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ULTRASONIC DIAGNOSTIC APPARATUS
AND IMAGE SYNTHESIS METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] Japanese Patent Application No. 2016-191698 filed
on Sep. 29, 2016 including description, claims, drawings,
and abstract the entire disclosure is incorporated herein by
reference in its entirety.

BACKGROUND

Technological Field

[0002] The present invention relates to an ultrasonic diag-
nostic apparatus and an image synthesis method.

Description of the Related Art

[0003] In the related art, there is a known ultrasonic
diagnostic apparatus which has an ultrasound probe having
an array of a number of vibrators, and performs transmission
and reception of ultrasonic waves with respect to a subject
body such as a biological body, and generates ultrasound
image data on the basis of signals obtained from received
ultrasonic waves, and displays an ultrasound image based on
the ultrasound image data on an image display device.
Ultrasound image diagnosis using such an apparatus is
performed by an easy operation, that is, by just putting the
ultrasound probe on the surface of a subject body, whereby
it is possible to obtain the aspects of heartbeats, fetal
movement, and so on in real time, and since the apparatus is
non-invasive and safe, it is possible to repeatedly perform
ultrasound image diagnosis.

[0004] However, images which are acquired by such an
ultrasonic diagnostic apparatus include not only information
on tissues in subject bodies but also a variety of noise and
speckles caused by interference of reception signals
obtained from ultrasonic waves received by the ultrasound
probe, and these speckles often disturb correct understand-
ing of the positions and shapes of the boundaries of the
tissues in the subject bodies.

[0005] Recently, for example, ultrasonic diagnostic appa-
ratuses using a spatial compounding method as a processing
method for reducing noise and speckles as described above
have been spread. The spatial compounding method is a
method of performing transmission and reception of ultra-
sonic waves in a plurality of different directions with respect
to the same part of a subject body in the same period, thereby
obtaining a plurality of ultrasound image data items, and
averagely superimposing them. For example, in a case
where data items on N-number of ultrasound images are
acquired, the spatial compounding method can be used to
synthesize the data items such that the synthetic image data
has noise and speckles reduced in proportion to the square
root of N.

[0006] Also, according to the spatial compounding
method, it is possible to improve anisotropic-part extracting
performance. An anisotropic part is a part which causes
reception signals having different intensities depending on
angles by scattering, reflecting, and the like if ultrasonic
waves reach the corresponding part, specifically, a part of
soft tissue which does not have reflection intensity stronger
than that of the surfaces of bones but has a specular
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reflection characteristic, for example, a tendon or a ligament
in skeletal muscles of a subject body.

[0007] For example, Patent Document 1 discloses a tech-
nology for making an ultrasonic diagnostic apparatus using
spatial compounding method as described capable of gen-
erating a higher-quality image by obtaining ultrasound
images on the basis of reflected signals from a plurality of
directions and synthesizing the average values, maximum
values, minimum values, median values, and the like of
individual pixel values of the ultrasound images in accor-
dance with a control signal selected on the basis of the type
of a diagnostic test.

[0008] [Patent Document 1] Japanese Patent No. 3935433
[0009] In a case where ultrasonic waves transmitted from
aprobe (an ultrasound probe) are reflected from body tissues
in a subject body, in general, the intensities of signals
reflected from body tissues which face the ultrasound probe
(body tissues whose reflecting surfaces are perpendicular to
the transmission direction of ultrasonic waves) are stronger
than the intensities of signals reflected from body tissues
which do not face the ultrasound probe (body tissues whose
reflecting surfaces are not perpendicular to the transmission
direction of ultrasonic waves). For this reason, in some
ultrasonic diagnostic images generated on the basis of
reflected-wave signals of ultrasonic waves, parts corre-
sponding to body tissues which do not face the ultrasound
probe are unclearer than parts corresponding to body tissues
which face the ultrasound probe.

[0010] For example, in the technology disclosed in Patent
Document 1, if pixel values are amplified by synthesizing
maximum values of pixel values, it is possible to amplify
signals reflected from body tissues which do not face the
ultrasound probe. Therefore, it is possible to image body
tissues which do not face the ultrasound probe relatively
clear. However, since other signals received by the ultra-
sound probe, i.e. for example, signals reflected from body
tissues facing the ultrasound probe, signals including
speckle noise, and the like are also amplified, unnatural
images may be obtained.

SUMMARY

[0011] An object of the present invention is to provide an
ultrasonic diagnostic apparatus and an image synthesis
method capable of appropriately generating ultrasound
images including body tissues which do not face an ultra-
sound probe.

