneous reception signals
with various deflection angles including a deflection angle of
generated by ultrasonic scanning in which reflected waves of
reception deflection angles are received by parallel simulta-
neous reception for transmission ultrasonic waves, and that is
ultrasonic scanning in which a predetermined direction (that
is, the deflection angle of 0 degrees) is included in the recep-
tion deflection angles performed to acquire multiple recep-
tion signals explained in the first embodiment or the second
embodiment. That is, in the fifth embodiment, ultrasonic
scanning in which deflection angles are varied in the parallel
simultaneous reception explained using FIG. 3A is per-
formed.

[0235] The calculating unit 152 according to the fifth
embodiment further calculates a fourth coefficient (fourth
coefficient distribution) using at least one simultaneous
reception signal with a deflection angle in a direction other
than the predetermined direction from the simultaneous
reception signal group. Subsequently, the multiplying unit
153 according to the fifth embodiment multiplies a simulta-
neous reception signal with the deflection angle of the prede-
termined direction, or a signal that is obtained by compound-
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ing simultaneous reception signals of respective deflection
angles of multiple directions including the predetermined
direction by the first coefficient and the fourth coefficient (the
first coefficient distribution and the fourth coefficient distri-
bution). Processing explained below is applicable to various
kinds of signals (an RF signal, an IQ signal, an amplitude
signal, and an image signal) that are regarded as reception
signals in the first embodiment.

[0236] In parallel simultaneous reception, when acquiring
a signal of a single reception scan line, multiple reception
signals (simultaneous reception signals) reception with vari-
ous deflection angles relative to a direction of this reception
scan line as the center can be acquired simultaneously. There-
fore, in the fifth embodiment, by applying the processing
explained in the fourth embodiment to these multiple simul-
taneous reception signals, a signal in the direction of a recep-
tion scan line to be a final output is acquired.

[0237] For example, by control of the transceiving unit 11
through the control unit 18, the ultrasound probe 1 transmits
an ultrasonic beam in a direction of the deflection angle of “0
degrees”, and receives reflected waves of three directions
(deflection angles: 0 degrees, +6 degrees, -8 degrees) simul-
taneously. Thus, three simultaneous reception signals with
different deflection angles are acquired. The predetermined
direction described above is the direction of the deflection
angle of “0 degrees”, which is the direction of the reception
scan line. The direction of the deflection angle of “0 degrees”
is a direction to acquire “0_N(x, y)” explained in the first
embodiment. Subsequently, the acquiring unit 151 acquires
these three reception signals.

[0238] “Lp(d)” and “Rp(d)” shown in FIG. 27A are a lefi-
deflected simultaneous-reception signal and a right-deflected
simultaneous-reception signal in which a reverberation com-
ponent is reduced by inclined transmission and reception.
Moreover, “Cp(d)” shown in FIG. 27A is a simultaneous
reception signal in the direction of the deflection angle of <0
degrees”, and is a front signal (center signal) that enables to
acquire an image with high lateral resolution and sensitivity
but has a possibility that a reverberation component is
included more than the left-deflected simultaneous-reception
signal and the right-deflected simultaneous-reception signal.
“(d)” indicates a position in a depth direction (direction of a
reception scan line) in a simultaneous reception signal.
[0239] In FIGS. 27A to 27D, a reception signal that is
finally acquired from a simultaneous reception signal of the
deflection angle of 0 degrees by the first coefficient distribu-
tion in the normal/inverse apodization is “Cp(d)”. That is,
“Cp(d)” is a reception signal that is obtained by dividing a
simultaneous reception signal with the deflection degree of “0
degrees” into two systems, and by multiplying a reception
signal that is obtained from a system of the normal apodiza-
tion by the first coefficient distribution that is calculated from
a reception signal obtained in the system of the inverse
apodization. When cof1(x, y) is acquired in the fifth embodi-
ment, as an exponentiation value “o” described above, it is
preferable that a value of about Y to U, which is half of about
Va to V4, be set similarly to the third embodiment.

