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FIG 3
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ULTRASONIC IMAGING DEVICE AND
ULTRASONIC IMAGING METHOD USING
ULTRASONIC IMAGING DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic imag-
ing device, particularly relates to an apparatus which gen-
erates an image using a reflected wave and a transmitted
wave of an ultrasound wave.

BACKGROUND ART

[0002] NPL 1 and the like have proposed an ultrasound
tomography method in which ultrasound waves are trans-
mitted toward the inside of a target, the ultrasound waves
that have passed through the inside of the target in a plurality
of paths are individually received, and a sound speed dis-
tribution image of a cross section of the target is generated
based on a propagation time from the transmission to the
reception.

[0003] Specifically, in the technology NPL 1, a ring-
shaped transducer array is disposed around a cylindrical
water tank and breasts are inserted into the water tank. While
the ring-shaped transducer array is vertically moved, an
ultrasound wave is transmitted in order from each transducer
in the transducer array and the ultrasound waves which have
penetrated the breasts are received by other transducers. A
cross-sectional image of the breasts is reconstructed by
calculating a sound speed distribution for each propagation
path of an ultrasound wave. In this case, according to NPL
1, the sound speed distribution is calculated considering that
a traveling direction of the ultrasound wave is refracted in a
boundary of tissues having different densities. Accordingly,
compared to a case where the sound speed distribution is
calculated on the assumption that an ultrasound wave travels
straight forward even in a boundary of tissues, a sound speed
distribution image having vivid contours of tissues can be
generated, so that accuracy of an image can be improved. In
addition, NPL 1 also discloses a method of processing a
sound speed distribution image using a threshold value in
order to vividly extract contours of predetermined tissues
constituting breasts.

CITATION LIST

Patent Literature

[0004] [NPL 1] Li, Cuiping, et al. “In vivo breast sound-
speed imaging with ultrasound tomography.” Ultrasound in
medicine & biology 35.10 (2009): 1615-1628.

SUMMARY OF INVENTION

Technical Problem

[0005] As in NPL 1, in a method of calculating a sound
speed distribution considering that an ultrasound wave is
refracted in a boundary of tissues having different densities,
in a case where structures of tissues or densities thereof
within a target are unknown, it is not possible to ascertain the
way of preferably assuming the position and the angle of
refraction and calculating a propagation path of an ultra-
sound wave. Therefore, based on various assumptions, there
is a need to employ a method of setting a refracted propa-
gation path, a method of setting a propagation path of an
ultrasound wave by acquiring a sound speed distribution
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image first through any technique, searching for a boundary
in which the sound speed changes in the image, and obtain-
ing a refraction angle of an ultrasound wave based on
differences in the sound speed, or the like. All of the methods
require a time for a calculation in order to set a refracted
propagation path and also require a time for recalculating the
sound speed distribution using the set propagation path.
Therefore, a calculation amount increases and the time for
generating an image is lengthened.

[0006] An object of the present invention is to generate a
clear transmitted wave image of a boundary of tissues in a
short time.

Solution to Problem

[0007] In order to solve the problem, the present invention
includes a transducer array in which a plurality of transduc-
ers transmitting and receiving an ultrasound wave are
arrayed; a transmission unit which delivers an electric signal
to at least one of the plurality of transducers, such that the
delivered electric signal is converted into an ultrasound
wave and the ultrasound wave is transmitted to a target; a
reception unit which receives a received signal that is an
electric signal output by each of the plurality of transducers
having received at least one of a reflected wave and a
transmitted wave of the ultrasound wave of the target; and
an image generation unit which individually generates a
reflected wave image of a cross section of the target using a
received signal of the reflected wave and a transmitted wave
image of the cross section of the target using a received
signal of the transmitted wave. The image generation unit
includes a reflected wave image boundary detection umt
detecting a boundary of the target in the reflected wave
image and the image generation unit generates the transmit-
ted wave image such that a boundary in the transmitted wave
image corresponding to the boundary detected by the
reflected wave image boundary detection unit is empha-
sized.

Advantageous Effects of Invention

[0008] According to the present invention, a clear trans-
mitted wave image of a boundary of tissues can be generated
in a short time.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a block diagram illustrating an overall
configuration of an ultrasonic imaging device of Embodi-
ment 1.

[0010] FIG. 2 is a view illustrating a reflected wave and a
transmitted wave of an ultrasound wave of a target, and a
reflected wave image and a transmitted wave image gener-
ated by using a received signal thereof.

[0011] FIG. 3 is a perspective view illustrating a positional
relationship between a transducer array and a target 10 of
Embodiment 1.

[0012] FIG. 4 is a functional block diagram of an image
generation unit of Embodiment 1.

[0013] FIGS. 5 (a) to 5(e) are views illustrating an opera-
tion of a received signal adjustment unit of Embodiment 1.
[0014] FIG. 6 is a functional block diagram of an image
generation unit of Embodiment 2.

[0015] FIGS. 7(a) to 7(c) are views illustrating a proce-
dure of generating a post-adjustment reflected wave image
from a post-adjustment transmitted wave image.
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[0016] FIG. 8 is a view illustrating refraction of an ultra-
sound wave propagation path within a phantom correspond-
ing to a transmitted wave image.

[0017] FIGS. 9(a) to 9(k) are views illustrating an opera-
tion of a received signal adjustment unit and a second
received signal adjustment unit of Embodiment 2.

[0018] FIG. 10 is a block diagram illustrating an overall
configuration of an ultrasonic imaging device of Embodi-
ment 3.

[0019] FIG. 11 is a flow chart illustrating an operation of
the ultrasonic imaging device of Embodiment 3.

[0020] FIG. 12 is the flow chart illustrating an operation of
the ultrasonic imaging device of Embodiment 3.

[0021] FIG. 13 is a view illustrating images acquired
through operations of the ultrasonic imaging device of
Embodiment 3.

[0022] FIG. 14 is a view illustrating images acquired
through operations of the ultrasonic imaging device of
Embodiment 3.

[0023] FIG. 15 is a view illustrating an example of a
display screen of the ultrasonic imaging device of Embodi-
ment 3.

[0024] FIG. 16 is a sequence diagram illustrating a flow of
a signal of the ultrasonic imaging device of Embodiment 3.
[0025] FIG. 17 is a side view illustrating a configuration of
a mammographic apparatus of Embodiment 3.

[0026] FIGS. 18(a) and 18(b) are views illustrating
examples of a registration screen of another embodiment.

DESCRIPTION OF EMBODIMENTS

[0027] Embodiments of the present invention will be
described using the drawings.

Embodiment 1

[0028] An ultrasonic imaging device of Embodiment 1
will be described.

[0029] FIG. 1 is a block diagram illustrating an overall
configuration of the apparatus. FIG. 2 is a view illustrating
a reflected wave and a transmitted wave of an ultrasound
wave of a target, and a reflected wave image and a trans-
mitted wave image generated by using a received signal
thereof. The ultrasonic imaging device of the present
embodiment includes a transducer array 2 in which a plu-
rality of transducers 1 transmitting and receiving an ultra-
sound wave are arrayed, a transmission unit 6, a reception
unit 7, and an image generation unit 50. The transmission
unit 6 delivers an electric signal S11 to at least one of the
plurality of transducers 1, such that the delivered electric
signal S11 is converted into an ultrasound wave S21, and
transmits the ultrasound wave S21 to a target 10. The
plurality of transducers 1 individually receive at least one of
a reflected wave S22 and a transmitted wave S23 of the
ultrasound wave S21 of the target 10 and output a received
signal S31 which is an electric signal. The reception unit 7
receives the received signal S31 from the transducer 1 and
delivers the received signal S31 to the image generation unit
50. The image generation unit 50 includes a reflected wave
image generation unit 350 and a transmitted wave image
generation unit 349. The reflected wave image generation
unit 350 generates a reflected wave image 220 of a cross
section of the target 10 using the received signal S31 of the
reflected wave S22 received from the reception unit 7. The
transmitted wave image generation unit 349 generates a

Sep. 27,2018

transmitted wave image 230 of the cross section of the target
10 using the received signal S31 of the transmitted wave S23
received from the reception unit 7. The image generation
unit 50 further includes a reflected wave image boundary
detection unit 351, thereby detecting a boundary 221 of the
target 10 in the reflected wave image 220. The transmitted
wave image generation unit 349 generates the transmitted
wave image 230 such that a boundary 231 in the transmitted
wave image 230 corresponding to the boundary 221 detected
by the reflected wave image boundary detection unit 351 is
emphasized.

