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(57) ABSTRACT

An ultrasonic measurement apparatus includes a calculation
processing section that performs weight selection of select-
ing one of a predetermined weight and an adaptive weight,
as a signal combination weight for the reception beam
forming process, for each processing target point of a target
region, and generates an ultrasonic image by performing the
reception beam forming process, and the calculation pro-
cessing section performs edge detection with respect to the
target region on the basis of the received signal, extraction
of extracting an edge portion satisfying a predetermined
condition with respect to a beam direction in the reception
beam forming process related to the processing target point
among edge portions detected through the edge detection,
and weight selection of selecting the predetermined weight
as the signal combination weight in a case where the
processing target point is the extracted edge portion.
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ULTRASONIC MEASUREMENT APPARATUS
AND CONTROL METHOD FOR
ULTRASONIC MEASUREMENT APPARATUS

BACKGROUND

1. Technical Field

[0001] The present invention relates to an ultrasonic mea-
surement apparatus or the like performing ultrasonic mea-
surement.

2. Related Art

[0002] In the related art, there is an ultrasonic measure-
ment apparatus which applies ultrasonic beams by using an
ultrasonic probe in which a plurality of ultrasonic elements
(ultrasonic vibrators) are arranged, and generates an image
of a target region inside a living body or a structure in order
to use the image for diagnosis or inspection. In image
generation, a reception beam forming (BF) process of com-
bining received signals which are received by respective
channels (or respective ultrasonic elements) with each other
is performed. A resolution of an image is low in a simple
reception beam forming process, and thus techniques for
obtaining an image with a higher resolution have been
developed. For example, one of the techniques is an adaptive
beam forming process (adaptive weighted value beam form-
ing technique) disclosed in JP-A-2012-170826.

[0003] However, if the adaptive beam forming process is
performed, there is a case where it is hard to observe an
interface of a living tissue, a structure, or the like in a
generated ultrasonic image. If the interface is hardly
observed, a position of the living tissue, the structure, or the
like may not be recognized at a glance, and this may cause
troubles in diagnosis or inspection.

SUMMARY

[0004] An advantage of some aspects of the invention is to
provide a technique capable of improving the visibility of an
interface in a case where the interface is present in an image
diagnosis target region or an image inspection target region.
[0005] A first aspect of the invention is directed to an
ultrasonic measurement apparatus including a probe that is
provided with a plurality of channels receiving ultrasonic
waves; and a calculation processing section that performs a
calculation process on a received signal which is received by
each channel, performs weight selection of selecting one of
a predetermined weight and an adaptive weight for perform-
ing an adaptive beam forming process as a reception beam
forming process, as a signal combination weight for the
reception beam forming process, for each processing target
point of a target region, and generates an ultrasonic image by
performing the reception beam forming process, in which
the calculation processing section performs edge detection
with respect to the target region on the basis of the received
signal, extraction of extracting an edge portion satisfying a
predetermined condition with respect to a beam direction in
the reception beam forming process related to the processing
target point among edge portions detected through the edge
detection, and the weight selection of selecting the prede-
termined weight as the signal combination weight in a case
where the processing target point is the extracted edge
portion.
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[0006] As a ninth aspect of the invention, the invention
may be configured as a control method for an ultrasonic
measurement apparatus including a probe provided with a
plurality of channels receiving ultrasonic waves, the control
method including performing edge detection with respect to
a target region on the basis of a received signal which is
received by each of the channels; extracting an edge portion
satisfying a predetermined condition with respect to a beam
direction in a reception beam forming process related to a
processing target point among edge portions detected
through the edge detection; and performing weight selection
of selecting one of a predetermined weight and an adaptive
weight for performing an adaptive beam forming process as
a reception beam forming process, as a signal combination
weight for the reception beam forming process, for each
processing target point of the target region, and performing
the reception beam forming process, in which the weight
selection includes selecting the predetermined weight as the
signal combination weight in a case where the processing
target point is the extracted edge portion.

[0007] According to the first or ninth aspect of the inven-
tion, edge detection can be performed with respect to a target
region, and an edge portion satisfying a predetermined
condition with respect to a beam direction in a reception BF
process related to a processing target point can be extracted.
In a case where a processing target point is the extracted
edge portion, a reception beam forming process can be
performed by using the predetermined weight as the signal
combination weight. Therefore, it is possible to improve the
visibility of an interface present in the target region in a
generated ultrasonic image.

[0008] As a second aspect of the invention, the ultrasonic
measurement apparatus according to the first aspect of the
invention may be configured such that the predetermined
condition includes at least a condition in which an extension
direction of the edge portion is not orthogonal to the beam
direction.

[0009] According to the second aspect of the invention, it
is possible to extract an edge portion of which an extension
direction is not orthogonal to a beam direction. In a case
where a processing target point is the extracted edge portion,
a reception beam forming process can be performed by
using the predetermined weight as the signal combination
weight.

[0010] As a third aspect of the invention, the ultrasonic
measurement apparatus according to the first or second
aspect of the invention may be configured such that the
probe is a probe capable of performing linear scanning, and
the extraction is to extract the edge portion satisfying the
predetermined condition by extracting the edge portion of
which the extension direction is not parallel to a scanning
direction in the linear scanning.

[0011] According to the third aspect of the invention, it is
possible to extract an edge portion of which an extension
direction is not parallel to a scanning direction in linear
scanning. In a case where a processing target point is the
extracted edge portion, a reception beam forming process
can be performed by using the predetermined weight as the
signal combination weight.

[0012] As a fourth aspect of the invention, the ultrasonic
measurement apparatus according to the first or second
aspect of the invention may be configured such that the
probe is a probe capable of performing linear scanning, and
the extraction includes setting the edge portion of which an
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extension direction is parallel to a scanning direction in the
linear scanning as an exclusion target of the extraction, and
extracting an edge portion of which an extension direction is
not orthogonal to the beam direction and which has a length
of a predetermined length or more from edge portions which
are not the exclusion target as the edge portion satisfying the
predetermined condition.

[0013] According to the fourth aspect of the invention, it
is possible to extract an edge portion of which an extension
direction is not orthogonal to a beam direction and which has
a length of a predetermined length or more after setting an
edge portion which is parallel to a scanning direction in
linear scanning as an extraction exclusion target. In a case
where a processing target point is the extracted edge portion,
a reception beam forming process can be performed by
using the predetermined weight as the signal combination
weight.

[0014] As a fifth aspect of the invention, the ultrasonic
measurement apparatus according to the first or second
aspect of the invention may be configured such that the
probe is a probe capable of performing sector scanning, the
extraction includes extracting the edge portion satisfying the
predetermined condition for each beam direction, and the
weight selection includes using the predetermined weight as
the signal combination weight in a case where the edge
portion extracted to correspond to the beam direction is the
processing target point.

[0015] According to the fifth aspect of the invention, it is
possible to extract an edge portion satisfying the predeter-
mined condition for each beam direction. In a case where a
processing target point is an edge portion extracted to
correspond to the beam direction, a reception beam forming
process can be performed by using the predetermined weight
as the signal combination weight.

[0016] As a sixth aspect of the invention, the ultrasonic
measurement apparatus according to the fifth aspect of the
invention may be configured such that the predetermined
condition includes a condition in which an edge portion has
a length of a predetermined length or more, and the calcu-
lation processing section sets the predetermined length to be
variable depending on a distance to the processing target
point along the beam direction.

[0017] According to the sixth aspect of the invention, it is
possible to extract an edge portion having a length corre-
sponding to a distance to a processing target point along a
beam direction.

