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ULTRASONIC DIAGNOSIS APPARATUS AND
IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2014-
023624, filed on Feb. 10, 2014, the entire contents of all of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to

an ultrasonic diagnosis apparatus and an image processing
method.

BACKGROUND

[0003] Various methods are performed in conventional art
to reduce multiple reflection of an ultrasonic image (B mode
image) that obstructs diagnosis. An example of the methods is
aknown method using spatial compounding, in which a plu-
rality of B mode images obtained by varying a deflection
angle of ultrasound transmission and reception are com-
pounded by arithmetic mean. In addition, an application of
the method is a known method of estimating a degree and a
position of a multiple reflection echo component from a plu-
rality of B mode images having different deflection angles,
and adaptively controlling a weight in arithmetic mean based
on an estimation result.

[0004] However, the above method of compounding a plu-
rality of images having different deflection angles cannot
avoid influence of reduction in amplitude in the case of
increasing the deflection angle, due to restriction of element
factors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a diagram for explaining a configuration
example of an ultrasonic diagnosis apparatus according to a
first embodiment;

[0006] FIG. 2 is a diagram for explaining a configuration
example of a reception unit according to the first embodi-
ment;
[0007]
method,;
[0008]
method,;
[0009] FIG. 5 is a diagram (1) for explaining a problem of
the premise method;

[0010] FIG. 6isadiagram (2) for explaining the problem of
the premise method,;

[0011] FIG.7isadiagram (3) for explaining the problem of
the premise method,;

[0012] FIG.8isadiagram (4) for explaining the problem of
the premise method,;

FIG. 3 is a diagram (1) for explaining a premise

FIG. 4 is a diagram (2) for explaining the premise

[0013] FIG. 9 is a diagram illustrating an outline of a first
embodiment;
[0014] FIG.10A is adiagram (1) for explaining parameters

used in the first embodiment;

[0015] FIG. 10B is a diagram (2) for explaining the param-
eters used in the first embodiment;

[0016] FIG.10C is a diagram (3) for explaining the param-
eters used in the first embodiment;

[0017] FIG.10D is a diagram (4) for explaining the param-
eters used in the first embodiment;
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[0018] FIG. 11 is a diagram (1) for explaining a process to
be performed by a controller according to the first embodi-
ment;

[0019] FIG. 12 is adiagram (2) for explaining the process to
be performed by the controller according to the first embodi-
ment;

[0020] FIG. 13 is adiagram (3) for explaining the process to
be performed by the controller according to the first embodi-
ment;

[0021] FIG. 14 is adiagram (4) for explaining the process to
be performed by the controller according to the first embodi-
ment;

[0022] FIG. 15is adiagram (5) for explaining the process to
be performed by the controller according to the first embodi-
ment;

[0023] FIG. 16 is adiagram (6) for explaining the process to
be performed by the controller according to the first embodi-
ment;

[0024] FIG. 17 is a diagram (1) for explaining an effect of
the first embodiment;

[0025] FIG. 18 is a diagram (2) for explaining the effect of
the first embodiment;

[0026] FIG. 19 is a flowchart illustrating an example of a
process performed by the ultrasonic diagnosis apparatus
according to the first embodiment;

[0027] FIG. 20 is a diagram (1) for explaining a second
embodiment;
[0028] FIG. 21 is a diagram (2) for explaining the second
embodiment;
[0029] FIG. 22 is a diagram (3) for explaining the second
embodiment;
[0030] FIG. 23 is a flowchart illustrating an example of a

process performed by an ultrasonic diagnosis apparatus
according to the second embodiment;

[0031] FIG. 24 is a diagram (1) for explaining a third
embodiment;
[0032] FIG. 25 is a diagram (1) for explaining a modifica-
tion; and
[0033] FIG. 26 is a diagram (2) for explaining a modifica-
tion.

DETAILED DESCRIPTION
[0034] An ultrasonic diagnosis apparatus according to an

embodiment includes a controller, a processor, and an image
generator. The controller selects at least one transducer ele-
ment in a reception aperture formed of a transducer element
group arranged in a predetermined direction, based on at least
a deflection angle of an ultrasonic wave transmitted to a
subject. The processor performs processing on at least one
reception signal of a plurality of reception signals generated
in the reception aperture such that a signal intensity of a
reception signal generated in the at least one transducer ele-
ment selected by the controller is reduced to be lower than a
signal intensity of reception signals generated in transducer
elements other than the at least one transducer element among
transducer elements forming the reception aperture, to output
the reception signal of the reception aperture. The image
generator generates ultrasonic image data, based on the
reception signal of the reception aperture that is output by the
processor.

[0035] Embodiments of an ultrasonic diagnosis apparatus
are described in detail below with reference to the drawings.
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First Embodiment

[0036] First, a configuration of the ultrasonic diagnosis
apparatus according to a first embodiment is described. FIG.
1 is a block diagram illustrating a configuration example of
the ultrasonic diagnosis apparatus according to the first
embodiment. As illustrated in FIG. 1, the ultrasonic diagnosis
apparatus according to the firstembodiment includes an ultra-
sonic probe 1, amonitor 2, an input device 3, and an apparatus
body 10.

[0037] The ultrasonic probe 1 includes a transducer ele-
ment group formed of a plurality of transducer elements (for
example, piezoelectric transducer elements) that are arranged
in a predetermined direction. The transducer elements pro-
duce an ultrasonic wave based on a drive signal supplied from
a transmission unit 11 of the apparatus body 10 described
later. The transducer elements of the ultrasonic probe 1
receive a reflected wave from a subject P and convert the
received reflected wave into an electrical signal. The ultra-
sonic probe 1 additionally includes a matching layer provided
to the transducer elements and a backing material for prevent-
ing propagation of ultrasonic waves backward of the trans-
ducer elements.

[0038] When an ultrasonic wave is transmitted from the
ultrasonic probe 1 to the subject P, the transmitted ultrasonic
wave is successively reflected on an acoustic impedance dis-
continuous surface in living tissue of the subject P and
received as reflected waves by the transducer elements of the
ultrasonic probe 1. The reflected waves are converted into
reflected-wave signals (reception signals) serving as electri-
cal signals by the transducer elements that have received the
reflected waves. The amplitude of the reflected-wave signal
produced by each transducer element depends on the differ-
ence of acoustic impedance on the discontinuous surface on
which the ultrasonic wave is reflected. In a case where the
transmitted ultrasonic pulse is reflected at the moving blood
flow or a surface such as the heart wall, the reflected-wave
signal undergoes a frequency shift due to the Doppler effect,
depending on the velocity component of the moving body
relative to the ultrasound transmission direction.

[0039] Theultrasonic probe 1 is detachably connected with
the apparatus body 10. The ultrasonic probe 1 connected to
the apparatus body 10 is a one-dimensional (1D) array probe
that includes a transducer element line in which transducer
elements that are arranged in a predetermined direction are
arranged in a line, and scans the subject P in a two-dimen-
sional manner. As another example, the ultrasonic probe 1
connected to the apparatus body 10 is, for example, a
mechanical four-dimensional (4D) probe that scans the sub-
ject P in a three-dimensional manner, by swinging a trans-
ducer element line at a predetermined angle (swinging angle).
As another example, the ultrasonic probe 1 is, for example, a
two-dimensional (2D) array probe in which a plurality of
transducer elements are arranged in a two-dimensional man-
ner, that is, a plurality of transducer element lines are
arranged, to scan the subject P in a three-dimensional manner.
[0040] The following explanation illustrates the case where
a one-dimensional array probe is used as the ultrasonic probe
1. Examples of the one-dimensional array probe are a linear
type ultrasonic probe and a convex ultrasonic probe that move
an aperture (a transmission aperture and a reception aperture)
in the transducer element line to perform ultrasonic scan.
Another example of the one-dimensional array probe is a
sector type ultrasonic probe that deflects the scan direction
with the positions of the aperture (a transmission aperture and
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a reception aperture) fixed in the transducer element line to
perform ultrasonic scan. The predetermined direction in
which the transducer elements are arranged differs according
to the type of the ultrasonic probe 1. For example, the trans-
ducer elements are arranged in a straight line in the linear type
ultrasonic probe. As another example, the transducer ele-
ments are arranged in an arc shape with a certain curvature in
the convex type ultrasonic probe.

[0041] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a footswitch,
atrackball, and ajoystick. The input device 3 accepts varieties
of setting requests from the operator of the ultrasonic diag-
nosis apparatus and transfers the accepted setting requests to
the apparatus body 10.

[0042] The monitor 2 displays a graphical user interface
(GUT) for the operator of the ultrasonic diagnosis apparatus to
input varieties of setting requests using the input device 3 and
displays ultrasonic image data or other data generated in the
apparatus body 10.

[0043] The apparatus body 10 is a device that generates
ultrasonic image data based on the reflected-wave signal serv-
ing as a reception signal generated by each transducer ele-
ment of the ultrasonic probe 1 and includes the transmission
unit 11, a reception unit 12, a B mode processor 13, a Doppler
processor 14, animage generator 15, an image memory 16, an
internal storage unit 17, and a controller 18, as illustrated in
FIG. 1.

[0044] The transmission unit 11 controls transmission
directivity in ultrasound transmission, based on instructions
of the controller 18 described later. Specifically, the transmis-
sionunit 11 is a transmission beam-former. More specifically,
the transmission unit 11 includes a rate pulser generator, a
transmission delay unit, and a transmission pulser to supply a
drive signal to the ultrasonic probe 1. The rate pulser genera-
tor repeatedly generates, at a predetermined rate frequency
(pulse repetition frequency (PRF)), rate pulses for forming
ultrasonic waves to be transmitted. With the rate pulses
passed through the transmission delay unit to have different
transmission delays, voltage is applied to the transmission
pulser. That is, the transmission delay unit provides necessary
transmission delays for the respective transducer elements to
individual rate pulses generated by the rate pulser generator,
in order to concentrate ultrasonic waves generated from the
ultrasonic probe 1 into a beam and determine the transmission
directivity. The transmission pulser applies a drive signal
(drive pulse) to the ultrasonic probe 1 at a timing based on
such a rate pulse.

[0045] Thedrive pulse is transmitted from the transmission
pulser through a cable to the transducer element in the ultra-
sonic probe 1 and thereafter converted from an electrical
signal to mechanical vibration in the transducer elements.
The mechanical vibration is transmitted as an ultrasonic wave
in the inside of the living body. The ultrasonic waves having
transmission delays different among transducer elements
converge and propagate in a predetermined direction. The
transmission delay unit adjusts the transmission direction
from the transducer element surfaces as desired by changing
the transmission delays provided to individual rate pulses.
The transmission unit 11 provides transmission directivity by
controlling the number and positions (transmission aperture)
of transducer elements for use in transmission of ultrasonic
beams and the transmission delays corresponding to the posi-
tions of the respective transducer elements that constitute the
transmission aperture.
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[0046] The transmission unit 11 has a function capable of
instantaneously changing a transmission frequency, a trans-
mission drive voltage, and the like for executing a predeter-
mined scan sequence, based on an instruction from the con-
troller 18 described later. In particular, the transmission drive
voltage is changed by a linear-amplifier type oscillator circuit
capable of instantaneously changing its value or a mechanism
for electrically switching a plurality of power supply units.
[0047] The reflected wave of the ultrasonic wave transmit-
ted by the ultrasonic probe 1 reaches the transducer elements
in the ultrasonic probe 1 and is then converted from mechani-
cal vibration into an electrical signal (reflected-wave signal)
for input to the reception unit 12.

[0048] The reception unit 12 controls reception directivity
in ultrasound reception, based on an instruction of the con-
troller 18 described later. Specifically, the reception unit 12 is
areception beam-former. F1G. 2 is a diagram for explaining a
configuration example of the reception unit according to the
first embodiment. For example, the reception unit 12 includes
a pre-amplifier 121, an analog/digital (A/D) converter 122, a
reception delay unit 123, a creating unit 124, and a phasing
adder 125, as illustrated in FIG. 2, and performs varieties of
processing on the reflected-wave signal generated by each
transducer element of the ultrasonic probe 1 to generate
reflected-wave data (reception signal) for each reception scan
line. For example, the reflected-wave data is converted into
ultrasonic image data (B mode image data) by a process
performed by the B mode processor 13 and the image gen-
erator 15 described later, and output to the monitor 2, as
illustrated in FIG. 2.

[0049] The pre-amplifier 121 performs gain adjustment by
amplifying the reflected-wave signal for each channel. The
A/D converter 122 converts the reflected-wave signal having
the gain corrected from analog to digital, to convert the gain-
corrected reflected-wave signal into digital data. The recep-
tion delay unit 123 provides the digital data with a reception
delay (reception delay time) necessary to determine reception
directivity. Specifically, the reception delay unit 123 provides
an output signal of each transducer element with a reception
delay, and thereby signals from the same sample point of the
reception scan line being input to the phasing adder 125. As
described above, the reception unit 12 provides reception
directivity, by controlling the number and the positions (re-
ception aperture) of the transducer elements used for recep-
tion of the reflected waves and the reception delays corre-
sponding to the positions of the transducer elements forming
the reception aperture. The reception delays differ according
to the positions of the transducer elements and the positions of
the reception focus.