[0012] To achieve the above-mentioned object, according
to an aspect, an ultrasonic diagnostic apparatus reflecting
one aspect of the present invention comprises: an image
generating unit configured to generate a plurality of different
ultrasound image data items from reception signals corre-
sponding to a plurality of different steering angles. respec-
tively, on the basis of the reception signals which an
ultrasound probe has generated on the basis of reflected
ultrasonic waves received from a reflecting surface of a
subject body by transmitting ultrasonic waves at the plural-
ity of different steering angles; a regression estimate gener-
ating unit configured to perform regression analysis on the
basis of the plurality of different steering angles, and the
plurality of ultrasound image data items corresponding to
the plurality of different steering angles, and generate regres-
sion estimates which are predetermined weighting values on
the basis of the result of the regression analysis; and an
image synthesis unit configured to perform weighting on the
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plurality of ultrasound image data items on the basis of the
regression estimates, and synthesize them, thereby generat-
ing a synthetic image data item.

BRIEF DESCRIPTION OF THE DRAWING

[0013] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention.

[0014] FIG. 1 is a view illustrating an example of the
configuration of an ultrasonic diagnostic apparatus.

[0015] FIG. 2 is a block diagram illustrating an example of
the configuration of an ultrasonic diagnostic apparatus body.
[0016] FIG. 3 is a view illustrating the relation between
the angles of transmission beams which are transmitted from
an ultrasound probe and operation areas.

[0017] FIG. 4A is a view illustrating an example of a
situation in which an ultrasonic beam is transmitted at a
steering angle of 0° to a target facing the ultrasound probe.
[0018] FIG. 4B is a view illustrating an example of a
situation in which an ultrasonic beam is transmitted at a steer
angle of 8 (8:0) to a target facing the ultrasound probe.
[0019] FIG. 5A is a view illustrating an example of a
situation in which an ultrasonic beam is transmitted at a steer
angle of 0° to a target which does not face an ultrasound
probe 2.

[0020] FIG. 5B is a view illustrating an example of a
situation in which an ultrasonic beam is transmitted at a steer
angle of 6 (820) to a target which does not face the
ultrasound probe 2.

[0021] FIG. 6A is a view illustrating the relation between
the intensities of reflected signals from a facing target and
steer angles.

[0022] FIG. 6B is a view illustrating the relation between
the intensities of reflected signals from a non-facing target
and steer angles.

[0023] FIG. 6C is a view illustrating the relation between
the intensities of reflected signals including speckle noise
and steer angles.

[0024] FIG. 7A is a view illustrating an example of a
primary regression equation in a case of a facing target.
[0025] FIG. 7B is a view illustrating an example of a
primary regression equation in a case of a non-facing target.
[0026] FIG. 7C is a view illustrating an example of a
primary regression equation in a case of speckle noise.
[0027] FIG. 8A is a view illustrating an example of a
quadratic regression equation in a case of a facing target.
[0028] FIG. 8B is a view illustrating an example of a
quadratic regression equation in a case of a non-facing
target.

[0029] FIG. 8C is a view illustrating an example of a
quadratic regression equation in a case of speckle noise.

DETAILED DESCRIPTION OF EMBODIMENTS

[0030] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

[0031] Hereinafter, an ultrasonic diagnostic apparatus
according to an embodiment of the present invention will be
described with reference to the accompanying drawings.
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However, the scope of the invention is not limited to
examples shown in the drawings. Also, in the following
description, components having the same functions and
configurations are denoted by the same reference symbols,
and repeated descriptions thereof are avoided.

[0032] FIG. 1 is a view illustrating an example of the
configuration of an ultrasonic diagnostic apparatus 100. As
shown in FIG. 1, the ultrasonic diagnostic apparatus 100 has
an ultrasonic diagnostic apparatus body 1 and an ultrasound
probe 2. The ultrasound probe 2 transmits ultrasonic waves
(ultrasonic transmission waves) into a subject body such as
a biological body (not shown in the drawings), and receives
reflected waves (reflected ultrasonic waves (echoes)) of the
ultrasonic waves from the inside of the subject body.

[0033] The ultrasonic diagnostic apparatus body 1 is con-
nected to the ultrasound probe 2 by a cable 3, and transmits
an electric signal as a drive signal to the ultrasound probe 2,
thereby controlling the ultrasound probe 2 such that the
ultrasound probe transmits ultrasonic transmission waves
toward a subject body. Then, if the ultrasound probe 2
receives reflected waves from the inside of the subject body,
and the ultrasound probe 2 generates electric signals as
reception signals, the ultrasonic diagnostic apparatus body
images the internal state of the subject body as an ultrasound
image on the basis of the reception signals.

[0034] The ultrasound probe 2 has vibrators 2a (see FIG.
2) composed of a plurality of piezoelectric elements, and the
plurality of vibrators 2a is arranged in a one-dimensional
array in an azimuth direction (a scan direction). The number
of vibrators 2a can be arbitrarily set.

[0035] FIG. 2 is a block diagram illustrating an example of
the configuration of the ultrasonic diagnostic apparatus body
1. As shown in FIG. 2, the ultrasonic diagnostic apparatus
body 1 has, for example, an operation input unit 11, a
transmitting unit 12, a receiving unit 13, an image generat-
ing unit 14, a digital scan converter (DSC) 15, a regression
estimate generating unit 16, an image synthesis unit 17, a
display unit 18, and a control unit 19.