[0240] InFIGS.27Bto 27D, a case in which the calculating
unit 152 calculates the fourth coefficient distribution with
“Lp(d)” and “Rp(d)” as subjects of processing, and the mul-
tiplying unit 153 multiplies “Cp(d)” by the fourth coefficient
distribution is exemplified. The processing of multiplying
“Cp(d)” by the fourth coefficient distribution is equivalent to
the processing of multiplying a reception signal that is
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acquired in the system of'the normal apodization at the deflec-
tion angle of “0 degrees” by the first coefficient distribution
and the third coefficient distribution.

[0241] As for “Lp(d)” and “Rp(d)” that are input data to
calculate the fourth coefficient distribution, it is effective to
select data in which occurrence of multiplexing is small. The
three cases explained in the third embodiment can be applied
when determining what kind of data is to be selected as
“Lp(d)” and “Rp(d)”. That is, in the first case according to the
fifth embodiment, data that is generated based on the normal
aperture function is used as the data (“Lp(d)” and “Rp(d)”)
used to calculate the fourth coefficient distribution by the
calculating unit 152. Moreover, in the second case according
to the fifth embodiment, data that is generated based on the
shifted inverse aperture-function explained in the second
embodiment is used as the data (“Lp(d)”” and “Rp(d)”) used to
calculate the fourth coefficient distribution by the calculating
unit 152. Furthermore, in the third case according to the fifth
embodiment, data that is acquired by performing multiplica-
tion processing of the first coefficient distribution to which
the normal apodization and the shifted inverse apodization
are applied is used as the data (“Lp(d)” and “Rp(d)”) used to
calculate the third coefficient distribution by the calculating
unit 152.

[0242] Moreover, also in the fifth embodiment, it is prefer-
able that at least data that is used for calculation of the fourth
coefficient distribution by the calculating unit 152 is prefer-
able to be data for which a non-linear component is extracted
to prevent mixing of side lobe components. In such a case,
also data to which the multiplying unit 153 multiplies by the
third coefficient distribution is preferable to be data for which
a non-linear component is extracted in terms of a circuit
configuration.

[0243] When the acquiring unit 151 acquires the data
described above, the calculating unit 152 acquires mean sig-
nal “Mp(d)” of “Lp(d)” and “Rp(d)” as shown in FIG. 27B.
Specifically, the calculating unit 152 acquires “Mp(d)” by
Equation 20 below.

Mp(d)=(Lp(d)+Rp(d))/2 (20

[0244] The calculating unit 152 then calculates the fourth
coefficient distribution “cofd_p(d)” to be given to “Cp(d)” at
the depth direction “d” from the mean signal (Mp(d)*. Spe-
cifically, the calculating unit 152 calculates “cof4_p(d)” by
Equation 21 below.

cof4_p(d) = (Mp(d); pA™ } @b
(Where when Mp(d) > B4, cof4 p(d) = 1.0)

[0245] In above Equation 21, it is defined that an “o4-th
power” of a value that is obtained by dividing Mp(d) by “B4”
is “cofd_p(d)”. Moreover, in above Equation 21, it is defined
that when a value obtained by dividing Mp(d) by “p4” is
larger than “17, “cof4d_p(d)”is “17”. “04, p4” are values set in
advanced as explained in the first embodiment, the third
embodiment, and the fourth embodiment. Specifically, “f4”
signifies an upper level of an output reception signal, and is
set to a level equal to orlower than the maximum value “max”
of areception signal. It is preferable that “f4” be set to a level
of about 70% to 80% of “max”. Furthermore, it is preferable
that “a4” be set to a value of about 4 to ¥ as indicated in the
third embodiment. An advantage of calculating the fourth
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coefficient distribution using a function including an arith-
metic processing in which the calculating unit 152 exponen-
tiates an input value as in Equation 21 is similar to the reason
explained in the calculation processing of the first coefficient
distribution “cof1(x, y)”.

[0246] Subsequently. the multiplying unit 153 multiplies
“Cp(d)” by the fourth coefficient distribution as shown in
FIG. 27D, and outputs an output reception signal “0 Cp(d)”.
Specifically, the multiplying unit 153 performs arithmetic
processing of Equation 22 below.

