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ULTRASONIC CT APPARATUS AND
ULTRASONIC IMAGING METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic CT
apparatus and an ultrasonic imaging method.

BACKGROUND ART

[0002] There is a technology described in “Evaluation of
directional reflectivity characteristics as new modality for
3D Ultrasound Computer Tomography” (Non-Patent Docu-
ment 1), as an ultrasonic imaging apparatus in which an
ultrasonic wave is transmitted with respect to a subject such
as a biological body from an oscillator, the ultrasonic wave
reflected on the subject, or the ultrasonic wave transmitted
through the subject is received, and information relevant to
the subject is measured. In Non-Patent Document 1, a
method is described in which reflection properties are cal-
culated by utilizing that the reflection properties at each
reflection point on a boundary of the subject or in the subject
depend on a texture of a structure and a boundary surface of
the subject, in an ultrasonic imaging apparatus (an ultrasonic
computed tomography (CT) apparatus) in which oscillators
are three-dimensionally arranged. In addition, a possibility
of distinguishing the state of the boundary of the subject and
the interior tissue from the reflection properties is men-
tioned.

CITATION LIST

Non-Patent Document

[0003] Non-Patent Document 1: Ernst Kretzek, Patrick
Hucker, Michael Zapf and Nicole V. Ruiter; “Evaluation
of directional reflectivity characteristics as new modality
for 3D Ultrasound Computer Tomography,” in Ultrason-
ics Symposium (IUS), 2015 IEEE International, 0182,
(2015)

[0004] Non-Patent Document 2: N. Duric, P. Littrup, L.
Poulo, A. Babkin, R. Pevzner, E. Holsapple, et al., “Detec-
tion of breast cancer with ultrasound tomography: first
results with the Computed Ultrasound Risk Evaluation
(CURE) prototype,” Med. Phys., 34, pp. 773-85 (Febru-
ary, 2007).

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0005] In the method of Non-Patent Document 1, in the
ultrasonic imaging apparatus in which the oscillators are
three-dimensionally arranged, the reflection properties at all
points in a shooting (imaging) space region, which is a
region transmitting and receiving the ultrasonic wave, are
calculated, computation based on a vast amount of memory
of 1.4 terabyte (TB) per one shooting at a maximum is
requested, and calculation for a long period of time (for a
few hours) is required. For this reason, the method of
Non-Patent Document 1, for example, is not suitable for an
ultrasonic imaging apparatus of a medical application or the
like using a biological body as a target (for example, breast
cancer examination) in which it is required that a result is
displayed for a short period of time (for 10 minutes to 15
minutes).

Oct. 18, 2018

[0006] An object of the present invention is to provide a
technology for reducing an amount of memory and an
amount of computation, which are necessary at the time of
extracting information relevant to a state of a tissue in a
subject.

Solutions to Problems

[0007] According to the present invention, in order to
attain the object described above, an ultrasonic CT apparatus
as described below is provided. That is, the ultrasonic CT
apparatus is an ultrasonic CT apparatus, including: an oscil-
lator array which transmits an ultrasonic wave towards a
subject, receives a transmission wave transmitted through
the subject or a reflection wave reflected on the subject, and
transmits a reception signal based on the transmission wave
or the reflection wave; a signal receiving unit which receives
the reception signal; a region candidate setting unit which
sets a candidate of a region indicating a tissue of the subject
(a tissue region candidate), on the basis of the reception
signal; a state information calculation unit which calculates
state information of the tissue in the tissue region candidate,
on the basis of the reception signal and the tissue region
candidate; an image generating unit which generates an
ultrasonic image reflecting the state information, on the
basis of the state information; and a display unit which
displays the ultrasonic image.

Effects of the Invention

[0008] According to the present invention, is possible to
reduce an amount of memory and an amount of computa-
tion, which are necessary at the time of extracting informa-
tion relevant to a state of a tissue in a subject.

[0009] Other objects, configurations, and effects will be
obvious according to the following embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is an example of a flowchart illustrating an
outline of an operation of a control computation unit of an
ultrasonic imaging apparatus.

[0011] FIG. 2is an example of a block diagram illustrating
a configuration of an ultrasonic imaging apparatus of a first
embodiment.

[0012] FIG. 3Ais a diagram illustrating an example of a
subject, which is a shooting target.

[0013] FIG. 3B is a diagram illustrating an example of a
subject structure image generated by a structure image
generating unit.

[0014] FIG. 3C is a diagram illustrating an example of a
boundary region candidate set by a region candidate setting
unit.

[0015] FIG. 3D is a diagram illustrating an example of
boundary state information generated by a state information
calculation unit.

[0016] FIG. 3E is a diagram illustrating an example of
image data generated by an image generating unit.

[0017] FIG. 3F is a diagram illustrating an example of an
image configuration of each of image information items S4
to S7.

[0018] FIG. 4A is an example of a transmission setting
table.
[0019] FIG. 4B is an example of a reception setting table.
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[0020] FIG. 5 is an example of a sequence diagram
illustrating the operation of the ultrasonic imaging appara-
tus.

[0021] FIG. 6 is an example of a flowchart illustrating a
flow of the entire operation of the control computation unit.
[0022] FIG. 7 is an example of a flowchart illustrating an
operation of a transmission and reception signal control unit.
[0023] FIG. 8 is an example of a flowchart illustrating an
operation of the structure image generating unit.

[0024] FIG. 9 is an example of a flowchart illustrating an
operation of the region candidate setting unit.

[0025] FIG. 10 is an example of a flowchart illustrating an
operation of the state information calculation unit.

[0026] FIG. 11 is an example of a flowchart illustrating an
operation of the image generating unit.

[0027] FIG. 12A is a diagram illustrating an example of
the N=1-th transmission aspect of the ultrasonic signal in
Modification Example 1-1.

[0028] FIG. 12B is a diagram illustrating an example of
the N=1-th reception aspect of the ultrasonic signal.
[0029] FIG. 12C is a diagram illustrating an example of
the N=2-th transmission aspect of the ultrasonic signal.
[0030] FIG. 12D is a diagram illustrating an example of
the N=2-th reception aspect of the ultrasonic signal.
[0031] FIG. 12E is a diagram illustrating an example of
graph illustrating a reception signal intensity of a reflection
wave.

[0032] FIG. 12F is a diagram illustrating an example of a
part of transmission and reception setting information.
[0033] FIG. 13Ais a diagram illustrating an example of a
part of transmission and reception setting information, in
Modification Example 1-2.

[0034] FIG. 13B is a diagram illustrating an example of a
graph illustrating a reception signal intensity of a reflection
wave.

[0035] FIG. 14A is a diagram illustrating an example of a
part of transmission and reception setting information, in
Modification Example 1-3.

[0036] FIG. 14B is a diagram illustrating an example of a
graph illustrating a reception signal intensity of a reflection
wave in a case where oscillators 1 to 1c are a transmission
oscillator.

[0037] FIG. 14C is a diagram illustrating an example of a
graph illustrating a reception signal intensity of a reflection
wave in a case where oscillators 14 to 1f are a transmission
oscillator.

[0038] FIG. 15A is a diagram illustrating a shape example
of an oscillator array of the ultrasonic imaging apparatus.
[0039] FIG. 15B is a diagram illustrating a shape example
of the oscillator array of the ultrasonic imaging apparatus.
[0040] FIG. 15C is a diagram illustrating a shape example
of the oscillator array of the ultrasonic imaging apparatus.
[0041] FIG. 15D is a diagram illustrating a shape example
of the oscillator array of the ultrasonic imaging apparatus.
[0042] FIG. 15E is a diagram illustrating a shape example
of the oscillator array of the ultrasonic imaging apparatus.
[0043] FIG. 15F is a diagram illustrating a shape example
of the oscillator array of the ultrasonic imaging apparatus.
[0044] FIG. 15G is a diagram illustrating a shape example
of the oscillator array of the ultrasonic imaging apparatus.
[0045] FIG. 15H is a diagram illustrating a shape example
of the oscillator array of the ultrasonic imaging apparatus.
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[0046] FIG. 16 is an example of a block diagram illus-
trating a configuration of a control computation unit of a
second embodiment.

[0047] FIG. 17 is an example of a sequence diagram
illustrating an operation of an ultrasonic imaging apparatus
of the second embodiment.

[0048] FIG. 18 is an example of a flowchart illustrating the
entire flow of the control computation unit of the second
embodiment.

[0049] FIG. 19 is an example of a flowchart illustrating an
operation of a region candidate setting unit of the second
embodiment.

MODE FOR CARRYING OUT THE INVENTION

[0050] Hereinafter, examples will be described by using
the drawings.

[0051] <Outline>

[0052] First, the outline will be described.

[0053] An ultrasonic imaging apparatus (an ultrasonic

transmission and reception apparatus) includes an oscillator
array transmitting and receiving an ultrasonic wave with
respect to a subject, and a control computation unit calcu-
lating state information, which 1s information relevant to a
state (properties and (or) a state) an interior of the subject by
controlling the oscillator array.

[0054] FIG. 1 is an example of a flowchart illustrating an
outline of an operation of the control computation unit of the
ultrasonic imaging apparatus.

[0055] The control computation unit controls the trans-
mission of the ultrasonic wave with respect to the oscillator
array, and receives a signal (a reception signal) based on the
ultrasonic wave received from the subject, from the oscil-
lator array (S11). Specifically, a transmission and reception
signal control unit of the control computation unit transmits
a signal (an instruction) transmitting the ultrasonic wave
with respect to the subject, with respect to the oscillator
array, and receives the reception signal from the oscillator
array (S11).