[0050] The reception unit 12 is capable of executing
dynamic variable aperture focus (DVAF). In the case of per-
forming DVAF, the reception unit 12 reduces the reception
aperture width to narrow a short-distance reception beam,
when the reception unit 12 receives a signal returned from a
close position. In the case of performing DVAF, the reception
unit 12 increases the reception aperture width in accordance
with the distance, when the reception unit 12 receives a signal
returned from a distant position, because the larger reception
aperture width provides a stronger focus. The reception aper-
ture width is set by a preset “F-number”. The value “F-num-
ber” is defined by a ratio of the depth of the reception focus to
the reception aperture width, and can be changed as desired
by the operator. In the case of performing DVAF, the recep-
tion unit 12 changes the reception aperture width in each
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depth position, in accordance with the “F-number”. Specifi-
cally, the reception unit 12 sets the reception aperture with a
reception aperture width determined based on the reception
focus position and the “F-number” such that the reception
scan line serves as the center thereof.

[0051] The phasing adder 125 performs addition (phasing
addition) of the reflected-wave signals (digital data) provided
with the reception delays by the reception delay unit 123.
Specifically, the phasing adder 125 adds signals received by
the respective transducer elements of the reception aperture
from the same sample point. Addition performed by the phas-
ing adder 125 emphasizes a reflected component from a
direction according to the reception directivity for the
reflected-wave signals. The signal that is output by the phas-
ing adder 125 is output to the following processor as
reflected-wave data (reception signal).

[0052] The reception unit 12 performs reception apodiza-
tion. Specifically, the phasing adder 125 weights the signals
received by the respective transducer elements of the recep-
tion aperture from the same sample point with an aperture
function (apodization function), and thereafter performs
phasing addition. The creating unit 124 illustrated in FIG. 2
creates the aperture function under the control of the control-
ler 18 described later. The aperture function (reception apet-
ture function) is a function with weights that are set for the
respective positions of the transducer elements.

[0053] The phasing adder 125 weights the signals received
by the respective transducer elements forming the reception
aperture with an aperture function created by the creating unit
124, and thereafter subjects the signals to phasing addition. In
the case of performing DVAF, the reception unit 12 corrects
the reception sensitivity, together with adjustment of the
reception aperture width. Inthe case of performing DVAF, the
creating unit 124 creates an aperture function for each of
reception apertures having different aperture widths accord-
ing to the depth position. The aperture function created by the
creating unit 124 in the first embodiment will be described in
detail later.

[0054] Various forms may be selected as the form of the
output signal from the phasing adder 125, such as the case
where the output signal is a signal including phase informa-
tion and called radio frequency (RF) signal or IQ signal, or
amplitude information after envelope detection.

[0055] The B mode processor 13 generates data (B mode
data) representing the signal intensity (amplitude intensity)
for each sample point by brightness of lTuminance by perform-
ing logarithmic amplification, envelope detection, logarith-
mic compression, or other processing on the reflected-wave
data serving as a reception signal that is generated and output
by the reception unit 12.

[0056] The Doppler processor 14 performs frequency
analysis on the reflected-wave data serving as a reception
signal that is generated and output by the reception unit 12, to
generate data (Doppler data) in which movement information
of a moving body based on the Doppler effect is extracted in
a scan area. Specifically, the Doppler processor 14 generates
Doppler data in which the average velocity, the variance, the
power value, or the like is extracted as the movement infor-
mation of the moving body over many points. Here, the mov-
ing body is, for example, blood flow, tissue of the heart wall or
other parts, or a contrast medium.
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[0057] Theultrasonic diagnosis apparatus according to the
present embodiment is capable of performing harmonic
imaging such as contrast harmonic imaging (CHI) and tissue
harmonic imaging (THI).

[0058] For example, in harmonic imaging, imaging meth-
ods are performed such as amplitude modulation (AM), phase
modulation (PM), and AMPM being a combination of AM
and PM. In AM, PM, and AMPM, ultrasound transmission is
performed a plurality of times with different amplitudes and
phases for the same scan line. In this manner, the reception
unit 12 generates a plurality of reflected-wave data (reception
signals) for each scan line. The reception unit 12 or the B
mode processor 13 performs addition or subtraction accord-
ing to the modulation method on the reflected-wave data
(reception signals) of each scan line, to extract a harmonic
component. The B mode processor 13 performs envelope
detection on the reflected-wave data (reception signal) of the
harmonic component, to generate B mode data.

[0059] For example, in the case of performing PM, the
transmission unit 11 transmits ultrasonic waves with the same
amplitude and inverted phase polarities, such as (-1, 1), twice
in each scan line, by a scan sequence set by the controller 18.
The reception unit 12 generates a reception signal obtained by
transmission of “~1” and a reception signal obtained by trans-
mission of “1”. The reception unit 12 or the B mode processor
13 adds the two reception signals. The addition generates a
signal in which a basic wave component is removed and a
second harmonic component mainly remains. The B mode
processor 13 performs envelope detection and the like on the
signal, to generate B mode data for THI or B mode data for
CHI.

[0060] THI includes a method that has put to practical use
in which imaging is performed using a second harmonic
component and a difference tone component that are included
in a reception signal. In imaging using a difference tone
component, for example, the ultrasonic probe 1 transmits a
transmission ultrasonic wave having a composite waveform
obtained by combining a first basic wave having a center
frequency of “f1” with a second basic wave having a center
frequency of “f2” that is greater than “f1”. The composite
waveform is obtained by combining the waveform of the first
basic wave with the waveform of the second basic wave with
their phases adjusted to generate a difference tone component
having the same polarity as that of the second harmonic
component. The transmission unit 11 transmits a transmis-
sion ultrasonic wave having the composite waveform, for
example, twice with inverted phases. In such a case, the
reception unit 12 generates two reception signals correspond-
ing to the respective transmissions. Thereafter, the reception
unit 12 or the B mode processor 13 adds the two reception
signals. The addition generates a signal in which a basic wave
component is removed and a second harmonic component
mainly remains. The B mode processor 13 performs envelope
detection and the like on the signal, to generate B mode data
for THI.

[0061] The image generator 15 generates ultrasonic image
data from the data generated by the B mode processor 13 and
the Doppler processor 14. Specifically, the image generator
15 generates B mode image data representing the intensity of
the reflected wave by brightness, from the B mode data gen-
erated by the B mode processor 13. The image generator 15
also generates color Doppler image data representing mov-
ing-body information from the Doppler data generated by the
Dopplerprocessor 14. The color Doppler image data serves as
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an average velocity image, a variance image, a power image,
or an image formed of a combination thereof.

[0062] Here, the image generator 15, in general, generates
display-purpose ultrasonic image data by scan-converting a
scan line signal sequence of ultrasonic scan into a scan line
signal sequence in a video format typically of televisions.
Specifically, the image generator 15 generates display-pur-
pose ultrasonic image data by performing coordinate trans-
formation in accordance with the mode of ultrasonic scan
with the ultrasonic probe 1. The image generator 15 also
combines character information of various parameters,
scales, and body marks with ultrasonic image data.

[0063] Thatis, B mode data and Doppler data are ultrasonic
image data before the scan conversion processing, and the
data generated by the image generator 15 is display-purpose
ultrasonic image data after the scan conversion processing. B
mode data and Doppler data are also referred to as raw data.
[0064] When a mechanical four-dimensional probe or a
two-dimensional array probe used as the ultrasonic probe 1,
the transmission unit 11, the reception unit 12, the B mode
processor 13, the Doppler processor 14, and the image gen-
erator 15 can perform processing to generate three-dimen-
sional ultrasonic image data (volume data). For example,
when the subject P is scanned in a three-dimensional manner,
the transmission unit 11 transmits a three-dimensional ultra-
sonic beam from the ultrasonic probe 1. The reception unit 12
generates three-dimensional reflected-wave data from a
three-dimensional reflected-wave signal received by the
ultrasonic probe 1.

[0065] Next, the B mode processor 13 generates three-
dimensional B mode data from the three-dimensional
reflected-wave data. The Doppler processor 14 generates
three-dimensional Doppler data from the three-dimensional
reflected-wave data. The image generator 15 performs coor-
dinate transformation on the three-dimensional B mode data
generated by the B mode processor 13, to generate three-
dimensional B mode image data. The image generator 15
performs coordinate transformation on the three-dimensional
Doppler data generated by the Doppler processor 14, to gen-
erate three-dimensional Doppler image data.

[0066] In addition, the image generator 15 performs ren-
dering on the volume data, to generate varieties of two-di-
mensional image data for displaying the volume data on the
monitor 2. An example of the rendering performed by the
image generator 15 is a process of generating MPR image
data from volume data by multi planar reconstruction (MPR).
Another example of the rendering performed by the image
generator 15 is volume rendering (VR) that generates two-
dimensional image data reflecting three-dimensional infor-
mation.

[0067] The image memory 16 is a memory for storing
therein display image data generated by the image generator
15. The image memory 16 may also store therein data gener-
ated by the B mode processor 13 and the Doppler processor
14. The B mode data and the Doppler data stored in the image
memory 16 can be invoked by the operator, for example, after
diagnosis, and is turned into display-purpose ultrasonic
image data through the image generator 15.

[0068] The internal storage unit 17 stores therein control
programs for ultrasound transmission and reception, image
processing, and display processing, and varieties of data such
as diagnosis information (for example, patient ID and doc-
tor’s opinion), diagnosis protocols, and varieties of body
marks. Forexample, the internal storage unit 17 stores therein
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a scan sequence for performing harmonic imaging. The inter-
nal storage unit 17 is also used for retaining data stored by the
image memory 16, as necessary.

[0069] The controller 18 controls the entire processing in
the ultrasonic diagnosis apparatus. Specifically, the controller
18 controls the processes in the transmission unit 11, the
reception unit 12, the B mode processor 13, the Doppler
processor 14, and the image generator 15, based on various
setting requests input from the operator through the input
device 3, and various control programs and various data read
from the internal storage unit 17. The controller 18 performs
control such that the display-purpose ultrasonic image data
stored in the image memory 16 displays on the monitor 2. The
controller 18 according to the first embodiment controls
reception apodization as control of ultrasound transmission
and reception. The control will be described later.

[0070] With the entire configuration of the ultrasonic diag-
nosis apparatus explained above according to the first
embodiment, the ultrasonic diagnosis apparatus according to
the first embodiment generates and displays B mode image
data. Various methods are performed in conventional art to
reduce multiple reflection of an ultrasonic image (B mode
image) that obstructs diagnosis. An example of the methods is
a known method using spatial compounding in which a plu-
rality of B mode images with different deflection angles of
ultrasound transmission and reception are compounded by
arithmetic mean. In addition, an application of the method is
a known method of estimating a degree and a position of a
multiple reflection echo component from a plurality of B
mode images having different deflection angles, and adap-
tively controlling a weight in arithmetic mean based on an
estimation result. However, the above method of compound-
ing a plurality of images having different deflection angles
cannot avoid influence of reduction in amplitude in the case of
increasing the deflection angle, due to restriction of element
factors.

[0071] Another method for reducing multiple reflectionhas
been proposed. The method is a method of creating reception
apodization including a multiple reflection component as less
as possible. Such a method uses, for example, reception
apodization with an aperture function that weights the central
part of the reception aperture with “0”. Hereinafter, the
method of weighting the central part of the reception aperture
with “0” is referred to as “premise method”. However, the
premise method leaves the case where a multiple reflection
component cannot be reduced. In the present embodiment, a
method is explained for solving the problem of the premise
method.

[0072] The following is explanation of the above premise
method and the problem of the premise method with refer-
ence to FIG. 3 to FIG. 8, and explanation of reception
apodization performed by the ultrasonic diagnosis apparatus
according to the present embodiment. FIG. 3 and F1G. 4 are
diagrams for explaining the premise method, and FIG. 5 to
FIG. 8 are diagrams for explaining the problem of the premise
method.

[0073] The element “A” illustrated in FIG. 3 is a reception
aperture that is set in a certain reception scan line in the
ultrasonic probe 1. FIG. 3 also illustrates the shape of an
ultrasonic beam transmitted from a transmission aperture
having the same width as that of the reception aperture A.
FIG. 3 also illustrates, with a line segment, a “boundary” at
which a large difference in acoustic impedance occurs in the
scan cross section due to a structure in the subject P that
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causes multiple reflection. In the example illustrated in FIG.
3, the focus of the transmission ultrasonic beam generally
corresponds to the depth of the “boundary”.

[0074] The left drawing of FIG. 3 illustrates, with broken
lines, an aspect of one-time multiplexing caused by the
“boundary” formed of the above structure. In the example
illustrated in FIG. 3, the reflected wave obtained by reflecting
the transmission ultrasonic wave by the boundary reaches the
surface (probe surface) of the ultrasonic probe 1. After the
reflected wave is reflected by the probe surface, the reflected
wave is reflected by the “boundary” again, and reaches the
surface of the ultrasonic probe 1. A signal (multiple reflection
signal) received by the reception aperture A by one-time
multiplexing caused as described above is displayed as if the
signal were a signal from a boundary located in a position
deeper than that of the “boundary”. FIG. 3 illustrates a line
segment displayed as a multiple reflection signal as “multiple
signal”.

[0075] In addition, the right drawing of FIG. 3 schemati-
cally illustrates a main seam of a true reflection signal that is
reflected by the “boundary” formed of the structure and
received by the reception aperture A, and a main beam of a
multiple reflection signal that is received by the reception
aperture A as if the multiple reflection signal were reflected at
the position of the “multiple signal”. As illustrated in the right
drawing of FIG. 3, the directivity of the main beam of the
reflection signal has the same direction as that of the main
beam of the multiple reflection signal. Specifically, the direc-
tivities of the two main beams have a direction perpendicular
to the reception aperture A toward the center of the reception
aperture A, as illustrated in the right drawing of FIG. 3.
[0076] By reception delay processing performed with the
reception focus set to a position around the structure, the wave
surface of the reflection signal derived from the structure has
a uniform phase in all the transducer elements forming the
reception aperture A. By contrast, even when reception delay
processing is performed with reception focus set to the posi-
tion of the structure, the wave surface of the multiple reflec-
tion signal has a uniform phase only in the transducer ele-
ments of a limited range in the central part of the reception
aperture A.