O_Cp(d)=Cp(d)*cofs_p(d) 22

[0247] The data processing unit 15 performs the above
processing for all of reception scan lines, to output an output
reception signal of one frame. By control of the control unit
18, the image generating unit 14 generates output image data
from an output reception-signal group of one frame. The
monitor 2 displays output image data by control of the control
unit 18. The output image data is to be a high quality image in
which reverberation is reduced and the lateral resolution and
the sensitivity are maintained by a synergistic effect of the
first coefficient distribution and the fourth coefficient distri-
bution. Also in the fifth embodiment, the control unit 18 may
compensate, using a predetermined LUT, the display
dynamic range and the gain at the time of displaying output
image data so that image data on which the multiplication
processing is not performed and the display dynamic range
and the gain on appearance are equivalent.

[0248] In the fifth embodiment also, as explained in the
third embodiment and the fourth embodiment, one inclined
reception signal (for example, “Lp(d)”’) may be used to cal-
culate the coefficient distribution. Furthermore, also in the
fifth embodiment, as explained in the third embodiment and
the fourth embodiment, the number of directions of deflection
angles may be increased to five or seven.

[0249] One example of processing performed when the
number of directions is “seven”is explained. In the following,
simultaneous reception signals in seven directions of deflec-
tion angles “+6, degrees, +6, degrees, +0 degrees, 0 degrees,
-0 degrees, -0, degrees, —0, degrees (0,>0,>0)” are indi-
cated as “Lp2, Lpl, Lp0, Cp, Rp0, Rp1, Rp2”.

[0250] Insuchacase, for example, the calculating unit 152
generates a mean signal from six simultaneous reception
signals of “Lp2, Lpl, Lp0, Rp0, Rp1, Rp2”, to calculate the
fourth coefficient distribution.

[0251] Alternatively, for example, the multiplying unit 153
performs weighting addition on “Lp0, Cp, Rp0”, to generate
a center signal. Moreover, for example, the calculating unit
152 generates a mean signal from “Lp2, Lp1, Rpl, Rp2”, to
calculate the fourth coefficient distribution.

[0252] Alternatively, for example, the multiplying unit 153
performs weighting addition on “Lp1, Lp0, Cp, Rp0, Rp1”, to
generate a center signal. Furthermore, for example, the cal-
culating unit 152 generates a mean signal from “Lp2, Lpl1,
Rpl, Rp2”, to calculate the fourth coefficient distribution.
Also when these application examples are performed, by a
synergistic effect of the first coefficient distribution and the
fourth coefficient distribution, it is possible to acquire an
output reception signal that enables to generate output image
data in which reverberation is reduced and the lateral resolu-
tion and the sensitivity are maintained.

[0253] When the above application examples are per-
formed, in the fifth embodiment, similarly to the third
embodiment and the fourth embodiment, it is preferable that
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candidate sets of the number of directions be prepared in
advance so that setting of “the overall number of directions”
and “the number of directions used for generation processing
of a mean signal and the number of directions used for gen-
eration processing of a center signal” is configurable by an
operator according to a use.

[0254] As described above, in the fifth embodiment, by
performing the multiplication processing using the first coef-
ficient distribution and the fourth coefficient distribution, it is
possible to acquire a higher quality image in which reverbera-
tion is further reduced than images acquired in the conven-
tional method in which the spatial compounding is performed
by parallel simultaneous reception, or in the first embodiment
and the second embodiment.

[0255] In the fifth embodiment, similarly to the modifica-
tions of the third embodiment and the fourth embodiment, an
output image may be acquired by data obtained by com-
pounding “reception signals with multiple deflection angles
acquired by multiplication processing with the first coeffi-
cient distribution” of the third case.

Sixth Embodiment

[0256] In a sixth embodiment, a case in which processing
explained in the third embodiment to the fifth embodiment is
combined to be performed is explained.

[0257] That is, in the scan mode of frame sequence
explained in the third embodiment (hereinafter, first scan
mode), a scan mode of rate sequence explained in the fourth
embodiment (hereinafter, second scan mode), and a scan
mode of parallel simultaneous reception explained in the fifth
embodiment (hereinafter, third scan mode), each of deflection
angles can be set independently. Therefore, the operation
explained in the third embodiment to the fifth embodiment
canbe arbitrarily combined with the processing using the first
coefficient distribution explained in the first and the second
embodiments. This enables to achieve both the multiplex
reducing effect and maintenance the lateral resolution and the
sensitivity.