[0036] The operation input unit 11 is an operation device
for performing inputting and the like of, for example, a
command to instruct diagnosis start, data such as personal
information of subject bodies, and various parameters for
displaying ultrasound images on the display unit 18, and is
specifically various switches, buttons, a trackball, a mouse,
akeyboard, and the like. The operation input unit 11 outputs
operation signals based on input operations to the control
unit 19.

[0037] The transmitting unit 12 is a circuit configured to
supply an electric signal as a drive signal to the ultrasound
probe 2 through the cable 3 under the control of the control
unit 19, thereby controlling the ultrasound probe 2 such that
the ultrasound probe generates ultrasonic transmission
waves. The transmitting unit 12 includes, for example, a
clock generating circuit, a delay circuit, and a pulse gener-
ating circuit (not shown in the drawings). The clock gener-
ating circuit is a circuit configured to generate a clock signal
to determine drive signal transmission timings and trans-
mission frequencies. The delay circuit is a circuit configured
to set a delay time for each individual path corresponding to
each vibrator 2a to delay drive signal transmission by the set
delay time and perform focusing of transmission beams
composed of ultrasonic transmission waves (transmission
beam forming) and setting of angles of transmission beams
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(steering). The pulse generating circuit is a circuit config-
ured to generate a pulse signal as a drive signal with a
predetermined cycle.

[0038] The transmitting unit 12 configured as described
above, for example, drives some (for example, several tens
of) consecutive vibrators of the plurality of (for example, a
hundred and several tens to two hundreds and several tens
of) vibrators 2a arranged in the ultrasound probe 2 to
generate ultrasonic transmission waves. Further, the trans-
mitting unit 12 performs scanning by performing switching
to some vibrators 2a to be driven in the azimuth direction for
generating each ultrasonic transmission wave. Also, the
transmitting unit 12 can perform scanning while changing
the angle of a transmission beam, thereby capable of receiv-
ing a plurality of reflected signals having different angles.

[0039] The receiving unit 13 is a circuit configured to
receive electric signals as reception signals from the ultra-
sound probe 2 through the cable 3 under the control of the
control unit 19. The receiving unit 13 includes, for example,
an amplifier, an A/D conversion circuit, and a phasing
addition circuit. The amplifier is a circuit configured to
amplify the reception signals by amplification factors pre-
determined for the paths corresponding to the vibrators 2a,
respectively. The A/D conversion circuit is a circuit config-
ured to perform analog/digital conversion (A/D conversion)
on the amplified reception signals. The phasing addition
circuit is a circuit configured to adjust the time phases of the
reception signals subjected to the A/D conversion by apply-
ing delay times to the paths corresponding to the vibrators
2a, respectively, and add them (phasing addition), thereby
generating sound ray data. In other words, the phasing
addition circuit generates sound ray data by performing
reception beam forming with respect to the reception signal
of each vibrator 2a.

[0040] Under the control of the control unit 19, the image
generating unit 14 performs an envelope detection process,
logarithmic compression, and the like on the sound ray data
input from the receiving unit 13 to adjust the dynamic range
and the gain, and performs luminance conversion, thereby
generating B-mode ultrasound image data. The B-mode
ultrasound image data is data representing the intensities of
the reception signals by luminance levels. Also, in the
present embodiment, the image generating unit 14 may be
able to generate A-mode image (amplitude image) data,
M-mode image (motion image) data, and ultrasound image
data based on a Doppler method, besides the B-mode
ultrasound image data.

[0041] Also, in the present embodiment, in a case where
the ultrasound probe 2 performs scanning by changing the
angle as described above, the image generating unit 14
generates a plurality of ultrasound image data items on the
basis of a plurality of reflected signals having different
angles. The plurality of ultrasound image data items gener-
ated as described above overlap one another in a part or the
whole of the scan area.

[0042] Under the control of the control unit 19, the DSC
15 performs scan frequency conversion on the plurality of
ultrasound image data items generated by the image gener-
ating unit 14, and outputs the conversion results to the
regression estimate generating unit 16.

[0043] Under the control of the control unit 19, the regres-
sion estimate generating unit 16 performs a regression
analysis process of generating regression estimates by per-
forming predetermined regression analysis on the plurality
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of ultrasound image data items output from the DSC 15 with
respect to each pixel or each of predetermined areas, thereby
calculating the regression estimates, and outputs the regres-
sion estimates to the image synthesis unit 17. Here, the
regression estimates are values calculated on the basis of
parameters obtained by regression analysis of the regression
estimate generating unit 16. Details of the regression analy-
sis process which is performed by the regression estimate
generating unit 16 will be described below.

[0044] Under the control of the control unit 19, the image
synthesis unit 17 performs an image synthesizing process of
generating synthetic image data by performing synthesis on
the overlapping part of the scan area on the basis of the
regression estimates calculated by the regression estimate
generating unit 16 and the plurality of ultrasound image data
items output from the DSC 15, thereby generating the
synthetic image data. Details of the image synthesizing
process which is performed by the image synthesis unit 17
will be described below.