[0077] Specifically, a signal in which a true signal derived
from the structure is mainly extracted can be obtained by
performing phasing addition on reflected-wave signals serv-
ing as reception signals generated in the transducer elements
other than the transducer elements located in the central part
of the reception aperture A, after the reception delay process-
ing is performed. Thus, in the premise method, for example,
reception apodization is performed as illustrated in FIG. 3,
using an aperture function with a weight of “0” for the range
having a predetermined width and having a central position
(position of the center of gravity) of the reception aperture A
as the center, and with a weight of “1” outside the range. For
example, the predetermined width is a width half the recep-
tion aperture width.

[0078] FIG. 4 illustrates a screen in which B mode image
data of a phantom obtained by ordinary reception apodization
is disposed on the left side, and B mode image data of a
phantom obtained by reception apodization of the above
premise method is disposed on the right side. In ordinary
reception apodization, for example, an aperture function is set
in which a weight for the central part of the reception aperture
A is greater than a weight for the parts other than the central
part of the reception aperture A. For example, ordinary recep-
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tion apodization uses an aperture function that provides a
weight with a “hamming window”. The phantom used for
imaging in FIG. 4 is a phantom in which a strong reflector that
forms a boundary is disposed around a depth of 120 mm, and
a plurality of wires are arranged in positions deeper than the
strong reflector. In the B mode image data on the left side of
FIG. 4, a multiple artifact due to the strong reflector is gen-
erated around a depth of 240 mm. By contrast, a multiple
artifact due to the strong reflector is almost removed in the
B-mode image data on the right side of FIG. 4. Specifically,
FIG. 4 demonstrates that the premise method can remove a
multiple signal superimposed on B mode image data imaged
by a conventional method, with a weight of exactly or almost
0 for the central part of the reception aperture A.

[0079] However, the above premise method is effective for
the case illustrated in FIG. 3. Specifically, the example illus-
trated in F1G. 3 is an example in which “the boundary of the
structure in the subject P is parallel with the probe surface”
and “the direction of ultrasound transmission and reception is
perpendicular to the probe surface”. Consequently, “the
directivity of the main beam of the reflection signal has the
same direction as the directivity of the main beam of the
multiple reflection signal”, and “the reception position of the
multiple reflection signal is located in substantially the cen-
tral part of the reception aperture like the reception position of
the reflection signal”. When the above conditions are satis-
fied, the above premise method enables removal of a multiple
signal with a weight of “0” that is set for the central part of the
aperture.

[0080] However, the above premise method may not be
effective when the boundary of the structure is inclined with
respect to the probe surface, as illustrated in FIG. 5. FIG. 5§
illustrates one-time multiple reflection that occurs when the
boundary of the structure is inclined with respect to the probe
surface, although the direction of the transmission beam is
perpendicular to the probe surface. In addition, the above
premise method may not be effective in the case where the
transmission beam is steered as illustrated in FIG. 6. FIG. 6
illustrates one-time multiple reflection that occurs when the
direction of the transmission beam is inclined with respect to
the probe surface, although the probe surface is parallel with
the boundary of the structure.

[0081] As illustrated in the left drawing of FIG. 5 and the
left drawing of FIG. 6, the reflection signal reflected by the
boundary of the structure is made incident on the probe sur-
face obliquely. For this reason, when multiple reflection
occurs, the multiple reflection signal is received by a trans-
ducer element in a position located closer to the end than the
position of the transducer element that has received the reflec-
tion signal of the structure is, due to inclination (inclination of
the boundary of the structure or inclination of the transmis-
sion beam). Specifically, as illustrated in the right drawing of
FIG. 5 and the right drawing of FIG. 6, the directivity of the
main beam of the reflection signal from the structure does not
match up with the directivity of the main beam of the multiple
signal, due to inclination of the boundary of the structure or
inclination of the transmission beam.

[0082] As described above, the phenomena illustrated in
FIG. 5 and FIG. 6 occur, when the directivity of the main
beam of the reflection signal is different from the directivity
of the main beam of the multiple signal. In the examples
illustrated in FI1G. 5 and FIG. 6, the reflection signal from the
structure is received at a position of the transducer element
with a weight of “0”. However, in the examples illustrated in
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FIG. 5 and F1G. 6, the multiple reflection signal is received at
a position of the transducer element with a weight, due to
relative relation between the direction of the transmission
beam and the direction indicating the boundary of the struc-
ture. Consequently, when the premise method is applied to the
cases illustrated in FIG. § and FIG. 6 to set the weight to
exactly or almost “0” in the range including the central posi-
tion of the reception aperture A, the reflection signal from the
structure is reduced with the weight “0”, and consequently
imaging is performed in a state where the multiple reflection
signal is not reduced at all.

[0083] The left image of FIG. 7 illustrates B mode image
data of a phantom obtained by ordinary reception apodiza-
tion, in the same manner as the left image of FIG. 4. The right
image in FIG. 7 illustrates B mode image data of the same
phantom obtained by reception apodization with a weight of
“0” for the central part of the reception aperture, under the
condition that “the direction of the transmission beam is
inclined with respect to the probe surface, although the probe
surface is parallel with the boundary of the structure” as
illustrated in FIG. 6.

[0084] Comparison between the left and the right images of
FIG. 7 has revealed that artifacts caused by a multiple reflec-
tion signal are generated in substantially the same manner in
both the images, and that image deterioration still occurs even
when the premise method is applied.

[0085] In addition, the above premise method may reduce
azimuth resolution. For example, when compared the left and
the right images of FIG. 4, the azimuth resolution for the
wires is reduced in the right image to which the premise
method is applied, in comparison with the left image without
the premise method. Specifically, when the premise method is
applied, the wires are depicted in a state of spreading in an
azimuth direction in the right B mode image data of FIG. 4.
Such reduction in azimuth resolution also occurs in the right
B mode image data of FIG. 7 illustrating an example on which
the premise method does not effectively act.

[0086] The primary cause of the problem will be explained
with reference to FIG. 8. The upper drawing of FIG. 8 illus-
trates the positions of the transducer elements of the ultra-
sonic probe 1 in the horizontal axis, and the weights of the
aperture function in the vertical axis. The upper drawing of
FIG. 8 also illustrates a range set as the reception aperture
with “ON”, and ranges that are not set as the reception aper-
ture with “OFF”. The upper drawing of F1G. 8 illustrates an
aperture function with a weight “0” that is set for the central
part of the reception aperture, and a weight “1” that is set for
the parts of the reception aperture outside the range of the
central part, as described above.

[0087] It is known that a sound field (amplitude distribu-
tion) around the focus is provided by Fourier transform of the
aperture function. The lower drawing of FIG. 8 illustrates the
focus sound field obtained by performing Fourier transform
on the aperture function illustrated in the upper drawing of
FIG. 8. Specifically, the lower drawing of FIG. 8 illustrates a
sound field distribution at the focus. More specifically, the
lower drawing of FIG. 8 illustrates a sound field distribution
in an azimuth direction at the focus.

[0088] The lower drawing of FIG. 8 demonstrates that the
“main-lobe/side-lobe ratio” increases in the sound field dis-
tribution around the focus by virtue of use of the aperture
function with a weight of “0” for the central part of the
reception aperture. Specifically, the lower drawing of FIG. 8
demonstrates that the side lobe relatively increases with
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respect to the main lobe, in the case of using an aperture
function with a weight of “C” for the central part of the
reception aperture. As a result, as illustrated in FIG. 4 and
FIG. 7, azimuth resolution decreases in B mode image data
obtained by imaging using the premise method. The above
various problems also occur in the same manner in B mode
image data obtained by THI.

[0089] To reduce multiple reflection, the ultrasonic diagno-
sis apparatus according to the first embodiment performs the
following process. First, the controller 18 illustrated in FIG. 1
selects at least one transducer element in a reception aperture
formed of at least one transducer element in a reception
aperture formed of a transducer element group arranged in a
predetermined direction, based on at least one of the follow-
ing three parameters. The first parameter is a deflection angle
ofthe ultrasonic wave transmitted to the subject P. The second
parameter is an angle made between the predetermined direc-
tion and a direction indicating the boundary of the structure in
the subject P. The third parameter is an angle made between a
direction perpendicular to a normal direction where the pre-
determined direction intersects with a center of the transducer
element group and the direction indicating the boundary. The
second parameter is a parameter applied to the case where the
ultrasonic probe 1 is a linear type ultrasonic probe. By con-
trast, the third parameter is a parameter applied to the case
where the ultrasonic probe 1 is a convex type ultrasonic
probe. These parameters will be described in detail later.

[0090] Forexample, the controller 18 calculates a reception
position at which a multiple reflection component is received
in the reception aperture, to select at least one transducer
element in the reception aperture based on at least one of the
above three parameters. As an example, the controller 18
calculates a reception position at which the main beam of
multiple reflection is received in the reception aperture. Spe-
cifically, the controller 18 calculates the above reception posi-
tion, based on the direction of ultrasound transmission and
reception (direction of the transmission and reception beam)
and the direction of the structure that causes multiple reflec-
tion. More specifically, the controller 18 calculates a recep-
tion position at which a multiple reflection component (such
as the main beam of multiple reflection) is received in the
reception aperture, based on the assumption that multiple
reflection due to an angle made between the direction of the
transmission and reception beam and the direction of the
structure is mirror reflection. Then, the controller 18 selects at
least one transducer element corresponding to the calculated
reception position. For example, when the ultrasonic probe 1
is a linear type ultrasonic probe, the controller 18 selects at
least one transducer element based on the first parameter and
the second parameter. For example, when the ultrasonic probe
11s a convex type ultrasonic probe, the controller 18 selects at
least one transducer element based on the first parameter and
the third parameter.

[0091] Under the control of the controller 18, the reception
unit 12 functions as a processor that performs a process
explained in the following. The reception unit 12 performs
processing on at least one reception signal of a plurality of
reception signals generated in the reception aperture such that
a signal intensity of a reception signal generated in “the at
least one transducer element in the reception aperture”
selected by the controller 18 is reduced to be lower than a
signal intensity of reception signals generated in transducer
elements other than “the at least one transducer element”
among transducer elements forming the reception aperture.
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Thereafter, the reception unit 12 outputs the reception signal
of the reception aperture. The processing performed by the
reception unit 12 may be referred to as “reduction process-
ing” hereinafter.

[0092] Forexample, the controller 18 sets a range including
the selected at least one transducer element as a reduction
range. The reduction range is a range based on the reception
position calculated by the controller 18. For example, the
reduction range is a range including the reception position
calculated by the controller 18 as the center of gravity. The
reception unit 12 performs reduction processing such that
information of the signal received in the reduction range is
reduced to be lower than information of the signal received by
ranges outside the reduction range in the reception aperture,
and outputs the reception signal of the reception aperture. In
the following explanation, the “reduction range” may be
referred to as “range”, “in the reduction range” may be
referred to as “in the range”, and “outside the reduction
range” may be referred to as “outside the range”. The image
generator 15 generates ultrasonic image data based on the
above reception signal of the reception aperture.

[0093] Specifically, under the control of the controller 18,
the creating unit 124 illustrated in FIG. 2 creates an aperture
function in which a weight in the range including at least one
transducer element selected by the controller 18 is reduced to
be lower than a weight outside the range. More specifically,
the creating unit 124 creates an aperture function by setting a
weight in the range (in the reduction range) to exactly or
almost zero. The aperture function created by the creating
unit 124 is set in the phasing adder 125.

[0094] The phasing adder 125 outputs a signal obtained by
weighting the reception signals (reflected-wave signals) gen-
erated by the respective transducer elements forming the
reception aperture with the aperture function and thereafter
subjecting the weighted reception signals to phasing addition,
as a reception signal of the reception aperture.

[0095] Specifically, the phasing adder 125 weights the sig-
nals that have been generated by the respective transducer
elements forming the reception aperture and subjected to
reception delay processing, with the aperture function, and
adds the weighted signals, to obtain a reception signal of the
reception aperture. The phasing adder 125 performs such
processing for each reception scan line, and successively
outputs reflected-wave data in the scan range to the B mode
processor 13. With the reflected-wave data, the B mode pro-
cessor 13 generates B mode data in the scan range, and the
image generator 15 generates B mode image data from the B
mode data in the scan range obtained from the B mode pro-
cessor 13. The above processing is applicable to varieties of B
mode imaging by THI, as well as ordinary B mode imaging.
The above processing is also applicable to all two-dimen-
sional scans performed with a linear type ultrasonic probe, a
convex type ultrasonic probe, and a sector type ultrasonic
probe, as a one-dimensional array probe. The above process-
ing is also applicable to the case of performing three-dimen-
sional scan using a mechanical four-dimensional probe or a
two-dimensional array probe.

[0096] Specifically, in the first embodiment, reception
apodization is performed to set an aperture function such that
the position in which the weight is reduced (for example, the
position where the weight is reduced to exactly or almost “0”)
in the reception aperture is always moved to a position where
a multiple reflection signal is received. The position where a
reflection signal or a multiple reflection signal is received in
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the reception aperture can be calculated based on the assump-
tion that mirror reflection causes multiple reflection with an
angle made between the direction of ultrasonic transmission
and reception and the direction indicating the boundary of the
structure.