[0030] In a case where there is also a boundary (for
example, a boundary 222) within the target 10, the reflected
wave image boundary detection unit 351 may detect the
boundary 221 and detect the boundary 222. In this case, the
transmitted wave image generation unit 349 generates the
transmitted wave image 230 such that a boundary 232 in the
transmitted wave image 230 corresponding to the boundary
222 is emphasized.

[0031] In this manner, in the present embodiment, the
boundary 221 is detected in the reflected wave image 220
utilizing that a clear image of the boundary of the target 10
is more likely to be acquired in the reflected wave image 220
than the transmitted wave image 230, and an image is
generated such that the corresponding boundary 231 in the
transmitted wave image 230 becomes clear. Accordingly,
compared to a case where image processing or the like is
performed with only the transmitted wave image 230, it is
possible to achieve an effect that a transmitted wave image
230 having a clear boundary can be generated in a short
time.

[0032] The examples of FIGS. 1 and 2 illustrate the
transducer array 2 having a ring shape in which the plurality
of transducers 1 are disposed to surround the target 10.
However, the shape thereof is not limited to this shape. Any
shape and disposition may be used as long as the transducer
array can irradiate the target 10 with the ultrasound wave
S21 and can receive the reflected wave S22 and the trans-
mitted wave S23 thereof. For example, it is possible to use
a pair of linear or curved transducer arrays disposed to face
each other.

[0033] Any image may be used as the transmitted wave
image 230 as long as the image can be reconstructed based
on information of the transmitted wave S23. For example, as
the transmitted wave image 230, the transmitted wave image
generation unit 349 generates a sound speed distribution
image within the target 10 or an ultrasound attenuation rate
distribution image (or an ultrasound wave attenuation
amount distribution image) within the target 10.

[0034] In addition, it is desirable that the target 10 is
immersed in a substance (for example, water) which causes
small attenuation of the ultrasound wave S21 and on which
the ultrasound wave S21 emitted from the transducer 1 can
be incident with a low loss. For example, as in FIG. 3, it is
preferable that the transducer array 2 is disposed inside a
water tank 235 filled with water, the target 10 is inserted into
the water tank 235, and ultrasound waves are thereby
transmitted and received. Due to this configuration, the
transducer array 2 is vertically moved inside the water tank
235, and the reflected wave image 220 and the transmitted
wave image 230 of a desired cross section 10a of the target
10 are captured.

[0035] Hereinafter, configurations of the reflected wave
image generation unit 350 and the transmitted wave image
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generation unit 349 will be described in detail using a
functional block diagram in FIG. 4. The reflected wave
image generation unit 350 has a reflected wave image
construction unit 382 which generates the reflected wave
image 220 based on the reflected wave S22 of the ultrasound
wave S21, the reflected wave image boundary detection unit
351 which detects the boundary of the target 10 (for
example, the boundary between water and the target 10 or
the boundary between tissues within the target 10) in the
reflected wave image 220, and a boundary template genera-
tion unit 380 which generates a boundary template based on
the detected boundary. In addition, the transmitted wave
image generation unit 349 has a transmitted wave image
reconstruction unit 352 which reconstructs the transmitted
wave image 230 through an ultrasound tomography method,
and a received signal adjustment unit 353 which adjusts a
received signal of the transmitted wave S23 to be used by the
transmitted wave image reconstruction unit 352 in recon-
struction in order to emphasize the image of the boundary
231 in the transmitted wave image 230.

[0036] The transmission unit 6 irradiates the target 10 with
the ultrasound wave S21 from the transducer 1. The reflected
wave S22 and the transmitted wave S23 of the ultrasound
wave S21 are received by the transducer 1 and are received
by the reception unit 7. The reflected wave image construc-
tion unit 382 of the reflected wave image generation unit 350
generates the reflected wave image 220 using a received
signal of the reflected wave S22. The transmitted wave
image reconstruction unit 352 of the transmitted wave image
generation unit 350 reconstructs the transmitted wave image
230 through the ultrasound tomography method using a
received signal of the transmitted wave S23. In order to
make this possible, the transmission unit 6 transmits the
ultrasound wave S21 having a predetermined spreading
angle a plurality of times by changing the position of the
transducer 1 transmitting the ultrasound wave S21, while
changing the incident angle of the ultrasound wave on the
target 10. The reception unit 7 receives received signals of
the reflected wave S22 and the transmitted wave S23 of the
ultrasound wave of the target 10 every time the ultrasound
wave S21 is transmitted.

[0037] In this case, as illustrated in FIG. 2, the reception
unit 7 may receive a received signal of the transmitted wave
S23 using the transducer 1 positioned in a predetermined
angle range with respect to the transducer 1 which has
transmitted the ultrasound wave S21 and may receive the
reflected wave S22 using the transducer 1 positioned in a
different predetermined angle range. In addition, the recep-
tion unit 7 may receive received signals of all of the
transducers 1. In such a case, depending on the position of
the transducer 1, both the transmitted wave S23 and the
reflected wave S22 arrive and received signals of both
thereof are output. However, both thereof have different
propagation paths for arriving at the receiving transducer 1
from the transmitting transducer 1, thereby having different
arrival time zones. Thus, in accordance with a positional
relationship between the transducer 1 which has transmitted
the ultrasound wave S21 and the receiving transducer 1, the
image generation unit 50 individually extracts a received
signal of the transmitted wave S23 and a received signal of
the reflected wave S22 by extracting received signals in the
time zone set in advance, thereby using the extracted
received signals for generating an image.
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[0038] The reflected wave image construction unit 382 of
the reflected wave image generation unit 350 extracts a
received signal of the reflected wave S22 from the received
received signal of the ultrasound wave and generates the
reflected wave image 220 based on the received signal of the
reflected wave S22. As a method of generating the reflected
wave image 220 performed by the reflected wave image
construction unit 382, a known generating method can be
used. As an example, the reflected wave image construction
unit 382 calculates a signal delay time which is a difference
between a timing (time) at which the ultrasound wave signal
S21 is transmitted and a timing (time) at which the extracted
received signal of the reflected wave S22 is received. The
reflected wave image construction unit 382 multiplies the
signal delay time by a sound speed set in advance and
obtains the distance of the propagation path between the
transducer 1 which has transmitted an ultrasound wave and
the receiving transducer 1. The reflected wave image con-
struction unit 382 calculates the position of a reflection
point, at which the ultrasound wave signal S21 is reflected,
based on the distance thereof. Then, the reflected wave
image construction unit 382 generates the reflected wave
image 220 by converting amplitude of the received signal of
the reflected wave S22 into luminance and setting the
luminance of the position (pixel) of the reflection point
thereof.

[0039] Meanwhile, the transmitted wave image recon-
struction unit 352 of the transmitted wave image generation
unit 349 reconstructs the transmitted wave image 230 by
performing a computation for causing the received signal of
the transmitted wave S23 to be subjected to back projection
in in a space where the target 10 is disposed.

[0040] The reflected wave image boundary detection unit
351 detects the boundary 221 and the like of the target 10 by
performing image processing set in advance with respect to
the reflected wave image 220. The image processing need
only be able to detect a boundary. For example, binary coded
processing, mask processing, or filter processing is used.

[0041] The boundary template generation unit 380 of the
reflected wave image generation unit 350 extracts the shape
of the boundary 221 which is an outside boundary (on the
outer side) among the boundaries detected by the reflected
wave image boundary detection unit 351, Accordingly, as
illustrated in FIG. 5(a), a template (boundary template) 356
corresponding to the boundary 221 is generated, and the
template 356 is transmitted to the transmitted wave image
generation unit 349. Here, the boundary template is a
template (reflected wave information template) based on
information acquired from the reflected wave. The boundary
template generation unit 380 also serves as a reflected wave
information template generation unit.

[0042] The received signal adjustment unit 353 of the
transmitted wave image generation unit 352 emphasizes an
image of the boundary 231 in the transmitted wave image
230 reconstructed by processing a received signal of the
transmitted wave S23 to be used by the transmitted wave
image reconstruction unit 352 in reconstruction. Therefore,
as illustrated in FIG. 4, the received signal adjustment unit
353 includes a forward projection unit 354 and a width
adjustment unit 355.

[0043] The forward projection unit 354 of the transmitted
wave image generation unit 349 generates an artificial
phantom 381 (refer to FIG. 5(b)) having a shape of the
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template 356, based on the template 356 received from the
boundary template generation unit 380 of the reflected wave
image generation unit 350.