[0045] The display unit 18 is a display device such as a
light-emitting diode (LED) display, a liquid crystal display
(LCD), a cathode-ray tube (CRT) display, an organic EL
(electronic luminescence) display, an inorganic EL display,
and a plasma display. Under the control of the control unmt
19, the display unit 18 displays ultrasound images on the
basis of synthetic image data output from the image syn-
thesis unit 17.

[0046] The control unit 19 has, for example, a central
processing unit (CPU), a read only memory (ROM), and a
random access memory (RAM), and reads out various
processing programs such as a system program stored in the
ROM, and develops them in the RAM, and performs cen-
tralized control on the operation of each unit of the ultra-
sonic diagnostic apparatus 100 according to the developed
programs.

[0047] The ROM is configured with a non-volatile
memory such as a semiconductor memory and so on, to store
a system program corresponding to the ultrasonic diagnostic
apparatus 100, various processing programs executable on
the system program, a variety of data such as a gamma table,
and the like. These programs are stored in the form of
program codes readable by a computer, and the CPU sequen-
tially performs operations according to the program codes.
The RAM forms a work area for temporarily storing various
programs to be executable by the CPU, and data relative to
those programs.

[0048] Now, the regression analysis process which is
performed by the regression estimate generating unit 16 will
be described in detail. First, the relation between the angles
of transmission beams of the ultrasound probe 2 of the
ultrasonic diagnostic apparatus 100 of the present embodi-
ment and the direction of a reflecting surface of body tissue
in a subject body will be described.

[0049] FIG. 3 is a view illustrating the relation between
the angles of transmission beams which are transmitted from
the ultrasound probe 2 and operation areas. For example, as
shown in FIG. 3, the ultrasonic diagnostic apparatus 100 sets
the angle of a transmission beam to be output from the
ultrasound probe 2, to a direction perpendicular to the
azimuth direction, and performs scanning, thereby acquiring
a component image data item of a scan area Q1. Also, in the
present embodiment, the angle of a transmission beam
which is output from the ultrasound probe 2 is referred to as
the steer angle (the steering angle). More specifically, the
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steer angle is an angle which is formed by the central axis
of the ultrasound probe 2 and the transmission direction of
the ultrasonic beam.

[0050] Also, in a case of shifting the steering angle to each
of the right and the left by a predetermined angle (for
example, 10°) and performing scanning, the ultrasonic diag-
nostic apparatus 100 can acquire a component image data
item of a scan area Q2 and a component image data item of
ascan area Q3. The scan areas Q1 to Q3 overlap one another
at least partially. Further, the ultrasonic diagnostic apparatus
synthesizes the component image data items of the scan
areas Q1 to Q3, thereby obtaining a synthetic image data
item. The synthetic image data item obtained in the above-
mentioned manner is an ultrasound image data item having
noise and speckles reduced in proportion to the number of
images synthesized as described above.

[0051] Also, in the example shown in FIG. 3, three com-
ponent image data items obtained at the steering angles of
0°, +10°, or -10° are synthesized to generate a synthetic
image. However, actually, it is preferable that the ultrasonic
diagnostic apparatus 100 acquires more component image
data items at more steering angles, and synthesizes them,
thereby generating an ultrasound image data item.

[0052] FIGS. 4A and 4B are views illustrating examples of
ultrasonic transmission beams and reflected beams relative
to body tissues facing the ultrasound probe 2. Body tissues
facing the ultrasound probe 2 mean body tissues having
reflecting surfaces forming 90° with the transmission direc-
tion of ultrasonic beams from the ultrasound probe 2. Also,
hereinafter, scan object body tissues in subject bodies will be
referred to as targets.

[0053] FIG. 4A is a view illustrating an example of a
situation in which a transmission beam is transmitted at a
steering angle of 0° toward a target facing the ultrasound
probe 2, and FIG. 4B is a view illustrating an example of a
situation in which a transmission beam is transmitted at a
steer angle of 0 (00) toward a target facing the ultrasound
probe 2.

[0054] As shown in FIG. 4A, in the case where the steer
angle is 0° the ultrasound probe 2 can receive most of
ultrasonic waves reflected from the target facing the ultra-
sound probe 2. Meanwhile, in the case where the steering
angle is 6, as shown in FIG. 4B, the amount of reflected
beams which the ultrasound probe 2 can receive is less than
that in the case where the steer angle is 0° as shown in FIG.
4A. In other words, when a target faces the ultrasound probe
2, the intensities of reflected signals which the ultrasound
probe 2 can receive in a case where the steering angle is 0
are weaker than those in a case where the steer angle is 0°.
[0055] Meanwhile, FIGS. 5A and 5B are views illustrating
examples of ultrasonic transmission beams and reflected
beams relative to targets which do not face the ultrasound
probe 2. FIG. 5A is view illustrating an example of a
situation in which a transmission beam is transmitted at a
steering angle of 0° toward a target which does not face the
ultrasound probe 2, and FIG. 4B is a view illustrating an
example of a situation in which a transmission beam is
transmitted at a steer angle of 6 (8+20) toward a target which
does not face the ultrasound probe 2.