[0018] As a seventh aspect of the invention, the ultrasonic
measurement apparatus according to any one of the first to
sixth aspects of the invention may be configured such that
the predetermined weight is defined depending on a value
which the adaptive weight can take.

[0019] According to the seventh aspect of the invention, it
is possible to perform a reception beam forming process can
be performed by using the predetermined weight which is
defined depending on a value which the adaptive weight can
take, as the signal combination weight.

[0020] As an eighth aspect of the invention, the ultrasonic
measurement apparatus according to any one of the first to
seventh aspects of the invention may be configured such that
the adaptive weight is a weight in which a value correspond-
ing to the amplitude of the received signal of each channel
is variable, and the adaptive beam forming process is a
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signal combination process in which weighted addition is
performed on the received signal by using the adaptive
weight.

[0021] According to the eighth aspect of the invention,
since the adaptive beam forming process is performed, it is
possible to increase a resolution (azimuth resolution) and
thus to improve quality of an ultrasonic image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The invention will be described with reference to
the accompanying drawings, wherein like numbers refer-
ence like elements.

[0023] FIG. 1 is a diagram illustrating a system configu-
ration example of an ultrasonic measurement apparatus.
[0024] FIG. 2 is a schematic diagram illustrating an
example of a scanning range.

[0025] FIG. 3 is a diagram illustrating an example of an
ultrasonic image generated through a BF process.

[0026] FIG. 4 is a diagram illustrating an example of an
ultrasonic image generated through an adaptive BF process.
[0027] FIG. 5 is a schematic diagram illustrating another
example of a scanning range.

[0028] FIG. 6 is a diagram illustrating another example of
an ultrasonic image generated through the BF process.
[0029] FIG. 7 is a diagram illustrating another example of
another ultrasonic image generated through the adaptive BF
process.

[0030] FIG. 8 is a block diagram illustrating a functional
configuration example of an ultrasonic measurement appa-
ratus in a first embodiment.

[0031] FIG. 9 is a flowchart illustrating a flow of an
ultrasonic image generation process in the first embodiment.
[0032] FIG. 10 is a diagram illustrating an example of an
edge detection result.

[0033] FIG. 11 is a diagram illustrating an example of a
beam-direction orthogonal line excluding process result.

[0034] FIG. 12 is a diagram illustrating a labeling process
result.
[0035] FIG. 13 is a diagram illustrating a result of extract-

ing a beam-direction non-orthogonal line.

[0036] FIG. 14 is a schematic diagram illustrating still
another example of a scanning range.

[0037] FIG. 15 is a diagram illustrating still another
example of an ultrasonic image generated through the BF
process.

[0038] FIG. 16 is a diagram illustrating still another
example of another ultrasonic image generated through the
adaptive BF process.

[0039] FIG. 17 is a block diagram illustrating a functional
configuration example of an ultrasonic measurement appa-
ratus in a second embodiment.

[0040] FIG. 18 is a diagram illustrating a data configura-
tion example of a non-orthogonal line candidate list.
[0041] FIG. 19 is a flowchart illustrating a flow of an
ultrasonic image generation process in the second embodi-
ment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0042] Hereinafter, a preferred embodiment of the inven-
tion will be described with reference to the drawings. The
invention is not limited to embodiments described below,
and forms to which the invention is applicable are not
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limited to the following embodiments. The same constituent
elements are given the same reference numerals throughout
the drawings.

First Embodiment

[0043] FIG. 1 is a diagram illustrating a system configu-
ration example of an ultrasonic measurement apparatus in a
first embodiment. The ultrasonic measurement apparatus 10
is used to acquire biological information of a subject 2
through ultrasonic measurement, and includes a touch panel
12 which displays a measurement result or operation infor-
mation as an image and also receives an operation input, a
keyboard 14 which receives an operation input, an ultrasonic
probe 16 capable of performing linear scanning, and a
processing device 30.

[0044] A control board 31 is mounted on the processing
device 30, and is connected to the respective apparatus units
such as the touch panel 12, the keyboard 14, and the
ultrasonic probe 16 so as to transmit and receive signals
therewith. The control board 31 is mounted with a central
processing unit (CPU) 32, various integrated circuits such as
an application specific integrated circuit (ASIC) or a field-
programmable gate array (FPGA), a storage medium 33
formed of an IC memory or a hard disk, and a communi-
cation IC 34 which performs data communication with
external devices. In the ultrasonic measurement apparatus
10, the CPU 32 or the like of the processing device 30
executes a program stored in the storage medium 33 so as to
perform processes required to acquire biological informa-
tion, including ultrasonic measurement.

[0045] Specifically, the ultrasonic measurement apparatus
10 transmits an ultrasonic beam to the subject 2 from the
ultrasonic probe 16, and receives a reflected wave thereof so
as to perform ultrasonic measurement, under the control of
the processing device 30. The ultrasonic measurement appa-
ratus 10 performs amplification and signal processing on a
received signal of the reflected wave so as to generate
reflected wave data such as position information or temporal
changes of a biological structure of the subject 2. The
ultrasonic measurenent is repeatedly performed in a prede-
termined cycle. The measurement unit is referred to as a
“frame”.

[0046] The reflected wave data includes images in respec-
tive modes such as so-called A mode, B mode, M mode, and
color Doppler mode. The A mode is a mode in which a first
axis expresses a sampling point sequence of received signals
along transmission and reception directions (directions of
scanning lines) of ultrasonic beams, a second axis expresses
the received signal intensity (reflected wave intensity) of a
reflected wave at each sampling point, and the amplitude of
a reflected wave (A mode image) is displayed. The B mode
is a mode in which a two-dimensional ultrasonic image (B
mode image) of a biological structure which is visualized by
converting, with a luminance value, a reflected wave ampli-
tude (A mode image) obtained by applying an ultrasonic
beam within a predetermined scanning range.

Principle

[0047] FIG. 2 is a diagram for explaining ultrasonic mea-
surement in a first embodiment, and schematically illustrates
a state in which the ultrasonic probe 16 is brought into
contact with a surface of a target object, and ultrasonic
measurement is performed. The ultrasonic probe 16 is
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provided with ultrasonic elements (ultrasonic vibrators) dis-
posed in a line at the same interval therein, and a group of
a plurality of ultrasonic elements adjacent to each other
forms a single channel 17 so as to transmit and receive
ultrasonic waves. In the first embodiment, if incident posi-
tions of ultrasonic beams are deviated in an arrangement
direction (scanning direction) of the channel 17, ultrasonic
beams are transmitted and received along a plurality of
scanning lines 1.1 which are parallel to each other, and thus
ultrasonic measurement is performed according to a so-
called linear scanning method in which scanning is per-
formed in a rectangular scanning range Al.

[0048] In actual ultrasonic measurement performed by the
ultrasonic measurement apparatus 10, the ultrasonic probe
16 is brought into contact with a living body surface (the
neck in FIG. 1) of the subject 2, and reflected wave data of
a target region corresponding to the scanning range is
generated. A horizontal direction of the target region (scan-
ning range) is defined as an x direction, and a vertical
direction of the target region orthogonal thereto is defined as
a 7 direction. The x direction corresponds to a scanning
direction, and the z direction corresponds to a depth direc-
tion from the living body surface. A part with which the
ultrasonic probe 16 is brought into contact is not limited the
neck, and may be a part of the subject 2 depending on the
measurement (diagnosis) purpose, such as the wrist, the arm,
and the abdomen.