[0056] Next, the control computation unit sets a tissue
region candidate, which is a candidate of a region indicating
a tissue of the subject (S12). Specifically, a region candidate
setting unit of the control computation unit sets the tissue
region candidate on the basis of the reception signal received
from the oscillator array (S12). Next, the control computa-
tion unit calculates state information in the tissue region
candidate (S13). Specifically, a state information calculation
unit of the control computation unit calculates the state
information on the basis of the reception signal received in
Step S11 and the tissue region candidate set in Step S12
(513).

[0057] As described above, the ultrasonic imaging appa-
ratus calculates the state information in the tissue region
candidate in the subject, that is, calculates state information
on the basis of the reception signal of a part corresponding
to the tissue region candidate in the reception signals from
the subject, and thus, it is possible to reduce an amount of
memory and an amount of computation, which are necessary
at the time of calculating the state information, compared to
the case of calculating the state information from all of the
reception signals from the subject.
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First Embodiment

[0058] Next, a first embodiment, which is a detailed
embodiment of the present invention, will be described.
[0059] FIG. 2 is an example of a block diagram illustrating
the entire configuration of an ultrasonic imaging apparatus
8. An example will be described in which breasts are
examined by using the ultrasonic imaging apparatus 8.
[0060] The ultrasonic imaging apparatus 8 includes an
oscillator array 2 including a plurality of oscillators 1a to 1¢
which transmit (send) an ultrasonic wave with respect to a
subject 7, a control computation unit 3 connected to at least
two or more oscillators in the plurality of oscillators 1ato 1c,
an operation unit (an interface (IF)) 4 connected to the
control computation unit 3, a storage unit 5, and a display
unit 6.

[0061] The oscillator array 2, for example, is provided in
a tank filled with an acoustic impedance matching material,
which is a liquid through which an ultrasonic wave is easily
transmitted. The acoustic impedance matching material is a
liquid (an acoustic impedance matching liquid) for matching
an acoustic impedance of a propagation path of an ultrasonic
wave, and for example, is degassed water, gel, or the like.
[0062] The plurality of oscillators 1a to 1c¢ or the like are
controlled by the computation unit 3 to oscillate, transmit
(send) an ultrasonic wave towards the subject 7 in the
oscillator array 2 as an ultrasonic signal, and receive an
ultrasonic wave having an interaction with the subject 7 (a
reflection wave (an ultrasonic wave reflected on the subject
7) and a transmission wave (an ultrasonic wave propagated
(transmitted) through the subject 7 without being reflected
on the subject 7)) and (or) an ultrasonic wave not having an
interaction with the subject 7 (an ultrasonic wave not
transmitted through the subject 7). as the ultrasonic signal.
That is, the plurality of oscillators 1a to 1c or the like are
ultrasonic transducers which converts an electric signal
received from the control computation unit 3 into an ultra-
sonic signal to be transmitted into the oscillator array 2, and
converts the ultrasonic signal reflecting a state in the subject
7, which is received from the oscillator array 2, into an
electric signal to be transmitted into the control computation
unit 3.

[0063] The control computation unit 3 controls an opera-
tion of each functional unit in the ultrasonic imaging appa-
ratus 8. In addition, the control computation unit 3 transmits
the electric signal into at least two oscillators 1 in the
plurality of oscillators 1a to 1c¢ or the like, analyzes the
electric signal received from the oscillator 1, performs
predetermined computation, and calculates state information
in the subject 7.

[0064] In addition, the control computation unit 3 includes
a transmission and reception signal control unit 10, a region
candidate setting unit 12, a state information calculation unit
13, and an image generating unit 14.

[0065] The control computation unit 3, for example, may
be configured of hardware by being designed as an inte-
grated circuit such as a field-programmable gate array
(FPGA) or an application specific integrated circuit (ASIC).
In addition, the control computation unit 3 is a processor,
and executes a program (not illustrated) stored in advance in
a memory (not illustrated), and thus, the function of each of
the functional units 10 to 14 may be configured. In this case,
in the following description, processing executed by the
control computation unit 3 is actually executed by a pro-
cessor corresponding to the control computation unit 3.

Oct. 18, 2018

[0066] The transmission and reception signal control unit
10 transmits a transmission signal S1, which is an electric
signal transmitting an ultrasonic wave, to the oscillator array
2, on the basis of transmission and reception setting infor-
mation S8, which includes various setting information items
at the time of transmitting and receiving the ultrasonic wave
and is one type of input received from the operation unit 4,
and receives a reception signal S2, which is generated by
converting the ultrasonic wave into an analog electric signal
by the oscillator array 2, from the oscillator array 2. That is,
the transmission and reception signal control unit 10 is a
signal receiving unit and a signal transmitting unit. In
addition, the transmission and reception signal control unit
inputs the entire reception signal S2 or a part of the reception
signal S2 into an analog-to-digital (A/D) converter, gener-
ates a reception signal data 83, which is a digital electric
signal, and transmits the reception signal data S3 to the
region candidate setting unit 12 and the state information
calculation unit 13.

[0067] The region candidate setting unit 12 includes a
structure image generating unit 11 generating a subject
structure image S4, which is an image indicating a structure
of the subject 7, on the basis of the reception signal data S3
generated by the transmission and reception signal control
unit 10. The region candidate setting unit 12 sets a tissue
region candidate S5 on the basis of the subject structure
image S4 or the reception signal data S3, and transmits the
tissue region candidate S5 to state information calculation
unit 13.

[0068] The state information calculation unit 13 calculates
state information S6 in the tissue region candidate S5 on the
basis of the reception signal data S3 and the region candidate
S5, and transmits the state information S6 to the image
generating unit 14.

[0069] The image generating unit 14 generates an image
relevant to the subject 7 on the basis of the state information
S6. Specifically, the image generating unit 14 generates
image data S7 of an image relevant to state information
displaying the state information (an image reflecting the
state information) in the shape easy to be understood by an
operator. Furthermore, generating the image data may be
expressed as generating an image. Then, the image gener-
ating unit 14 transmits the generated image data S7 to the
storage unit 5.

[0070] The operation unit 4 receives input of various
information items controlling the ultrasonic imaging appa-
ratus 8 from the operator (for example, information or the
like relevant to the transmission and reception setting infor-
mation S8 and various instructions), transmits the received
input to the control computation unit 3, and applies an
instruction to the control computation unit 3, according to an
operation performed by the operator with respect to the
operation unit 4. In addition, the operation unit 4 may
perform communication of information with respect to other
devices.

[0071] The storage unit 5 stores various information items
received by the ultrasonic imaging apparatus 8 and (or)
subject information, which is information relevant to the
subject 7 from the control computation unit 3. Specifically,
the storage unit 5 stores (retains) the transmission and
reception setting information S8 of an information storage
table group 100 illustrated in FIG. 4, the reception signal
data S3, the image information items S4 to S7, and the like.
In addition, the storage unit 5 performs communication of
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information to be stored along with the control computation
unit 3, according to the instruction from the control com-
putation unit 3.

[0072] The display unit 6 displays the image generated by
the image generating unit 14. Specifically, the display unit 6
receives the image data S7 from the storage unit 5 through
the control computation unit 3, and displays the image data
S7, which is a measurement result of the subject 7. In
addition, the display unit 6 may display a procedure of the
operation of the ultrasonic imaging apparatus 8 and (or) an
option of the instruction applied by the operator.

[0073] Each of the functional units 10 to 14 configuring
the control computation unit 3 is connected to the operation
unit and the storage unit 5, and the operator inputs various
information items to the operation unit 4, and thus, the
operation of each of the functional units 10 to 14 is changed,
or the storage unit 5 communicates with various information
items, the subject information, and the like.

[0074] Here, the subject structure image is an image
generated on the basis of the transmitted and received
ultrasonic signal, for example, a B mode image according to
an ultrasonic echo method (an image based on a reflection
wave)) and an image using a physical property value accord-
ing to an ultrasonic tomography method (an acoustic veloc-
ity and attenuation) (an image based on a transmission
wave).

[0075] Inaddition, the tissue region candidate (hereinafter,
referred to as a “region candidate”) includes a boundary
region candidate, which is a candidate of a region indicating
a boundary of the tissue in the subject 7, and an interior
region candidate, which is a candidate of a region indicating
an interior of the tissue in the subject 7. In the region
candidate setting unit 12, at least one of the boundary region
candidate and the interior region candidate is set as the
region candidate.

[0076] In addition, the state information includes bound-
ary state information, which is the state information of the
boundary of the tissue in the subject 7, and interior state
information, which is the state information of the interior of
the tissue in the subject 7. In the state information calcula-
tion unit 13, at least one of the boundary state information
and the interior state information is calculated as the state
information.

[0077] In addition, the state information includes state
information based on a reflection wave and state information
based on a transmission wave. The state information based
on the reflection wave is state information reflecting reflec-
tion properties of each reflection point in the subject 7,
which is generated on the basis of the ultrasonic signal (the
reflection signal) reflected on the subject 7. Here, the reflec-
tion properties are properties of the reflection point, which
are calculated on the basis of a change in the reflection signal
at the time of changing at least one of an oscillator trans-
mitting an ultrasonic wave (a transmission oscillator) and an
oscillator receiving an ultrasonic wave (a reception oscilla-
tor), with respect to a reflection signal from one reflection
point.