[0097] Accordingly, in the first embodiment, the position
where a multiple reflection component (such as a main beam
of multiple reflection) is received is calculated based on mir-
ror reflection occurred by the direction of ultrasonic transmis-
sion and reception and the direction indicating the boundary
of the structure, and an aperture function is set with a reduced
weight in a predetermined range including the calculated
position as a basis (such as the center of gravity). FIG.9is a
diagram illustrating an outline of the first embodiment.
[0098] The left drawing of FIG. 9 is the same as FIG. 6,
illustrating an example in which the boundary formed of the
structure is horizontal and the transmission and reception
beam is inclined. The controller 18 according to the first
embodiment calculates the reception position (position of the
transducer element) where the main beam of multiple reflec-
tion is received in the reception aperture A, based on the
direction indicating the boundary of the structure and the
direction of the transmission and reception beam. Thereafter,
the controller 18 according to the first embodiment causes the
creating unit 124 to create an aperture function in which the
position of the center of gravity of the range with a weight “0”
is shifted from the “central position of the reception aperture
A” to the “calculated reception position”. As a result, the
present embodiment enables acquisition of a reception signal
in which a multiple reflection component is substantially
reduced and a true reflection component remains.

[0099] Reception apodization performed in the first
embodiment may be referred to as “shift type reception
apodization”, and reception apodization performed by the
above premise method may be referred to as “fixed type
reception apodization” hereinafter.

[0100] Shift type reception apodization is performed by
obtaining, by the controller 18, parameters explained with
reference to FIG. 10A, FIG. 10B, FIG. 10C, and FIG. 10D.
FIG. 10A, FIG. 10B, FIG. 10C, and FIG. 10D are diagrams
for explaining parameters used in the first embodiment.
[0101] FIG. 10A illustrates an axis defined from the prede-
termined direction in which the transducer elements are
arranged with an x axis. A linear type ultrasonic probe in
which the transducer elements are arranged in a straight line
performs linear scan in which ultrasonic beams that are par-
allel between the transmission apertures are transmitted while
the transmission aperture is moved, as illustrated in the upper
drawing of FIG. 10B. In the case of using a linear type
ultrasonic probe, the direction of the x axis is “the predeter-
mined direction in which the transducer element group are
arranged”, as illustrated in the lower drawing of FIG. 10B. By
contrast, a convex type ultrasonic probe in which the trans-
ducer elements are arranged in an arc shape performs offset
sector scan in which ultrasonic beams are transmitted in a fan
shape while the transmission aperture is moved, as illustrated
in FIG. 10C. In the case of using a convex type ultrasonic
probe, the direction of the x axis is a direction perpendicular
to anormal direction where the predetermined direction inter-
sects with the center of the transducer element group, as
illustrated in the lower drawing of FIG. 10C.

[0102] In FIG. 10A, a downward arrow indicates a direc-
tion of ay axis (that is, the depth direction) that is orthogonal
to the x axis and extends through the central position of the
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reception aperture. The direction of the y axis serves as the
above normal direction in a convex type ultrasonic probe. In
the following explanation, the central position of the recep-
tion aperture (and the transmission aperture) is explained as
the origin (0, 0).

[0103] FIG. 10A also illustrates that an angle “8,” between
the transmission direction of the ultrasonic beam and the
direction of the y axis is used as an example of the above first
parameter “deflection angle of the ultrasonic wave”. In the
linear type ultrasonic probe, because ultrasonic beams trans-
mitted from the respective transmission apertures are
deflected with the same angle as illustrated in the right draw-
ing of F1G. 10B, the “deflection angle of the ultrasonic wave”
is easily defined as an angle made between the transmission
direction of the ultrasonic beam and the direction of the y axis.
[0104] By contrast, in a convex type ultrasonic probe, the
transmission direction of the ultrasonic beam is different for
each transmission aperture as illustrated in FIG. 10C even
when the ultrasonic beam is not deflected, and definition of
the deflection angle thereof is different from that of a linear
ultrasonic probe. The following is explanation of deflection of
ultrasonic waves performed in a convex type ultrasonic probe.
The upper drawing of FIG. 10D illustrates a convex type
ultrasonic probe in which transducer elements are arranged
along an arc [ having a base point PO as the center and having
a curvature radius R. The convex type ultrasonic probe illus-
trated in the upper drawing of FIG. 10D transmits ultrasonic
beams that spread in a fan shape with the base point PO
serving as the center, at an angle of view ®. When the unit of
© is radian, the length of the arc L is Rx©.

[0105] When transmitted steering beams from the convex
type ultrasonic probe, the base point PO is moved along a
circle M having a central position Q of the arc L as the center
and a line segment PQ as the radius, as illustrated in the lower
drawing of F1G. 10D. In the lower drawing of FIG. 10D, P' of
a position where denotes a point obtained by moving the base
point P0 by the deflection angle “0,” along the circle M. The
convex type ultrasonic probe transmits steering beams in an
arc shape with the point P' serving as the center, as illustrated
in the lower drawing of FIG. 10D. The deflection angle of the
ultrasonic waves is defined as described above in a convex
type ultrasonic probe.

[0106] In FIG. 10A, “6,”denotes an angle made between
the direction of the x axis and the direction indicating the
boundary of the structure. The angle “8,” is an example of the
parameter that indicates the direction indicating the boundary
of the structure, and an angle corresponding to the above
“second parameter or the third parameter”. The symbol “d” in
FIG. 10A denotes a depth of a position where the ultrasonic
beam transmitted at the angle “0,” is first reflected in the
boundary formed of the structure inclined with the angle “8,,”.
Specifically, “d” in FIG. 10A denotes a depth at which the
structure is located on the scan line.

[0107] The symbol “X” in FIG. 10A denotes a distance
from the central position of the reception aperture to, for
example, the reception position where the main beam of
multiple reflection is received in the reception aperture. Spe-
cifically, “X”1is a reception position serving as a basis used for
setting the reduction range and, for example, a position of the
center of gravity (central position) of the range occupied by
the transducer elements with a weight of exactly oralmost “0”
in the aperture function. The controller 18 calculates “X” by,
for example, multiplying “d” by a function F (0,, 8,) formu-
lated with the angle “8,” and the angle “8,,”, to select “at least
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one transducer element” located in “X”. The function F (6,,
8,) will be explained in detail later using mathematical
expressions.

[0108] The following is explanation of an example of shift
type reception apodization performed under the control of the
controller 18 according to the first embodiment, with refer-
ence to FIG. 11 to FIG. 16 and mathematical expressions.
FIG. 11 to FIG. 16 are diagrams for explaining a process
performed by the controller according to the first embodi-
ment.

[0109] First, a method for obtaining varieties of parameters
illustrated in FIG. 10A is explained hereinafter. The control-
ler 18 is capable of obtaining the deflection angle “0,” indi-
cating the direction of the transmission and reception beam,
by controlling ultrasound transmission and reception. Spe-
cifically, the controller 18 obtains the deflection angle “6,”
based on various transmission and reception conditions that
have been set before ultrasonic scan.

[0110] In addition, the controller 18 obtains the angle “0,”
between the direction of the x axis and the direction of the
boundary of the structure by various methods explained here-
inafter. In the simplest method, the controller 18 obtains a
value that is initially preset as the angle “0,”. For example, the
controller 18 obtains a value “0,=0" or “0,=3" from a set
value stored in the internal storage unit 17. In such a case, the
operator can change the initial setting value of “0,” to a
desired value according to information such as the region to
be examined.

[0111] As another example, the angle “0,” indicating the
direction of the structure is obtained using ultrasonic image
data obtained by imaging the scan range to be subjected to
actual ultrasonic scan by an ordinary B mode. In such a case,
the controller 18 contains the direction indicating the bound-
ary of the structure, based on information that is input by the
operator who has referred to ultrasonic image data obtained in
advance. For example, the controller 18 displays B mode
image data obtained in advance by preliminary imaging on
the monitor 2, as illustrated in FIG. 11. The B mode image
data illustrated in FIG. 11 includes a drawn “signal” corre-
sponding to an inclined blood vessel wall, and a drawn “mul-
tiple signal” corresponding to multiple reflection caused by a
blood vessel wall in a shallow position. The B mode image
data illustrated in FIG. 11 includes no drawn “multiple sig-
nal” corresponding to multiple reflection caused by a blood
vessel wall ina deep position, due to attenuation or the display
depth. The operator measures the inclination of the blood
vessel wall in the shallow position that causes a multiple
signal, using an angle measurement tool.

[0112] Forexample, the operator measures the angle of the
“signal”, by turning an angle measuring knob 31 included in
the input device 3, as illustrated in FIG. 11. The controller 18
obtains the angle measured by the operator with the knob 31,
as the angle “0,” between the direction of the x axis and the
direction indicating the boundary of the structure.

[0113] Here, thecontroller 18 may automatically obtain the
direction indicating the boundary of the structure, because
manually measuring the direction indicating the boundary of
the structure is processing that requires the operator’s labor.
When it is designated to automatically perform the process-
ing of obtaining the angle “0,”, the controller 18 analyses
ultrasonic image data obtained in advance, to estimate the
direction indicating the boundary of the structure. Here, the
controller 18 performs edge detection or main component
analysis as processing of analyzing the ultrasonic image data
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obtained in advance, to estimate the angle “6,” between the
direction of the x axis and the direction of the boundary of the
structure, as illustrated in FIG. 12. The B mode image data
illustrated in FIG. 12 is the same image as the B mode image
data illustrated in FIG. 11. For example, the controller 18
obtains a normal vector by performing edge emphasis pro-
cessing on the B mode image data illustrated in FIG. 12, and
detects the edge from the obtained normal vector. Thereafter,
the controller 18 estimates the angle “0,” from the direction
of the detected edge. The above method is a mere example.
The controller 18 can estimate the angle “0,” by varieties of
publicly known methods.

[0114] Here, when the detection of the angle “0,” is per-
formed by processing of detecting image information, the
controller 18 may perform the following processing to reduce
the load. Specifically, the controller 18 analyzes ultrasonic
image data obtained in advance, in a region close to a prede-
termined depth. In other words, the controller 18 performs
processing of detecting image information only on a region of
interest (ROT) that is set in the B mode image data imaged in
advance. For example, the ROI is set by the operator who has
referred to the B mode image data.

[0115] As another example, the controller 18 may auto-
matically set the RO, to reduce the burden on the operator.
For example, the controller 18 uses a depth located in the
center of the image, as the predetermined depth used for
automatic setting of the ROI. Generally, a region depicted in
the center of the image is a region that is particularly noticed
in image diagnosis. Accordingly, the controller 18 automati-
cally set the ROI with the center of the image as the center, to
avoid a multiple signal from being depicted in the center of
the image.

[0116] As anotherexample, the controller 18 uses the depth
atwhichthe tissue to be examined is located from the abutting
surface of the ultrasonic probe 1, as the predetermined depth
used for automatic setting of the ROI. For example, the con-
troller 18 obtains information that the tissue to be examined is
“carotidartery”, from information thatis input in advance and
related to examination. Generally, the depth of the carotid
artery from the abutting surface of the ultrasonic probe 1 is
“10 mm” or around. For example, the internal storage unit 17
stores therein a table in which a typical depth of the position
of the tissue is set for each of the tissues to be examined. The
controller 18 obtains the depth associated with the tissue
obtained from the examination information with reference to
such atable, to set the ROI. As described above, the controller
18 automatically sets the ROI with the depth at which the
tissue to be examined is located serving as the center, to avoid
amultiple signal from being depicted in a region in which the
tissue to be examined is depicted.

[0117] As another example, the controller 18 uses the posi-
tion of the transmission focus, as the predetermined depth
used for automatic setting of an ROI. The region including the
position of the transmission focus as the center is also a region
thatis particularly noticed in image diagnosis. For this reason,
the controller 18 automatically sets the ROI including the
positionofthe depth ofthe transmission focus as the center, to
avoid a multiple signal from being depicted in a region in
which the tissue to be examined is depicted.

[0118] Next, the controller 18 according to the first embodi-
ment calculates the reception position, without obtaining a
depth “d” at which the structure is located on the scan line, as
explained hereinafter. Specifically, in the first embodiment,
the controller 18 calculates the reception position, on the
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assumption that the structure is located in each of depths of a
plurality of reception focuses set on the reception scan line.
This process will be explained hereinafter with reference to
FIG. 13.

[0119] For example, the controller 18 sets depths “d,, d,,
ds, d, . .. ” of reception focuses on the scan line as “d” used
for calculation of the reception position, as illustrated in FIG.
13. The controller 18 performs control to change the width of
the reception aperture in accordance with the position of the
reception focus. Specifically, the controller 18 causes the
reception unit 12 to perform DVAF described above. There-
after, the controller 18 calculates the reception position to
selectat least one transducer element in the reception aperture
of each reception focus. The controller 18 calculates the
reception position in the reception aperture of each reception
focus in each reception scan line.

[0120] FIG. 13 illustrates the reception aperture of each
reception focus set by DVAF, and each reception aperture is
disposed at the depth of the corresponding reception focus.
The width (L) by which the aperture width of the reception
aperture is enlarged is “L=d/F-number” based on the depth
“d” of the reception focus and “F-number”.