[0044] Here, an artificial phantom is a phantom related to
a sound speed or attenuation which is information acquired
from the transmitted wave and is a template (transmitted
wave information template) based on information acquired
from a transmitted wave. For example, in a case where an
image related to a sound speed is generated as a transmitted
wave image, the forward projection unit 354 of the trans-
mitted wave image generation unit 349 generates an artifi-
cial phantom (sound speed template) having information of
a sound speed. In addition, in a case where an image related
to attenuation is generated as a transmitted wave image, the
forward projection unit 354 of the transmitted wave image
generation unit 349 generates an artificial phantom (attenu-
ation template) having information of attenuation. In addi-
tion, the forward projection unit 354 also serves as a
transmitted wave information phantom generation unit.
[0045] For example, in the artificial phantom 381, the
ultrasound attenuation rate of the inner region of the bound-
ary 221 is a value Al set in advance, and the ultrasound
attenuation rate of the outer region of the boundary 221 is a
value A2 (>Al, for example, A2 is infinite) set in advance.
[0046] Moreover, through a computation, the forward
projection unit 354 obtains the intensity of a received signal
acquired in a case where the artificial phantom 381 is
subjected to forward projection in the transducer array 2. For
example, through a computation, the forward projection unit
354 obtains a range W, (refer to FIG. 2) of the transducer 1
for receiving the transmitted wave S23 which has penetrated
straight the phantom 381 in a case where the ultrasound
wave S21 is transmitted to the artificial phantom 381 under
the same condition as when the received signal for gener-
ating the transmitted wave image 230 is received. The
intensity of a received signal of the transducer 1 in the range
is W, a predetermined value, and the intensity of received
signals of other transducers 1 is another predetermined value
(for example, zero) (refer to FIG. 5(c)). This computation is
repeated by changing the transducer 1 for transmitting the
ultrasound wave S21 while changing an incident angle 6 on
the target 10 in the same manner as when the received signal
for generating the transmitted wave image 230 is received.
The range W, of a transducer, which has been obtained for
each incident angle 6, for receiving the transmitted wave
S23 can be expressed in a sinogram having an array direc-
tion of the transducers 1 and the incident angle 6 of the
ultrasound wave S21 on the target 10 at the time of trans-
mission as axes, for example, as is FIG. 5(c). The range W,
of a transducer, at which the transmitted wave S23 having
penetrated straight the inner side of the phantom 381 cor-
responding to the shape of the boundary 221 arrives, is
expressed as a belt-like region of white (in which the
received signal has a predetermined value) belt-like region,
and the range of the transducer 1, at which the transmitted
wave S23 having penetrated the outer region of the phantom
381 arrives (or no transmitted wave S23 arrives), is
expressed in black (in which the received signal is zero).
[0047] The width adjustment unit 355 adjusts a spreading
width W, in the array direction of the transducers 1 for an
actual received signal to be used for generating the trans-
mitted wave image 230 (refer to FIG. 5(d)) such that the
spreading width Wy approximates the range W, of the
transducer 1 obtained by the forward projection unit 354.
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The spreading width W, in the array direction of the
transducers for an actual received signal to be used for
generating the transmitted wave image 230 can be expressed
in a sinogram as in FIG. 5(d). The range W, of the trans-
ducer 1, at which the transmitted wave S23 having pen-
etrated the inner side of the target 10 arrives, is expressed as
a white belt-like region. The depth of (luminance) of the
white part in the belt-like region indicates the intensity of the
received signal (amplitude). The region of the transducer 1
at which no transmitted wave S23 has arrived is expressed
in black, and it is possible to known that the intensity of the
received signal of the transmitted wave S23 is zero. The
width adjustment unit 355 widens or reduces the range W
of the actual received signal so that the range W thereof
approximates the range W, obtained from the template 356
corresponding to the boundary 221 of the reflected wave
image 220. For example, the width adjustment unit 355
obtains a ratio W /W of the range W , to the range W for
each incident angle 6 of the ultrasound wave S21 and
calculates an average (W, /W), . of the obtained ratios
W _/Wy. The width adjustment unit 355 performs an adjust-
ment in which the spreading width W, is widened or
reduced to approximate the range W, by applying the
obtained average (W _/Wy),,. to the value of the range W,
of the transducers 1 in the entire belt-like region of the
sinogram in FIG. 5(d). FIG. 5(e) illustrates a received signal
after being adjusted by the width adjustment unit 355.
[0048] The transmitted wave image reconstruction unit
352 reconstructs a post-adjustment transmitted wave image
233 (refer to FIG. 7(a)) by performing back projection of a
received signal after being adjusted by the width adjustment
unit 355 (FIG. 5(e)).

[0049] Inthis manner, the spreading width W, of an actual
received signal in the array direction of the transducers 1 is
caused to coincide with the range W, obtained from the
template 356 corresponding to the boundary 221 of the
reflected wave image 220, so that it is possible to eliminate
or reduce the influence of scattering from the detected
received signal which spreads outward by scattering within
the target 10. Thus, the phenomenon in which the boundary
231 of the transmitted wave image 230 spreads and becomes
unclear due to the influence of scattering is suppressed, and
the post-adjustment transmitted wave image 233 having the
emphasized boundary 231 is reconstructed.

[0050] Inthis manner, since the received signal adjustment
unit 353 adjusts the spreading width W, of an actual
received signal in the array direction of the transducers 1, it
is possible to generate the post-adjustment transmitted wave
image 233 in which the boundary 231 corresponding to the
boundary 221 of the reflected wave image 220 is empha-
sized in the transmitted wave image 230, during the process
of reconstructing the transmitted wave image 230.

[0051] As described above, in the ultrasonic imaging
device of Embodiment 1, since the post-adjustment trans-
mitted wave image 233 in which the boundary 231 corre-
sponding to the boundary 221 of the reflected wave image
220 is emphasized can foe generated during the process of
reconstructing the transmitted wave image 230, it is possible
to generate a transmitted wave image having a clear bound-
ary of tissues in a short time.

Embodiment 2

[0052] An ultrasonic imaging device of Embodiment 2
will be described. In addition to the configuration of the
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ultrasonic imaging device of Embodiment 1, the ultrasonic
imaging device of Embodiment 2 has a function of genet-
ating a reflected wave image (which will hereinafter be
referred to as a post-adjustment reflected wave image 223)
through a computation using the post-adjustment transmit-
ted wave image 233 in which the boundary 231 generated by
the ultrasonic imaging device of Embodiment 1 is empha-
sized. Moreover, the ultrasonic imaging device of Embodi-
ment 2 also has a function of additionally generating a
transmitted wave image in which a boundary different from
the boundary 231, for example, the boundary 232 positioned
on an inner side than the boundary 231 is emphasized, by
using the post-adjustment reflected wave image 223. A
configuration of the image generation unit 50 of the ultra-
sonic imaging device of Embodiment 2 having the functions
will be described. The ultrasonic imaging device of Embodi-
ment 2 is based on the premise that the apparatus has a
configuration similar to that of the ultrasonic imaging device
of Embodiment 1. Description will be omitted for the
configuration similar to that of the apparatus of Embodiment
1, and only different configurations will be described.

[0053] As illustrated in FIG. 6, in addition to the configu-
ration described in Embodiment 1, the image generation unit
50 further includes a post-adjustment reflected wave image
generation unit 357 and a second boundary detection unit
358 inside the reflected wave image generation unit 350. The
image generation unit 50 further includes a second received
signal adjustment unit 359 inside the transmitted wave
image generation unit 349.

[0054] Through a computation, the post-adjustment
reflected wave image generation unit 357 generates the
post-adjustment reflected wave image 223 acquired in a case
where an ultrasound wave is transmitted to an artificial
phantom having a distribution of ultrasound penetration
characteristics expressed in the post-adjustment transmitted
wave image 233, using the post-adjustment transmitted
wave image 233 in which the boundary 231 transmitted
from the transmitted wave image generation unit 349 is
emphasized (FIG. 7(a)), and the reflected wave S22 thereof
is received. For example, as illustrated in FIG. 7(a), it is
assumed that an ultrasound wave emitted from the trans-
ducer 1 in a direction orthogonal to the transducer array 2 is
propagated at a sound speed ¢ in the distribution of ultra-
sound penetration characteristics indicated in an ultrasound
penetration characteristic image which is the post-adjust-
ment transmitted wave image 233, the ultrasound wave is
reflected by the boundary 231 of two regions having differ-
ent ultrasound penetration characteristics, and the reflected
wave S22 arrives at the transducer 1 again and is received by
the transducer 1. In addition, it is possible to assume that a
portion of the ultrasound wave passes through the boundary
231 and is reflected by the next boundary 232, and the
reflected wave S22 arrives at the transducer 1 again and is
received by the transducer 1. In addition, it is possible to
assume that a portion of the ultrasound wave passes through
the boundary 232 and is reflected by the next boundary 232,
and the reflected wave S22 arrives at the transducer 1 again
and is received by the transducer 1.