[0056] As shown in FIG. 5B, in a case where the inclina-
tion angle of the reflecting surface of the target relative to the
direction of the transmission beam is substantially equal to
the steering angle 0, the amount of reflected beams which
the ultrasound probe 2 can receive is equal to that in the case
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where an ultrasonic beam is transmitted at the steer angle of
0° toward the target facing the ultrasound probe as shown in
FIG. 4A. In other words, in the case where the inclination
angle of the reflecting surface of the target relative to the
direction of the transmission beam is substantially equal to
the steering angle 8 compared to the case where the ultra-
sonic beam is transmitted at the steer angle of 0° toward the
target which does not face the ultrasound probe 2 as shown
in FIG. 5A, the amount of reflected beams which the
ultrasound probe 2 can receive becomes relatively large. In
other words, when a target does not face the ultrasound
probe 2, the intensities of reflected signals which the ultra-
sound probe 2 can receive in a case of transmitting the
ultrasonic beam at a steer angle substantially equal to the
inclination angle of the reflecting surface of the target
relative to the direction of the transmission beam are rela-
tively stronger than those in a case where the steer angle is
0°.

[0057] Also, hereinafter, a target facing the ultrasound
probe 2 and a target which does not face the ultrasound
probe 2 will be referred to as a facing target and a non-facing
target, respectively.

[0058] FIGS. 6A to 6C are views illustrating examples of
the relations between the intensities of reflected signals and
steer angles. FIG. 6A shows the relation between the inten-
sities of reflected signals from a facing target and steer
angles, and FIG. 6B shows the relation between the inten-
sities of reflected signals from a non-facing target and steer
angles, and FIG. 6C shows the relation between the inten-
sities of reflected signals including speckle noise and steer
angles.

[0059] In a case of a facing target, as described with
reference to FIGS. 4A and 4B, when the steer angle is 0°, the
intensities of reflected signals are highest, and as the abso-
lute value of the steer angle increases, the intensities of
reflected signals decrease. FIG. 6A is a view illustrating the
intensities of reflected signals from a facing target and steer
angles in the same plane.

[0060] Meanwhile, in a case of a non-facing target, as
described with reference to FIGS. 5A and 5B, if the incli-
nation angle of the reflecting surface of the target relative to
the direction of the transmission beam is +0, as the steer
angle gradually increases from an angle slightly smaller than
+6 to +6, the intensities of reflected signals increase until the
steer angle becomes +0. FIG. 6B is a view illustrating the
intensities of reflected signals from a non-facing target and
steer angles in the same plane. Also, in the example of FIG.
6B, the angle 0 is larger than 15°.

[0061] Also, in FIG. 6B, a case where the inclination angle
of the reflecting surface of the target relative to the direction
of the transmission beam is +6 is shown as an example, and
for example, in a case where the inclination angle of the
reflecting surface of the target relative to the direction of the
transmission beam is -6, on the contrary to the above
description, as the steer angle gradually decreases from an
angle larger than -8 to -6, the intensities of reflected signals
gradually increase until the steer angle becomes .

[0062] Speckle noise is noise which is generated if ultra-
sonic beams are scattered at boundary surfaces and the like
in a subject body and the scattered beams interfere each
other. Therefore, the signal intensities of reflected signals
including speckle noise do not depend on the steer angle, as
shown in FIG. 6C. FIG. 6C is a view illustrating the signal
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intensities of reflected signals including speckle noise and
steer angles in the same plane.

[0063] The regression estimate generating unit 16 per-
forms regression analysis on the basis of the relation
between steer angles and the intensities of reflected signals
as described above. Specifically, the regression estimate
generating unit 16 performs regression analysis based on
pixel values (luminance values) corresponding to the inten-
sities of reflected signals, on a plurality of ultrasound data
items generated by the image generating unit 14 and corre-
sponding to a plurality of steer angles, for each of pixels or
each of predetermined areas. The predetermined areas are,
for example, areas each of which is composed of a prede-
termined number of pixels and which are adjacent to one
another, or areas defined by division based on the magni-
tudes of pixel values (luminance values) and adjacent to one
another. The predetermined areas may meet, for example, at
an area composed of one pixel.

[0064] Hereinafter, a regression estimate calculation
method in a case where the regression estimate generating
unit 16 uses single regression analysis will be described.

[0065] For example, primary regression equations which
can be obtained on the basis of the relations between
intensities of reflected signals and steer angles correspond-
ing to the facing target, the non-facing target, and the
speckle noise and shown in FIGS. 6A to 6C by single
regression analysis are shown as examples in FIGS. 7A to
7C. As parameters which can be obtained by such regression
analysis, for example, there are parameters shown in the
following Table 1. Table 1 is a table showing the relation of
the magnitudes of various parameters which can be obtained
by single regression analysis.