[0049] When reflected wave data is generated from a
received signal (hereinafter, referred to as a “channel sig-
nal”) which is received by each channel 17 as a result of the
ultrasonic measurement, the processing device 30 performs
a process of performing phasing addition on channel signals
from the respective channels 17 for each sampling point. In
a case where ultrasonic waves are transmitted and received
in the element unit, phasing addition is performed on
received signals of reflected waves from the respective
channels 17. Through this process, a channel signal of each
channel 17 is regarded as two-dimensional data indicating a
reflected wave intensity at each sampling point, a necessary
process such as a detection process or a logarithmic con-
version process is performed on the two-dimensional data
such that a luminance value is obtained for each sampling
point, and thus an ultrasonic image of the target region can
be generated. There may be a configuration in which phasing
addition is performed on received signals which are received
by respective ultrasonic elements instead of the channel unit,
and thus an ultrasonic image is generated.

[0050] Specifically, the phasing addition process is a sig-
nal combination process in which all of the scanning lines
L1 are sequentially processing targets, and channel signals
from the respective channels 17 are combined with each
other for each sampling point on a processing target scan-
ning line (processing target line) L1, a delay process of
delaying a channel signal of each channel 17 is performed,
and then a reception beam forming process (reception BF
process) of performing weighted addition of respective
channel signals after the delay process is performed. Con-
sequently, only signals with the same phase from a desired
direction can be amplified, and thus a desired wave from a
direction of the processing target line L1 can be extracted.
[0051] Here, in the related art, as the reception BF process,
there is an adaptive beam forming process (adaptive BF
process) of dynamically changing a weight (signal combi-
nation weight) used for addition of channel signals depend-
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ing on an incoming wave. In the adaptive BF process, the
following process is performed for each sampling point.
That is, first, a correlation matrix is calculated on the basis
of a channel signal of each channel 17 after a delay process.
Next, an adaptive weight Wmv multiplied by each channel
signal is calculated from the calculated correlation matrix by
using a steering vector defined on the basis of the direction
of the scanning line L1. Calculation of the adaptive weight
Wmv will be described later with reference to Equations (1)
to (8). The channel signals of the respective channels 17
after the delay process are subjected to weighted addition by
using the calculated adaptive weight Wmv as a signal
combination weight W. A specific example of the adaptive
BF process includes a minimum variance (MV) method or
an amplitude and phase estimation (APES) method, which
may be employed as appropriate. According to the adaptive
BF process, channel signals can be subjected to weighted
addition by adding a constraint to a direction such that the
sensitivity for only a desired wave from a direction of the
processing target line L1 is provided, and the sensitivity for
an unnecessary wave from other directions is not provided,
and thus it is possible to realize a high azimuth resolution.
[0052] As another reception BF process, there is a non-
adaptive reception BF process (hereinafter, this non-adap-
tive reception BF process will be simply referred to as a “BF
process”) in which a predetermined weight (hereinafter,
referred to as a “fixed weight”) Wf defined in correlation
with each channel 17 in advance is used as the signal
combination weight W. The BF process is advantageous in
that a process can be performed in a short period of time
since calculation of a weight is not necessary, but the
sensitivity for an unnecessary wave is also provided, and
thus an azimuth resolution is lower than that in the adaptive
BF process.

[0053] A reflected wave intensity of an ultrasonic wave
obtained as a received signal increases at a position where
media through which the ultrasonic wave propagates
change, and a position where the reflected wave intensity is
high in an ultrasonic image is displayed in high luminance.
Therefore, it is possible to recognize an interface of a living
tissue or the like present under the skin by observing an
ultrasonic image of a target region. However, the visibility
of a depicted interface differs in cases where the reception
BF process is performed as the adaptive BF process and the
BF process, and thus there is the following problem in
visibility.

[0054] In other words, in a case where a direction of the
scanning line L1 which is a beam direction in the reception
BF process is orthogonal or substantially orthogonal to an
interface, the interface can be clearly depicted by applying
the adaptive BF process. However, in a case where an
interface which is not orthogonal to the beam direction is
present in a target region, as an angle formed between the
interface and the x direction increases, the visibility thereof
deteriorates in a generated ultrasonic image. This phenom-
enon also occurs in both of the cases where the BF process
and the adaptive BF process are applied, but more remark-
ably occurs in a case where the adaptive BF process is
applied.

[0055] For comparative examination, as illustrated in FIG.
2, two wires B11 and B13 were disposed in the scanning
range A1, and an ultrasonic image of the scanning range Al
in a case where ultrasonic measurement was performed was
generated through simulation. One wire B11 is disposed
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along the x direction orthogonal to the beam direction, and
the other wire B13 is disposed to be inclined with respect to
the x direction at an angle of 6, formed with the x direction.
FIG. 3 is a diagram illustrating an ultrasonic image genet-
ated in a case where the BF process is performed as the
reception BF process, and FIG. 4 is a diagram illustrating an
ultrasonic image generated in a case where the adaptive BF
process is performed as the reception BF process. As illus-
trated in FIGS. 3 and 4, the adaptive BF process is applied
to the one wire B11 orthogonal to the beam direction, and
thus one wire B11 is clearly depicted. However, focusing on
the other wire B13 which is not orthogonal to the beam
direction, in a case where the adaptive BF process is applied
thereto, the luminance of the wire B13 is lower and is thus
hardly viewed than in a case where the BF process is
applied, and thus the visibility thereof deteriorates.

[0056] Next, as illustrated in FIG. 5, ultrasonic measure-
ment was performed in a state in which the other wire B13
is further inclined with respect to the x direction at an angle
of 8, (68,>0)) formed between the wire B13 and the x
direction, and an ultrasonic image of the scanning range Al
was generated. FIG. 6 illustrates an ultrasonic image gen-
erated in a case where the reception BF process is performed
as the BF process in this example, and FIG. 7 is a diagram
illustrating an ultrasonic image generated in a case where the
reception BF process is performed as the adaptive BF
process. In a case of this example, as illustrated in FIG. 7,
the wire B13 is scarcely depicted in the image to which the
adaptive BF process is applied, and is hardly visually
recognized. In contrast, as illustrated in FIG. 6, the entire
region can be visually recognized in a case where the BF
process is applied.

[0057] As mentioned above, in a case where the reception
BF process is performed as the adaptive BF process, there is
a problem in that the visibility of an extracted interface
which is not orthogonal to the beam direction considerably
deteriorates. Therefore, in the first embodiment, weight
selection is performed such that the fixed weight Wf is used
as the signal combination weight W with respect to a
sampling point of an interface which is not orthogonal to the
beam direction. With respect to other sampling points, the
adaptive weight Wmv is calculated, and weight selection is
performed such that the adaptive weight Wmv is used as the
signal combination weight W.

[0058] Regarding a process for this, first, edge detection is
performed with respect to a target region. An edge portion
(hereinafter, referred to as a “beam-direction non-orthogonal
line” as appropriate) which is not orthogonal to the beam
direction is extracted among detected edge portions. Regard-
ing procedures, for example, among the detected edge
portions, an edge portion (that is, an edge portion orthogonal
to the beam direction; hereinafter, referred to as a “beam-
direction orthogonal line” as appropriate) of which an exten-
sion direction is parallel to a scanning direction in linear
scanning is set as an extraction exclusion target. An edge
portion satisfying a predetermined condition is extracted
from the edge portions which are not the exclusion targets as
a beam-direction non-orthogonal line, the predetermined
condition being that “the edge portion is not orthogonal to
the beam direction, and has a length of a predetermined
length Dy set in advance or more”.