[0258] Moreover, when atleasttwo out of the three kinds of
scan modes are combined to be used, multiplication process-
ing using a coefficient distribution acquired in each mode is
performed at least in one of the scan modes, and a conven-
tional method (compounding processing) may be performed
in the rest of the scan mode. This also enables to achieve both
the multiplex reducing effect and maintenance the lateral
resolution and the sensitivity.

[0259] Therefore, for example, an ultrasonography appara-
tus according to the sixth embodiment is configured as below.
The acquiring unit 151 according to the sixth embodiment has
a function of acquiring the image data group explained in the
third embodiment, the reception signal group explained in the
fourth embodiment, and the simultaneous reception-signal
group explained in the fifth embodiment, in addition to the
data acquiring function explained in the first embodiment.
[0260] Furthermore, for example, the calculating unit 152
according to the sixth embodiment has a function of calcu-
lating the first coefficient distribution to the fourth coefficient
distribution. Moreover, for example, the multiplying unit 153
according to the sixth embodiment has a multiplication func-
tion using the first coefficient distribution to the fourth coef-
ficient distribution.

[0261] The control unit 18 according to the sixth embodi-
ment controls to perform, when at least two out of the first
scanmode, the second scan mode, and the third scan mode are
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used in combination, multiplication processing using a cor-
responding coefficient distribution and the first coefficient
distribution on at least one data group out of multiple data
groups that are acquired by the executed scan modes. Fur-
thermore, the control unit 18 according to the sixth embodi-
ment controls to perform, when a data group on which the
multiplication processing is not performed is present, com-
pounding processing on the data group. The control unit 18
according to the sixth embodiment causes the monitor 2 to
display ultrasonic image data output by these control process-
ing.

[0262] Processing performed in the sixth embodiment is
explained below using FIG. 28 to FIG. 31. FIG. 28 to FIG. 31
are diagrams for explaining the sixth embodiment. Combina-
tion of scan modes and selection of processing in each scan
mode are performed by various forms, such as a case in which
an operator sets, and a case in which an operator selects from
presets initially set. In the following, multiplication process-
ing using a coefficient distribution other than the first coeffi-
cient distribution, and the first coefficient distribution is indi-
cated as “M”, and conventional compounding processing is
indicated as “C”.

[0263] First, a case in which the first scan mode and the
second scan mode are used in combination is explained using
FIG. 28. FIG. 28 shows a case in which three directions are set
as deflection angles of entire image data in the first scan mode,
and three transmission/reception directions are set when a
reception signal of a single reception scan line in image data
of respective directions is acquired in the second scan mode.
When the first scan mode and the second scan mode are used
in combination in the forms shown in FIG. 28, there are three
pattern: a case in which the processing is performed with “the
first scan mode: M, the second scan mode: M”, a case in
which the processing is performed with “the first scan mode:
M, the second scan mode: C”, and a case in which the pro-
cessing is performed with “the first scan mode: C, the second
scan mode: M”,

[0264] Next, a case in which the first scan mode and the
third scan mode are used in combination is explained using
FIG. 29.FIG. 29 shows a case in which three directions are set
as deflection angles of entire image data in the first scan mode,
and three simultaneous reception directions are set when a
reception signal of a single reception scan line in image data
of respective directions is acquired in the third scan mode.
When the first scan mode and the third scan mode are used in
combination in the forms shown in FIG. 29, there are three
patterns: a case in which the processing is performed with
“the first scan mode: M, the third scan mode: M”, a case in
which the processing is performed with “the first scan mode:
M, the third scan mode: C”, and a case in which the process-
ing is performed with “the first scan mode: C, the third scan
mode: M”.