[0055] FIG. 7(b) is a view illustrating a time t at which an
ultrasound wave transmitted from a certain transducer 1 is
propagated in each of the regions (the outer region of the
boundary 231, the region between the boundaries 231 and
232, the inner region of the boundary 232) in the post-
adjustment transmitted wave image 233 with ultrasound
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penetration characteristics (sound speed) indicated in the
image, is reflected by each of the boundaries of the regions
having different sound speeds, and arrives at the transducer
array 2 as a received signal of the reflected wave. In the
transducer array 2, a received signal of a reflected wave, that
is, an ultrasound wave, which has been transmitted from the
transducer 1 and is reflected by the boundary 231, is
received at a time tl1 (boundary 1). A received signal of a
reflected wave, that is, the ultrasound wave, which has
passed through the boundary 231 and is reflected by the next
boundary 232, is received at a time t2 (boundary 2). A
received signal of a reflected wave, that is, the ultrasound
wave, which has passed through the boundary 232 and is
reflected by the next boundary 232, is received at a time t3
(boundary 3).

[0056] The post-adjustment reflected wave image genera-
tion unit 357 calculates a distance L between the transducer
1 of the transducer array 2 which is artificially disposed and
the boundary of the distribution of ultrasound penetration
characteristics, through the following Expression (1) using
the distribution of ultrasound penetration characteristics
(sound speed cvariabie) which is indicated in the post-
adjustment transmitted wave image 233 of the target 10, and
the time t at which the received signal of the reflected wave
reflected by each of the boundaries is received.

2L=1Conpiable )]

[0057] For example, the post-adjustment reflected wave
image generation unit 357 calculates a distance L1 between
the transducer 1 and the boundary 231, a distance 1.2
between the transducer 1 and the boundary 232 positioned
on the front side when seen from the transducer 1, and a
distance L3 between the transducer 1 and the boundary 232
positioned on the rear side when seen from the transducer 1,
through a computation.

[0058] The post-adjustment reflected wave image genera-
tion unit 357 performs a computation of Expression (1)
described above with respect to each of the transducers 1 and
calculates each of the distances L between the boundaries
231 and 232 at positions respectively facing the transducers
1 and the transducers 1 through a computation. The post-
adjustment reflected wave image generation unit 357 plots
each of the calculated distances L for each transducer 1,
thereby generating the post-adjustment reflected wave
image 223, as in FIG. 7(c). Accordingly. the post-adjustment
reflected wave image 223 is generated from the post-
adjustment transmitted wave image 233 through a compu-
tation. In the post-adjustment reflected wave image 223, the
boundary 221 is emphasized and expressed to be clearer
than that in the reflected wave image 220 generated by the
reflected wave image generation unit 350, and the boundary
222 positioned on the inner side than the boundary 221 is
also expressed to be clearer than that in the reflected wave
image 220.

[0059] FIG. 7(a) illustrates an example in which the
post-adjustment reflected wave image generation unit 357
sets the propagation path such that an ultrasound wave
travels straight forward to the boundary of the distribution of
ultrasound penetration characteristics called a straight ray
model. However, as in FIG. 8, the propagation path may be
set while considering that an ultrasound wave is refracted in
accordance with a difference in ultrasound penetration char-
acteristics in the boundaries 221 and 222 of the regions
having different ultrasound penetration characteristics called
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a bent ray model. In this case, in the example of FIG. 7(a),
the post-adjustment reflected wave image generation unit
357 obtains an angle ¢ of refraction of an ultrasound wave
in the boundaries 231 and 232 of the regions having different
ultrasound penetration characteristics through a computation
using Snell’s law or the like. The post-adjustment reflected
wave image generation unit 357 sets the propagation path of
an ultrasound wave in accordance with the refraction angle
¢ and calculates the time t at which an ultrasound wave
emitted from the transducer 1 passes through the first
boundary 231 while being refracted, is reflected by the next
boundary 232, and arrives at the transducer array 2. The
distance [ between the transducer 1 and the boundary 232
is calculated based on the refracted propagation path and the
time t, and the post-adjustment reflected wave image 223 is
generated.

[0060] FIGS. 9(a) to 9(d) are views corresponding to
FIGS. 5(a) to 5(d) and illustrating operations of the bound-
ary template generation unit 380 of the reflected wave image
generation unit 350 and the received signal adjustment umt
353 of the transmitted wave image generation unit 349.
FIGS. 9(e) to 9(k) are views illustrating a second template
364 acquired through an operation of the boundary template
generation unit 380 of the reflected wave image generation
unit 350, and a second phantom 365 and examples of images
acquired through an operation of the second received signal
adjustment unit 569.

[0061] The second boundary detection unit 358 detects the
boundary 221 corresponding to the boundary 231 in the
post-adjustment reflected wave image 223 and further
detects the second boundary 222 positioned on the inner side
of the detected boundary 221. The boundary template gen-
eration unit 380 extracts the shape of the boundary 222
which is an inner boundary (on the inner side) among the
boundaries detected by the second boundary detection unit
358. The boundary template generation unit 380 generates a
template 364 corresponding to the boundary 222 as in FIG.
9(e) and transmits the generated template 364 to the trans-
mitted wave image generation unit 349.

[0062] The second received signal adjustment unit 353
generates an artificial phantom 365 having a shape of the
template 364 based on the transmitted template 364 as in
FIG. 9(f) and adjusts the post-adjustment transmitted wave
image 233 such that the second boundary 222 is emphasized
in the post-adjustment transmitted wave image 233. There-
fore, the second received signal adjustment unit 359
includes a second forward projection unit 360, an extraction
unit 361, a second width adjustment unit 362, and a super-
imposition unit 363. Hereinafter, functions of the second
forward projection unit 360 and the like will be described.
[0063] The second forward projection unit 360 generates
the artificial second phantom 365 (FIG. 9(/)) having the
shape of the second template 364, based on the received
second template 364 and performs a computation for caus-
ing the artificial second phantom 365 to be subjected to
forward projection in the transducer array 2. Specifically, the
second forward projection unit 360 obtains a range W of
the transducer 1 for receiving the transmitted wave S23
which has penetrated the second phantom 365 in a case
where the ultrasound wave S21 is transmitted to the artificial
second phantom 365 having the shape of the second tem-
plate 364 under the same condition as when the received
signal for generating the transmitted wave image 230 is
received. For example, in the artificial second phantom 365,
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similar to the artificial phantom 381, the ultrasound attenu-
ation rate of the inner region of the boundary 222 is a value
A3 set in advance, and the ultrasound attenuation rate of the
outer region of the boundary 222 is a value A4 (>A3, for
example, A4 is infinite) set in advance. The range W of the
transducer 1, which has been obtained for each incident
angle 6 of the ultrasound wave S21, for receiving the
transmitted wave S23 can be expressed in a sinogram having
the array direction of the transducers 1 and the incident angle
6 of the ultrasound wave S21 on the target 10 at the time of
transmission as axes, for example, as in FIG. 9(g). The range
WB of the transducer 1, at which the transmitted wave S23
having penetrated straight the inner side of the second
phantom 365 corresponding to the shape of the boundary
222 arrives, is expressed as a belt-like region of white (in
which the received signal has a predetermined value), and
the range of the transducer 1, at which the transmitted wave
S23 having penetrated the outer region of the second phan-
tom 365 arrives (or no transmitted wave S23 arrives), is
expressed in black (in which the received signal is zero).

[0064] The extraction unit 361 extracts the received signal
of the transmitted wave S23 which has penetrated a region
within the target 10 corresponding to the second phantom
365 from the actual received signal. For example, in the
actual received signals expressed in the sinogram (FIG.
5(d)), the received signal of the transmitted wave S23 which
has penetrated a region within the target 10 corresponding to
the second phantom 365 is extracted by extracting a signal
having intensity equal to or greater than a threshold value set
in advance. The extracted received signal can be expressed
in a sinogram as in FIG. 9(k). FIG. 9(k) illustrates a
spreading width W, of a received signal in the array
direction of the transducers 1.

[0065] The second width adjustment unit 362 adjusts the
spreading width W, in the array direction of the transducers
1 for the received signal extracted by the extraction unit 361
such that the spreading width W, coincides with the range
W, of the transducer 1 for receiving the transmitted wave
S23 of the second phantom 365 obtained by the second
forward projection unit 360. Specifically, the second width
adjustment unit 362 obtains a ratio W /W , of the range W,
to the range W, for each incident angle 8 of the ultrasound
wave S21 and calculates an average (W,/W),,, of the
obtained ratio W5/W,. The second width adjustment unit
362 performs an adjustment in which the spreading width
W, is widened or reduced to approximate the range W, by
applying the obtained average (Wz/W,),,. to the value of
the range W, of the transducers 1 in the entire belt-like
region of the sinogram in FIG. 9(%). FIG. 9(j) illustrates a
received signal after being adjusted by the second width
adjustment unit 362.