[0078] The boundary state information based on the
reflection wave, for example, includes surface roughness of
a boundary surface of the tissue, which is calculated on the
basis of directionality of the reflection signal, a difference in
acoustic impedance between the tissues, and the like.
[0079] The interior state information based on the reflec-
tion wave, for example, includes a density of a fine scatter-
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ing body causing the ultrasonic wave to scatter in the tissue,
a typical size of the fine scattering body, a difference in
acoustic impedance between the entire tissue and the fine
scattering body, and the like.

[0080] The state information based on the transmission
wave is state information reflecting a physical property
value of each transmission point in the subject 7, which is
generated on the basis of the ultrasonic signal (the trans-
mission signal) transmitted through the subject 7.

[0081] The boundary state information based on the trans-
mission wave, for example, includes attenuation of a trans-
mission signal intensity reflecting the acoustic impedance
between the tissues, and the like.

[0082] The interior state information based on the trans-
mission wave, for example, includes attenuation of the
transmission signal intensity reflecting absorption and (or)
scattering of the ultrasonic wave in the tissue in the subject
7, a propagation velocity (an acoustic velocity) of the
ultrasonic wave depending on properties of the tissue, and
the like.

[0083] Furthermore, the subject information includes the
reception signal data S3, the image information (the subject
structure image S4, the subject boundary information, which
is information relevant to the boundary of the tissue of the
subject 7 (the boundary region candidate S5 and the bound-
ary state information S6), the subject interior information,
which is information relevant to the interior of the tissue in
the subject 7 (the boundary state information S5 and the
interior state information S6), and the image data S7)
(hereinafter, referred to as the “image information items S4
to S77), and the like.

[0084] As described above, the ultrasonic imaging appa-
ratus 8 is an ultrasonic computed tomography (CT) appa-
ratus, which transmits the ultrasonic wave to the subject 7,
and configures again the ultrasonic image, which is a tomo-
graphic image of the subject 7, by using the reflection wave
and (or) the transmission wave received from the subject 7.

[0085] Next, the outline of image information items S4 to
S7 according to each of the functional units 10 to 14 of the
control computation unit 3 in a case where the ultrasonic
imaging apparatus 8 calculates the subject boundary infor-
mation, will be described by using FIG. 3.

[0086] FIG. 3Ais a diagram illustrating an example of the
subject 7, which is a shooting target. The subject 7 is breasts,
and is disposed in a region 21 in the oscillator array 2, which
is filled with an acoustic matching material such as degassed
water or the like, an outer circumference of the subject 7 is
covered with a skin 22, and a great majority of the interior
of the skin 22 is filled with a fatty tissue 25. Two tissues (for
example, growths) 26a and 265 further exist in the fatty
tissue 25. A boundary 23 between the growth 26a and the
skin 22 is a boundary surface having large roughness. A state
of the boundary surface having large roughness will be
referred to as “rough”. On the other hand, a boundary 24
between the growth 265 and the skin 22 is a boundary
surface having small roughness. A state of the boundary
surface having small roughness will be referred to as
“smooth”.

[0087] FIG. 3B is a diagram illustrating an example of the
subject structure image S4 generated by the structure image
generating unit 11. In the subject structure image S4 illus-
trated in FIG. 3B, the fatty tissue 25 and the growth 26 are
distinguished from each other as the subject structure, but a
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difference between the boundary 23 and the boundary 24 is
not capable of being discriminated.

[0088] FIG. 3C is a diagram illustrating an example of the
boundary region candidate S5 set by the region candidate
setting unit 12. In FIG. 3C, portions 27a to 27¢ in which a
brightness value of the subject structure image S4 is greatly
different from the circumference (exceeds a predetermined
threshold value), are set as the boundary region candidate
Ss.

[0089] Furthermore, as illustrated in FIG. 3C, the bound-
ary region candidate S5 does not include information other
than the boundary region candidate S5 (for example, infor-
mation of the interior of the skin 22, such as the fatty tissue
25, and the growths 26a and 265).

[0090] FIG. 3D is a diagram illustrating an example of the
boundary state information S6 calculated by the state infor-
mation calculation unit 13. In FIG. 3D, the boundary state
information S6 in the portions 27a to 27¢, which is the
boundary region candidate S5, is calculated. In addition, it
is illustrated that portions 28¢ and 28c¢, which are the
boundary state information S6, are a smooth boundary, and
a portion 285 is a rough boundary.

[0091] FIG. 3E is a diagram illustrating an example of the
image data S7 generated by the image generating unit 14. In
FIG. 3E, the subject structure image S4 is laid out in a gray
scale, and image data in which the boundary state informa-
tion S6 s laid out in a color map to be overlaid on the subject
structure image S4, is generated only in a region of the
boundary region candidate S5 (that is, the portions 27a to
27¢). In addition, for example, the image data S7 may be
generated in which the boundary state information S6 is laid
out in the gray scale.

[0092] FIG. 3F is a diagram illustrating an example of an
image configuration of each of the image information items
S4 to S7. In FIG. 3F, it is illustrated that each of the image
information items S4 to S7 is retained as pixel data parti-
tioned into the shape of a grid. In addition, each of the image
information items S4 to 87, for example, may be retained as
three-dimensional voxel data. In addition, a partitioning
method of a pixel or a voxel may be a method of partitioning
the pixel or the voxel into the shape of a grid of an
orthogonal coordinate system as illustrated in FIG. 3F, or
may be a method of partitioning the pixel or the voxel into
an arbitrary shape by using a polar coordinate system. A
partition shape and the size of the pixel or the voxel may be
adaptively set according to a transmission and reception
method of an ultrasonic wave and (or) the structure of the
subject.

[0093] FIG. 4 is a diagram illustrating an example of the
information storage table group 100 stored in the storage
unit 5. The information storage table group 100 of FIG. 4
illustrates an example in which a predetermined number of
oscillators 1 transmit the ultrasonic wave at the time of
transmitting the ultrasonic wave, all of the oscillators 1
receive the ultrasonic wave at the time of receiving the
ultrasonic wave, and the oscillator 1 transmitting the ultra-
sonic wave is changed for each time of transmission and
reception, in the transmission and reception of the ultrasonic
wave of one time.

[0094] FIG. 4A is an example of a transmission setting
table 110 including transmission setting information S8a,
which is setting information at the time of transmitting the
ultrasonic wave, in the transmission and reception setting
information S8 of the ultrasonic wave. Furthermore, the
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storage unit 5 may include the transmission setting table 110
for each time of transmitting the ultrasonic wave (each time
of transmission), as the transmission setting table group.

[0095] The transmission setting table 110 includes the
number of times of transmission 111, an oscillator 112,
which is a control target, a switch 113 indicating ON/OFF of
the oscillator 1, apodization 114 of the oscillator 1, and delay
time 115, which is a timing of transmitting the ultrasonic
wave to be applied to the oscillator 1. In addition, the
transmission setting information S8« also includes a setting
value, which is a constant value (a common value) with
respect to the entire number of times of transmission (not
illustrated), such as a time interval between the respective
times of transmission, and a gain and a filter constant of an
amplifier at the time of transmitting the ultrasonic wave.

[0096] FIG. 4B is an example of a reception setting table
120 including reception setting information S8, which is
setting information at the time of receiving the ultrasonic
wave, in the transmission and reception setting information
S8 of the ultrasonic wave. Furthermore, the storage unit 5
may include the reception setting table 120 for each time of
receiving the (each time of reception), as the reception
setting table group.

[0097] The reception setting table 120 includes the num-
ber of times of reception 121, an oscillator 122, which is a
control target, a switch 123 indicating ON/OFF of the
oscillator 1, and apodization 124 of the oscillator 1. In
addition, the reception setting information S85 also includes
a setting value, which is a constant value (a common value)
with respect to the entire number of times of reception (not
illustrated), such as a time interval between the respective
receptions, and a gain and a filter constant of an amplifier at
the time of receiving the ultrasonic wave.

[0098] Next, the ultrasonic imaging apparatus 8, in par-
ticular, the operation of the control computation unit 3 will
be described in detail by using FIG. 5 to FIG. 11.

[0099] FIG. 5 is an example of a sequence diagram
illustrating the operation of the ultrasonic imaging apparatus
8.

[0100] In a case where various setting information items
from the operator are received (S300), the operation unit 4
transmits the transmission and reception setting information
S8 to the control computation unit 3 (S301). The control
computation unit 3 transmits the received transmission and
reception setting information S8 to the storage unit 5 (S302),
and the storage unit 5 stores the transmission and reception
setting information S8 (S303).

[0101] Then, in a case where a shooting start instruction
from the operator is received (S304), the operation unit 4
transmits a shooting start signal S20 indicating the shooting
start instruction to the control computation unit 3 (S305).
The control computation unit 3 receiving the shooting start
signal S20 starts a transmission and reception setting opera-
tion, and in a case where the transmission and reception
setting operation is completed, a measurement operation is
started.

[0102] In the transmission and reception setting operation,
the control computation unit 3 acquires the transmission and
reception setting information S8 with respect to the storage
unit 5 (S306), and receives the transmission and reception
setting information S8 from the storage unit 5 (S307). The
control computation unit 3 performs transmission and recep-
tion setting, which is setting relevant to the oscillator 1
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transmitting and receiving the ultrasonic wave, according to
the received transmission and reception setting information
S8 (S308).