[0059] Thereafter, each sampling point on the beam-di-
rection non-orthogonal line is set as a BF process position,
and, in a case where a processing target point is the BF
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process position, the fixed weight W is used as the signal
combination weight W. In a case where a processing target
point is not the BF process position, the adaptive weight
Wmv is calculated to be used as the signal combination
weight W.

Functional Configuration

[0060] FIG. 8 is a block diagram illustrating a functional
configuration example of the ultrasonic measurement appa-
ratus in the first embodiment. The ultrasonic measurement
apparatus 10 includes the processing device 30 and the
ultrasonic probe 16. The processing device 30 includes an
operation input section 310, a display section 330, a com-
munication section 350, a calculation processing section
370, and a storage section 400.

[0061] The ultrasonic probe 16 includes the channels 17
which are formed of a plurality of ultrasonic element groups
and are arranged, and transmits an ultrasonic wave on the
basis of a pulse voltage from the processing device 30 (more
specifically, an ultrasonic measurement control unit 371 of
the calculation processing section 370). A reflected wave of
the transmitted ultrasonic wave is received, and a channel
signal which is a received signal of each channel 17 is output
to the ultrasonic measurement control unit 371.

[0062] The operation input section 310 receives various
operation inputs performed by authority, and outputs opera-
tion input signals corresponding to the operation inputs to
the calculation processing section 370. The operation input
section 310 may be implemented by a button switch, a lever
switch, a dial switch, a track pad, a mouse, and the like. In
FIG. 1, the touch panel 12 or the keyboard 14 corresponds
to the operation input section 310.

[0063] The display section 330 is implemented by a dis-
play device such as a liquid crystal display (LCD), and
performs various displays based on display signals from the
calculation processing section 370. In FIG. 1, the touch
panel 12 corresponds to the display section 330.

[0064] The communication section 350 is a communica-
tion device which transmits and receives data to and from
external devices under the control of the calculation pro-
cessing section 370. A communication method of the com-
munication section 350 may employ various methods such
as a format of wired connection using a cable based on a
predetermined communication standard, a format of con-
nection using an intermediate device which is also used as
acharger called a cradle, and a format of wireless connection
using wireless communication. In FIG. 1, the communica-
tion 1C 34 corresponds to the communication section 350.
[0065] The calculation processing section 370 is imple-
mented by, for example, a microprocessor such as a CPU or
a graphics processing unit (GPU), and electronic compo-
nents such as an ASIC, an FPGA, and an IC memory. The
calculation processing section 370 controls input and output
of data between the respective functional units, and performs
various calculation processes on the basis of a predeter-
mined program or data, an operation input signal from the
operation input section 310, a channel signal of each channel
17 from the ultrasonic probe 16, and the like, so as to
calculate biological information of the subject 2. In FIG. 1,
the CPU 32 corresponds to the calculation processing sec-
tion 370. The calculation processing section 370 may be
formed of hardware such as a dedicated module circuit.
[0066] The calculation processing section 370 includes the
ultrasonic measurement control unit 371, an image genera-
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tion unit 373, an edge detection unit 383, and a beam-
direction non-orthogonal line extraction unit 385.

[0067] The ultrasonic measurement control unit 371 forms
an ultrasonic measurement section 20 along with the ultra-
sonic probe 16, and the ultrasonic measurement section 20
performs ultrasonic measurement. The ultrasonic measure-
ment control unit 371 may be realized by using a well-
known technique. In other words, the ultrasonic measure-
ment control unit 371 controls a timing at which the
ultrasonic probe 16 transmits an ultrasonic pulse, generates
a pulse voltage at the transmission timing, and outputs the
pulse voltage to the ultrasonic probe 16. At this time, a
transmission delay process is performed, and thus a timing
at which the pulse voltage is output to each ultrasonic
element is adjusted. An amplification process or a filtering
process is performed on a channel signal from each channel
17, and the channel signal (measurement result) of each
channel 17 after the process is output to the image genera-
tion unit 373.

[0068] The image generation unit 373 generates an ultra-
sonic image on the basis of channel signals of the respective
channels 17 from the ultrasonic measurement control unit
371. The image generation unit 373 includes a delay pro-
cessing portion 375, a weight selecting portion 377, and a
reception BF processing portion 381.

[0069] The delay processing portion 375 performs a delay
process of delaying a channel signal of each channel 17 by
a delay time defined in advance in correlation with each
channel 17.

[0070] The weight selecting portion 377 performs weight
selection of setting the fixed weight Wf or the adaptive
weight Wmv as the signal combination weight W for each
sampling point. In other words, in a case where a processing
target point is a BF process position, the fixed weight Wi is
selected as the signal combination weight W, and, in a case
where a processing target point is not a BF process position,
the adaptive weight Wmv is selected as the signal combi-
nation weight W. The weight selecting portion 377 includes
an adaptive weight calculating element 379 calculating the
adaptive weight Wmv.

[0071] Here, a description will be made of calculation of
the adaptive weight Wmv performed by the adaptive weight
calculating element 379. In a case where a signal combina-
tion weight corresponding to each channel 17 is indicated by
W,,, an output z[n] from the reception BF processing portion
381 is a result of adding together results obtained by
multiplying channel signals x,[n-D, [n]] of the respective
channels 17 after a delay process, output from the delay
processing portion 375 by the corresponding signal combi-
nation weight W, of the channels 17, and is expressed by the
following Equation (1). In Equation (1), m indicates the
number of channels. In addition, n indicates a total number
of times of sampling, and x,,,[n] indicates a channel signal at
asampling point n of an m-th channel 17. Here, D,, indicates
a delay time which is applied to the m-th channel 17 in a
delay process in the previous stage. In other words, in a case
where the signal combination weight W, used here is the
adaptive weight Wmv (Wmv, ) calculated for the respective
channels 17, the adaptive BF process is performed as the
reception BF process, and, in a case of the fixed weight Wf
(W{,,) defined in advance in correlation with each channel
17, the BF process is performed as the reception BF process.
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[0072] Meanwhile, in a case where the adaptive weight
Wmv is calculated to be used as the signal combination
weight W, if W, is replaced with the adaptive weight Wmv,,
of each channel 17, and the output z[n] in Equation (1) is
expressed in a vector, this leads to the following Equations
(2) and (3). H indicates a complex conjugate transposition,
and * indicates a complex conjugate.

1 H
zln] = MWmv[n] X[n]

Wmvy [n] 3
Wmyvi [n]
Wmvln] = .
Wimviy_y[r]
[0073] A correlation matrix R[n] is given by the following
Equations (4) and (5).
R[H]=E[X[n}X[n]] *
z[lx[n] )= Wmv{n R [n) Wimnvin] )
[0074] The adaptive weight Wmv,, of each channel 17 is

a value minimizing the variance of z[n] in above Equations
(4) and (5), and is obtained by solving a conditional min-
iaturization problem expressed in the following Equations
(6) and (7). If a Lagrange multiplier method is used, the
adaptive weight Wmv,, of each channel 17 is expressed by
the following Equation (8).

m[.ll]’l W] R[n]Wmv[n] (6)

subject to Wmvn]a=1 Q)

W] = Rr]a (8
= Rln]'a

[0075] Here, a indicates a steering vector, and H indicates

a restraint response vector. A channel signal is already
phases in the delay process in the previous stage, and thus
a direction of the desired wave is 0 degrees. Therefore, all
elements of the vector a may be 1.

[0076] FIG. 8 is referred to again. The reception BF
processing portion 381 performs the reception BF process of
performing weighted addition on the channel signals of the
respective channels 17 after the delay process according to
Equation (1) by using the signal combination weight W
determined by the weight selecting portion 377.