[0066] The superimposition unit 363 extracts and elimi-
nates a received signal of the transmitted wave S23 in a
region within the target 10 corresponding to the second
phantom 365 from the received signal after being adjusted
by the width adjustment unit 355 (which corresponds to FIG.
5(e)). For example, the received signal of the transmitted
wave S23 which has penetrated a region within the target 10
corresponding to the second phantom 365 is eliminate by
extracting and eliminating a signal having intensity equal to
or greater than the threshold value set in advance among the
received signals after being adjusted by the width adjust-
ment unit 355. The received signal (FIG. 9(j)) after being
adjusted by the second width adjustment unit 362 is super-
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imposed on the received signal (FIG. 9(i)) after being
eliminated, thereby generating a superimposed received
signal (FIG. 9(k)).

[0067] The transmitted wave image reconstruction unit
352 reconstructs a second post-adjustment transmitted wave
image by performing back projection of the received signal
(FIG. 9(k)) after being superimposed by the superimposition
unit 363.

[0068] In this manner, the second received signal adjust-
ment unit 359 generates a post-adjustment transmitted wave
image in which not only the boundary 221 but also the
boundary 222 on the inner side thereof is emphasized in the
transmitted wave image 230, by adjusting the spreading
width W, of a received signal in the array direction of the
transducers 1 in a region corresponding to the inner side of
the boundary 222 for the actual received signal.

[0069] In this manner, the ultrasonic imaging device of
Embodiment 3 can acquire a post-adjustment transmitted
wave image in which all of the boundaries are clear and a
post-adjustment reflected image which is obtained from the
post-adjustment transmitted wave image through a compu-
tation and has clear boundaries, by sequentially performing
processing of emphasizing the boundaries in the post-ad-
Justment transmitted wave image with respect to other
boundaries as well.

Embodiment 3

[0070] Hereinafter, as the present Embodiment 3, a spe-
cific ultrasonic imaging device having the configurations of
both the ultrasonic imaging device of Embodiment 1 and
Embodiment 2 will be described using FIG. 10 and the like.
In description of the ultrasonic imaging device of Embodi-
ment 3, configurations similar to those of the apparatuses of
Embodiments 1 and 2 will not be described.

[0071] FIG. 10 is a block diagram illustrating an overall
configuration of the ultrasonic imaging device of Embodi-
ment 3. An ultrasonic imaging device 5 in FIG. 10 includes
the plurality of transmission/reception units 3 which are
individually connected to the transducer array 2 and control
transmission and reception of an ultrasound wave in the
transducer array 2, a control unit 4 which control each of the
transmission/reception units 3, a storage unit 52, a display
unit 53, and an operation unit (interface (I/F)) 40. Each of
the transmission/reception units 3 includes the transmission
unit 6 and the reception unit 7 described above and also
includes a transmission/reception switch (T/R SW) 8 for
switching the state between transmission and reception of
the ultrasound wave. One transmission/reception unit 3 is
connected to one transducer 1, and each of the transmission/
reception units 3 can independently transmit and receive an
ultrasound wave signal. The control unit 4 includes the
image generation unit 50 having the configuration in FIG. 6
as described in Embodiments 1 and 2. In addition, the
control unit 4 may perform control differently by outputting
control signals S51, 852, and the like with respect to each of
the transmission/reception units 3. For example, the control
unit 4 inputs the control signal S51 for instructing the
transmission/reception units 3 to transmit an ultrasound
wave such that an ultrasound wave transmitting operation is
performed. The control unit 4 inputs the control signal S52
for instructing the transmission/reception units 3 to receive
an ultrasound wave such that an ultrasound wave receiving
operation is performed. The storage unit 52 stores setting
related to a transmitting and receiving operation of an
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ultrasound wave of each of the transmission/reception units
3, information of a signal waveform an electric signal S1
output to the transmission unit 6, a reflected wave image and
a transmitted wave image of the target 10 obtained through
image generation, and the like. The display unit 53 displays
a reflected wave image and (or) a transmitted wave image
which has been generated. The operation unit 40 receives an
input of an image capturing condition or an image capturing
starting instruction from an operator and exchanges infor-
mation with other instruments.

[0072] The transmission unit 6 generates the transmission
signal S11 by amplifying the electric signal S1 input from
the control unit 4 to desired intensity and outputs the
generated transmission signal S11 to the transducer 1. The
transducer 1 has a structure including a matching layer, an
acoustic lens, and the like. The transducer 1 converts the
transmission signal S11 received from the transmission unit
6 into an ultrasound wave and radiates (transmits) the
converted ultrasound wave. The sound pressure of the
ultrasound wave signal S21 radiated from the transducer 1
changes in accordance with the signal intensity of the
transmission signal S11 delivered to the transducer 1. The
signal intensity of the transmission signal S11 generated by
the transmission unit 6 is set by the control signal S51.
[0073] The ultrasound wave signal S21 radiated from the
transducer 1 passes through a space 30 and arrives at the
transducer 1 from which it is radiated and other transducers
1. The transducer 1 has a structure including the matching
layer, the acoustic lens, and the like. The transducer 1
converts the arrived ultrasound wave signal S21 into the
received signal S31 which is an electric signal and outputs
the converted received signal S31. The reception unit 7
amplifies the electric signal (received signal S31) output by
the transducer 1. The reception unit 7 reduces and quantizes
noise beyond a desired frequency band, generates a post-
amplification received signal S41, and outputs the generated
post-amplification received signal S41 to the control unit 4.
[0074] The transmission/reception switch S disconnects
the reception unit 7 and the transducer 1 from each other at
the time of a transmitting operation and causes a short-
circuit therebetween at the time of a receiving operation.
Accordingly, the reception unit 7 is prevented from breaking
due to the high-voltage transmission signal S11 output from
the transmission unit 6 to the transducer 1 during a trans-
mitting operation.

[0075] The control unit 4 has a central processing unit
(CPU) (not illustrated) and a memory (not illustrated) in
which a program has been stored in advance. The CPU
realizes the function of the image generation unit 50 in FIG.
6 by reading and executing the program. The control unit 4
is not limited to the configuration in which the function
thereof is realized by means of software executed by the
CPU. A part or the entirety of the control unit 4 may be
constituted of hardware, for example, a custom integrated
circuit (IC) such as an application specific integrated circuit
(ASIC), and a programmable IC such as a field-program-
mable gate array (FPGA).

[0076] Hereinafter, an operation of the control unit 4 will
be described using the flow in FIGS. 11 and 12 and examples
of images in FIGS. 13 and 14. The control unit 4 performs
transmission and reception control of an ultrasound wave
(Step S91). Specifically, the control unit 4 transmits a
control signal to each of the transmission/reception units 3,
so that a predetermined transmission/reception unit 3 per-
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forms a transmitting operation and all of the transmission/
reception units 3 perform a receiving operation (Step S91).
In accordance with this transmission and reception control,
the transducer array 2 transmits the ultrasound wave signal
S21 to the target 10 and receives the reflected wave S22 and
for receiving the transmitted wave S23. The control unit 4
receives a received signal of the ultrasound wave from the
transducer array 2.

[0077] The control unit 4 repeats the process until trans-
mission of an ultrasound wave from all of the transducers 1
is completed while sequentially changing the transducer 1
for performing a transmitting operation. The transmission/
reception unit 3 which the control unit 4 causes to perform
a transmitting operation is not limited to one, and a plurality
of transmission/reception units 3 may be used. The control
unit 4 may cause the transducer array 2 to transmit an
associated wave of an ultrasound wave by causing the
plurality of transmission/reception units 3 to simultaneously
perform a transmitting operation. In addition, the transducer
1 for receiving the ultrasound wave may be limited to a
predetermined range in accordance with a positional rela-
tionship with the transducer 1 for transmitting an ultrasound
wave.