[0103] Next, in the measurement operation, the control
computation unit 3 transmits the transmission signal S1 to
the oscillator array 2, according to the transmission and
reception setting information S8 set in Step S308 (S309).
The oscillator array 2 receiving the transmission signal S1
transmits the ultrasonic wave into the oscillator array 2, and
receives the ultrasonic wave from the oscillator array 2
(S310). The oscillator array 2 converts the received ultra-
sonic wave into the reception signal S2, and transmits the
reception signal S2 to the control computation unit 3 (S311).
[0104] The control computation unit 3 transmits the recep-
tion signal data S3 based on the received reception signal S2
to the storage unit 5 (S312), and the storage unit 5 stores the
reception signal data S3 (S313). The control computation
unit 3 repeats Step S309 to Step S313 according to the
transmission and reception setting set in Step S308, and
stores a plurality of reception signal data items S3 (for each
time of transmission and reception) in the storage unit 5.
[0105] Then, the control computation unit 3 acquires the
reception signal data S3 and the transmission and reception
setting information S8 for each time of transmission and
reception with respect to the storage unit 5 (S314), and
receives the reception signal data S3 and the transmission
and reception setting information S8 from the storage unit 5
(S315). The control computation unit 3 generates the subject
structure image S4 on the basis of the received reception
signal data S3 and the transmission and reception setting
information S8 for each time of transmission and reception,
sets the region candidate S5 on the basis of the subject
structure image S4, calculates the state information S6 on
the basis of the reception signal data S3, the region candidate
S5, and the transmission and reception setting information
S8 for each time of transmission and reception, and gener-
ates the image data S7 on the basis of the subject structure
image S4 and the state information S6 (S316). Then, the
control computation unit 3 transmits the image data S7 to the
display unit 6 (S334). The display unit 6 displays an image
based on the received image data S7 (S335).

[0106] Next, the control computation unit 3 transmits a
shooting continuation inquiry signal S21 inquiring whether
or not to continue the shooting, to the display unit 6 (S336).
The display unit 6 displays an inquiry screen inquiring
whether or not to continue the measurement of the operator,
on the basis of the received shooting continuation inquiry
signal S21 (S337). In a case where a shooting end instruction
is received from the operator (S338), the operation unit 4
transmits a shooting end signal S22 indicating the shooting
end instruction, to the control computation unit 3 (S339).
The control computation unit 3 receiving the shooting end
signal S22 ends the processing.

[0107] FIG. 6 is an example of a flowchart illustrating the
entire flow of the operation of the control computation unit
3.

[0108] The control computation unit 3 receives the shoot-
ing start signal S20 from the operation unit 4, and thus,
determines the presence or absence of the shooting start
instruction (S101). Furthermore, the control computation
unit 3 may determine that there is the shooting start instruc-
tion according to a power activation of the ultrasonic imag-
ing apparatus 8. In a case where there is no shooting start
instruction (No in S101), the control computation unit 3
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determines again the presence or absence of the shooting
start instruction. In a case where there is the shooting start
instruction (Yes in S101), the control computation unit 3
starts the transmission and reception setting operation (S102
and S111). The transmission and reception signal control
unit 10 reads out the transmission and reception setting
information S8 stored in the information storage table group
100 from the storage unit (S102), stores the read transmis-
sion and reception setting information S8 in the transmission
and reception signal control unit 10, and performs the
transmission and reception setting such as setting of the
number of times of transmission and reception of the ultra-
sonic wave (the number of times of transmission and recep-
tion), and setting of the oscillator 1 to be used for each time
of transmission and reception (S111).

[0109] Then, the control computation unit 3 starts the
measurement operation (S103 to S108). The transmission
and reception signal control unit 10 controls the oscillator
array 2 such that the ultrasonic wave according to the
transmission and reception setting information S8 set in Step
S111 is transmitted and received (S103). The details of Step
S103 will be described below in FIG. 7. The structure image
generating unit 11 generates the subject structure image S4,
on the basis of the reception signal data S3 generated in Step
S103 and the transmission and reception setting information
S8 set in Step S111 (S104). The details of Step S104 will be
described below in FIG. 8.

[0110] The region candidate setting unit 12 sets the region
candidate S5 on the basis of the subject structure image S4
generated in Step S104 (S105). The details of Step S105 will
be described below in FIG. 9. The state information calcu-
lation unit 13 calculates the state information S6 in the
region candidate S5 set in Step S105 (S106). The details of
Step S106 will be described below in FIG. 10. The image
generating unit 14 generates the image data S7, which is data
of a synthetic image of the subject structure image S4
generated in Step S104 and the state information S6 calcu-
lated in Step S106 (S107).

[0111] Then, the image generating unit 14 transmits the
image data S7 to the display unit 6, and displays the
synthetic image based on the image data S7 on the display
unit 6 (S108).

[0112] Next, the control computation unit 3 determines the
presence or absence of the shooting end instruction (S109).
Specifically, the control computation unit 3 transmits the
shooting continuation inquiry signal S21 to the display unit
6, and displays a display of inquiring whether to end the
measurement by setting the power of the ultrasonic imaging
apparatus 8 to Off or to continue the measurement of the
operator, on the display unit 6.

[0113] Inacase where the operator selects to set the power
to Off, and the shooting end signal S22 is received from the
operation unit 4, it is determined that the shooting end
instruction is received (Yes in S109), the control computa-
tion unit 3 sets the power of the ultrasonic imaging apparatus
8 to Off and ends the processing.

[0114] On the other hand, in a case where the operator
selects to set the power to Off, and a shooting continuation
signal S23 indicating a shooting continuation instruction is
received from the operation unit 4, it is determined that the
shooting end instruction is not received (No in S109), the
processing returns to Step S102, and a set of measurement
is repeated.
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[0115] The control computation unit 3 may add Step S110
(not illustrated) of displaying a part or all of the image
information items S4 to S7 on the display unit 6, and then,
of displaying a display of inquiring whether or not to
continue the processing of the operator, during each of the
steps of Steps S104 to S107 or between the respective steps.
[0116] In this case, when the operator selects not to
continue the processing through the operation unit 4, the
control computation unit 3 may change a part of the pro-
cessing or the entire processing in the near step such as Step
S102 in Steps S103 to S107, or the operator may change the
state of the subject 7, and then, the processing may return to
any step before Steps S102 to S107, and a part or all of Steps
S102 to S107 may be executed again. At this time, a
parameter relevant to a change in the processing of each step
may be input by the operator through the operation unit 4,
or may be set in advance and may be changed according to
a change protocol stored in the storage unit 5.

[0117] On the other hand, in a case where the operator
selects to continue the processing through the operation unit
4, the control computation unit 3 executes the next step. By
adding such Step S110, it is possible for the operator to
confirm whether or not to shoot a desired image, and for
example, it is possible to omit a step which is not necessary
for a case where the subject 7 is not correctly set, and the
subject structure image S4 and (or) the state information S6
are not capable of being correctly acquired.

[0118] In addition, the control computation unit 3 may
repeat each of Steps S102 to S108 a predetermined number
of times.

[0119] FIG. 7 is an example of a flowchart illustrating the
operation of the transmission and reception signal control
unit 10. The transmission and reception signal control unit
10 sets the number of times of transmission and reception
N=1 (S112), searches the information storage table group
100 of FIG. 4, stored in the storage unit 5, and sets (stores)
the setting information relevant to the oscillator 1 used in the
first transmission and reception in a storage unit (not illus-
trated) of the transmission and reception signal control unit
10 (S113). Specifically, the transmission and reception sig-
nal control unit 10 searches the information storage table
group 100, specifies an entry in which the number of times
of transmission 111 and the number of times of reception
121 are “17, and reads out and sets a value stored in the
oscillators 112 and 122, the apodizations 114 and 124, and
the delay time 115, in which the switches 113 and 123 are
set to “ON”, in the transmission and reception setting
information S8 stored in each specified entry.

[0120] According to such setting, the transmission and
reception signal control unit 10 transmits the transmission
signal S1 to the oscillators 1a to 1¢ (S114), and transmits the
first ultrasonic wave to the oscillator array 2. Next, in a case
where the first reception signal S2 is received from all of the
oscillators 1 (1a to 1x) (S115), the transmission and recep-
tion signal control unit 10 stores a part of the reception
signal S2 or the entire reception signal S2 in the transmission
and reception signal control unit 10 in association with the
number of times of transmission and reception N, as the
reception signal data S3 (S116).

[0121] Next, the transmission and reception signal control
unit 10 compares the number of times of transmission and
reception N=1 with the total number of times of transmis-
sion and reception set in Step S111, and determines whether
or not the number of times of transmission and reception

Oct. 18, 2018

N=1 reaches the total number of times of transmission and
reception (S117). In a case where the number of times of
transmission and reception N=1 reaches the total number of
times of transmission and reception (Yes in S117), the
transmission and reception signal control unit 10 transmits
the reception signal data S3 for each time of transmission
and reception, stored in Step S116, to the region candidate
setting unit 12 and the state information calculation unit 13
(5119), and ends the processing. The control computation
unit 3 proceeds to Step S104. Furthermore, the transmission
and reception signal control unit 10 may transmit the recep-
tion signal data S3 for each time of transmission and
reception to the storage unit 5, and may store the reception
signal data S3 in the storage unit 5.