[0077] The edge detection unit 383 performs a well-
known edge detection process so as to detect edge portions
from a target region.

[0078] The beam-direction non-orthogonal line extraction
unit 385 extracts edge portions (beam-direction non-or-
thogonal lines) which are not orthogonal to the beam direc-
tion and have a length of the predetermined length Dy or
more from the edge portions detected by the edge detection
unit 383. The beam-direction non-orthogonal line extraction
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unit 385 includes a beam-direction orthogonal line exclusion
processing element 387 and a labeling element 389. The
beam-direction orthogonal line exclusion processing ele-
ment 387 performs a process of excluding an edge portion
(beam-direction orthogonal line) orthogonal to the beam
direction from an extraction target of the beam-direction
non-orthogonal line among the edge portions detected by the
edge detection unit 383. The labeling element 389 performs
a well-known labeling process, and adds a unique label to
each edge portion which is not excluded by the beam-
direction orthogonal line exclusion processing element 387.

[0079] The storage section 400 is implemented by storage
medium such as an IC memory, a hard disk, or an optical
disc. The storage section 400 stores a program for operating
the ultrasonic measurement apparatus 10 so as to realize
various functions of the ultrasonic measurement apparatus
10, and stores data used during execution of the program in
advance or temporarily stores data whenever a process is
performed. In FIG. 1, the storage medium 33 mounted on the
control board 31 corresponds to the storage section 400.
Connection between the calculation processing section 370
and the storage section 400 is not limited to connection using
an internal bus circuit in the apparatus, and may be realized
a communication line such as a local area network (LAN) or
the Internet. In this case, the storage section 400 may be
implemented by an external storage device separate from the
ultrasonic measurement apparatus 10.

[0080] The storage section 400 stores an ultrasonic mea-
surement program 401, received signal data 402, reflected
wave data 403, fixed weight data 404, and edge information
405.

[0081] The calculation processing section 370 reads and
executes the ultrasonic measurement program 401 so as to
realize functions of the ultrasonic measurement control unit
371, the image generation unit 373, the edge detection umt
383, the beam-direction non-orthogonal line extraction unit
385, and the like. In a case where such functional units are
realized by hardware such as an electronic circuit, some of
programs for realizing the functions may be omitted.

[0082] A channel signal from each channel 17, obtained as
a result of ultrasonic measurement, is stored in the received
signal data 402 for each frame.

[0083] Reflected wave data obtained through ultrasonic
measurement which is repeatedly performed for each frame
is stored in the reflected wave data 403. The reflected wave
data 403 includes data of a B mode image for each frame as
an ultrasonic image.

[0084] The fixed weight WT is stored in the fixed weight
data 404. The fixed weight Wf may be defined by using, for
example, a window function such as a square window
(rectangular window), a Hanning window, or a Hamming
window. For example, in a case of using the square window,
as shown in the following Equation (9), the fixed weight Wf
is set in the fixed weight data 404 such that the fixed weight
W1, of the respective channels 17 are all “1”.

W=, ... 1) ®

[0085] An edge detection result in the edge detection unit
383 is stored in the edge information 405. The edge infor-
mation 405 is rewritten by the beam-direction non-orthogo-
nal line extraction unit 385 in the process of extracting a
beam-direction non-orthogonal line as will be described
later.
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Flow of Process

[0086] FIG. 9 is a flowchart illustrating a flow of an
ultrasonic image generation process in the first embodiment.
The process described here is started, for example, if the
ultrasonic probe 16 is brought into contact with a living body
surface of the subject 2 by a user, and a predetermined
measurement starting operation is performed. This process
may be realized by the calculation processing section 370
reading the ultrasonic measurement program 401 from the
storage section 400 and executing the ultrasonic measure-
ment program 401 so as to operate the respective sections of
the ultrasonic measurement apparatus 10.

[0087] First, the ultrasonic measurement section 20 per-
forms ultrasonic measurement (step S101). A measurement
result is stored in the received signal data 402 through this
process.

[0088] Next, the image generation unit 373 generates a
temporary ultrasonic image (step S103). Herein, an ultra-
sonic image is generated according to a method of the
related art. For example, first, the delay processing portion
375 performs a process of delaying a channel signal from
each channel 17 obtained through the ultrasonic measure-
ment in step S101. The reception BF processing portion 381
performs the BF process as the reception BF process. In
other words, weighted addition is performed on channel
signals of the respective channels 17 for each sampling point
after the delay process according to the above Equation (1)
by using the fixed weight W as the signal combination
weight W. Thereafter, a necessary process is performed on
the output z[n] from the reception BF processing portion 381
such that a luminance value of each sampling point is
obtained.

[0089] Next, the edge detection unit 383 performs an edge
detection process on the temporary ultrasonic image so as to
detect edge portions present in a target region (step S105).
Specifically, a differential value is calculated for each sam-
pling point by applying a well-known differential filter for
detecting horizontal edges including an edge portion in a
horizontal direction (x direction) and an edge portion in an
inclined direction. The edge information 405 is generated
such that a value for a sampling point at which an obtained
differential value is equal to or greater than a predetermined
threshold value set in advance is “1”, and a value for a
sampling point at which the obtained differential value is
smaller than the threshold value is “0”. FIG. 10 illustrates an
example of the edge information 405.

[0090] Herein, the edge detection process is performed on
the temporary ultrasonic image generated in step S103 such
that edge portions present in the target region are detected.
In contrast, an edge detection process may be performed on
two-dimensional data (the output z[n] from the reception BF
processing portion 381) after a reception BF process such
that edge portions present in the target region are detected.
[0091] Next, as illustrated in FIG. 9, the beam-direction
orthogonal line exclusion processing element 387 performs
abeam-direction orthogonal line excluding process such that
an edge portion in the x direction is erased from the edge
information 405 generated through the edge detection pro-
cess (step S107). Regarding a procedure, first, a position
(x,y) of each sampling point of the edge information 405
illustrated in FIG. 10 is sequentially referred to by one row
such that a range in which “1” continues in each row is
specified, and the number of continuing is (hereinafter,
simply referred to as a “continuation number”) is counted. A
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range in which the counted continuation number is equal to
or larger than a predetermined number set in advance is
determined as being an edge portion, and a value of a
sampling point in the range is rewritten to “1” from “0” such
that the edge information 405 is updated. Consequently, the
edge portion in the x direction is erased from the edge
information 405. FIG. 11 illustrates the edge information
405 after the beam-direction orthogonal line excluding pro-
cess. In the example illustrated in FIG. 11, the edge portion
in the second row from the top of the edge information 405
in FIG. 10 is erased.

[0092] Next, as illustrated in FIG. 9, the labeling element
389 performs a labeling process on the edge information 405
after the beam-direction orthogonal line excluding process
(step S109). Regarding a procedure, first, a sampling point
of which a value is “1” in the edge information 405 in FIG.
11 is divided as a sampling point group in which “1s” are
adjacent to each other. Herein, in a case where eight sam-
pling points of which a value is “1” are present near a
focused sampling point, the sampling points are connected
to each other such that the sampling point group is obtained.
A unique label for each of divided sampling points is added
thereto. FIG. 12 illustrates the edge information 405 after the
labeling process. In the example illustrated in FIG. 12, labels
of label numbers “1” to “3” are respectively added to
sampling point groups forming three edge portions. A sam-
pling method is not particularly limited, and a divided
sampling point group may be obtained by referring to four
peripheral values.