[0078] The control unit 4 extracts the received signal of
the reflected wave S22 from the received signal of the
ultrasound wave and generates the reflected wave image 220
based on the received signal of the reflected wave S22 (Step
$92). Specifically, the image generation unit 50 of the
control unit 4 extracts the received signals in the time zone
set in advance, in accordance with the positional relationship
between the transducer 1 transmitting the ultrasound wave
signal S21 and the transducer 1 receiving the ultrasound
wave signal S21, thereby individually extracting a received
signal of the transmitted wave S23 and a received signal of
the reflected wave S22. Moreover, the reflected wave image
generation unit 350 calculates the signal delay time which is
a difference between a timing (time) at which the ultrasound
wave signal 821 is transmitted and a timing (time) at which
the extracted received signal of the reflected wave S22 is
received. The reflected wave image generation unit 350
calculates the position of the reflection point at which the
ultrasound wave signal 821 is reflected, based on the dis-
tance of the propagation path between the transducer 1
which has transmitted an ultrasound wave and the transducer
1 which has received an ultrasound wave, by applying the
sound speed set in advance to the signal delay time. In
addition, the amplitude of the extracted received signal of
the reflected wave S22 is converted into luminance and
luminance is set for the position (pixel) of the reflection
point. This computation is performed with respect to all of
the received signals of the reflected wave S22, so that the
reflected wave image 220 is generated (Step S92). In addi-
tion, the method is not limited thereto. The reflected wave
image 220 may be generated by performing phasing addition
(received beam forming) of the received signal of the
reflected wave S22 at a plurality of reception time focal
points set in the space 30 and converting the signal intensity
after phasing addition into luminance.

[0079] Next, the control unit 4 generates the transmitted
wave image 230 based on the received signal of the trans-
mitted wave S23 extracted in Step S92 (Step 393). Herein-
after, an example of generating a sound speed image (sound
speed distribution image) as the transmitted wave image 230
will be described. An attenuation image (attenuation amount

Sep. 27,2018

distribution image) may be generated together with the
sound speed image, and only an attenuation image may be
generated. Specifically, the transmitted wave image recon-
struction unit 352 of the transmitted wave image generation
unit 349 of the control unit 4 obtains the sound speed based
on the distance of the propagation path in accordance with
a positional relationship between the transducer 1 which has
transmitted an ultrasound wave and the transducer 1 which
has received an ultrasound wave, and an ultrasound wave
propagation time which is a difference between a timing at
which the ultrasound wave signal S21 has been transmitted
and a timing at which the extracted received signal of the
transmitted wave S23 is received. The transmitted wave
image reconstruction unit 352 generates the transmitted
wave image 230 by reconstructing the sound speed distri-
bution image through the ultrasound tomography method
based on the obtained sound speed (Step S33). More spe-
cifically,, the transmitted wave image reconstruction umt
352 obtains the average sound speed of the ultrasound wave
signal S21 by calculating the distance between the trans-
ducers 1 including the positional coordinates of the trans-
ducer 1 which has transmitted the ultrasound wave signal
S21 and the transducer 1 which has received the transmitted
wave S23 and dividing the obtained distance between the
transducers 1 by the ultrasound wave propagation time. The
transmitted wave image reconstruction unit 352 obtains the
average sound speed at each angle in a case where the
ultrasound wave signal S21 is transmitted to the target 10 at
various angles, by calculating this average sound speed with
respect to a combination of the transducer 1 which has
transmitted the ultrasound wave signal S21 and the trans-
ducer 1 which has received the transmitted wave S23. Since
the average sound speed is an average of the sound speed
distributions of the paths through which the ultrasound wave
signal S21 has passed (has been propagated), the sound
speed distribution image of the target 10 is calculated by
using computation processing of a known tomography
method such as a matrix computation, such that no contra-
diction is caused in the average sound speed in the various
paths.

[0080] In addition, as the transmitted wave image 230, in
a case where an attenuation image (attenuation amount
distribution image) is generated, in Step S93, the transmitted
wave image reconstruction unit 352 obtains a signal attenu-
ation amount based on the difference in the intensity
between the ultrasound wave signal S21 and the received
signal of the transmitted wave S23 and generates the trans-
mitted wave image 230 by reconstructing an attenuation
image through the ultrasound tomography method based on
the obtained signal attenuation amount. Moreover, the trans-
mitted wave image reconstruction unit 352 calculates the
average signal attenuation amount in the propagation path
from the transmitting transducer 1 to the receiving trans-
ducer 1 based on the difference in the intensity between the
ultrasound wave signal S21 and the received signal of the
transmitted wave S23. The average signal attenuation
amount is the average of the signal attenuation amount
distributions of the paths which the ultrasound wave signal
S21 has penetrated. Thus, using the average signal attenu-
ation amount in a case where the ultrasound wave signal S21
is transmitted at various angles, the signal attenuation
amount distribution image of the target 10 is calculated by
using computation processing of a known tomography
method such as a matrix computation.
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[0081] The reflected wave image generation unit 350 and
the transmitted wave image generation unit 349 of the
control unit 4 transmit the reflected wave image 220 and the
transmitted wave image 230 (sound speed distribution
image) of the target 10, which have been generated, to the
display unit 53, so that the display unit 53 displays a screen
including the reflected wave image 220 and the transmitted
wave image 230 (Step S94). FIG. 15 is a view illustrating an
example of a display screen of the ultrasonic imaging
device, that is, an example of a screen including the reflected
wave image 220 and the transmitted wave image 230. In
FIG. 15, as an example of the transmitted wave image 230,
only the sound speed distribution image is displayed. How-
ever, in a case where the attenuation amount distribution
image is also generated as the transmitted wave image 230,
the attenuation amount distribution image may be displayed
together with the sound speed distribution image as the
transmitted wave image 230, or only the attenuation amount
distribution image may be displayed.

[0082] The control unit 4 determines whether or not
emphasis processing of the boundary is performed (Step
S95). Specifically, the control unit 4 determines whether or
not an object 131, such as a button or an icon for instructing
“execution of emphasis processing for a boundary” via the
operation unit 40, is pressed by an operator that has seen the
display of the display unit 10. If the object 131 is pressed
(Yes in Step S95), the following processing is performed.

[0083] First, the reflected wave image boundary detection
unit 351 of the control unit 4 detects a boundary from the
reflected wave image 220 generated in Step S92 (Step SS6).
For example, as the boundary, the reflected wave image
boundary detection unit 351 detects a pixel within the
reflected wave image 220 of which luminance is higher than
a predetermined threshold value through binary coded pro-
cessing. The boundary need only be able to be detected
through image processing. The boundary may be detected by
performing mask processing or filter processing with respect
to the reflected wave image 220.

[0084] The boundary template generation unit 380 of the
control unit 4 generates the template 356 corresponding to
the shape of the outside boundary 221 detected by the
reflected wave image boundary detection unit 351 and
transmits the template 356 to the transmitted wave image
generation unit 349 (Step S97). For example, the boundary
template generation unit 380 may extract the boundary by
comparing the closed areas of regions formed by the
detected boundaries or comparing the luminance of the
boundaries. The method does not matter.

[0085] The forward projection unit 354 of the transmitted
wave image generation unit 349 generates the artificial
phantom 381 having the shape of the template 356 based on
the received template 356 and obtains the intensity of the
received signal acquired in a case where the phantom 381 is
subjected to forward projection in the transducer array 2,
through a computation. Moreover, the range W, of the
transducer 1 which is a spreading width in the sinogram
having the obtained intensity of the received signal is
obtained (Step S98).

[0086] The width adjustment unit 355 of the control unit
4 adjusts the spreading width W, in the sinogram having the
intensity of the actual received signal such that the spreading
width W, approximates the range W, of the transducer 1
obtained by the forward projection unit 354 (Step S99).
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[0087] The transmitted wave image reconstruction unit
352 of the control unit 4 reconstructs (generates) the post-
adjustment transmitted wave image 233 by performing back
projection of the received signal after being adjusted by the
width adjustment unit 355 and transmits the reconstructed
post-adjustment transmitted wave image 233 to the reflected
wave image generation unit 350 (Step S100). Accordingly,
the transmitted wave image reconstruction unit 352 gener-
ates the post-adjustment transmitted wave image 233 in
which the boundary 231 corresponding to the boundary 221
of the reflected wave image 220 is emphasized in the
transmitted wave image 230.

[0088] Next, the post-adjustment reflected wave image
generation unit 357 of the control unit 4 generates the
post-adjustment reflected wave image 223 acquired in a case
where the distribution of ultrasound penetration character-
istics (sound speed cvariabie) indicated in the transmitted
post-adjustment transmitted wave image 233 is irradiated
with the ultrasound wave signal S21 (Step S101).

[0089] The second boundary detection unit 358 of the
control unit 4 determines whether or not there are any other
boundaries to be subjected to emphasis processing in the
post-adjustment reflected wave image 223 (Step S109).
Specifically, the second boundary detection unit 358 deter-
mines whether or not a boundary other than the boundary
221 corresponding to the boundary 231 is detected in the
post-adjustment reflected wave image 223. In a case where
a boundary is detected (Yes in Step S109), the control umt
4 performs the following processing.

[0090] The second boundary detection unit 358 of the
control unit 4 detects the second boundary 222 which is
another boundary positioned on the inner side of the bound-
ary 221 in the post-adjustment reflected wave image 223
(Step S102).