[0122] On the other hand, in a case where the number of
times of transmission and reception N=1 does not reach the
total number of times of transmission and reception (No in
S117), the transmission and reception signal control unit 10
adds 1 to N (increases N) (S118) to be N=2, returns to Step
S113, and executes the steps after Step S113. That is, the
transmission and reception signal control unit 10 transmits
the transmission signal S1 to the oscillators 1d to 11(S114),
receives the second reception signal S2 from all of the
oscillators 1 (la to 1x) (S115), and stores the second
reception signal S2 in association with the number of times
of transmission and reception N, as the reception signal data
S3 (S116). After that, the transmission and reception signal
control unit 10 repeats Steps S113 to S118 until the number
of times of transmission and reception N reaches the total
number of times of transmission and reception, which is set.
[0123] FIG. 8 is an example of a flowchart illustrating the
operation of the structure image generating unit 11. An
operation of generating the subject structure image S4 based
on the reflection wave by the structure image generating umt
11 will be described by using FIG. 8.

[0124] The structure image generating unit 11 reads the
reception signal data S3 and the transmission and reception
setting information S8 (S121). Next, the structure image
generating unit 11 performs the phasing addition processing
for each time of transmission and reception on the basis of
the reception signal data S3 for each time of transmission
and reception, generates the B mode image (S122), positions
the B mode image for each time of transmission and
reception, and adds the B mode image (S123). Furthermore,
in the generation of the B mode image in Step S122, for
example, a known technology such as Non-Patent Docu-
ment 2 may be used.

[0125] The structure image generating unit 11 transmits
the added B mode image to the region candidate setting unit
12 as the subject structure image S4 (S124), and ends the
processing. The control computation unit 3 proceeds to Step
S105. Furthermore, the structure image generating unit 11
may transmit the subject structure image S4 to the storage
unit 5, and may store the subject structure image S4 in the
storage unit 5.

[0126] The subject structure image S4 may generate the B
mode image by aperture synthesis in which the reception
signal data items S3 of a different number of times of
transmission and reception are added together at a time point
of the reception signal S2, which is a radio frequency (RF)
signal, without preparing the B mode image for each time of
transmission and reception, and may use the B mode image
as the subject structure image S4, may generate the B mode
image on the basis of the reception signal data S3 of one time
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of transmission and reception, and may use the B mode
image as the subject structure image S4, or may use a result
of performing computation such as obtaining a correlation
for each point and (or) a maximum value, with respect to a
plurality of B mode images, as the subject structure image
S4.

[0127] In addition, the subject structure image S4 may be
an image based on the transmission wave. For example, the
structure image generating unit 11 may generate a physical
property value image reflecting a physical property value
such as the acoustic velocity of the tissue calculated by the
ultrasonic tomography method, the attenuation of the trans-
mission signal intensity, and the hardness of the tissue, and
may use the physical property value image as the subject
structure image S4. Furthermore, in the generation of the
physical property value image, for example. a known tech-
nology such as Non-Patent Document 2 may be used.
[0128] In addition, the subject structure image S4 may be
aplurality of images but not one image, or may be a plurality
of images relevant to a plurality of sectional surfaces. At this
time, the plurality of images may be a plurality of subject
structure images S4 imaged by different methods on the
basis of the reception signal data S3 acquired by single
transmission and reception setting information item S8, may
be a plurality of subject structure images S4 imaged by the
same method on the basis of the reception signal data S3
acquired by different transmission and reception setting
information items S8, or may be a combination of two types
of subject structure images S4.

[0129] FIG. 9is an example of a flowchart illustrating the
operation of the region candidate setting unit 12. An opera-
tion of setting the region candidate S5 based on the reflection
wave by the region candidate setting unit 12 will be
described by using FIG. 9. The region candidate setting unit
12 reads the subject structure image S4 (the B mode image)
(S131). Next, the region candidate setting unit 12 determines
whether or not there is a pixel having a brightness higher
than a predetermined threshold value, in pixels in the read
subject structure image S4 (S132). In a case where there is
a pixel having a brightness higher than the predetermined
threshold value (Yes in S132), the region candidate setting
unit 12 extracts the pixel, sets the extracted pixel to be in the
region candidate S5 (S133), returns to Step S132, and
repeatedly executes Steps S132 and S133.

[0130] In Step S132, in a case where there is no pixel
having a brightness higher than the predetermined threshold
value (No in S132), the region candidate setting unit 12
transmits the region candidate S5 to the state information
calculation unit (S134), and ends the processing. The control
computation unit 3 proceeds to Step S106. Furthermore, the
region candidate setting unit 12 may transmit the tissue
region candidate S5 to the storage unit 5, and may store the
tissue region candidate S5 in the storage unit 5.

[0131] Furthermore, in Step S134, in a case where there is
no region candidate S5 transmitted to the state information
calculation unit 13, the control computation unit 3 may
return to the previous step (any one of Steps S102 to S104,
S111 in FIG. 6), and may perform the measurement again.
That is, in a case where the region candidate S5 is not
capable of being set, the control computation unit 3 may
perform the measurement again, and may set the region
candidate S5. By performing the measurement again, it is
possible to reduce useless processing, and to provide a more
vivid image with respect to the operator.
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[0132] The region candidate S5 may be one or a plurality
of regions surrounded by a closed curve or a closed surface,
or may be set for each element unit in an imaging space
region such as a pixel or a voxel. A setting mode of the
region candidate S5 is not limited to a mode of distinguish-
ing the brightness of the subject structure image S4 as
described above with a threshold value. For example, in the
case of using the physical property value image, which is the
subject structure image S4 based on the transmission wave,
for example, a region having a large change in the physical
property value may be set as the region candidate S5.
[0133] In addition, as described above, the region candi-
date setting unit 12 may automatically set the region can-
didate S5, on the basis of the subject structure image S4, and
for example, may display the subject structure image S4 on
the display unit 6, and may allow the operator to input a
region, which is the subject structure image S4, to the
operation unit 4, as the region candidate S5. In addition, the
candidate setting unit 12 may set the region candidate S5 to
be displayed on the display unit 6, and may allow the
operator to further limit the region candidate S5 from the
region candidate S5 through the operation unit 4.

[0134] The region candidate S5 is set on the basis of the
subject structure image S4, and thus, it is possible to set the
region candidate S5 from information with respect to the
subject structure, and it is possible to decrease erroneous
setting of a region other than a boundary or a tissue region,
as the region candidate S5. Therefore, an effect of increasing
accuracy and (or) reliability of the region candidate S5 or
increasing accuracy and (or) reliability of the state informa-
tion S6 can be obtained.

[0135] In addition, the region candidate setting unit 12
may set the region candidate S5 on the basis of the subject
structure image S4, and image data acquired by different
apparatuses. In addition, the region candidate setting unit 12
may set the region candidate S5 on the basis of information
different from the subject structure image S4. For example,
the region candidate setting unit 12 may set the region
candidate S5 on the basis of the reception signal data S3.
That is, the region candidate setting unit 12 may set a
predetermined threshold value with respect to the reception
signal data S3, and when the maximum value of the recep-
tion signal data S3 exceeds the threshold value, the entire
region of the subject 7 may be set as the region candidate S5.
[0136] Here, an example of setting the region candidate S5
on the basis of the reception signal data S3 by the region
candidate setting unit 12 will be described by focusing on
points different from those of FIG. 9. In Step S131, the
region candidate setting unit 12 reads the reception signal
data S3 which is transmitted from the transmission and
reception signal control unit 10. Next, in step 132, the region
candidate setting unit 12 determines whether or not there is
data having a size higher than a predetermined threshold
value, in the read reception signal data S3.

[0137] Inacase where there is a pixel having a size higher
than the predetermined threshold value (Yes in S132), and in
Step S133, the region candidate setting unit 12 extracts the
data, sets a reflection point corresponding to the extracted
data to the region candidate S5, returns to Step S132, and
repeatedly executes Steps $132 and S133.

[0138] The region candidate S5 is set on the basis of the
reception signal data S3, and thus, a process of generating
the subject structure image S4 can be omitted, and therefore,
it is possible to perform the computation with a smaller
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amount of computation and a smaller amount of memory,
and to reduce time from the start of the imaging to the
display of the state information S6.

[0139] FIG. 10 is an example of a flowchart illustrating the
operation of the state information calculation unit 13.
[0140] The state information calculation unit 13 reads the
reception signal data S3, the region candidate S5, and the
transmission and reception setting information S8 (S141).
Next, the state information calculation unit 13 sets a pixel
number M=1 (S142), and performs the phasing addition
processing with respect to the reception signal data 33 on the
basis of the reception signal data S3 and the transmission
and reception setting information S8, with respect to a pixel
of the pixel number M=1, in the region candidate S5 (S143).
Specifically, the state information generating unit 13 divides
all of the oscillators 1 receiving the ultrasonic wave into one
or more reception oscillator groups, and performs the phas-
ing addition processing with respect to the reception signal
data S3 which is received by the oscillator 1 included in the
reception oscillator group, for each of the reception oscil-
lator groups, on the basis of the reception signal data S3 and
the transmission and reception setting information S8 which
are received by the oscillator 1 included in the reception
oscillator group. Furthermore, each of the reception oscil-
lator groups is configured of one or more oscillators 1.
[0141] Then, the state information calculation unit 13
obtains an absolute value with respect to the value of the
reception signal data subjected to the phasing addition
processing for each of the reception oscillator groups, and
calculates a reception signal intensity for each of the recep-
tion oscillator groups in the pixel of M=1 (S148). At this
time, the absolute value is not simply obtained, but an
envelope curve of the reception signal data subjected to the
phasing addition processing is obtained, and thus, the recep-
tion signal intensity for each of the reception oscillator
groups may be obtained.