[0121] Here, the value “L,” in FIG. 13 is an initial value of
the aperture width that is provided at the depth “0”. In FIG.
13, “F-number=1"is set. For this reason, the aperture width at
the depth “d, ” is “d, +L,” as illustrated in F1G. 13. In the same
manner, the aperture widths at the respective depths “d,, d,,
d,” are “d,+L,, d;+L,, d,+L,”, respectively, as illustrated in
FIG. 13. Because the reception aperture extends from the
center of the aperture toward the both ends in DVAF, the
inclination of the straight line that runs through the end point
of the reception aperture is “F-number/2=%4" in FIG. 13 in
which the reception apertures of the respective reception
focuses are arranged.

[0122] The controller 18 calculates the reception position
“X=1,” at thedepth *“d,” by “l,=d,F (0,,0,)”, as illustrated in
FIG. 13. The controller 18 also calculates the reception posi-
tions at the respective depths “d,, d;, d,” as “(d,/d, )1y, (ds/
d)) g, (dy/d)) 1,7, respectively, using the proportional rela-
tion, as illustrated in FIG. 13. FIG. 13 illustrates that a
multiple reflection component (such as the main beam of
multiple reflection) is received at a position on the right side
of the central part of the reception aperture, due to the relation
between the angle “0,” and the angle “0,”.

[0123] The creating unit 124 creates an aperture function
with a reduced weight for the range including the reception
position, based on the reception position calculated by the
controller 18 in the reception aperture of each reception
focus, and notifies the phasing adder 125 of the aperture
function.

[0124] Next, a method for calculating the reception posi-
tion will be explained in detail hereinafter with reference to
FIG. 14 to FIG. 16 and mathematical expressions. FIG. 14
illustrates that (x,, d) is the position (hereinafter referred to as
P1) where the ultrasonic beam transmitted at the angle “0,”
first reaches the boundary inclined at the angle “8,”. FIG. 14
also illustrates that (x,+x,, 0) is a position (hereinafter
referred to as P2) where the reflected wave reflected at P1 is
received on the probe surface by mirror reflection with the
angle “0,” and the angle “0,”. FIG. 14 also illustrates that
(X, +X,+X5, d+d') is a position (hereinafter referred to as P3)
where the reflected wave reflected at P2 reaches the boundary
again by mirror reflection with the angle “0,” and the angle
“B,”. FIG. 14 also illustrates that (X, +X,+X5+X,, 0) is a posi-
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tion (hereinafter referred to as P4) where the reflected wave
reflected at P3 is received on the probe surface by mirror
reflection with the angle “6,” and the angle “6,”.

[0125] As illustrated in FIG. 14 and the following Expres-
sion (1), “X; +X,+X3+X,” is the position “X” illustrated in FIG.
10A and calculated by shift type reception apodization, that
is, the position “X” of the center of gravity for the range
occupied by the transducer elements with a weight of exactly
or almost “0” in the aperture function.

X=X +xy %345, 1

[0126] First, the “angle made between the direction from
the origin toward P1 and the depth direction” is “8,”, as
illustrated in FIG. 14. In addition, the “angle made between a
direction from P1 to P2 and the depth direction” and the
“angle made between a direction from P2 to P3 and the depth
direction” is “0,+20,”, as illustrated in FIG. 14, by geometri-
cal calculation on the assumption that reflected with the angle
“0,” and the angle “6,,” is mirror reflection. The “angle made
between a direction from P3 to P4 and the depth direction” is
“0,+40,”, as illustrated in FIG. 14, by similar geometrical
calculation.

[0127] First, the controller 18 calculates “x,” by the follow-
ing Expression (2), based on “0,” and “d”. The controller 18
also calculates “x,” by the following Expression (3), based on
“0,4+20,” and “d”.

x=dtan(0,) 2
Xy=d"tan(0,+20,) (3)
[0128] By contrast, “x;” can be expressed with the follow-

ing Expression (4), based on “0,420,”, “d”, and “d”. In
addition, “x,” can be expressed with the following Expres-
sion (5), based on “6,+46,”, “d”, and “d™.

x3 =(d +d')-tan(6, +20;) 4)

=Xy + d’ -tan(6, +26;)

x4 = (d +d')-tan(d, +48;) 3
[0129] Inaddition, “d™ can be expressed with the following
Expression (6).

d’ = (xp +x3)-tan(6) 6)

= (2% +d’ tan(0; +26p)) -tan(fy)

[0130] Here, Expression (6) is expanded to the following
Expression (7).

@'(1-tan(0,+26)tan(04))=2x,tan(0,) 6
[0131] When an addition theorem of a trigonometric func-
tion in Expression (8) is used, the left side “1-tan(6,+28,)tan

(6,)” of Expression (7) serves as the right side of the follow-
ing Expression (9).

tane + tanf3 (3)
taaa+ )= 1 - tanatanf
1 —tan(8; + 260)-tan(fy) = [tan(@; + 26o) + tan(fo)]/tan(@ + 36 (&)
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[0132] Substituting Expression (9) into Expression (7)
indicates that “d™ can be calculated from “x,”, ““6,”, and “6,,”,
as in the following Expression (10).

d'=2x; tan(Bo)tan(6,+30,)/[ tan(0,+26,)+tan(6,)] (10)

[0133] Based on the above, “x;” can be calculated by the
following Expression (11), and “x,” can be calculated by the
following Expression (12).

x3 = (d +d)-tan(0, +20,) (11)
=xp-(1 =2-tan(@, + 26)) - tan(fy ) - tan(@; + 36¢)/

[tan(@; + 26,) + tan(fy)])

X = (d+d')-tan(d; +46y) (12)
=13 -(1 =2-tan(8, +46y) - tan(6y ) - tan(B; + 36,)/

[tan(@, + 26, ) + tan(fy)])

[0134] By the above method, the controller 18 obtains the
angle “0,” and the angle “0,”, and substitutes the depth “d” of
the reception focus, to calculate “x,” and “x,” by Expressions
(2) and (3). Thereafter, the controller 18 calculates “x;” and
“x,” by Expression (11) and Expression (12) using the cal-
culated “x,”, “8,”, and “8,”. The controller 18 thereafter
calculates “x, +X,+X;+X,”, to obtain the reception position
“X”. As s clear from Expression (2), Expression (3), Expres-
sion (11), and Expression (12), “X=x,+X,+X;+x,” can be
formulated into the product of “d” and the function F (6,, 6,))
that is expressed with the angle “8,” and the angle “6,”, when
“d” is pulled out as a common factor. The controller 18
multiplies the value of any depth “d” by a value obtained by
substituting the obtained angle “6,” and the angle “6,” into F
(8, 8,), to calculate the reception position “X” in the recep-
tion aperture set for each reception focus, and select at least
one transducer element located in the reception position “X”.
[0135] The above calculation method can be simplified in
the case illustrated in FIG. 15 or FIG. 16. FIG. 15 illustrates
an example of the case where “X” is determined using F (6,,
0) obtained by substituting “0,=0" into F (0, 0,). The
example illustrated in FIG. 15 illustrates the case where “X”
is determined with “0,=0", because “0,=0"is set in the above
initial setting, although actually the boundary formed of the
structure is inclined in a direction of the angle “0,” In other
words, the example illustrated in FIG. 15 illustrates the case
where shift type reception apodization is performed only with
a deflection angle of ultrasonic wave serving as the first
parameter, in an ultrasound test in which the boundary of the
structure is assumed to be parallel with the x axis.

[0136] Insuchacase, all the “x,”, “x,”, “x;”, and “x,” are
“d-tan(6,)”, only based on the angle “6,” at which the trans-
mission beam is steered, as illustrated in the following
Expression (13).

x; =d-tan(6,) (13)
Xy =d-tan(f,)
x3 =d-tan(f,)
x4 = d-tan(f;)
[0137] Specifically, the transmission beam that is steered at

an angle “0,” toward “0,=0" serving as the direction of the
structure is reflected at the position (d-tan(6,), d), and received
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at the position (2d-tan(8,), 0). In the case of a multiple reflec-
tion signal, the transmission beam is reflected again on the
probe surface, and further reflected by the structure to be
received. Consequently, the transmission beam is received at
the position that is shifted from the central position (aperture
central position) of the transmission beam by “4d-tan(0,)”.

[0138] Specifically, in the case where the initial setting is
performed on the assumption “6,=0", the controller 18 cal-
culates the reception position “X” serving as the position of
the center of gravity for the range with a reduced weight as
“4d-tan(6,)”, by the following Expression (14).

X=4dtan(0,) (14)

[0139] The controller 18 calculates the reception position
“X” as “X=4d-tan(0,)”, also in the case where the measure-
ment value obtained from the operator or the value obtained
by image information detection processing is “0,=0".
[0140] FIG. 16 illustrates an example of the case where “X”
is determined using a value obtained by substituting “0,=0”
into F (0,, 6,), because the transmission beam is not deflected.
In the example illustrated in F1G. 16, the controller 18 obtains
“0,” from the initially set value, the measurement value
obtained from the operator, or the value obtained by image
information detection processing. In other words, the
example illustrated in FIG. 16 illustrates the case where shift
type reception apodization is performed only with the angle
“0,” that is made between the direction of the x axis and the
boundary of the structure and serves as the second parameter
or the third parameter, in an ultrasonic test in which ultra-
sound transmission and reception are performed without
deflection.

[0141] FIG. 16 illustrates that (x,=0, d) is the position
(hereinafter referred to as P1") where the ultrasonic beam
transmitted at the angle “6,=0” first reaches the boundary
inclined at the angle “0,”. FIG. 16 also illustrates that (x,, 0)
is aposition (hereinafter referred to as P2') where the reflected
wave reflected at P1' is received on the probe surface by
mirror reflection. FIG. 16 also illustrates that (x5, d+d") is a
position (hereinafter referred to as P3') where the reflected
wave reflected at P2' reaches the boundary again by mirror
reflection. FIG. 14 also illustrates that (x,+x3+x,, 0) is a
position (hereinafter referred to as P4') where the reflected
wave reflected at P3' is received on the probe surface by
mirror reflection.

[0142] In addition, the “angle made between a direction
from P1' to P2' and the depth direction” and the “angle made
between a direction from P2' to P3' and the depth direction” is
“20,”, as illustrated in FI1G. 16. The “angle made between a
direction from P3' to P4' and the depth direction” is “40,”, as
illustrated in FIG. 16.

[0143] The values “x,”, “x,”, “x,”, and “x,” illustrated in
FIG. 16 are expressed with the following Expression (15), by
substituting “6,=0” into Expressions (1) to (4).

X =0 (15)
X = d -tan(26;)
x3 = (d+d”)tan(28) = xo +d” -tan(20,)
xy = (d +d”)-tan(40y)

[0144] In addition, “d"” can be expressed with the follow-
ing Expression (16).
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d’ = (2 + x3) - tan(fg) (16)

=(2x, +d” -tan(28,)) - tan(fy)

[0145] Expression (16) is expanded to the following
Expression (17).

@"(1-tan(B,)tan(200))=2x, tan(0y) an

[0146] When the addition theorem of the trigonometric
function in Expression (8) is used, the following Expression
(18) is obtained from Expression (17).

d"=x,2 tan(Bg)tan(36,)/(tan(26 ) +tan(0,)) (18)

[0147] Based on the above, “x;” illustrated in FIG. 16 can
be calculated by the following Expression (19), and “x,”
illustrated in FIG. 16 can be calculated by the following
Expression (20).

X3 =(d +d”) tan(26,) (19)

=xp-(1 + 2-tan(26y) - tan(, ) - tan(36;)/
[tan(26)) + tan(6p)])

x4 = (d +d")-tan(36p) 20)

=X -(1 +2-tan(46y) - tan(fh) - tan(36 )/
[tan(26) + tan(fy)])

[0148] In the case of “0,=0”, “X” can be calculated by the
product of d and a function of “0,,”, as expressed with Expres-
sion (15), Expression (19), and Expression (20).

[0149] By the calculation method explained above, the con-
troller 18 calculates “X” in the reception aperture of each
reception focus from the obtained angle “6,” and the angle
“0,”, to perform transducer element selection processing.
Thereafter, the creating unit 124 creates an aperture function,
for example, with a weight of “0” for a range “Xao to Xp”
having “X” as the center of gravity in the reception aperture
and a weight of “1” for a range outside the range “Xo to Xp”
in the reception aperture. For example, the controller 18 sets
“Xo=X-dX”and “Xp=X+dX”. The value “dX” may be setin
the system as initial setting, or may be set by the operator.
However, the controller 18 performs setting such that the
range having “X” as the center of gravity is located in the
reception aperture, regardless of the value of “dX”.

[0150] Theeffect obtained by the above shift type reception
apodization will be explained hereinafter with reference to
FIG. 17 and FIG. 18. FIG. 17 and FIG. 18 are diagrams for
explaining the effect of the first embodiment. FIG. 17 illus-
trates B mode image data obtained by ordinary B mode imag-
ing on the left side, and B mode image data obtained by the
above shift type reception apodization on the right side. The
two images illustrated in FIG. 17 are obtained by imaging a
phantom in which the boundary is horizontal (0,=0 degree)to
the probe surface and the boundary is disposed at a depth of
“10 mm”. In the phantom, wires are arranged in respective
positions that are deeper than the depth “10 mm”.

[0151] The B mode image data on the right side of FIG. 17
is an image obtained by performing shift type reception
apodization with “X=4d-tan(0,)”” under the conditions of the
steering angle “0,~10 degrees” and the angle “6,=0 degree”.
As illustrated in FIG. 17, multiple reflection exists at the
position at a depth of “20 mm” in the left B mode image data.