[0093] Thereafter, as illustrated in FIG. 9, the beam-
direction non-orthogonal line extraction unit 385 erases an
edge portion of below the predetermined length D, from the
edge information 405 after the labeling process so as to
extract a beam-direction non-orthogonal line (step S111).
Regarding a procedure, first, the number of sampling points
of edge portions is counted for the edge portions added with
the same label. With respect to an edge portion in which a
count value is less than a predetermined number indicating
the predetermined length D, a value of each sampling point
is rewritten to “0” such that the edge information 405 is
updated. Consequently, the edge portion of below the pre-
determined length Dy is erased from the edge information
405. FIG. 13 illustrates a beam-direction non-orthogonal
line extraction result (edge information 405). In the example
illustrated in FI1G. 13, the edge portion with the label number
“2”, formed of three sampling points is erased from the edge
information 405 in FIG. 12, and, finally, the edge portions
with the label numbers and “3” are regarded as beam-
direction non-orthogonal lines.

[0094] The above-described processes related to extrac-
tion of a beam-direction non-orthogonal line may be per-
formed by thinning out the edge information 405 as appro-
priate for simplification thereof.

[0095] Referring to FIG. 9 again, in a case where the
beam-direction non-orthogonal lines are extracted in the
above-described way, the image generation unit 373 repeat-
edly performs a loop A for each scanning line L1 by
referring to the received signal data 402 (step S113 to step
S131). In the loop A, the processing target line L1 is sampled
at a predetermined time interval by using the measurement
result of the ultrasonic measurement in step S101, and a
process in a loop B is sequentially performed with each
sampling point as a processing target point (step S115 to step
S129).
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[0096] In the loop B, first, the delay processing portion
375 performs a delay process of delaying a channel signal of
each channel 17 by a delay time (step S117).

[0097] Next, the weight selecting portion 377 refers to the
edge information 405, determines a processing target point
as being a BF process position if a value of the processing
target point is “1” (step S119: YES), and proceeds to step
S121. In other words, in step S121, the weight selecting
portion 377 reads the fixed weight W from the fixed weight
data 404 so as to use the fixed weight Wf as the signal
combination weight W. On the other hand, in a case where
a value of a processing target point is “0” in the edge
information 405 (step S119: NO), the adaptive weight cal-
culating element 379 of the weight selecting portion 377
calculates the adaptive weight Wmv according to the above-
described method on the basis of a channel signal of each
channel 17 after the delay process (step S123). The weight
selecting portion 377 uses the calculated adaptive weight
Wmv as the signal combination weight W (step S125).
[0098] Thereafter, the reception BF processing portion
381 performs the reception BF process by using the fixed
weight Wf or the adaptive weight Wmv as the signal
combination weight W in step S121 or step S125, and
performs weighted addition on channel signals of the respec-
tive channels 17 after the delay process according to the
above Equation (1) (step S127).

[0099] In a case where the process in this loop B is
repeatedly performed, and sampling of the processing target
line L1 is completed, the process in the loop A on the
processing target line L1 is completed. In a case where the
process in the loop A has been performed with all of the
scanning lines L1 as processing targets, a necessary process
is performed on the output z[n] from each sampling point
such that an ultrasonic image is generated (step S133), and
the present process is finished. The generated ultrasonic
image is controlled to be displayed on the display section
330 as appropriate.

[0100] As described above, according to the first embodi-
ment, edge detection can be performed with respect to a
target region, and an edge portion which is not orthogonal to
a beam direction and has a length of the predetermined
length D, or more can be extracted from detected edge
portions. In a case where a processing target point is an
extracted edge portion, the reception BF process is per-
formed by using the fixed weight Wf as the signal combi-
nation weight W, and, in a case where a processing target
point is not an extracted edge portion, the reception BF
process is performed by using the adaptive weight Wmv as
the signal combination weight W, such that an ultrasonic
image can be generated. Therefore, it is possible to maintain
a high azimuth resolution when an ultrasonic image is
generated by scanning a target region according to a linear
scanning method, and also to improve the visibility of an
interface in a case where there is the interface which is not
orthogonal to a beam direction in the target region.

Second Embodiment

[0101] Next, a second embodiment will be described. In
the following description, the same constituent elements as
in the first embodiment are given the same reference numer-
als.

Principle

[0102] FIG. 14 is a diagram for explaining ultrasonic
measurement in the second embodiment. In the second
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embodiment, an ultrasonic probe 165 performs ultrasonic
measurement according to a sector scanning method. In
other words, in the sector scanning method, ultrasonic
beams are radially transmitted and received along a plurality
of scanning lines [.2 with a predetermined target object
surface position as a starting point P2 while changing an
incidence angle by a predetermined angle, and sector scan-
ning is performed in a predetermined angle range (scanning
range) A2. In actual ultrasonic measurement performed by
an ultrasonic measurement apparatus 105 of the second
embodiment, the ultrasonic probe 165 is brought into con-
tact with a living body surface (for example, the neck) of the
subject 2, and reflected wave data of a target region corre-
sponding to the scanning range is generated.

[0103] Inthe sector scanning method, as mentioned above,
since ultrasonic beams are radially transmitted and received
in the directions of the respective scanning lines 1.2, in a case
where an interface is present in a target region, a relationship
between the interface and a beam direction differs for each
beam direction. In other words, even for the same interface,
a beam direction which is a direction of the scanning line .2
may be or may not be orthogonal to the interface depending
on a position where the interface intersects each scanning
line L.2. For example, in a case where an interface along the
x direction is present so as to cross a target region, the
interface is orthogonal to the beam direction around the
center. However, an end of the interface is not orthogonal to
the beam direction, and thus the same problem as in the first
embodiment occurs.

[0104] For comparative examination, as illustrated in FIG.
14, a single wire B2 was disposed along the X direction in
the scanning range A2, and an ultrasonic image of the
scanning range A2 in a case where ultrasonic measurement
was performed was generated through simulation. FIG. 15 is
a diagram illustrating an ultrasonic image generated in a
case where the BF process is performed as the reception BF
process, and FIG. 16 is a diagram illustrating an ultrasonic
image generated in a case where the adaptive BF process is
performed as the reception BF process. In this example, as
illustrated in FIGS. 15 and 16, neither end of the wire B2 is
depicted in generated ultrasonic images in both of cases of
applying the BF process and the adaptive BF process. This
is because, in the wire B2, the center vicinity is orthogonal
to or substantially orthogonal to the beam direction, but an
angle formed with an orthogonal direction of the beam
direction increases toward the ends. A depicted range in the
x direction is lower in the case of applying the adaptive BF
process.

[0105] Therefore, in the second embodiment, an edge
portion (beam-direction non-orthogonal line) which is not
orthogonal to a beam direction is extracted for each beam
direction. Regarding a process for this, first, edge detection
is performed with respect to a target region, and edge
portions (horizontal edges) in a horizontal direction and an
inclined direction are extracted. The edge detection may be
performed in the same manner as in the first embodiment.
An edge portion satisfying a predetermined condition in
which “the edge portion has a length of a predetermined
length Dy set in advance or more” is extracted as a non-
orthogonal line candidate.

[0106] When the respective scanning lines [.2 are sequen-
tially sampled as processing target lines, a non-orthogonal
line candidate which is not orthogonal to a beam direction of
a processing target line 1.2 is extracted as a beam-direction
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non-orthogonal line, and a sampling point of an intersection
with the processing target line 1.2 is set as a BF process
position. Thereafter, in the same manner as in the first
embodiment, in a case where a processing target point is the
BF process position, the fixed weight Wf is used as the
signal combination weight W, and, in a case where a
processing target point is not the BF process position, the
adaptive weight Wmv is calculated to be used as the signal
combination weight W.