[0142] The state information calculation unit 13 performs
predetermined computation with respect to the reception
signal intensity for each of the reception oscillator groups,
and calculates an index value, which is a result thereof, as
the state information S6 (S144). The index value, for
example, includes a difference between a variance value or
a maximum value and a minimum value, and the like.
[0143] Next, the state information calculation unit 13
compares the pixel number M=l with a predetermined
setting value, and determines whether or not the pixel
number M=1 reaches the setting value (S145). In a case
where the pixel number M=1 does not reach the setting value
(No in S145), the state information calculation unit 13 adds
1 to M (increases M) (5146) to be M=2, returns to Step
S143, and executes the steps after Step S143.

[0144] Here, the predetermined setting value may be a
value obtained from the number of pixels in the region
candidate S5 read in Step S141, or may be a value set by the
transmission and reception setting information S8.

[0145] After that, the state information calculation unit 13
repeats Steps S143 to S146 until a pixel number M reaches
the setting value, and calculates the state information S6
with respect to all pixels in the region candidate S5.
[0146] On the other hand, in a case where the pixel
number M reaches the setting value (Yes in S145), the state
information calculation unit 13 transmits the state informa-
tion S6 calculated for each of the pixel numbers M to the
image generating unit 14 (S147), and ends the processing.
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The control computation unit 3 proceeds to Step S107.
Furthermore, the state information calculation unit 13 may
transmit the state information S6 and the pixel number M in
association with each other to the storage unit 5, and may
store the state information S6 and the pixel number M in the
storage unit 5. In this case, the state information S6é for each
of the pixel numbers is stored in the storage unit 5.

[0147] The state information may be calculated by per-
forming the phasing addition processing for each time of
transmission and reception as described above, and by
performing predetermined computation with respect to the
value of the reception signal intensity subjected to the
phasing addition processing.

[0148] In the case of the state information based on the
reflection wave, any state information may be used insofar
as reflection properties of a certain region in the region
candidate S5 can be obtained. For example, any feature
amount (any amount of statistics) may be calculated from
the intensity distribution of the reception signal S2 for each
of the oscillators 1 receiving the reception signal S2 of a
certain number of times of transmission and reception.
[0149] Here, the intensity distribution is a correspondence
relationship between the oscillator 1 and the intensity of the
reception signal S2 received by the oscillator 1 (the recep-
tion signal intensity). or a correspondence relationship
between the oscillator 1 to which the ultrasonic wave is
transmitted, and the intensity of the reception signal S2
received on the basis of the ultrasonic wave (the reception
signal intensity).

[0150] In the case of the state information based on the
transmission wave, any state information may be used
insofar as a physical property value of a certain region in the
region candidate S5 can be obtained. For example, the
acoustic velocity and (or) the attenuation may be calculated
by using the ultrasonic tomography method.

[0151] The state information may be state information
with respect to one sectional surface, or may be state
information relevant to a plurality of sectional surfaces. In
this case, the state information calculation unit 13 may
calculate the state information S6 for each of the sectional
surfaces, and may calculate the state information S6 by
computing the entire at one time.

[0152] FIG. 11 is an example of a flowchart illustrating the
operation of the image generating unit 14. The image
generating unit 14 reads the subject structure image S4 and
the state information S6 (S151). Next, the image generating
unit 14 assigns the subject structure image S4 to a gray scale
(5152), and assigns the state information S6 to a color scale,
with respect to a portion in which the state information S6
is calculated (a pixel in which the state information S6
exists), that is, the pixel of the region candidate S5, gener-
ates the image data S7 which is overlaid on the subject
structure image S4 to be synthesized (S153), transmits the
image data S7 to the display unit 6 (S154), and ends the
processing. The control computation unit 3 proceeds to Step
S108. Furthermore, the image generating unit 14 may trans-
mit the image data S7 to the storage unit 5, and may store
the image data S7 in the storage unit 5.

[0153] As described above, the image data S7 may not
overlay the subject structure image S4 on the state informa-
tion S6, but may be in an aspect where it is possible to know
which point of the state information S6 corresponds to
which point of the subject structure image S4. For example,
the image data S7 may arrange the state information S6 and
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the subject structure image S4 at the same reduced scale and
in the same direction, or may alternately display the state
information S6 and the subject structure image S4 on the
display unit 6. In addition, the image data S7, for example,
may only use state information having a value in a specific
range, in the state information S6. Accordingly, it is possible
for the operator to easily grasp state information in a range
of a value of interest, in the state information S6.

[0154] In addition, the image generating unit 14 may
generate the image data S7 on the basis of at least the state
information S6, and may not use the subject structure image
S4 which is used for setting the region candidate S5. In this
case, the image generating unit 14 may generate the image
data S7 by only using the state information S6, may newly
generate an image relevant to the subject 7 from the recep-
tion signal data S3, and may generate the image data S7 by
synthesizing an image in which the image and the subject
structure image S4 are synthesized, and the state information
S6. In addition, the image generating unit 14 may generate
the image data S7 by using the state information S6 and (or)
the subject structure image S4 relevant to a plurality of
sectional surfaces. In this case, the image data S7 may be
three-dimensional image data including a plurality of sec-
tional surfaces.

[0155] As described above, according to this embodiment,
the state information Sé is calculated in the region candidate
S5 set on the basis of the reception signal data S3 acquired
from the entire area of the subject 7, and thus, the state
information S6 of the boundary of the tissue in the subject
7 and (or) the interior of the tissue can be calculated by a
small amount of memory, compared to a case where the state
information S6 is calculated from the reception signal data
S3 of the entire area of the subject 7. That is, a region is set
in which the state information S6 is calculated on the basis
of the reception signal S2 of the ultrasonic wave, and thus,
it is possible to reduce an amount of memory and (or) an
amount of computation, which are necessary for the ultra-
sonic imaging apparatus 8, and to rapidly calculate the state
information S6.

[0156] As a result thereof, it is possible to reduce calcu-
lation time of a measurement result per one subject, and
thus, in an application such as examination, in which it is
necessary to display the measurement result for a short
period of time, it is possible to utilize the state information
S6 of the ultrasonic imaging apparatus 8. That is, according
to the ultrasonic imaging apparatus 8 of this embodiment,
the state information, which is the measurement result of the
subject 7, can be displayed for a short period of time, and
thus, in the examination or the like, it is possible to view the
ultrasonic image reflecting the state information for a short
period of time after shooting the subject. In addition, it is
possible to reduce time for constraining the subject in order
for the examination. In addition, it is possible to confirm
whether or not to correctly image a portion of interest in
which detailed examination is required at the time of the
examination, and in a case where the portion of interest is
not capable of being correctly imaged, it is possible to image
again the portion of interest on the spot, and it is not
necessary to call the subject at another time in order to image
again the portion of interest.

[0157] Inaddition, in general, a size and a shape of a tissue
of a growth or the like in the subject 7, a position of the
tissue in the subject 7, and the like are not capable of being
predicted in advance. The ultrasonic imaging apparatus 8,
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which is an ultrasonic CT apparatus, is capable of receiving
the ultrasonic wave having an interaction with the subject 7
(the ultrasonic wave reflecting the tissue state information of
the subject 7) from various angles (for example, a multidi-
rection such as 360 degrees), with respect to the ultrasonic
wave transmitted to the subject 7. That is, the ultrasonic
imaging apparatus 8 is capable of acquiring a lot of infor-
mation of the subject 7 relevant to an angle of receiving the
ultrasonic wave the transmitted ultrasonic wave. For this
reason, the ultrasonic imaging apparatus 8 is effective in
imaging the tissue in the subject 7 in which the size, the
shape, and the like are not capable of being predicted in
advance, and it is possible to automatically set the region
candidate of the tissue in the subject 7 on the basis of the
received ultrasonic wave.

[0158] In addition, the ultrasonic imaging apparatus 8
generates an ultrasonic image on the basis of the ultrasonic
wave received from various angles, and thus, it is possible
to more accurately generate a vivid image, compared to an
ultrasonic image of the related art. For this reason, in a case
where the operator inputs the region candidate, the operator
is capable of determining the region candidate on the basis
of more accurate and vivid ultrasonic image of the ultrasonic
imaging apparatus 8, and is capable of decreasing a load on
the operator at the time of reading the ultrasonic image.
[0159] In general, in a case where a high ultrasonic
reflector, a high attenuator, and the like, such as a bone, a
tumor mass, and a gaseous body, exist in the subject 7, the
reflection signal of the ultrasonic wave is not capable of
being obtained from a region in the rear of the high ultra-
sonic reflector, the high attenuator, and the like, with respect
to the oscillator 1 transmitting and receiving the ultrasonic
wave. By changing a positional relationship and (or) an
angle relationship between the oscillator 1 and the high
ultrasonic reflector, the high attenuator, and the like, it is
possible to change a region, which is a shadow of the high
ultrasonic reflector, the high attenuator, and the like, but the
region is not capable of being eliminated insofar as the high
reflector, the high attenuator, and the like exist in a shooting
(an imaging) space region (an imaging region), and thus, a
region is generated in which the subject information is
lacked. The ultrasonic imaging apparatus 8, which is an
ultrasonic CT apparatus, is capable of transmitting the
ultrasonic wave to the subject 7 from various angles, and is
capable of receiving the ultrasonic wave having an interac-
tion with the subject 7 from various angles.