[0265] Next, a case in which the second scan mode and the
third scan mode are used in combination is explained using
FIG. 30. FIG. 30 shows a case in which three transmission/
reception directions are set when a reception signal ofa single
reception scan line in front image data of “0 degrees” in the
second scan mode, and it is set that simultaneous reception
signals deflected in three direction relative to each of these
three transmission/reception direction as center are acquired
in the third scan mode. When the second scan mode and the
third scan mode are used in combination in the forms shown
in FIG. 30, there are three patterns: a case in which the
processing is performed with “the second scan mode: M, the
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third scan mode: M”, a case in which the processing is per-
formed with “the second scan mode: M, the third scan mode:
C”, and a case in which the processing is performed with “the
second scan mode: C, the third scan mode: M”.

[0266] Next, a case in which the first scan mode, the second
scan mode, and the third scan mode are used in combination
is explained using FIG. 31. FIG. 31 shows a case in which
three directions are set as deflection angles of entire image
data in the first scan mode, and three transmission/reception
directions are set when a reception signal of a single reception
scan line in image data of respective directions is acquired in
the second scan mode. FIG. 31 further shows a case in which
it is set that simultaneous reception signals deflected in three
directions relative to each of the three transmission/reception
direction of the second scan mode as center are acquired in the
third scan mode.

[0267] When the first scan mode, the second scan mode,
and the third scan mode are used in combination in the forms
shown in FIG. 31, there are cases: a case in which the pro-
cessing is performed with “the first scan mode: M, the second
scan mode: M, the third scan mode: M”, a case in which the
processing is performed with “the first scan mode: M, the
second scan mode: M, the third scan mode: C”, a case in
which the processing is performed with “the first scan mode:
M, the second scan mode: C, the third scan mode: M”, a case
in which the processing is performed with “the first scan
mode: C, the second scan mode: M, the third scan mode: M”.
Furthermore, when the first scan mode, the second scan
mode, and the third scan mode are used in combination in the
forms shown in FIG. 31, there are cases: a case in which the
processing is performed with “the first scan mode: M, the
second scan mode: C, the third scan mode: C”, a case in which
the processing is performed with “the first scan mode: C, the
second scan mode: M, the third scan mode: C”, and a case in
which the processing is performed with “the first scan mode:
C, the second scan mode: C, the third scan mode: M”.
[0268] By performing either processing described above, it
is possible to acquire a high quality image in which rever-
beration is reduced, and the lateral resolution and the sensi-
tivity are maintained. The above is merely one example and,
for example, when the first scan mode, the second scan mode,
and the third scan mode are used in combination, seven direc-
tions may be set as deflection angles of entire image data in
the first scan mode, and five transmission/reception directions
may be set when a reception signal of a single reception scan
line in image data of respective directions is acquired in the
second scan mode, and it may be set that simultaneous recep-
tion signals deflected in further three directions relative to
each of the five transmission/reception direction of the sec-
ond scan mode as center are acquired in the third scan mode.
[0269] According to the sixth embodiment described
above, on the precondition that the first coefficient distribu-
tion is used, the flexibility in image quality setting by com-
bination of multiplication processing using various coeffi-
cient distributions other than the first coefficient distribution
can be increased according to a demand for the image quality
desired by an operator. Specifically, in the sixth embodiment,
setting of the image quality that is determined by which factor
is prioritized in the balance among the responsivity, the frame
rate, the spatial resolution (lateral resolution), the sensitivity,
and the reverberation component can be achieved by selecting
from among setting candidate sets by an operator.

[0270] In the third embodiment to the sixth embodiment
described above, a case in which a mean value of multiple
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directions is applied to an image signal having deflection or a
reception signal having deflection at calculation of various
coefficient distributions has been explained. However, in the
third embodiment to the sixth embodiment described above,
coefficient distributions can be calculated from a cross-cor-
relation value or a difference among signals of multiple direc-
tions, and the like.

[0271] Moreover, the ultrasonic imaging method explained
in the first embodiment to the sixth embodiment is applicable
not only to when two-dimensional ultrasonic image data is
imaged, but also to when volume data is imaged as a modifi-
cation.

[0272] For example, when a mechanical 4D probe is used
as the ultrasound probe 1, by compounding multiple tomo-
grams acquired by mechanically swinging a transducer
group, volume data is generated. In such a case, by designing
a normal aperture function and an inverse aperture function
for each tomogram, and by setting multiple directions with
various deflection angles for each tomogram when the third
embodiment to the sixth embodiment are combined to be
used, high quality volume data in which reverberation is
reduced and the lateral resolution and the sensitivity are main-
tained can be acquired.