12
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By contrast, FIG. 17 demonstrates that a multiple signal is
significantly reduced in the left B mode image data by using
an aperture function the range with a weight of “0” is moved
and set with “X=4d-tan(0,)”.

[0152] In addition, comparison of the left and right images
illustrated in FIG. 17 has revealed that deterioration in azi-
muth resolution occurring in the above premise method is
reduced. Specifically, when the left and right images illus-
trated in FIG. 17 are compared, the width of each wire in the
azimuth direction is substantially the same. This is considered
to be caused by difference in sound field distribution around
the focus between fixed type reception apodization and shift
typ reception apodization. This point will be explained here-
inafter with reference to FIG. 18.

[0153] The upper drawing of FIG. 18 illustrates the posi-
tions of the transducer elements in the horizontal axis, and the
weights of the aperture function in the vertical axis, in the
same manner as the upper drawing of FIG. 8. The upper
drawing of FIG. 18 also illustrates a range set as the reception
aperture with “ON”, and ranges that are not set as the recep-
tion aperture with “OFF”, in the same manner as the upper
drawing of FIG. 8. The upper drawing of FIG. 18 illustrates an
aperture function with a weight “0” set for the right end part
of the reception aperture, and a weight “1” set for the other
range of the reception aperture, by the above shift type recep-
tion apodization.

[0154] The lower drawing of FIG. 18 illustrates a focus
sound field obtained by performing Fourier transform on the
aperture function illustrated in the upper drawing of FIG. 18.
When the lower drawing of FIG. 18 is compared with the
lower drawing of FIG. 8, they are different in sound field
distribution around the focus. Specifically, the lower drawing
of FIG. 18 illustrates that increase in the side-lobe with
respect to the main-lobe is suppressed in comparison with the
lower drawing of FIG. 8 by using an aperture function with a
weight of “0” set for the right end part of the reception
aperture.

[0155] For example, when the angle made between the
direction of the angle “0,” and the angle “0,” is extremely
large, the reception aperture becomes equivalent to a state
where an aperture part of one side is removed, by the aperture
function set by shift type reception apodization. This reduces
the effective aperture width, although the aperture width is
asymmetrical with respect to the transmission and reception
scan line. In such a case, in the sound field distribution, the
side-lobe component does not increase more than the method
of providing the central aperture with a weight of “0”,
although azimuth resolution is slightly reduced due to spread
of the side-lobe. Consequently, as illustrated in FIG. 17, shift
type reception apodization enables suppression of deteriora-
tion in image quality in the azimuth direction that is signifi-
cantly caused in the premise method.

[0156] The following is explanation of flow of a process
performed by the ultrasonic diagnosis apparatus according to
the first embodiment with reference to FIG. 19. FIG. 19 is a
flowchart illustrating an example of a process performed by
the ultrasonic diagnosis apparatus according to the first
embodiment. FIG. 19 illustrates an example of a process
performed using a preset value as the angle “6,”.

[0157] As illustrated in FIG. 19, the controller 18 of the
ultrasonic diagnosis apparatus according to the first embodi-
ment determines whether an imaging start request with shift
type reception apodization is received (step S101). When no
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imaging start request is received (No at step S101), the con-
troller 18 waits until it receives an imaging start request.
[0158] On the other hand, when an imaging start request is
received (Yes at step S101), the controller 18 obtains 6,and 6,
(step S102). Next, the controller 18 calculates a position (X)
of the center of gravity in the reception aperture for each
reception focus on all the scan lines (step S103). Thereafter,
the controller 18 performs selection processing based on the
calculated position of the center of gravity, to set a reduction
range. Next, the creating unit 124 creates aperture functions
of all the reception apertures, in accordance with an instruc-
tion from the controller 18 (step S104).

[0159] Thereafter, the controller 18 starts ultrasound trans-
mission and reception (step S105). In this manner, digital data
of a reflection signal subjected to reception delay processing
are successively input to the phasing adder 125. Next, the
phasing adder 125 generates reflected-wave data for a frame,
that is, reflected-wave data (reception signal) on all the scan
lines (reception scan lines) by phasing addition using an
aperture function of the corresponding reception aperture
(step S106). Next, the B mode processor 13 generates B mode
data, and the image generator 15 generates B mode image
data (step S107).

[0160] Next, under the control of the controller 18, the
monitor 2 displays the B mode image data (step S108), and
the controller 18 ends the process. The process from step
S106 to step S108 is repeated until an imaging end request is
received. According to the first embodiment, the operator
who has referred to B mode image data may correct at least
one value of 8, and 6, and imaging with shift type reception
apodization may be performed again under the corrected
condition.

[0161] As described above, according to the first embodi-
ment, the position at which the main beam of multiple reflec-
tion is received in the reception aperture is calculated based
on mirror reflection that occurs according to the direction of
ultrasound transmission and reception and the direction indi-
cating the boundary of the structure, and an aperture function
with a reduced weight for a certain range having the calcu-
lated position as the center of gravity is set. Consequently, the
first embodiment enables acquisition of B mode data with
reduced multiple reflection, without being influenced by
inclination of the transmission and reception beam or incli-
nation of the structure.

[0162] In addition, according to the first embodiment,
because the reception position is calculated with each recep-
tion focus position on the reception scan line that is set as the
depth of the structure, the range with a reduced weight can be
simply set.

[0163] The operator may move the position of the ultra-
sonic probe 1, for example, while the process from step S106
to step S108 illustrated in F1G. 19 is repeated. In such a case,
the controller 18 selects at least one transducer element when-
ever the ultrasonic probe 1 is moved, to cause the reception
unit 12 to perform shift type reception apodization processing
(reduction processing) according to the selected transducer
element. As a result, the first embodiment enables reduction
in multiple reflection of each ultrasonic image data generated
by successive imaging.

Second Embodiment

[0164] The second embodiment illustrates the case of per-
forming shift type reception apodization by obtaining a depth
ofthe structure as well as the direction (deflection angle of the
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ultrasonic wave) of ultrasound transmission and reception
and the direction indicating the boundary of the structure,
with respect to FIG. 20 to FIG. 22. FIG. 20 to FIG. 22 are
diagrams for explaining the second embodiment.

[0165] The ultrasonic diagnosis apparatus according to the
second embodiment is constructed in the same manner as the
ultrasonic diagnosis apparatus according to the first embodi-
ment illustrated in FIG. 1. In addition, the reception unit 12
according to the second embodiment is constructed in the
same manner as the reception unit 12 according to the first
embodiment illustrated in F1G. 2. The controller 18 according
to the second embodiment performs control to change the
width of the reception aperture according to the position of
the reception focus, in the same manner as the first embodi-
ment. Specifically, the controller 18 causes the reception unit
12 to execute DVAF.

[0166] However, the controller 18 according to the second
embodiment selects “at least one transducer element” in the
reception aperture of the reception focus corresponding to the
depth of the structure. Specifically, the controller 18 calcu-
lates the reception position in the reception aperture of the
reception focus corresponding to the depth of the structure, to
select transducer element selection processing. In the first
embodiment, the depth itself of the structure is not used as an
input parameter. Instead, in the first embodiment, the depth of
the structure is set to the reception focus position, and the
position of “X” is automatically calculated with F (8,, 6,) and
“F-number”. However, in the first embodiment, because
transducer elements with a weight of “0” always exist at each
depth “d” as illustrated in FIG. 13, the effective aperture
width is always smaller than that of ordinary reception
apodization. As a result, the first embodiment has the possi-
bility that the image quality of B mode image data is reduced.
[0167] For this reason, in the second embodiment, the
depth (hereinafter referred to as “d,”) of the structure is
obtained, and shift type reception apodization is performed
only with “d,”.

[0168] Here, the controller 18 obtains the depth “d,” of the
structure, based on information that is set by the operator who
has referred to the “ultrasonic image data (B mode image
data) obtained in advance” explained in the first embodiment.
Specifically, the controller 18 according to the second
embodiment obtains the direction indicating the boundary of
the structure and the depth of the structure, based on infor-
mation that is input by the operator who has referred to
ultrasonic image data obtained in advance. The B mode image
data displayed on the monitor 2 and illustrated in FIG. 20 is
the same as the B mode image data illustrated in FIG. 11. In
the same manner as the first embodiment, the operator turns
the knob 31 to measure the angle of the “signal”, as illustrated
in FIG. 20. The controller 18 obtains the angle measured by
the operator with the knob 31 as an angle “0,” indicating the
direction of the structure.

[0169] Moreover, the operator simultaneously measures
the depth “d,”, as illustrated in FIG. 20. The controller 18
obtains the depth measured by the operator as the depth “d,,”
of the structure.

[0170] As another example, the controller obtains the depth
“d,”, based on a result of detection of image information of
the “ultrasonic image data (B mode image data) obtained in
advance”, to reduce the burden on the operator. Specifically,
the controller 18 analyses the ultrasonic image data obtained
in advance, to estimate the direction indicating the boundary
of the structure and the depth of the structure. More specifi-
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cally, the controller 18 estimates the angle “8,” by edge
detection and main component analysis, as explained in FIG.
12. The second embodiment also enables setting an ROI
based on varieties of predetermined depth explained in the
first embodiment, and perform image information detection
processing only in the ROIL.

[0171] Here, for example, when the edge extracted by edge
detection is regarded as the boundary formed of the structure,
the controller 18 is capable of obtaining a rough position of
the boundary in the image from the image information.
Accordingly, the controller 18 is capable of obtaining the
depth “d,” by automatically measuring the position of the
edge in the image. As described above, the controller 18
according to the second embodiment is capable of obtaining
the depth “d,” of the structure, together with the angle “0,”
indicating the direction of the structure, by processing of
detecting image information.

[0172] As another example, the controller 18 may obtain
the depth of the structure based on preset information. Spe-
cifically, the controller 18 may use varieties of information
(predetermined depth) used for setting the ROI explained in
the first embodiment, as “d,” without any processing. More
specifically, the controller 18 estimate the angle “6,” by edge
detection or main component analysis, as illustrated in FIG.
21. Next, the controller 18 obtains the “center of the image”,
“representative depth of the tissue to be examined”, or “trans-
mission focus” used for setting the ROI as “d,,”, as illustrated
in FIG. 21. Setting “transmission focus=d,,” enables instan-
taneous correspondence to change of the transmission and
reception conditions during imaging.

[0173] FIG. 22 illustrates reception apertures at the respec-
tive reception focuses “d,, d,, d, d, .. .” set under the same
conditions as those of DVAF illustrated in FIG. 13. FIG. 22
illustrates the case where the depth “d,” of the structure
obtained any of the above three methods is located between
“d,” and “d,”. In such a case, the controller 18 sets “d,” as a
new reception focus, as illustrated in FIG. 22. The reception
aperture width at the depth ““d,” is “d +L,” based on “F-num-
ber=1", as illustrated in FIG. 22.

[0174] Next, the controller 18 calculates the reception posi-
tion “d,'F (0, 6,)” only with the depth “d,”, as illustrated in
FIG. 22. Thereafter, the creating unit 124 creates an aperture
function, for example, with a weight of “0” for the range
having “d,F (6, 8,)” as the center of gravity for the reception
focus “d,”. The creating unit 124 according to the second
embodiment creates aperture functions used in ordinary
reception apodization for reception focuses other than the
reception focus “d,”. Such aperture functions may be “apet-
ture functions of a rectangular window”, “aperture functions
as a Hanning window”, or “aperture functions of a flat-top
window”, as well as “aperture functions of a Hamming win-
dow”.

[0175] The phasing adder 125 weights the signals that have
been subjected to reception delay processing and obtained at
the reception aperture of the reception focus “d,” with an
aperture function to set a weight of “0” for the range (reduc-
tion range) including “d,F (8,, 8,)” as a basis (such as the
center of gravity), and add the signals. In this manner, the
phasing adder 125 obtains a reception signal for a plurality of
sample points near the reception focus “d,”. The controller 18
may perform the following processing because the depth “d,”
of the structure is obtained as the depth of the structure on a
certain line. For example, the controller 18 specifies a region
that may be occupied by the structure in the scan range, based
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on the position of the scan line at which the depth “d,” of the
structure is obtained and the inclination “6,” of the structure.
Next, for example, the controller 18 performs adjustment
such that most of a plurality of sample points on all the scan
lines near the reception focus “d,” are located within the
region. This adjustment enables the controller 18 to effec-
tively reduce the multiple component. As another example,
the controller 18 may determine the depth of the structure on
each scan line, and may perform shift type reception apodiza-
tion only for the depth determined in each scan line.

[0176] In addition, the phasing adder 125 weights signals
that have been obtained in the reception apertures of the
reception focuses other than the reception focus “d,” and
subjected to reception delay processing with ordinary aper-
ture functions, and adds the signals. In this manner, the phas-
ing adder 125 obtains a reception signal of all the sample
points other than the reception focus “d,,”. In this manner, the
phasing adder 125 obtains a reception signal (reflected-wave
data) on the reception scan line.

[0177] The details explained in the first embodiment are
applicable to the second embodiment, except for the point of
performing shift type reception apodization only in the recep-
tion aperture having the depth “d,” of the structure as the
reception focus. However, the shift type reception apodiza-
tion explained in the first embodiment may be performed by
adding the depth “d,” of the structure obtained by the con-
troller 18 to the reception focus.

[0178] The following is explanation of a flow of a process
performed by the ultrasonic diagnosis apparatus according to
the second embodiment, with reference to FIG. 23. FIG. 23 is
a flowchart illustrating an example of a process performed by
the ultrasonic diagnosis apparatus according to the second
embodiment.