[0160] That is, in the ultrasonic imaging apparatus 8, a
plurality of different images of the region, which is the
shadow of the high ultrasonic reflector, the high attenuator,
and the like, can be synthesized in one image, and thus, the
subject information with respect to the entire region of the
subject 7 can be obtained. In the ultrasonic imaging appa-
ratus 8, the region candidate S5 can be set on the basis of the
subject information with respect to the entire region of the
subject 7. That is, even in a case where there are the high
ultrasonic reflector, the high attenuator, and the like, the
ultrasonic imaging apparatus 8 is effective in imaging the
tissue of the entire region in the subject 7, and is capable of
setting the region candidate S5 of the tissue in the subject 7
on the basis of the received ultrasonic wave.

Modification Example 1-1

[0161] Next, Modification Example 1-1 of the first
embodiment will be described. FIG. 12 is a diagram illus-
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trating Modification Example 1-1 of a calculation method of
the state information S6 based on the reflection wave. In this
modification example, the ultrasonic imaging apparatus 8
performs transmission and reception of the ultrasonic wave
a plurality of times, and at this time, the oscillator 1
transmitting the ultrasonic wave is changed, and the oscil-
lator 1, which is a part of the plurality of oscillators 1,
receives the reflection wave, and thus, the reflection prop-
erties of the ultrasonic wave are measured.

[0162] The case of identifying the rough boundary and the
smooth boundary in the subject 7 illustrated in FIG. 2A will
be described as an example, by focusing on a point that the
operations of the transmission, the reception signal control
unit 10, the state information calculation unit 13, and the
oscillator array 2 are different, compared to the first embodi-
ment described above. In this modification example, the
oscillator array 2 includes at least two oscillators 1.

[0163] FIG. 12F is a diagram illustrating an example of a
part of the transmission and reception setting information
S8, and is a diagram illustrating an example of a relationship
between the oscillator 1 transmitting the ultrasonic wave for
each time of transmission and reception 70 of the ultrasonic
wave (a transmission oscillator 50) and the oscillator 1
receiving the ultrasonic wave (a reception oscillator 55). In
the first transmission and reception 70 and the second
transmission and reception 70, the transmission oscillators
50 are different, but the reception oscillators 55 are the same.

[0164] The transmission and reception signal control unit
10 changes the transmission oscillator 50 in Step S114 of
FIG. 7, according to the number of times of transmission and
reception N, that is, changes the oscillator 1, which is an
address to which the transmission signal S1 is transmitted,
and thus, a sending position of the ultrasonic wave and an
ultrasonic wave travelling direction are changed, and the
reflection properties of the ultrasonic wave are measured.

[0165] The control computation unit 3 sets the number of
times of transmission and reception to a plurality of times of
greater than or equal to 2, according to the transmission and
reception setting information S8 of FIG. 12F, in Step S111
of FIG. 6.

[0166] FIG. 12A is a diagram illustrating an example of
the N=1-th transmission aspect of the ultrasonic signal. The
transmission and reception signal control unit 10 transmits
the transmission signal S1 to the oscillators 1a to 1¢, which
are a transmission oscillator 50a, in the oscillators 1 con-
figuring the oscillator array 2 in Step S114 of FIG. 7. The
oscillators 1a to 1c¢ receiving the transmission signal S1,
send the ultrasonic wave towards the subject 7, as illustrated
in an ultrasonic wave travelling direction 51a. In FI1G. 124,
a transmitted ultrasonic wavefront 52a configures a plane
wave, but this is an example, and the ultrasonic wavefront
may be in the shape of being diffused, or may be in the shape
of being focused.

[0167] FIG. 12B is a diagram illustrating an example of
the N=1-th reception aspect of the ultrasonic signal. In the
N=1-th transmission of the ultrasonic signal, a reflection
wave reflected on a reflection point A and a reflection point
B, illustrated in FIG. 12B, are respectively propagated
through the oscillator array 2 by reflection wavefronts 535
and 54b, in the subject 7. The reflection point A is a part of
a rough boundary, and thus, the reflection wavefront 535
according to the reflection point A has comparatively low
directionality. On the other hand, the reflection point B is a
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part of a smooth boundary, and thus, the reflection wavefront
54b according to the reflection point B has comparatively
high directionality.

[0168] The transmission and reception signal control unit
10 sets the oscillators la to 1c, which are a reception
oscillator 554, to be effective, in the oscillators 1 configuring
the oscillator array 2, at the time of receiving the N=1-th
reception signal S2, that is, in Step S115 of FIG. 7, and in
Step S116, stores the reception signal S2 of the oscillators 1a
to 1¢, as the reception signal data S3.

[0169] FIG. 12C is a diagram illustrating an example of
the N=2-th transmission aspect of the ultrasonic signal. The
transmission and reception signal control unit 10 transmits
the transmission signal S1 to the oscillators 1d to 1f, which
are a transmission oscillator 50¢, and thus, the ultrasonic
wave is transmitted in a direction illustrated in an ultrasonic
wave travelling direction 51¢ from the oscillators 1d to 1f.
At this time, the ultrasonic wave travelling direction 51¢ of
the transmitted ultrasonic wave is different from the N=1-th
ultrasonic wave travelling direction 51a.

[0170] FIG. 12D is a diagram illustrating an example of
the N=2-th reception aspect of the ultrasonic signal. In the
N=2-th transmission of the ultrasonic signal, the reflection
waves reflected on the reflection point A and the reflection
point B, illustrated in FIG. 12D, are respectively propagated
through the oscillator array 2 by reflection wavefronts 534
and 544, in the subject 7. The sending position of the
transmitted ultrasonic wave (the transmission oscillators 50a
and 50¢) and the ultrasonic wave travelling directions 51a
and 51¢ are different for each time of transmission, and thus,
the reflection direction of the ultrasonic wave, the reception
signal intensity of the reflection wave, and the like at the
reflection points A and B, are changed for each time of
reception.

[0171] The transmission and reception signal control unit
10 performs the same operation as the N=1-th operation, at
the time of receiving the N=2-th reception signal S2, that is,
in N=2-th Step S115.

[0172] FIG. 12E is a diagram illustrating an example of a
graph illustrating the reception signal intensity of the reflec-
tion wave from the reflection points A and B. A horizontal
axis is the transmission oscillator, and a vertical axis is the
reception signal intensity. As illustrated in FIG. 12E, when
the ultrasonic wave is transmitted in Step S114 of FIG. 7, in
a case where the effective oscillator 1 transmitting the
ultrasonic wave is changed, according to “ON” of the switch
113, set in Step S113, a reception signal intensity pattern of
the ultrasonic wave reflected on each of the reflection points
(a reception signal intensity distribution) is changed accord-
ing to a boundary state. Specifically, in the position of the
oscillators 1a to 1¢, a reception signal intensity pattern 61 of
the reflection point B is formed into a sharp pointed shape,
and a reception signal intensity pattern 62 of the reflection
point A is formed into a gentle shape.

[0173] For example, in a case where the reception signal
intensities from each of the reflection points are dispersed,
a variance value increases at a reflection point having high
directionality, and the variance value decreases at a reflec-
tion point having low directionality. The directionality of the
reflection wave corresponds to the boundary state of the
reflection point, and thus, for example, the variance value
calculated in the procedure as described above may be used
as an index value of the state information S6 based on the
reflection wave. In this case, the state information calcula-
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tion unit 13 performs the phasing addition processing for
each time of transmission and reception, instead of the
phasing addition processing for each of the reception oscil-
lator groups, in Step S143 of FIG. 10. In addition, the state
information calculation unit 13 performs predetermined
computation with respect to the reception signal intensity
subjected to the phasing addition processing for each time of
transmission and reception, instead of the predetermined
computation with respect to the reception signal intensity
subjected to the phasing addition processing for each of the
reception oscillator groups, in Step S144.

[0174] In addition, the state information calculation unit
13, calculates the variance value of the reception signal
intensity subjected to the phasing addition processing for
each time of transmission and reception, for each of the
pixels, and calculates the state information S6, in the pre-
determined computation of Step S144.

[0175] As described above, according to Modification
Example 1-1, a part of the oscillators 1 receives the ultra-
sonic wave, and thus, it is possible to decrease the amount
of reception signal data S3 for each time of transmission and
reception of the ultrasonic wave, to calculate the state
information S6 with a smaller amount of memory and a
smaller amount of computation, and to more rapidly calcu-
late the state information S6.

[0176] In addition, the state information S6 may be cal-
culated on the basis of the reception signal S2 at the time of
changing the transmission oscillator 50. For example, the
state information calculation unit 13 may calculate any one
of the variance value standardized by the average value, a
difference between the maximum value and the minimum
value, and the like, with respect to the reception signal
intensity subjected to the phasing addition processing, in
Step S144 of FIG. 10.

[0177] In addition, for example, the state information
calculation unit 13 may calculate an average value of phases
of the reception signal S2 with respect to the N-th pixel of
the region candidate S5 for each time of transmission and
reception, instead of the phasing addition processing, in Step
$143, and may calculate a dispersion of the average value of
the phases, in Step S144, and thus, may calculate the state
information S6.