[0273] Furthermore, for example, when a 2D array probe
that performs three-dimensional scanning is performed in
real time is used as the ultrasound probe 1, the ultrasonic
imaging method explained in the first embodiment to the sixth
embodiment is applicable. In such a case, by designing a
two-dimensional normal aperture function and a two-dimen-
sional inverse aperture function for normal apodization and
inverse apodization, and by setting multiple directions in two
dimension with various deflection angles also in depth direc-
tions in addition to horizontal directions on a surface on
which 2D array transducers are arranged (transducer surface)
when the third embodiment to the sixth embodiment are
combined to be used, high quality volume data in which
reverberation is reduced and the lateral resolution and the
sensitivity are maintained can be acquired. In addition, two-
dimensional image data that is generated from these volume
data is also a high quality image in which reverberation is
reduced and the lateral resolution and the sensitivity are main-
tained can be acquired.

[0274] Moreover, the ultrasonic imaging method explained
in the first embodiment to the sixth embodiment and the
modifications may be performed by a data processing appa-
ratus that is arranged independently of the ultrasonography
apparatus, and has functions of the data processing unit 15
and the control unit 18 described above.

[0275] Furthermore, among respective processing
explained in the first embodiment to the sixth embodiment
and the modifications, all or a part of processing that has been
explained as one autoratically performed may also be pet-
formed manually, or all or a part of processing that has been
explained as one manually performed may also be performed
automatically by a widely known method. In this case, the
processing procedures, the control procedures, the specific
names, and the information including various kinds of data
and parameters indicated in the above document and the
drawings can be changed arbitrarily unless otherwise speci-
fied.

[0276] Moreover, the illustrated respective components of
the respective devices are functionally conceptual, and it is
not necessarily required to be configured physically as illus-
trated. That is, specific forms of distribution and integration
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of the respective devices are not limited to ones illustrated,
and all or a part thereof can be distributed or integrated to be
configured functionally or physically in arbitrary units
according to various kinds of loads and use conditions. Fur-
thermore, as for the functions of processing performed in
respective devices, all or apart thereof can be implemented by
a central processing unit (CPU) and by a program that is
analyzed and executed the CPU, or can be implemented as
hardware by wired logic.

[0277] Moreover, the ultrasonic imaging method explained
in the first embodiment to the sixth embodiment and the
modifications can be implemented by executing an ultrasonic
imaging program that is prepared in advance by a computer
such as a personal computer and a workstation. This ultra-
sonic imaging method can be distributed through a network
such as the Internet. Furthermore, this ultrasonic imaging
method can be stored in a computer-readable recording
medium such as a hard disk, a flexible disk (FD), a compact-
disc read-only memory (CD-ROM), a magneto optical disk
(MO). and a digital versatile disk (DVD), and can be executed
by being read by a computer form the recording medium.
[0278] As explained above, according to the first embodi-
ment to the sixth embodiment and the modifications, a high
quality image in which reverberation is reduced and the lat-
eral resolution and the sensitivity are maintained can be
acquired.

[0279] 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 ultrasonography apparatus comprising:

an acquiring unit that acquires a plurality of reception
signals that are generated by assigning various kinds of
weights on a plurality of reflected wave signals occur-
ring at a reception aperture that is structured with a
plurality of devices included in an ultrasound probe, and
to which a delay according to a position in the reception
aperture is given, and by adding the weighted reflected
wave signals for respective kinds of the weights;

a calculating unit that calculates a coefficient correspond-
ing to each of a plurality of positions on a reception scan
line corresponding to the reception signals acquired by
the acquiring unit, based on any one of a signal value and
a pixel value that is a signal value or a pixel value based
on at least one reception signal among the reception
signals, and that corresponds to each of the positions;

amultiplying unit that multiplies any one of a signal value
and a pixel value based on at least one different reception
signal from the at least one reception signal out of the
reception signals acquired by the acquiring unit, and that
corresponds to each of the positions on the reception
scan line, by the coefficient to acquire output data; and