Functional Configuration

[0107] FIG. 17 is a block diagram illustrating a functional
configuration example of the ultrasonic measurement appa-
ratus 105 in the second embodiment. In FIG. 17, the
ultrasonic measurement apparatus 105 includes a processing
device 3056 and the ultrasonic probe 165 capable of perform-
ing sector scanning. The processing device 305 includes an
operation input section 310, a display section 330, a com-
munication section 350, a calculation processing section
3705, and a storage section 4005.

[0108] In the second embodiment, the calculation process-
ing section 3705 includes an ultrasonic measurement control
unit 371, an image generation unit 373, an edge detection
unit 383, a non-orthogonal line candidate selecting unit
3914, a beam-direction non-orthogonal line extraction unit
395b, and a BF process position setting unit 3975.

[0109] The non-orthogonal line candidate selecting unit
3915 selects an edge portion having a length of the prede-
termined length Dy or more from among edge portions
detected by the edge detection unit 383 as a non-orthogonal
line candidate. In this case, an edge length and an edge angle
of the selected edge portion are obtained. The non-orthogo-
nal line candidate selecting unit 3915 includes a labeling
portion 3935. The labeling portion 3935 adds a unique label
to each edge portion detected by the edge detection unit 383.
[0110] The beam-direction non-orthogonal line extraction
unit 39556 extracts a non-orthogonal line candidate which is
not orthogonal to a beam direction of the processing target
line [.2 from the non-orthogonal line candidates selected by
the non-orthogonal line candidate selecting unit 3915, as a
beam-direction non-orthogonal line.

[0111] The BF process position setting unit 3975 sets, as
a BF process position, a sampling point of an intersection
between the beam-direction non-orthogonal line which is
extracted for the processing target line L2 by the beam-
direction non-orthogonal line extraction unit 3955 and the
processing target line 2.

[0112] The storage section 4005 stores an ultrasonic mea-
surement program. 4015, received signal data 402, reflected
wave data 403, fixed weight data 404, edge information 405,
and a non-orthogonal line candidate list 4064.

[0113] The calculation processing section 3705 reads and
executes the ultrasonic measurement program 4015 so as to
realize functions of the ultrasonic measurement control unit
371, the image generation unit 373, the edge detection unit
383, the non-orthogonal line candidate selecting unit 3915,
the beam-direction non-orthogonal line extraction unit 3955,
the BF process position setting unit 3975, and the like. In a
case where such functional units are realized by hardware
such as an electronic circuit, some of programs for realizing
the functions may be omitted.

[0114] An edge detection result in the edge detection unit
383 is stored in the edge information 405. In the second
embodiment, the edge information 405 is rewritten by the
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non-orthogonal line candidate selecting unit 3915 in the
process of selecting a non-orthogonal line candidate.
[0115] A list of edge portions selected as non-orthogonal
line candidates by the non-orthogonal line candidate select-
ing unit 3915 is stored in the non-orthogonal line candidate
list 4065. FIG. 18 is a diagram illustrating a data configu-
ration example of the non-orthogonal line candidate list
406b. As illustrated in FIG. 18, the non-orthogonal line
candidate list 4065 is a data table in which an edge length
and an edge angle are set in correlation with a label number
of a label added to an edge portion of a non-orthogonal line
candidate. The non-orthogonal line candidate selecting unit
3915 counts the number of sampling points forming an edge
portion selected as a non-orthogonal line candidate so as to
obtain the edge length, and also obtains an angle formed
between a direction of the edge portion and a z direction so
as to use the angle as the edge angle. The non-orthogonal
line candidate selecting unit 3915 generates the non-or-
thogonal line candidate list 4065 by correlating the edge
length and the edge angle with a label number.

Flow of Process

[0116] FIG. 19 is a flowchart illustrating a flow of an
ultrasonic image generation process in the second embodi-
ment. The process described here may be realized by the
calculation processing section 3705 reading the ultrasonic
measurement program 4015 from the storage section 4005
and executing the ultrasonic measurement program 4015 so
as to operate the respective sections of the ultrasonic mea-
surement apparatus 105.

[0117] First, the ultrasonic measurement section 20 per-
forms ultrasonic measurement (step S201). Next, the image
generation unit 373 generates a temporary ultrasonic image
(step S203).

[0118] Next, the edge detection unit 383 performs an edge
detection process on the temporary ultrasonic image so as to
detect edge portions present in a target region (step S205).
The labeling portion 3935 performs a labeling process on the
edge information 405 generated through the edge detection
process (step S207). Thereafter, the non-orthogonal line
candidate selecting unit 3915 erases an edge portion of
below the predetermined length Dy from the edge informa-
tion 405 after the labeling process, so as to select a non-
orthogonal line candidate (step S208). Therefore, the non-
orthogonal line candidate list 4065 is generated.

[0119] In a case where the non-orthogonal line candidate
is selected in the above-described way, the image generation
unit 373 repeatedly performs a loop C for each scanning line
L2 by referring to the received signal data 402 (step S209 to
step S231). In the loop C, first, the beam-direction non-
orthogonal line extraction unit 3955 extracts edge portions
which are not orthogonal to a beam direction of the pro-
cessing target line L2 as beam-direction non-orthogonal
lines among the non-orthogonal line candidates set in the
non-orthogonal line candidate list 4065 (step S211). Herein,
for example, an angle formed between the beam direction of
the processing target line 1.2 and the non-orthogonal line
candidate is calculated by using an edge angle, and the
non-orthogonal line candidate is set as a beam-direction
non-orthogonal line in a case where the angle is not 90° or
a predetermined range around 90° (for example, a range
regarded as substantially 90°, such as 88° to 92° or 89° to
91°, which may be comprehensively said to be substantially
90° or substantially orthogonal).
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[0120] Next, the BF process position setting unit 3975 sets
a BF process position (step S213). Herein, for example, a
sampling point on the processing target line 1.2 added with
a corresponding label in the edge information 405 is set as
the BF process position on the basis of a label number of the
beam-direction non-orthogonal line extracted in step S211.
[0121] In a case where the BF process position has been
set, the processing target line is sampled at a predetermined
time interval by using the measurement result of the ultra-
sonic measurement in step S201, and a process in a loop D
is sequentially performed with each sampling point as a
processing target point (step S215 to step S229).

[0122] In the loop D, first, the delay processing portion
375 performs a delay process of delaying a channel signal of
each channel 17 by a delay time (step S217).

[0123] Next, in a case where a processing target point is
set as the BF process position in step S213 (step S219: YES),
the weight selecting portion 377 reads the fixed weight Wf
from the fixed weight data 404 so as to use the fixed weight
WT as the signal combination weight W (step S221). In a
case where a processing target point is not a BF process
position (step S219: NO), the adaptive weight calculating
element 379 of the weight selecting portion 377 calculates
the adaptive weight Wmv according to the above-described
method on the basis of a channel signal of each channel 17
after the delay process (step S223). The weight selecting
portion 377 uses the calculated adaptive weight Wmv as the
signal combination weight W (step S225).

[0124] Thereafter, the reception BF processing portion
381 performs the reception BF process by using the fixed
weight WI or the adaptive weight Wmv as the signal
combination weight W in step S221 or step S225, and
performs weighted addition on channel signals of the respec-
tive channels 17 after the delay process according to the
above Equation (1) (step S227).