[0179] As illustrated in FIG. 23, the controller 18 of the
ultrasonic diagnosis apparatus according to the second
embodiment determines whether an imaging start request
with shift type reception apodization is received after obtain-
ing 0,, 8, and do (step S201). When no imaging start request
is received (No at step S201), the controller 18 waits until it
receives an imaging start request.

[0180] On the other hand, when an imaging start request is
received (Yes at step S201), the controller 18 calculates a
position (X) of the center of gravity in the reception aperture
at do on all the scan lines (step S202). Thereafter, the control-
ler 18 performs selection processing based on the calculated
positionofthe center of gravity, to set areduction range. Next,
the creating unit 124 creates aperture functions of all the
reception apertures, in accordance with an instruction from
the controller 18 (step S203). For example, the creating unit
124 creates an aperture function with a weight of “0” for the
range having “d,'F (8, 0,)” as the center of gravity for the
reception focus “d,”, and creates aperture functions used in
ordinary reception apodization for reception focuses other
than the reception focus “d,”.

[0181] Thereafter, the controller 18 starts ultrasound trans-
mission and reception (step S204). In this manner, digital data
of a reflection signal subjected to reception delay processing
are successively input to the phasing adder 125. Next, the
phasing adder 125 generates reflected-wave data for a frame,
that is, reflected-wave data (reception signal) on all the scan
lines (reception scan lines) by phasing addition using an
aperture function of the corresponding reception aperture
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(step S205). Next, the B mode processor 13 generates B mode
data, and the image generator 15 generates B mode image
data (step S206).

[0182] Next, under the control of the controller 18, the
monitor 2 displays the B mode image data (step S207), and
the controller 18 ends the process. The process from step
S205 to step S207 is repeated until an imaging end request is
received. According to the second embodiment, the operator
who has referred to B mode image data may correct at least
one value of 6,, 8,, and d,, and imaging with shift type
reception apodization may be performed again under the
corrected condition.

[0183] As described above, according to the second
embodiment, shift type reception apodization only with the
depth ofthe structure is performed. Consequently, the second
embodiment enables acquisition of B mode data with a
reduced multiple signal, while reduction in image quality is
prevented. As described above, the details explained in the
first embodiment are applicable to the second embodiment.
For example, also in the second embodiment, the controller
18 selects at least one transducer element whenever the ultra-
sonic probe 1 is moved, to cause the reception unit 12 to
perform shift type reception apodization processing (reduc-
tion processing) according to the selected transducer element.
As a result, the second embodiment enables reduction in
multiple reflection of each ultrasonic image data generated by
successive imaging.

Third Embodiment

[0184] The third embodiment provides explanation of a
method that is applicable to shift type reception apodization
explained in the first embodiment and the second embodi-
ment, to further improve the image quality of B mode image
data, with reference to FIG. 24 and FIG. 25. FIG. 24 and FIG.
25 are diagrams for explaining the third embodiment.
[0185] For example, with reference to the B mode image
data on the left side of FIG. 7 and the B mode image data on
the left side of FIG. 17, the wires are obliquely depicted, when
the transmission and reception beam is steered with the
deflection angle “8,”. For this reason, the third embodiment
solves the above problem by performing spatial compound-
ing explained as conventional art, under the control of the
controller 18. In addition, in the third embodiment, shift type
reception apodization is applied to spatial compounding for
deflecting the transmission beam, under the control of the
controller 18. With the application, the third embodiment
enables acquisition of B mode image data with reduced mul-
tiple reflection and an improved S/N ratio. The following is
detailed explanation of a process performed in the third
embodiment.

[0186] First, the controller 18 according to the third
embodiment performs control to perform ultrasound scan a
plurality of times with deflection angles of ultrasound trans-
mission and reception that are different between frames. FIG.
24 illustrates the case where the boundary formed of the
structure is parallel with the probe surface (x axis), that is,
“0,=0". For example, the controller 18 executes ultrasound
transmission and reception inclined with the angle “0,” to the
right, as illustrated in the left drawing of FIG. 24. The ultra-
sonic scan inclined with the angle “0,” to the right is referred
to as “Rs” hereinafter. Next, the controller 18 executes ultra-
sound transmission and reception inclined with an angle “0
degrees”, that is, “0,=0”, as illustrated in the middle drawing
of FIG. 24. The ultrasonic scan with “0,=0" is referred to as
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“Cs” hereinafter. The controller 18 also executes ultrasound
transmission and reception inclined with the angle “6,” to the
left, as illustrated in the right drawing of FIG. 24. The ultra-
sonic scan inclined with the angle “0,” to the left is referred to
as “Ls” hereinafter.

[0187] Next, the controller 18 according to the third
embodiment select “at least one transducer element” in at
least one ultrasonic scan. Specifically, the controller 18 cal-
culates a reception position “X” in at least one ultrasonic
scan. For example, the controller 18 calculates the reception
position “X” in the ultrasonic scan “Rs” and the ultrasonic
scan “Ls”, as illustrated in FIG. 24. “X=4d-tan(8,)” is satis-
fied, because “0,=0". However, in the ultrasonic scan “Rs”,
the reception position is a position that is distant by “X” from
the scan line to the right, as illustrated in the left drawing of
FIG. 24. In the ultrasonic scan “Ls”, the reception position is
a position that is distant by “X” from the scan line to the left,
as illustrated in the right drawing of F1G. 24.

[0188] Thereafter, the reception unit 12 serving as a pro-
cessor according to the third embodiment executes process-
ing (reduction processing) explained in the first embodiment
and the second embodiment to output a reception signal ofthe
reception aperture, in ultrasonic scan in which “at least one
transducer element” is selected by the controller 18. The
reception unit 12 executes processing that is different from
the processing (reduction processing) to output a reception
signal of the reception aperture, in ultrasonic scan in which
“at least one transducer element” is not selected by the con-
troller 18. The processing that is different from the reduction
processing is, for example, phasing addition using an ordi-
nary aperture function such as “aperture function of a Ham-
ming window”.

[0189] Forexample, inaccordance with an instruction from
the controller 18, the creating unit 124 creates an aperture
function with a weight of “0” for the range having a position
that is distant by “X” from the scan line to the right as the
center of gravity, in the ultrasonic scan “Rs” (see the left
drawing of FIG. 24). In addition, in accordance with an
instruction from the controller 18, the creating unit 124 cre-
ates an aperture function with a weight of “0” for the range
having a position that is distant by “X” from the scan line to
the left as the center of gravity, in the ultrasonic scan “Ls” (see
the right drawing of FIG. 24). In accordance with an instruc-
tion from the controller 18, the creating unit 124 creates an
ordinary aperture function in the ultrasonic scan “Cs”.
[0190] Inthis manner, in the ultrasonic scan “Rs” and “Ls”,
a “reception signal provided with an aperture function for
multiple reflection reduction” is output from the phasing
adder 125 to the B mode processor 13 and the image generator
15. In addition, in the ultrasonic scan “Cs”, a “reception
signal provided with an ordinary aperture function” is output
from the phasing adder 125 to the B mode processor 13 and
the image generator 15. In the example illustrated in F1G. 24,
when shift type reception apodization is applied to the ultra-
sonic scan “Cs”, a multiple component cannot be removed,
and azimuth resolution deteriorates, because an aperture
function similar to that in fixed type reception apodization is
created. For this reason, in the case of “8,=07, it is preferable
not to apply shift type reception apodization to ultrasonic
scan “Cs”.

[0191] Inthe third embodiment, in ultrasonic scan “Rs” and
“Ls”, aperture functions for multiple reflection reduction may
be created in reception apertures of all the reception focuses
using the depth of each reception focus as explained in the
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first embodiment, or an aperture function for multiple reflec-
tion reduction may be created only in the reception aperture of
the reception focus corresponding to the depth of the structure
as explained in the second embodiment. When the third
embodiment is applied to the second embodiment, for
example, “0,, d,” is set in the controller 18 by the operator
who has referred to B mode image data that was imaged in
advance, before ultrasonic scan for spatial compounding is
performed.

[0192] The image generator 15 according to the third
embodiment generates ultrasonic image data of each ultra-
sonic scan, based on the reception signal of the reception
aperture that is output by the reception unit 12 in each ultra-
sonic scan, and generates image data (image data having been
subjected to arithmetic mean) obtained by combining a plu-
rality of pieces of generated ultrasonic image data, as ultra-
sonic image data (display B mode image data).

[0193] Spatial compounding as conventional art is a
method for reducing multiple artifacts in the image, by main-
taining a signal component (that is, a true signal component
derived from the tissue) with a relatively small change in
intensity even when inclined by compound processing (arith-
metic mean processing), using the fact that the position where
amultiple reflection echo (noise) appears changed according
to the deflection angle when the deflection angle of the ultra-
sonic beam is changed.

[0194] By contrast, according to the third embodiment, an
aperture function for multiple reflection reduction based on
the reception position is used in “Rs” and “Ls” using the
deflection angle “0,” under the condition “0,=0", to obtain a
reception signal with a reduced multiple reflection signal, as
illustrated in FIG. 24. The left drawing of F1G. 24 illustrates
a reception signal obtained by “Rs” as a signal S, in which
noise of multiple reflection is almost removed. The right
drawing of FI1G. 24 illustrates a reception signal obtained by
“Ls” as a signal S, in which noise of multiple reflection is
almost removed.

[0195] Because “0,=0 is satisfied in the example illus-
trated in FIG. 24, an ordinary aperture function is used in “Cs”
for the reason described above. For this reason, the middle
drawing of F1G. 24 illustrates a reception signal obtained by
“Cs” as “S,+N” obtained by adding the signal S, and multiple
reflection noise N.

[0196] In conventional spatial compounding, multiple
reflection noise is included in both the reception signal
obtained by “L” and the reception signal obtained by “R”. By
contrast, in the third embodiment, the reception signal S that
is consequently obtained by arithmetic mean processing is
simply  “S={S, +(S;+N)+S, }/3=(S, +S+S,)/3+N/3”.  Sup-
posing that “S'=(S,+S,+S,)/3”, the reception signal S satis-
fies “S=S'+N/3”. Specifically, “N” is reduced to “N/3”, that is,
the multiple reflection reduction effect is achieved by apply-
ing the shift type reception apodization explained in the first
embodiment or the second embodiment to spatial compound-
ing.

[0197] Although the above example illustrates the case
where the ultrasonic scan “Cs” is performed as ordinary scan,
shift type reception apodization may be applied also to ultra-
sonic scan “Cs”. In such a case, the multiple reflection reduc-
tion effect is further increased, although azimuth resolution
deteriorates due to the image data of “Cs”. In addition, when
the structure is actually inclined, shift type reception apodiza-
tion may be performed in all the ultrasonic scans. The mul-
tiple reflection reduction effect can be obtained also in such a
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case. The operator may determine whether to perform shift
type reception apodization in all the ultrasonic scans or per-
form shift type reception apodization in part of the ultrasonic
scans, or the controller 18 may determine it based on relative
relation between the value of “0,,” and the steering angle used
for spatial compounding.

[0198] As described above, the third embodiment enables
acquisition of B mode image data with a further reduced
multiple signal, while preventing reduction in image quality,
by applying shift type reception apodization to spatial com-
pounding.

[0199] In the third embodiment, ultrasonic scan is per-
formed a plurality of times with deflection angles of ultra-
sound transmission and reception that are different between
frames. For example, in the above example, three ultrasonic
scans are performed to output composite image data for a
frame. In the third embodiment, although composite image
data for a frame may be output whenever ultrasonic scans for
a set are performed, the frame rate decreases in such a case.
For this reason, the controller 18 performs the following
process to maintain the frame rate. For example, suppose that
the B mode image data generated in the first set are “R (1), C
(D, L (1)”. In addition, suppose that the B mode image data
generated in the second set are “R (2), C (2), L (2)”.

[0200] The image generator 15 performs arithmetic mean
on“R (1), C (1), L (1) under the control of the controller 18,
to generate composite image data for the first frame. The
image generator 15 also performs arithmetic mean on “C (1),
L (1), R (2)” under the control of the controller 18, to generate
composite image data for the second frame. The image gen-
erator 15 also performs arithmetic mean on “L (1), R (2), C
(2)” under the control of the controller 18, to generate com-
positeimage data for the third frame. The image generator 15
also performs arithmetic mean on “R (2), C (2), L (2)” under
the control of the controller 18, to generate composite image
data for the fourth frame. This control can prevent the frame
rate from decreasing in the third embodiment. The controller
18 selects at least one transducer element whenever the ultra-
sonic probe 1 is moved, even in the case of performing con-
tinuous imaging in which shift type reception apodization is
applied to spatial compounding. As a result, the third embodi-
ment also enables reduction in multiple reflection of each
ultrasonic image data generated by continuous imaging.

[0201] The image processing methods explained in the
above first to third embodiments illustrate the cases of creat-
ing an aperture function only for the reception position of
one-time multiplexing. However, in the image processing
methods explained in the above first to third embodiments,
aperture functions may be created also for two-time multi-
plexing and three-time multiplexing. However, because the
reception position may be located outside the reception aper-
ture or the intensity of the multiple reflection signal is reduced
due to attenuation in two-time multiplexing and three-time
multiplexing, it is preferable to create an aperture function
limited to the reception position of one-time multiplexing, to
simplify the process.