an image generating unit that generates ultrasonic image
data based on the output data acquired by the multiply-
ing unit.
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2. An ultrasonography apparatus comprising;

an acquiring unit that acquires a plurality of reception
signals that are generated by assigning various kinds of
weights on a plurality of reflected wave signals occur-
ring at a reception aperture that is structured with a
plurality of devices included in an ultrasound probe, and
to which a delay according to a position in the reception
aperture is given, and by adding the weighted reflected
wave signals for respective kinds of the weights;

a calculating unit that calculates a coefficient using at least
one reception signal among the reception signals
acquired by the acquiring unit;

a multiplying unit that multiplies at least one different
reception signal from the at least one reception signal
out of the reception signals acquired by the acquiring
unit by the coefficient to acquire output data; and

an image generating unit that generates ultrasonic image
data based on the output data acquired by the multiply-
ing unit.

3. The ultrasonography apparatus according to claim 2,

wherein

the plurality of kinds of weights are a plurality ofkinds of
aperture functions.

4. The ultrasonography apparatus according to claim 3,

wherein

areception signal that is used for calculation of the coeffi-
cient by the calculating unit is a reception signal that is
generated based on an inverse aperture function that is
an aperture function in which a weight of a region
including a reception position at which a reverberation
component is received at the reception aperture is
smaller than a weight of an outside of the region.

5. The ultrasonography apparatus according to claim 4,

wherein

the reception position at which the reverberation compo-
nent is received is a central position of the reception
aperture.

6. The ultrasonography apparatus according to claim 4,

further comprising

a control unit that calculates a reception position at which
the reverberation component is received based on a
direction of ultrasonic wave transmission/reception, and
on a direction of a subject causing reverberation, and
creates the inverse aperture function.

7. The ultrasonography apparatus according to claim 4,

further comprising

a control unit that calculates a reception position at which
the reverberation component is received based on a
direction of ultrasonic wave transmission/reception, on
a direction of a subject causing reverberation, and on a
depth of the subject, and creates the inverse aperture
function.

8. The ultrasonography apparatus according to claim 6,

wherein

the control unit estimates a direction of a subject causing
reverberation using the at least one reception signal, to
set the inverse aperture function.

9. The ultrasonography apparatus according to claim 7,

wherein

the control unit estimates a direction of a subject causing
reverberation using the at least one reception signal, to
set the inverse aperture function.

10. The ultrasonography apparatus according to claim 2,

wherein
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a reception signal that is used for calculation of the coeffi-
cient by the calculating unit is a reception signal for
which a non-linear component is extracted.

11. The ultrasonography apparatus according to claim 2,

wherein

the calculating unit calculates the coefficient using a func-
tion including arithmetic processing of exponentiating
an input value.

12. The ultrasonography apparatus according to claim 2,

wherein

areception signal acquired by the acquiring unit is any one
of a signal obtained by performing phasing addition on
signals including phase information, an amplitude sig-
nal that is obtained by performing phase detection on the
signal, and an image signal obtained by performing
logarithm compression on the amplitude signal.

13. The ultrasonography apparatus according to claim 2,

wherein

the acquiring unit further acquires an image data group that
is constituted of a plurality of pieces of ultrasonic image
data with various deflection angles, the ultrasonic image
data generated by ultrasonic scanning in which deflec-
tion angles in ultrasonic wave transmission/reception
are varied among frames and that is ultrasonic scanning
including a deflection angle ofa predetermined direction
performed to acquire the reception signals,

the calculating unit further calculates a second coefficient
using at least one ultrasonic image data with a deflection
angle in a direction other than the predetermined direc-
tion in the image data group, and

the multiplying unit multiplies any one of ultrasonic image
data of the deflection angle of the predetermined direc-
tion, and image data that is obtained by compounding
respective ultrasonic image data of deflection angles ofa
plurality of directions including the predetermined
direction, by the coefficient and the second coefficient.