[0125] In a case where the process in this loop D is
repeatedly performed, and sampling of the processing target
line L2 is completed, the process in the loop C on the
processing target line 1.2 is completed. In a case where the
process in the loop C has been performed with all of the
scanning lines .2 as processing targets, a necessary process
is performed on the output z[n] from each sampling point
such that an ultrasonic image is generated (step S233), and
the present process is finished. The generated ultrasonic
image is controlled to be displayed on the display section
330 as appropriate.

[0126] As described above, according to the second
embodiment, it is possible to extract an edge portion which
is not orthogonal to a beam direction and has a length of the
predetermined length D or more for each beam direction. In
a case where a processing target point is an edge portion
extracted to correspond to a beam direction among sampling
points on the processing target line 1.2, the reception BF
process is performed by using the fixed weight WT as the
signal combination weight W, and, in a case where a
processing target point is other sampling points, the recep-
tion BF process is performed by using the adaptive weight
Wmv as the signal combination weight W, such that an
ultrasonic image can be generated. Therefore, it is possible
to achieve the same effects as in the first embodiment when
an ultrasonic image is generated by scanning a target region
according to a sector scanning method.

[0127] In the second embodiment, the predetermined
length Dy is fixed, and a beam-direction non-orthogonal line
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is extracted. In contrast, the predetermined length D, may be
set to be variable by using a distance from the starting point
P2 along the processing target line 12. Specifically, for
example, a correspondence relationship between a distance
from the starting point P2 and the predetermined length Dy
is defined in advance. The correspondence relationship may
be set as a lookup table, and may be set as a relational
expression between the distance and the predetermined
length D,..

[0128] On the other hand, in the present modification
example, all edge portions detected by the edge detection
unit 383 are selected as non-orthogonal line candidates.
Prior to sampling of the processing target line 1.2, first, all
non-orthogonal line candidates which are not orthogonal to
a beam direction of the processing target line L2 are selected
on the basis of an edge angle. Next, a distance from the
starting point P2 to an intersection between the selected
non-orthogonal line candidate and the processing target line
L2 is obtained, and the predetermined length D correspond-
ing to the obtained distance is acquired on the basis of the
correspondence relationship. In a case where an edge length
of the selected non-orthogonal line candidate is equal to or
larger than the acquired predetermined length D, the non-
orthogonal line candidate is extracted as a beam-direction
non-orthogonal line.

Other Modification Examples

[0129] Ranges of values which the fixed weight Wf and
the adaptive weight Wmv can take are different from each
other. Thus, the fixed weight Wf may be defined depending
on a value which the adaptive weight Wmv can take. For
example, in the above-described embodiments, the fixed
weight Wf in which Wf is all “1” has been exemplified
(Equation (9)). In contrast, as expressed in the following
Bquation (10), a coefficient k; corresponding to a value
which the adaptive weight Wmv can take may be used, and
the fixed weight Wf may be defined by multiplying the fixed
weight Wf, of each channel 17 in Equation (9) by the
coeflicient k,. Alternatively, a coefficient k, may be defined
depending on a value which the fixed weight Wf can take.
In a case where the adaptive weight Wmv has been calcu-
lated, the coefficient k, may be multiplied by the obtained
adaptive weight Wmv,, of each channel 17. Thus, luminance
unevenness can be prevented by applying the BF process or
the adaptive BF process to each sampling point.

W=t Wf (10)

[0130] The ultrasonic measurement apparatus of embodi-
ments of the invention is not limited to a case where an
ultrasonic image of a target region in a living body is
generated by using ultrasonic measurement as in the above-
described embodiments, and is also similarly applicable to a
case where, for example, an ultrasonic image is generated
with an internal region of a structure other than a living body
as a target region, and the ultrasonic measurement apparatus
is used for inspection of the structure.

[0131] The entire disclosure of Japanese Patent Applica-
tion No. 2016-256451 filed Dec. 28, 2016 is expressly
incorporated by reference herein.

What is claimed is:
1. An ultrasonic measurement apparatus comprising:

a probe that is provided with a plurality of channels
receiving ultrasonic waves; and
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a calculation processing section that performs a calcula-
tion process on a received signal which is received by
each channel, performs weight selection of selecting
one of a predetermined weight and an adaptive weight
for performing an adaptive beam forming process as a
reception beam forming process, as a signal combina-
tion weight for the reception beam forming process, for
each processing target point of a target region, and
generates an ultrasonic image by performing the recep-
tion beam forming process,
wherein the calculation processing section performs
edge detection with respect to the target region on the
basis of the received signal,

extraction of extracting an edge portion satisfying a
predetermined condition with respect to a beam
direction in the reception beam forming process
related to the processing target point among edge
portions detected through the edge detection, and

the weight selection of selecting the predetermined
weight as the signal combination weight in a case
where the processing target point is the extracted
edge portion.

2. The ultrasonic measurement apparatus according to

claim 1,

wherein the predetermined condition includes at least a
condition in which an extension direction of the edge
portion is not orthogonal to the beam direction.

3. The ultrasonic measurement apparatus according to

claim 1,

wherein the probe is a probe capable of performing linear
scanning, and

wherein the extraction is to extract the edge portion
satisfying the predetermined condition by extracting
the edge portion of which the extension direction is not
parallel to a scanning direction in the linear scanning.

4. The ultrasonic measurement apparatus according to

claim 1,
wherein the probe is a probe capable of performing linear
scanning, and
wherein the extraction includes
setting the edge portion of which an extension direction
is parallel to a scanning direction in the linear
scanning as an exclusion target of the extraction, and

extracting an edge portion of which an extension direc-
tion is not orthogonal to the beam direction and
which has a length of a predetermined length or more
from edge portions which are not the exclusion target
as the edge portion satisfying the predetermined
condition.

5. The ultrasonic measurement apparatus according to

claim 1,

wherein the probe is a probe capable of performing sector

scanning,
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wherein the extraction includes extracting the edge por-
tion satisfying the predetermined condition for each
beam direction, and

wherein the weight selection includes using the predeter-

mined weight as the signal combination weight in a
case where the edge portion extracted to correspond to
the beam direction is the processing target point.

6. The ultrasonic measurement apparatus according to
claim 5,

wherein the predetermined condition includes a condition

in which an edge portion has a length of a predeter-
mined length or more, and

wherein the calculation processing section sets the pre-

determined length to be variable depending on a dis-
tance to the processing target point along the beam
direction.

7. The ultrasonic measurement apparatus according to
claim 1,

wherein the predetermined weight is defined depending

on a value which the adaptive weight can take.

8. The ultrasonic measurement apparatus according to
claim 1,

wherein the adaptive weight is a weight in which a value

corresponding to the amplitude of the received signal of
each channel is variable, and

wherein the adaptive beam forming process is a signal

combination process in which weighted addition is
performed on the received signal by using the adaptive
weight.

9. A control method for an ultrasonic measurement appa-
ratus including a probe provided with a plurality of channels
receiving ultrasonic waves, the control method comprising:

performing edge detection with respect to a target region

on the basis of a received signal which is received by
each of the channels;

extracting an edge portion satisfying a predetermined

condition with respect to a beam direction in a recep-
tion beam forming process related to a processing
target point among edge portions detected through the
edge detection; and

performing weight selection of selecting one of a prede-

termined weight and an adaptive weight for performing
an adaptive beam forming process as a reception beam
forming process, as a signal combination weight for the
reception beam forming process, for each processing
target point of the target region, and performing the
reception beam forming process,

wherein the weight selection includes selecting the pre-

determined weight as the signal combination weight in
a case where the processing target point is the extracted
edge portion.
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