TABLE 1
layl 1 RSS R?
Facing Target Small Medium Large Small
Non-facing Large Small Small Large
Target
Speckle Noise Small Small Small Large
[0066] In Table 1, a, represents the inclination of a pri-

mary regression equation calculated by regression analysis,
and a, represents the intercept of a primary regression
equation calculated by regression analysis, and RSS repre-
sents a residual sum of squares, and R represents a deter-
mination coeflicient. In other words, a primary regression
equation can be expressed as y=a,x+a,. RSS is the sum of
squares of the differences at individual points between actual
measurement values and an estimation model, and is an
evaluation measure of mismatch between the actual mea-
surement values and the estimation model. Also, R? is a
measure of the accuracy of regression analysis.

[0067] As shown in FIG. 7A and Table 1, the facing target
has the magnitude of the inclination ail of the primary
regression equation smaller than that of the non-facing
target, and has the magnitude of the intercept a, larger than
that of the non-facing target. As shown in FIG. 7B, the
non-facing target has the magnitude of the inclination ail of
the primary regression equation larger than those of the other
target and the speckle noise. As shown in FIG. 7C, since the
speckle noise has random values with respect to signal
intensities, the speckle noise has the magnitude of the
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inclination la, | of the primary regression equation smaller
than that of the non-facing target.

[0068] The regression estimate generating unit 16 calcu-
lates regression estimates ¢ on the basis of the parameters
(the inclination ail, the intercept a,, RSS, R?, and the like of
each primary regression equation) obtained by such regres-
sion analysis by the following calculation method, and
outputs the regression estimates to the image synthesis unit

[0069] Also, in the present invention, the regression esti-
mates o are weighting values for performing weighting such
that weights for pixel values of areas corresponding to
non-facing targets are heavy and weights for pixel values of
the other areas are light. Therefore, the regression estimate
generating unit 16 determines regression estimates o. such
that regression estimates o for pixel values of areas corre-
sponding to non-facing targets are large and regression
estimates o for pixel values of the other areas are small.
[0070] The calculation of regression estimates o which is
performed by the regression estimate generating unit 16 may
be performed, for example, using any one of expressions to
be shown as examples below.

[0071] (First Method of Calculating Regression Estimates
o)

a=ayl (1)

[0072]
mates o)

(Second Method of Calculating Regression Esti-

a=a;ly @

[0073]
[0074]
mates o)

Here, y is a predetermined coeflicient.
(Third Method of Calculating Regression Esti-

_lal @

" RsS

[0075]
mates o)

(Fourth Method of Calculating Regression Esti-

a=a,-(RSS,,..~RSS) )

[0076]
)

(Fifth Method of Calculating Regression Estimates

o=a,1-R? o)

[0077] In the present embodiment, as the method of cal-
culating regression estimates ¢ which is performed by the
regression estimate generating unit 16, five deriving meth-
ods of Expressions (1) to (5) have been taken as examples.
However, the present invention is not limited thereto, and
other deriving methods may be used. As described above,
the regression estimate generating unit 16 may determine
regression estimates c such that regression estimates o for
areas corresponding to non-facing targets are large and
regression estimates o for the other areas are small. Also, the
regression estimate generating unit 16 may perform a nor-
malization process, a clipping process, and the like such that
regression estimates o fall in a range between 0 and 1.
[0078] Now, an image synthesizing process which the
image synthesis unit 17 performs using the regression esti-
mates o calculated by the regression estimate generating
unit 16 will be described.

[0079] The image synthesis unit 17 synthesizes pixel
values (luminance values) of a plurality of ultrasound image
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data items generated on the basis of reflected signals of
ultrasonic beams at different steer angles by the image
generating unit 14, with respect to each of pixels or each of
predetermined areas, in the following manner, thereby syn-
thesizing the plurality of ultrasound image data items.
[0080] (First Image Synthesis Method)

[0081] In a first image synthesis method, the image syn-
thesis unit 17 performs a blending on the pixel values of the
plurality of ultrasound image data items with respect to each
predetermined area, using the absolute values of the regres-
sion estimates o.. For example, a synthesis expression in a
case of using five ultrasound image data items A to E
becomes the following Expression (6).

Data= a/*f,(4,B,C,D.Ey+(1-1a))*f»(4,8,C.D,E) (6)

[0082] Here, in Expression (6), f; and f, are predeter-
mined functions. As the functions f, and f,, for example,
any one of a MEAN function for obtaining the simple mean
of parameters, a MAX function for extracting a maximum
value, a MIN function for extracting a minimum value, a
MEDIAN function for extracting a median value, a VARI-
NANCE function for obtaining a variance value, an SD
function for obtaining a standard deviation, a Weighted-
MEAN function for obtaining a weighted mean, and the like
may be used.