[0202] In addition, the image processing methods
explained in the above first to third embodiments illustrate the
cases of reducing multiple reflection using an aperture func-
tion with a weight of “0” for the range including the reception
position “X”. However, in the first to third embodiments, a
modification illustrated in FIG. 25 or FIG. 26 may be per-
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formed as the method for reducing multiple reflection using
the reception position “X”. FIG. 25 and FIG. 26 are diagrams
for explaining modifications.

[0203] Specifically, in shift type reception apodization, the
effect of reducing multiple reflection can be achieved with an
aperture function in which a weight for the range (reduction
range) including the reception position is reduced to be lower
than a weight outside the range (outside the reduction range).
For example, the creating unit 124 may create an aperture
function illustrated in FIG. 25, in accordance with an instruc-
tion from the controller 18. The aperture function illustrated
in FIG. 25 has a U shape in which both end positions of a
weight of a range indicated by arrows have a weight of “1”,
the weight gradually reduces from the both ends toward the
reception position, and the weight at the reception position is
“0”. Multiple reflection can be reduced also by using the
aperture function illustrated in FIG. 25. As another example,
the creating unit 124 may perform reduction processing on a
reception signal that occurs in a transducer element other than
the at least one transducer element selected by the controller
18, not a reception signal that occurs in a transducer element
in the reduction range including at least one transducer ele-
ment selected by the controller 18. For example, the creating
unit 124 may create an aperture function with a weight of “1”
for the reduction range and a weight that is larger than “1”
outside thereductionrange, to relatively reduce the weight for
the reduction range.

[0204] Inaddition, the controller 18 may shut off an output
from the range (reduction range) including at least one trans-
ducer element, and use a reception signal based on the output
signal from outside the range (outside the reduction range), as
the reception signal of the reception aperture. For example,
the controller 18 shuts off an output from the transducer
elements in a range including the reception position “X” in
the reception aperture, as illustrated in FIG. 26 (see “OFF” in
the drawing). For example, the controller 18 also sets the
outputs from transducer elements outside the range to “ON”
in the reception aperture, as illustrated in FIG. 26. The phas-
ing adder 125 performs phasing addition on output signals
from transducer elements outside the range, to generate a
reception signal of the reception aperture illustrated in FIG.
26. Also in this manner, multiple reflection can be reduced.

[0205] The above explanation illustrates the cases where
the image processing methods explained in the first to third
embodiments and the modification are performed in an ultra-
sonic diagnosis apparatus. However, the image processing
methods explained in the first to third embodiments and the
modification may be performed in an image processing appa-
ratus that is capable of obtaining a signal received by the
ultrasonic probe 1.

[0206] In addition, it is noted that the components of each
device illustrated in the description of the foregoing embodi-
ments are functional concepts and may not necessarily be
physically configured as illustrated in the drawings. That is,
specific manners of distribution and integration of the devices
are not limited to those illustrated in the drawings and the
whole or part thereof may be distributed or integrated func-
tionally or physically in any units depending on various loads
and use conditions. For example, the processing (reduction
processing) explained in the above embodiments may be
separately installed in the ultrasonic diagnosis apparatus as a
processor other than the reception unit 12. The whole or any
part of the processing functions in each device may be imple-
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mented by a CPU and a computer program that is analyzed
and executed by the CPU, or may be implemented by hard-
ware with wired logic.

[0207] The image processing method described in the first
to third embodiments and the modification can be imple-
mented by executing an image processing program prepared
in advance by a computer such as a personal computer and a
workstation. The image processing program can be distrib-
uted over networks such as the Internet. Otherwise, the image
processing program may be recorded on a non-transitory
computer-readable recording medium such as a hard disk, a
flexible disk (FD), a compact disc read only memory (CD-
ROM), a magneto-optical disc (MO), a digital versatile disc
(DVD), and a flash memory such as a universal serial bus
(USB) memory and an SD card memory, and read out from
the non-transitory recording medium by a computer for
execution.

[0208] At least one of the embodiments described above
can reduce multiple reflection.

[0209] 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 ultrasonic diagnosis apparatus comprising:

a controller that selects at least one transducer element in a
reception aperture formed of a transducer element group
arranged in a predetermined direction, based on at least
adeflection angle of an ultrasonic wave transmitted to a
subject;

a processor that performs processing on at least one recep-
tion signal ofa plurality of reception signals generated in
the reception aperture such that a signal intensity of a
reception signal generated in the at least one transducer
element selected by the controller is reduced to be lower
than a signal intensity of reception signals generated in
transducer elements other than the at least one trans-
ducer element among transducer elements forming the
reception aperture, to output the reception signal of the
reception aperture; and

an image generator that generates ultrasonic image data,
based on the reception signal of the reception aperture
that is output by the processor.

2. An ultrasonic diagnosis apparatus comprising:

a controller that selects at least one transducer element in a
reception aperture formed of a transducer element group
arranged in a predetermined direction, based on at least
an angle made between the predetermined direction and
a direction indicating a boundary of a structure in a
subject;

a processor that performs processing on at least one recep-
tion signal ofa plurality of reception signals generated in
the reception aperture such that a signal intensity of a
reception signal generated in the at least one transducer
element selected by the controller is reduced to be lower
than a signal intensity of reception signals generated in
transducer elements other than the at least one trans-
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ducer element among transducer elements forming the
reception aperture, to output the reception signal of the
reception aperture; and

an image generator that generates ultrasonic image data,

based on the reception signal of the reception aperture
that is output by the processor.

3. An ultrasonic diagnosis apparatus comprising:

acontroller that selects at least one transducer element in a

reception aperture formed of a transducer element group
arranged in a predetermined direction, based on at least
an angle made between a direction perpendicular to a
normal direction where the predetermined direction
intersects with a center of the transducer element group
and a direction indicating a boundary of a structure in a
subject;

a processor that performs processing on at least one recep-

tion signal ofa plurality of reception signals generated in
the reception aperture such that a signal intensity of a
reception signal generated in the at least one transducer
element selected by the controller is reduced to be lower
than a signal intensity of reception signals generated in
transducer elements other than the at least one trans-
ducer element among transducer elements forming the
reception aperture, to output the reception signal of the
reception aperture; and

an image generator that generates ultrasonic image data,

based on the reception signal of the reception aperture
that is output by the processor.

4. The ultrasonic diagnosis apparatus according to claim 1,
wherein the controller selects the at least one transducer ele-
ment, further based on an angle made between the predeter-
mined direction and a direction indicating a boundary of a
structure in the subject.

5. The ultrasonic diagnosis apparatus according to claim 1,
wherein the controller selects the at least one transducer ele-
ment, further based on an angle made between a direction
perpendicular to a normal direction where the predetermined
direction intersects with a center of the transducer element
group and a direction indicating a boundary of a structure in
the subject.

6. The ultrasonic diagnosis apparatus according to claim 1,
wherein the processor includes a creating unit and a phasing
adder,

the creating unit creates an aperture function in which a

weight in a range including the at least one transducer
element selected by the controller is reduced to be lower
than a weight outside the range, and

the phasing adder outputs a signal obtained by weighting

reception signals generated by the respective transducer
elements forming the reception aperture with the aper-
ture function and subjecting the weighted reception sig-
nals to phasing addition, as the reception signal of the
reception aperture.

7. The ultrasonic diagnosis apparatus according to claim 6,
wherein the creating unit creates the aperture function by
setting the weight in the range to exactly or almost zero.

8. The ultrasonic diagnosis apparatus according to claim 1,
wherein the controller shuts off an output from a range includ-
ing the at least one transducer element, and uses a reception
signal based on an output signal from outside the range as the
reception signal of the reception aperture.

9. The ultrasonic diagnosis apparatus according to claim 1,
wherein the controller performs control to change a width of
the reception aperture in accordance with a position of a
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reception focus, and selects the at least one transducer ele-
ment in a reception aperture of each reception focus.

10. The ultrasonic diagnosis apparatus according to claim
4, wherein the controller performs control to change a width
of the reception aperture in accordance with a position of a
reception focus, and selects the at least one transducer ele-
ment in a reception aperture of a reception focus correspond-
ing to a depth of the structure.

11. The ultrasonic diagnosis apparatus according to claim
5, wherein the controller performs control to change a width
of the reception aperture in accordance with a position of a
reception focus, and selects the at least one transducer ele-
ment in a reception aperture of a reception focus correspond-
ing to a depth of the structure.

12. The ultrasonic diagnosis apparatus according to claim
1, wherein

the controller performs control to execute ultrasonic scan a
plurality of times with deflection angles of ultrasound
transmission and reception that are different between
frames, and selects the at least one transducer element in
at least one ultrasonic scan,

the processor performs the processing to output the recep-
tion signal of the reception aperture in ultrasonic scan in
which the at least one transducer element is selected by
the controller, and performs processing that is different
from the processing to output the reception signal of the
reception aperture in ultrasonic scan in which the at least
one transducer element is not selected by the controller,
and

the image generator generates ultrasonic image data of
each ultrasonic scan based on the reception signal of the
reception aperture output by the processor in each ultra-
sonic scan, and generates image data obtained by com-
bining a plurality of pieces of generated ultrasonic
image data as the ultrasonic image data.

13. The ultrasonic diagnosis apparatus according to claim
4, wherein the controller obtains the direction indicating the
boundary of the structure, or the direction indicating the
boundary of the structure and a depth of the structure, based
oninformation that is input by an operator who has referred to
ultrasonic image data obtained in advance.

14. The ultrasonic diagnosis apparatus according to claim
5, wherein the controller obtains the direction indicating the
boundary of the structure, or the direction indicating the
boundary of the structure and a depth of the structure, based
oninformation that is input by an operator who has referred to
ultrasonic image data obtained in advance.

15. The ultrasonic diagnosis apparatus according to claim
4, wherein the controller analyzes ultrasonic image data
obtained in advance, to estimate the direction indicating the
boundary of the structure, or the direction indicating the
boundary of the structure and a depth of the structure.

16. The ultrasonic diagnosis apparatus according to claim
5, wherein the controller analyzes ultrasonic image data
obtained in advance, to estimate the direction indicating the
boundary of the structure, or the direction indicating the
boundary of the structure and a depth of the structure.

17. The ultrasonic diagnosis apparatus according to claim
15, wherein the controller analyzes the ultrasonic image data
obtained in advance, in a region around a predetermined
depth.
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18. The ultrasonic diagnosis apparatus according to claim
16, wherein the controller analyzes the ultrasonic image data
obtained in advance, in a region around a predetermined
depth.

19. The ultrasonic diagnosis apparatus according to claim
17, wherein the controller uses a depth located in a center of
an image, a depth at which a tissue to be examined is located
from an abutting surface of an ultrasonic probe, or a position
of a transmission focus, as the predetermined depth.

20. The ultrasonic diagnosis apparatus according to claim
18, wherein the controller uses a depth located in a center of
an image, a depth at which a tissue to be examined is located
from an abutting surface of an ultrasonic probe, or a position
of a transmission focus, as the predetermined depth.

21. The ultrasonic diagnosis apparatus according to claim
10, wherein the controller obtains the depth of the structure,
based on information that is set by an operator who has
referred to ultrasonic image data obtained in advance, a result
of detecting image information of the ultrasonic image data,
or preset information.

22. The ultrasonic diagnosis apparatus according to claim
1, wherein the controller selects the at least one transducer
element whenever an ultrasonic probe moves.

23. An image processing method comprising:

selecting, by a controller, at least one transducer element in

a reception aperture formed of a transducer element
group arranged in a predetermined direction, based on at
least a deflection angle of an ultrasonic wave transmitted
to a subject;

performing, by a processor, processing on at least one

reception signal of a plurality of reception signals gen-
erated in the reception aperture such that a signal inten-
sity of a reception signal generated in the at least one
transducer element selected by the controller is reduced
to be lower than a signal intensity of reception signals
generated in transducer elements other than the at least
one transducer element among transducer elements
forming the reception aperture, to output the reception
signal of the reception aperture; and

generating, by an image generator, ultrasonic image data,

based on the reception signal of the reception aperture
that is output by the processor.
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24. An image processing method comprising:

selecting, by a controller, at least one transducer element in
a reception aperture formed of a transducer element
group arranged in a predetermined direction, based on at
least an angle made between the predetermined direc-
tion and a direction indicating a boundary of a structure
in a subject;

performing, by a processor, processing on at least one
reception signal of a plurality of reception signals gen-
erated in the reception aperture such that a signal inten-
sity of a reception signal generated in the at least one
transducer element selected by the controller is reduced
to be lower than a signal intensity of reception signals
generated in transducer elements other than the at least
one transducer element among transducer elements
forming the reception aperture, to output the reception
signal of the reception aperture; and

generating, by an image generator, ultrasonic image data,
based on the reception signal of the reception aperture
that is output by the processor.

25. An image processing method comprising:

selecting, by a controller, at least one transducer element in
a reception aperture formed of a transducer element
group arranged in a predetermined direction, based on at
least an angle made between a direction perpendicular to
a normal direction where the predetermined direction
intersects with a center of the transducer element group
and a direction indicating a boundary of a structure in a
subject;

performing, by a processor, processing on at least one
reception signal of a plurality of reception signals gen-
erated in the reception aperture such that a signal inten-
sity of a reception signal generated in the at least one
transducer element selected by the controller is reduced
to be lower than a signal intensity of reception signals
generated in transducer elements other than the at least
one transducer element among transducer elements
forming the reception aperture, to output the reception
signal of the reception aperture; and

generating, by an image generator, ultrasonic image data,
based on the reception signal of the reception aperture
that is output by the processor.
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