[0091] The boundary template generation unit 380 of the
control unit 4 generates the second template 364 correspond-
ing to the second shape of the boundary 222 and transmits
the second template 364 to the transmitted wave image
generation unit 349 (Step S103). The second forward pro-
jection unit 360 of the control unit 4 generates the second
artificial phantom 365 having the shape of the second
template 364 and obtains the intensity of the received signal
acquired in a case where the second phantom 365 is sub-
jected to forward projection in the transducer array 2,
through a computation. Moreover, the range WB of the
transducer 1 which is a spreading width in the sinogram
having the obtained intensity of the received signal is
obtained (Step S104).

[0092] Based on the actual received signal, the extraction
unit 361 of the control unit 4 extracts the received signal of
the transmitted wave S23 which has penetrated a region
within the target 10 corresponding to the second phantom
365, for example, in the sinogram (Step S105).

[0093] The second width adjustment unit 362 of the con-
trol unit 4 adjusts the spreading width W, in the sinogram
of the actual received signal such that the spreading width
W, coincides with the range W of the transducer 1 for
receiving the transmitted wave S23 of the second phantom
364 obtained by the second forward projection unit 360
(Step S106).

[0094] The super imposition unit 363 of the control unit 4
extracts and eliminates the received signal corresponding to
the second phantom 365 from the received signal after being
adjusted by the width adjustment unit 355 in Step S99 and
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superimposes the received signal after being adjusted by the
second width adjustment unit 362 on the received signal
after being eliminated (Step S107).

[0095] The transmitted wave image reconstruction unit
352 reconstructs (generates) the second post-adjustment
transmitted wave image by performing back projection of
the received signal after being superimposed (Step S108).
[0096] The control unit 4 returns to Step S109, and the
second boundary detection unit 358 of the control unit 4
determines whether there are any other boundaries to be
subjected to emphasis processing in the post-adjustment
reflected wave image 223. In a case where there still remains
a boundary to be subjected to emphasis processing in the
post-adjustment reflected wave image 223 (Yes in Step
S109), the control unit 4 repeats Steps S102 to SI08. If
emphasis processing of all of the boundaries ends (No in
Step S109), the control unit 4 causes the display unit 53 to
display the post-adjustment transmitted wave image and the
post-adjustment reflected wave image which are generated
at the end (Step S110). The control unit 4 may determine
whether or not emphasis processing has ended with respect
to all of the boundaries based on an image processing result
or may determine the same by receiving pointing-out of the
non-processed boundary from an operator.

[0097] In Step S96, the reflected wave image boundary
detection unit 351 may detect a plurality of boundaries. In
Step 897, the boundary template generation unit 380 may
generate the template 356 corresponding to only the outside
boundary and may generate the template 356 corresponding
to a plurality of boundaries. In a case where the template 356
corresponding to a plurality of boundaries is generated, in
Step S98, the forward projection unit 354 generates the
phantom 381 based on the outside boundary among the
boundaries within the template 356.

[0098] In addition, in Step SS6, the reflected wave image
boundary detection unit 351 may detect only the outside
boundary.

[0099] Since the outside boundary which is a boundary
between water and the target 10 has a clearer shape of the
contour of the boundary than the inside boundary which is
a boundary between tissues receiving an influence such as
scattering within the target 10 and the boundary is likely to
be detected, it is preferable that the phantom 381 generated
based on the outside boundary in Step S98. The phantom
381 may foe generated based on the inside boundary in Step
S98.

[0100] In this manner, in the present embodiment, in the
image generation unit 50, the boundary of a transmitted
wave image generated by the transmitted wave image gen-
eration unit 349 is emphasized based on the boundary
detected by using a reflected wave image generate by the
reflected wave image generation unit 350. Moreover, a
reflected wave image having an emphasized boundary is
generated from a transmitted wave image after being empha-
sized.

[0101] FIG. 16 is a sequence diagram illustrating a flow of
a signal of the ultrasonic imaging device. An example in
which the transmitted wave image is a sound speed distri-
bution image will be described. When the reception unit 7
receives the received signal S31 (raw data) from the trans-
ducer 1, the received signal S31 is stored in the storage unit
53 via the image generation unit 50. The reflected wave
image generation unit 350 acquires a received signal S22-1
of the reflected wave S22 among the received signals S31
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from the storage unit 52, generates a reflected wave image,
and transmits the generated reflected wave image to the
display unit 53 as an initial boundary image 220-1. In
addition, the transmitted wave image generation unit 349
acquires a received signal $23-1 of the transmitted wave S23
among the received signals S31 from the storage unit 52,
generates a transmitted wave image, and transmits the
generated transmitted wave image to the display unit 53 as
an initial sound speed distribution image 230-1.

[0102] The reflected wave image generation unit 350
detects the boundary in the initial boundary image 220-1,
generates a boundary template 356-1, and transmits the
generated boundary template 356-1 to the transmitted wave
image generation unit 349. The transmitted wave image
generation unit 349 generates a sound speed template 381-1
(artificial phantom) based on the received boundary template
356-1, generates a post-adjustment sound speed distribution
image 233-1 in which the boundary is emphasized based on
the generated sound speed template and the initial sound
speed distribution image 230-1, and transmits the generated
post-adjustment sound speed distribution image 233-1 to the
reflected wave image generation unit 350.

[0103] The reflected wave image generation unit 350
emphasizes the boundary of the initial boundary image
220-1 based on the received post-adjustment sound speed
distribution image 233-1, generate a boundary template
356-2 again, and transmits the boundary template 356-2
having the emphasized boundary to the transmitted wave
image generation unit 349. The transmitted wave image
generation unit 349 generates a post-adjustment sound speed
distribution image 233-2 again based on the received bound-
ary template 356-2 having the emphasized boundary, and the
post-adjustment sound speed distribution image 233-1 and
transmits the generated post-adjustment sound speed distri-
bution image 233-2 to the reflected wave image generation
unit 350. The reflected wave image generation unit 350
further emphasizes the boundary which has been previously
emphasized based on the received post-adjustment sound
speed distribution image 233-2, generates a boundary tem-
plate 356-3 again, and transmits the generated boundary
template 356-3 to the transmitted wave image generation
unit 349.

[0104] The above-described processing is repeated a pre-
determined number of times, and the reflected wave image
generation unit 350 and the transmitted wave image gen-
eration unit 349 transmit a boundary image generated at the
end, a sound speed image, and an attenuation image to the
display unit 53.

[0105] Inthis manner, the same boundaries are repetitively
emphasized while reciprocating between the transmitted
wave image generation unit 349 and the reflected wave
image generation unit 350 in the processing. Accordingly, it
is possible to generate a transmitted wave image and a
reflected wave image in which the boundary is emphasized
with high accuracy, in a short time. In addition, the different
boundaries are repetitively emphasized while reciprocating
therebetween in the processing. Accordingly, it is possible to
generate a transmitted wave image and a reflected wave
image in which all of the boundaries are emphasized with
high accuracy, in a short time.

[0106] It is possible to constitute a mammographic appa-
ratus as illustrated in FIG. 17 using the ultrasonic imaging
device described in the present embodiment. The mammo-
graphic apparatus in FIG. 17 includes a transmission/recep-
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tion drive unit 102 in which an opening 56 is provided in a
bed 55, the water tank 235 is disposed below the opening 56,
and the transducer array 2 vertically moves inside the water
tank 235. Since an image of breasts can be easily captured
by using the mammographic apparatus having such a con-
figuration, it is possible for an operator herself to perform
self-image capturing.

[0107] In the embodiments described above, as the
method of emphasizing the boundary of the transmitted
wave image, a method in which the width of the transducer
(the width of the sinogram) for receiving a received signal
is adjusted and the received signal is subjected to back
projection is used. However, the present-invention is not
limited to the method, and a different method may be used.
[0108] For example, the image generation unit 50 may use
amethod in which at least one of size adjustment processing
and gradation emphasis processing of an image (boundary
231) corresponding to the boundary 221 is performed with
respect to the transmitted wave image, such that the size of
the image (boundary 231) corresponding to the boundary
221 in the transmitted wave image coincides therewith,
while having the shape of the boundary 221 of the target 10
detected from the reflected wave image as the template. In
this method, since emphasis processing is repeated, the
emphasis degree of the boundary 231 can be gradually
increased. For example, as illustrated in FIG. 18(a) as an
example of a screen, the control unit 4 receives selection of
ROI, which is a boundary to be emphasized, on the trans-
mitted wave image from an operator via the display unit 53
or the I/F 40. Thereafter, as illustrated in FIG. 18(), the
control unit 4 receives selection of the number of times N of
repeating emphasis processing or the degree of accuracy of
an image after emphasis processing from the operator via the
display unit 53 or the I/F 40. The control unit 4 repeats the
emphasis processing until reaching the number of times N or
the degree which has been received. In this method as well,
the processing of calculating a reflected wave image from
the transmitted wave image after emphasis processing
through a computation is performed similar to that in the
embodiment described above.