[0083] A function to be used by the image synthesis unit
17 may be appropriately selected, for example, according to
the deriving method used to generate the regression esti-
mates o by the regression estimate generating unit 16, the
purpose of use of an ultrasound image to be finally generated
by the ultrasonic diagnostic apparatus 100, and so on. Also,
this selection may be performed by an operation of a user
(such as a doctor) of the ultrasonic diagnostic apparatus 100
on the operation input unit 11, or may be automatically
performed, for example, by the control unit 19 of the
ultrasonic diagnostic apparatus 100. The functions f, and f,
may be the same, or may be different functions.

[0084] (Second Image Synthesis Method)

[0085] 1In a second image synthesis method, the image
synthesis unit 17 synthesizes pixel values of the plurality of
ultrasound image data items with respect to each predeter-
mined area, using the regression estimates o generated by
the regression estimate generating unit 16 and a predeter-
mined coefficient f.

Data= al*f,(4,B,C,D.E)+p*2(4,8,C.D.E) O]

[0086] In Expression (7), the predetermined coefficient 3
may be arbitrarily set, for example, by an operation of the
user (such as a doctor) of the ultrasonic diagnostic apparatus
100 on the operation input unit 11, or may be automatically
determined by the control unit 19, or may be a predeter-
mined fixed value. In a case where the control unit 19
automatically determines the functions f;, and f, and the
predetermined coefficient {3, the user of the ultrasonic diag-
nostic apparatus 100 can obtain an appropriate synthetic
image data item without making an effort to determine the
functions and the coeflicient and to perform an operation. In
a case where the user arbitrarily determines the functions f,
and f, and the predetermined coefficient {3, the user can
appropriately adjust the display state of an image according
to the purpose.

[0087] According to the image synthesis method as
described above, the image synthesis unit 17 can perform
weighting such that weights for areas corresponding to
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non-facing targets become relatively heavy and weights for
the other areas become light, and synthesize the plurality of
ultrasound image data items.

[0088] As described above, the ultrasonic diagnostic appa-
ratus 100 of the present invention includes the image gen-
erating unit 14 configured to generate a plurality of different
ultrasound image data items from reception signals corre-
sponding to a plurality of different steering angles. respec-
tively, on the basis of the reception signals which the
ultrasound probe 2 has generated on the basis of reflected
ultrasonic waves received from a reflecting surface of a
subject body by transmitting ultrasonic waves at the plural-
ity of different steering angles, and the regression estimate
generating unit 16 configured to perform regression analysis
on the basis of the plurality of different steering angles and
the plurality of ultrasound image data items corresponding
to the plurality of different steering angles, and generate
regression estimates which are predetermined weighting
values on the basis of the result of the regression analysis,
and the image synthesis unit 17 configured to perform
weighting on the plurality of ultrasound image data items on
the basis of the regression estimates, and synthesize them,
thereby generating a synthetic image data item.

[0089] The regression estimate generating unit 16 per-
forms regression analysis on the ultrasound image data items
with respect to each pixel or each predetermined area, on the
basis of pixel values (luminance values), thereby calculating
the regression estimates o such that relative weights for
targets (non-facing targets) having reflecting surfaces
inclined with respect to the transmission beam become
heavy. Therefore, the image synthesis unit 17 can perform
weighting such that relative weights for areas corresponding
to non-facing targets become heavy and relative weights for
the other areas become relatively light, and generate a
synthetic image data item. Therefore, the ultrasonic diag-
nostic apparatus 100 of the present invention can generate a
synthetic image data item in which non-facing targets are
relatively clear, as compared to a case where such weighting
is not performed.

[0090] Although the embodiment of the present invention
has been described with reference to the drawings, the
present invention is not limited 1o the related examples.
Various alterations or modifications which can be devised
within the scope as set forth in the claims by those skilled in
the art are also included in the technical scope of the present
invention. Also, the individual components of the above-
described embodiment may be arbitrarily combined without
departing from the gist of the disclosure.

[0091] In the above-described embodiment, the plurality
of vibrators 2a of the ultrasound probe 2 is arranged in a
one-dimensional array in the azimuth direction (the scan
direction). However, they may be arranged in a two-dimen-
sional array. Also, in the above-described embodiment, a
linear scanning type electronic scanning probe is used as the
ultrasound probe 2 to perform ultrasound scanning using a
linear scanning method. However, other types such as a
sector scanning type and a convex scanning type can also be
used.

[0092] In the above-described embodiment, the regression
estimate generating unit 16 generates regression estimates
by single regression analysis. However, the present inven-
tion is not limited thereto. For example, the regression
estimate generating unit 16 may generate a quadratic regres-
sion equation or perform other regression analysis.
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[0093] Hereinafter, a case where the regression estimate
generating unit 16 generates a quadratic regression equation
will be described. FIGS. 8A to 8C are view illustrating
examples of quadratic regression equations, i.e. y=a,x*+
a,x+0 which can be obtained on the basis of the relations
between intensities of reflected signals and steer angles
corresponding to the facing target, the non-facing target, and
the speckle noise as shown in FIGS. 6A to 6C by regression
analysis.