14. The ultrasonography apparatus according to claim 2,

wherein

the acquiring unit further acquires a reception signal group
that is constituted of a plurality of reception signals with
various deflection angles, the reception signals gener-
ated by ultrasonic scanning in which deflection angles in
ultrasonic wave transmission/reception are varied
among rates and that is ultrasonic scanning including a
deflection angle of a predetermined direction performed
to acquire the reception signals,

the calculating unit further calculates a third coefficient
using at least one reception signal with a deflection angle
in a direction other than the predetermined direction in
the reception signal group, and

the multiplying unit multiplies any one of a reception sig-
nal of the deflection angle of the predetermined direc-
tion, and a signal that is obtained by compounding
respective reception signals of deflection angles of a
plurality of directions including the predetermined
direction, by the coefficient and the third coefficient.

15. The ultrasonography apparatus according to claim 2,

wherein

the acquiring unit further acquires a simultaneous recep-
tion-signal group that is constituted of a plurality of
simultaneous reception signals with various deflection
angles, the simultaneous reception signals generated by
ultrasonic scanning in which reflected waves of a plu-
rality of reception deflection angles are received by par-
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allel simultaneous reception for a transmission ultra-
sonic wave and that is ultrasonic scanning in which a
deflection angle of'a predetermined direction is included
in the reception deflection angles performed to acquire
the reception signals,
the calculating unit further calculates a fourth coefficient
using at least one simultaneous reception signal with a
deflection angle in a direction other than the predeter-
mined direction in the simultaneous reception-signal
group, and
the multiplying unit multiplies any one of a simultaneous
reception signal of the deflection angle of the predeter-
mined direction, and a signal that is obtained by com-
pounding respective simultaneous reception signals of
deflection angles of a plurality of directions including
the predetermined direction, by the coefficient and the
fourth coefficient.
16. The ultrasonography apparatus according to claim 13,
wherein
data used for calculation of the second coefficient by the
calculating unit is any one of data that is generated based
on a aperture function in which a weight at devices in a
central portion is larger than a weight at devices at an end
portion of the reception aperture, data that is generated
based on an inverse aperture function in which a weight
of a region including a reception position at which a
reverberation component is received at the reception
aperture is smaller than a weight of an outside of the
region, and data thatis acquired by multiplying the coef-
ficient.
17. The ultrasonography apparatus according to claim 14,
wherein
data used for calculation of the third coefficient by the
calculating unit is any one of data that is generated based
on a aperture function in which a weight at devices in a
central portion is larger than a weight at devices at an end
portion of the reception aperture, data that is generated
based on an inverse aperture function that is an aperture
function in which a weight of a region including a recep-
tion position at which a reverberation component is
received at the reception aperture is smaller than a
weight of an outside of the region, and data that is
acquired by multiplying the coefficient.
18. The ultrasonography apparatus according to claim 15,
wherein
data used for calculation of the fourth coefficient by the
calculating unit is any one of data that is generated based
on a aperture function in which a weight at devices in a
central portion is larger than a weight at devices at an end
portion of the reception aperture, data that is generated
based on an inverse aperture function that is an aperture
function in which a weight of a region including a recep-
tion position at which a reverberation component is
received at the reception aperture is smaller than a
weight of an outside of the region, and data that is
acquired by multiplying the coefficient.
19. The ultrasonography apparatus according to claim 13,
wherein
data that is used for calculation of a coefficient other than
the coefficient by the calculating unit is data for which a
non-linear component is extracted.
20. The ultrasonography apparatus according to claim 13,
wherein
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the calculating unit calculates a coefficient other than the
coefficient using a function including arithmetic pro-
cessing of exponentiating an input value.

21. An ultrasonic imaging method that is executed by a

computer, the method comprising:

acquiring a plurality of reception signals that are generated
by assigning various kinds of weights on a plurality of
reflected wave signals occurring at a reception aperture
that is structured with a plurality of devices included in
an ultrasound probe, and to which a delay according to a
position in the reception aperture is given, and by adding
the weighted reflected wave signals for respective kinds
of the weights;

calculating a coefficient using at least one reception signal
among the acquired reception signals;

multiplying at least one different reception signal from the
at least one reception signal out of the acquired reception
signals by the coefficient to acquire output data; and

generating ultrasonic image data based on the acquired
output data.
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