INDUSTRIAL APPLICABILITY

[0109] The present invention can be applied to an ultra-
sonic imaging device including a plurality of transducers.

REFERENCE SIGNS LIST

[0110] 1 TRANSDUCER

[0111] 2 TRANSDUCER ARRAY

[0112] 3 TRANSMISSION/RECEPTION UNIT
[0113] 4 CONTROL UNIT

[0114] 5 ULTRASONIC IMAGING DEVICE
[0115] 6 TRANSMISSION UNIT

[0116] 7 RECEPTION UNIT

[0117] 8 TRANSMISSION/RECEPTION SWITCH
[0118] 52 STORAGE UNIT

[0119] 50 IMAGE GENERATION UNIT
[0120] 53 DISPLAY UNIT

[0121] 349 TRANSMITTED WAVE IMAGE

[0122] 350 REFLECTED SAVE IMAGE GENERATION
UNIT
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1. An ultrasonic imaging device comprising:

a transducer array in which a plurality of transducers
transmitting and receiving an ultrasound wave are
arrayed;

a transmission unit which delivers an electric signal to at
least one of the plurality of transducers, such that the
delivered electric signal is converted into an ultrasound
wave and the ultrasound wave is transmitted to a target;

a reception unit which receives a received signal that is an
electric signal output by each of the plurality of trans-
ducers having received at least one of a reflected wave
and a transmitted wave of the ultrasound wave of the
target; and

an image generation unit which individually generates a
reflected wave image of a cross section of the target
using a received signal of the reflected wave and a
transmitted wave image of the cross section of the
target using a received signal of the transmitted wave,

wherein the image generation unit includes a reflected
wave image boundary detection unit detecting a bound-
ary of the target in the reflected wave image, and the
image generation unit generates the transmitted wave
image such that a boundary in the transmitted wave
image corresponding to the boundary detected by the
reflected wave image boundary detection unit is
emphasized.

2. The ultrasonic imaging device according to claim 1,

wherein the transmission unit transmits the ultrasound
wave having a predetermined spreading angle a plu-
rality of times while changing a position of the trans-
ducer for transmitting the ultrasound wave so as to
change an incident angle of the ultrasound wave on the
target that while,

wherein the reception unit receives the transmitted wave
of the ultrasound wave of the target every time when
the ultrasound wave is transmitted, and

wherein the image generation unit has a reconstruction
unit performing back projection of a received signal
output by the plurality of transducers in a space where
the target is disposed every time the ultrasound wave is
transmitted and reconstructing the transmitted wave
image, and a received signal adjustment unit perform-
ing processing of the received signal and emphasizing
an image of the boundary in the transmitted wave
image reconstructed by the reconstruction unit.

3. The ultrasonic imaging device according to claim 2,

wherein the image generation unit includes a template
generation unit generating a template corresponding to
a shape of the boundary,

wherein the received signal adjustment unit includes

a forward projection unit performing a computation for
causing an artificial phantom having a shape of the
template to be subjected to forward projection in the
transducer array and obtaining a range of the transducer
for receiving a transmitted wave which has penetrated
the phantom in a case where an ultrasound wave is
artificially transmitted to the phantom under the same
condition as when the received signal for generating the
transmitted wave image is received; and

a width adjustment unit adjusting the received signal such
that a spreading width in an array direction of the
transducers for an actual received signal to be used for
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generating the transmitted wave image approximates
the range of the transducer obtained by the forward
projection unit, and
wherein the reconstruction unit performs back projection
of the received signal after being adjusted by the width
adjustment unit and reconstructs a post-adjustment
transmitted wave image.
4. The ultrasonic imaging device according to claim 3,
wherein the width adjustment unit adjusts a sinogram of
the actual received signal such that the spreading width
in the array direction of the transducers for the actual
received signal expressed in a sinogram having an axis
of the array direction of the transducers and another
axis of the incident angle of the ultrasound wave on the
target at the time of transmission, approximates the
spreading width in the array direction of the transducers
in a sinogram indicating the range of the transducer for
receiving the transmitted wave of the phantom obtained
by the forward projection unit.
5. The ultrasonic imaging device according to claim 4,
wherein the width adjustment unit widens or reduces the
spreading width of the actual received signal in the
array direction of the transducers in the sinogram so
that the spreading width thereof approximates the range
of the transducer for receiving the transmitted wave of
the phantom obtained by the forward projection unit.
6. The ultrasonic imaging device according to claim 3,
wherein the image generation unit has
a post-adjustment reflected wave image generation unit
performing a computation to generate a post-adjust-
ment reflected wave image acquired in a case where an
ultrasound wave is transmitted to an artificial phantom
having ultrasound penetration characteristics corre-
sponding to that of the post-adjustment transmitted
wave image and a reflected wave thereof is received,
using the post-adjustment transmitted wave image gen-
erated by the reconstruction unit using the received
signal after being adjusted by the width adjustment
unit;
second boundary detection unit detecting a boundary
corresponding to the boundary in the post-adjustment
reflected wave image and further detecting a second
boundary positioned within the detected boundary; and
second received signal adjustment unit adjusting the
post-adjustment transmitted wave image such that a
boundary in the post-adjustment transmitted wave
image corresponding to the second boundary is empha-
sized.
7. The ultrasonic imaging device according to claim 6,
wherein the post-adjustment reflected wave image gen-
eration unit generates the post-adjustment reflected
wave image considering that an ultrasound wave is
refracted in accordance with a difference of ultrasound
penetration characteristics in a boundary of a region
having different ultrasound penetration characteristics
in a target having ultrasound penetration characteristics
corresponding to that of the post-adjustment transmit-
ted wave image.
8. The ultrasonic imaging device according to claim 6,
wherein the template generation unit generates a second
template corresponding to a shape of the second bound-
ary,
wherein the second received signal adjustment unit has a
second forward projection unit performing a computa-
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tion for causing the second template to be subjected to
forward projection in the transducer array and obtain-
ing a range of the transducer for receiving a transmitted
wave which has penetrated an artificial second phantom
having a shape of the second template in a case where
an ultrasound wave is transmitted to the second phan-
tom under the same condition as when the received
signal for generating the transmitted wave image is
received,
an extraction unit extracting a received signal of a trans-
mitted wave which has penetrated a region within the
target corresponding to the second phantom, from the
actual received signal,
a second width adjustment unit adjusting a received signal
extracted by the extraction unit such that the spreading
width in the array direction of the transducers for the
received signal extracted by the extraction unit approxi-
mates the range of the transducer for receiving a
transmitted wave of the phantom obtained by the
second forward projection unit, and
superimposition unit extracting and eliminating a
received signal of a transmitted wave in a region within
the target, corresponding to the second phantom from
the received signal after being adjusted by the width
adjustment unit and superimposing the received signal
after being adjusted by the second width adjustment
unit on the received signal after being eliminated, and
wherein the reconstruction unit performs back projection
of the received signal after being superimposed by the
superimposition unit and reconstructs a second post-
adjustment, transmitted wave image.
9. The ultrasonic imaging device according to claim 1,
wherein the image generation unit performs at least one of
size adjustment processing and gradation emphasis
processing for an image corresponding to the boundary
with respect to the transmitted wave image such that
the size of the image corresponding to the boundary in
the transmitted wave image coincides therewith while
having the shape of the boundary of the target detected
from the reflected wave image as a template.
10. The ultrasonic imaging device according to claim 1,
wherein the transducer array has a ring shape and is
disposed to surround the target.
11. The ultrasonic imaging device according to claim 1,
wherein the transmitted wave image is a distribution
image of sound speeds within the target or a distribu-
tion image of ultrasound attenuation rates within the
target.
12. Ultrasonic imaging method using ultrasonic imaging
device, the method comprising:
delivering an electric signal to at least one of a plurality
of transducers in a transducer array, such that the
delivered electric signal is converted into an ultrasound
wave, and the ultrasound wave is transmitted to a
target;
receiving a received signal that is an electric signal output
by each of the plurality of transducers having received
a reflected wave and a transmitted wave of the ultra-
sound wave of the target;
individually generating a reflected wave image of a cross
section of the target using a received signal of the
reflected wave and a transmitted wave image of the
cross section of the target using a received signal of the
transmitted wave; and
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detecting a boundary of the target in the reflected wave
image and performing processing of the transmitted
wave image such that a boundary in the transmitted
wave image corresponding to the detected boundary is
emphasized.
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