[0094] As shown in FIGS. 8A and 8C, relational expres-
sions between the intensities of reflected signals and steer
angles corresponding to the facing target and the speckle
noise represent relations close to quadratic curves. However,
as shown in FIG. 8B, a relational expression between the
intensities of reflected signals and steer angles correspond-
ing to the non-facing target is represented as a linear line
substantially straight, similarly in a case of a primary
regression equation. Therefore, parameters which can be
obtained by quadratic regression analysis have a magnitude
relation as shown in the following Table 2.

TABLE 2
la,| la,| 3 RSS R?
Facing Target Small  Small Medium  Small Large
Non-facing Target Large  Large Small Small Large
Speckle noise Medium ~ Small Small Small  Medium

[0095] Like this, even in a case where the parameters are
obtained by quadratic regression analysis, coeflicients (pa-
rameters |a,| and la, ) of independent variables correspond-
ing to the non-facing target are larger than coefficients
corresponding to the facing target and the speckle noise.
Therefore, the regression estimate generating unit 16 can
determine regression estimates c on the basis of the param-
eters la,| and la, | such that regression estimates o for areas
corresponding to non-facing targets are large and regression
estimates o for the other areas are small.
[0096] The present invention is suitable for an ultrasonic
diagnostic apparatus for synthesizing images on the basis of
reflected signals of ultrasonic transmission beams at a plu-
rality of steer angles.
[0097] According to an embodiment, it is possible to
provide an ultrasonic diagnostic apparatus and an image
synthesis method capable of appropriately generating ultra-
sound images including body tissues which do not face an
ultrasound probe.
[0098] Although embodiments of the present invention
have been described and illustrated in detail, it is clearly
understood that the same is by way of illustration and
example only and not limitation, the scope of the present
invention should be interpreted by terms of the appended
claims.
What is claimed is:
1. An ultrasonic diagnostic apparatus comprising:
an image generating unit configured to generate a plural-
ity of different ultrasound image data items from recep-
tion signals corresponding to a plurality of different
steering angles, respectively, on the basis of the recep-
tion signals which an ultrasound probe has generated
on the basis of reflected ultrasonic waves received from
a reflecting surface of a subject body by transmitting
ultrasonic waves at the plurality of different steering
angles;
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a regression estimate generating unit configured to per-
form regression analysis on the basis of the plurality of
different steering angles, and the plurality of ultrasound
image data items corresponding to the plurality of
different steering angles, and generate regression esti-
mates which are predetermined weighting values on the
basis of the result of the regression analysis; and

an image synthesis unit configured to perform weighting
on the plurality of ultrasound image data items on the
basis of the regression estimates, and synthesize them,
thereby generating a synthetic image data item.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the regression estimate generating unit uses the regression
analysis to generate the regression estimates such that
weights for areas of the ultrasound image data items
corresponding to tissues in the subject body having
reflecting surfaces inclined with respect to the trans-
mission direction of the ultrasonic waves become rela-
tively large and weights for the other areas become
relatively small.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the regression estimates are values which are generated on
the basis of at least one of a coefficient of a regression
equation, a residual sum of squares, and a determina-
tion coeflicient obtained by the regression analysis.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the regression estimates are the inclinations of primary
regression equations obtained by single regression
analysis.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the image synthesis unit performs a blending on the
plurality of ultrasound image data items corresponding
to the plurality of steering angles with respect to each
of predetermined areas, using first output values
acquired by inputting pixel values to a first function,
second output values acquired by inputting pixel values
to a second function, and the regression estimates,
thereby generating a synthetic image data item.

6. The ultrasonic diagnostic apparatus according to claim

1, wherein:

the image synthesis unit performs a blending on the
plurality of ultrasound image data items corresponding
to the plurality of steering angles with respect to each
of predetermined areas, using first output values
acquired by inputting pixel values to a first function,
second output values acquired by inputting pixel values
to a second function, the regression estimates, and a
fixed coeflicient which is a predetermined fixed value,
thereby generating a synthetic image data item.

7. The ultrasonic diagnostic apparatus according to claim

5, wherein:

the first function and the second function are functions for
obtaining any one value of a mean value, a maximum
value, a minimum value, a median value, a variance,
and a standard deviation with respect to input values.

8. An image synthesis method of an ultrasonic diagnostic

apparatus comprising:

on the basis of reception signals which an ultrasound
probe has generated on the basis of reflected ultrasonic
waves received from a reflecting surface of a subject
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body by transmitting ultrasonic waves at a plurality of
different steering angles, generating a plurality of ultra-
sound image data items from the reception signals
corresponding to the plurality of different steering
angles, respectively;

performing regression analysis on the basis of the plural-
ity of different steering angles, and the plurality of
ultrasound image data items corresponding to the plu-
rality of different steering angles;

generating regression estimates which are predetermined
weighting values on the basis of the result of the
regression analysis; and

performing weighting on the plurality of ultrasound image
data items on the basis of the regression estimates, and
synthesize them, thereby generating a synthetic image
data item.
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