[0178] As described in this modification example, the state
information S6 may discriminate the roughness of the
boundary surface of the tissue (for example, a growth), may
be an index identifying a scattering body having a size less
than or equal to a wavelength of an ultrasonic wave to be
transmitted, and a boundary surface having a structure of a
size greater than or equal to the wavelength of the ultrasonic
wave to be transmitted, or may collectively identify them.

[0179] In addition, different setting values may be set to a
voltage to be applied to the plurality of oscillators 1, delay
time, and the like, and thus, a wavefront of the ultrasonic
wave to be transmitted to the subject 7 may be changed,
instead of changing the oscillator 1 effective in the trans-
mission.

[0180] When the state information S6 is generated, the
ultrasonic wave may be transmitted from the multidirection,
and thus, the influence of the attenuation or the like on a
propagation path of the received reflection from the reflec-
tion point to the oscillator 1 wave may be subtracted as a
common component, and the state information S6 may be
calculated with a higher accuracy.
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Modification Example 1-2

[0181] Next, Modification Example 1-2 of the first
embodiment will be described. FIG. 13 is a diagram illus-
trating Modification Example 1-2 of the calculation method
of the state information S6 based on the reflection wave. In
this modification example, the ultrasonic imaging apparatus
8 performs the transmission and reception of the ultrasonic
wave a plurality of times, and at this time, the oscillator 1
receiving the reflection wave is changed, and thus, the
reflection properties of the ultrasonic wave are measured.
[0182] The case of identifying the rough boundary and the
smooth boundary in the subject 7 illustrated in FIG. 2A will
be described as an example, by focusing on a point that the
operations of the transmission and reception signal control
unit 10, the state information calculation unit 13, and the
oscillator array 2 are different, compared to Modification
Example 1-1.

[0183] FIG. 13A is a diagram illustrating an example of a
part of the transmission and reception setting information
S8, and is a diagram illustrating an example of a relationship
between the transmission oscillator 50 for each time of
transmission and reception 70 of the ultrasonic wave and the
reception oscillator 55. In the first transmission and recep-
tion 70 and the second transmission and reception 70, the
transmission oscillators 50 are the same, but the reception
oscillators 55 are different.

[0184] The transmission and reception signal control unit
10 changes the reception oscillator 55 in Step S115 of FIG.
7, that is, changes the oscillator 1 transmitting the reception
signal S2 to the transmission and reception signal control
unit 10, according to the number of times of transmission
and reception N, and thus, a reception position of the
ultrasonic wave, that is, a reception angle of the ultrasonic
wave with respect to the ultrasonic wave travelling direction
is changed, and the reflection properties of the ultrasonic
wave are measured.

[0185] The control computation unit 3 sets the number of
times of transmission and reception to a plurality of times of
greater than or equal to 2, according to the transmission and
reception setting information S8 of FIG. 13A, in Step S111
of FIG. 6.

[0186] Inthe N=1-th transmission of the ultrasonic signal,
the transmission and reception signal control unit 10 trans-
mits the transmission signal S1 to the oscillators 1a to 1c,
which are the transmission oscillator 50, in the oscillators 1
configuring the oscillator array 2, in Step S114 of FIG. 7.
The oscillators 1a to 1c receiving the transmission signal S1
send the ultrasonic wave towards the subject 7.

[0187] The transmission and reception signal control unit
10 sets the oscillators 1a to 1¢, which are the reception
oscillator 55, to be effective, in the oscillators 1 configuring
the oscillator array 2, at the time of receiving the N=1-th
reception signal S2, that is, in N=1-th Step S115, and in Step
S116, stores the reception signal S2 from the oscillators 1a
to e, as the reception signal data S3.

[0188] In the N=2-th transmission of the ultrasonic wave,
the transmission and reception signal control unit 10 trans-
mits the transmission signal S1 to the same oscillators 1a to
1c as the N=1-th transmission oscillator 50 in N=2-th Step
S114. Therefore, the ultrasonic wave is transmitted from the
oscillators 1a to 1c, and the sending position of the ultra-
sonic wave and the ultrasonic wave travelling direction are
the same in the N=1-th transmission and the N=2-th trans-
mission. Therefore, in the N=2-th transmission of the ultra-
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sonic signal, the reflection wavefront of the ultrasonic wave
reflected on the reflection point A and the reflection point B,
illustrated in FIG. 12B in the subject 7, is not changed from
the N=I-th transmission. The transmission and reception
signal control unit 10 sets the oscillators 1d to 1f, which are
the reception oscillator 55, to be effective, at the time of
receiving the N=2-th reception signal S2, that is, in N=2-th
Step S115, different from the N=1-th transmission, and in
Step S116, stores the reception signal S2 of the oscillators 14
to 1f; as the reception signal data S3.

[0189] FIG. 13B is a diagram illustrating an example of a
graph illustrating the reception signal intensity of the reflec-
tion wave from the reflection points A and B. A horizontal
axis is the reception oscillator, and a vertical axis is the
reception signal intensity. As illustrated in FIG. 13B, in a
case where the effective oscillator 1 receiving the ultrasonic
wave is changed at the time of receiving the ultrasonic wave
in Step S115, according to “ON” of the switch 123, set in
Step S113 of FIG. 7, the reception signal intensity pattern
ultrasonic wave reflected on each of the reflection points is
changed according to the boundary state. Specifically, in the
position of the oscillators 1a to lc, a reception signal
intensity pattern 63 of the reflection point B is formed into
a sharp pointed shape, and a reception signal intensity
pattern 64 of the reflection point A is formed into a gentle
shape.

[0190] Therefore, as with Modification Example 1-1, the
variance value of the reception signal intensity from each of
the reflection points may be used as the index value of the
boundary state information S6. In this case, as with Modi-
fication Example 1-1, the state information calculation unit
13 calculates the variance value of the reception signal
intensity subjected to the phasing addition processing for
each time of transmission and reception, for each of the
pixels, and calculates the state information S6.

[0191] As described above, according to Modification
Example 1-2, the reception oscillator 55 is changed to
receive the ultrasonic wave without changing the transmis-
sion oscillator 50 for each time of transmission and recep-
tion of the ultrasonic wave, and thus, it is possible to
decrease the amount of reception signal data S3 for each
time of transmission and reception of the ultrasonic wave, to
calculate the state information S6 with a smaller amount of
memory and a smaller amount of computation, and to more
rapidly calculate the state information S6.

[0192] In addition, the state information S6 may be cal-
culated on the basis of the reception signal S2 at the time of
changing the reception oscillator 55, and as with Modifica-
tion Example 1-1, may calculate any one of the variance
value standardized by the average value, a difference
between the maximum value and the minimum value, and
the like, with respect to the reception signal intensity sub-
jected to the phasing addition processing.

[0193] In addition, as with Modification Example 1-1, the
average value of the phases with respect to the N-th pixel of
the region candidate S5 may be calculated for each time of
transmission and reception, and the dispersion of the aver-
age value of the phases may be calculated, and thus, the state
information S6 may be calculated.

[0194] In addition, as with Modification Example 1-1, the
state information S6 may discriminate the roughness of the
boundary surface, may be the index identifying the scatter-
ing body and the boundary surface, or may collectively
identify them.
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[0195] In addition, when the state information S6 is cal-
culated, the ultrasonic wave reflected on the subject 7 is
received from the multidirection, and thus, the influence of
the attenuation or the like on the propagation path of the
ultrasonic wave from the transmission oscillator 50 to the
reflection point may be subtracted as the common compo-
nent, and the state information S6 may be calculated with a
higher accuracy.

Modification Example 1-3

[0196] Next, Modification Example 1-3 of the first
embodiment will be described. FIG. 14 is a diagram illus-
trating Modification Example 1-3 of the calculation method
of the state information S6 based on the reflection wave. In
this modification example, the ultrasonic imaging apparatus
8 performs the transmission and reception of the ultrasonic
wave a plurality of times, and at this time, a correspondence
relationship between the oscillator 1 transmitting the ultra-
sonic wave and the oscillator 1 receiving the reflection wave
is changed (switched), and thus, the reflection properties of
the ultrasonic wave are measured.

[0197] The case of identifying the rough boundary and the
smooth boundary in the subject 7 illustrated in FIG. 2A will
be described as an example, by focusing on a point that the
operations of the transmission and reception signal control
unit 10, the state information calculation unit 13, and the
oscillator array 2 are different, compared to Modification
Example 1-1.

[0198] In this modification example, the transmission and
reception signal control unit 10 switches a correspondence
relationship between the transmission oscillator 50 and the
reception oscillator 55, according to the number of times of
transmission and reception N, and thus, receives a lot of
reception signals S2 based on the reflection wave from each
of the reflection points of the subject 7, and the state
information calculation unit 13 calculates the state informa-
tion S6 on the basis of the obtained reception signal data S3.
[0199] FIG. 14A is a diagram illustrating an example of a
part of the transmission and reception setting information
S8, and a diagram illustrating an example of a relationship
between the transmission oscillator 50 for each time of
transmission and reception 70 of the ultrasonic wave and the
reception oscillator 55. As illustrated in FIG. 144, in a case
where all of the ultrasonic waves from the same transmis-
sion oscillator are received by the reception oscillator 55, the
transmission and reception signal control unit 10 changes
the transmission oscillator 50, and continues the transmis-
sion of the ultrasonic wave.

[0200] The control computation unit 3 sets the number of
times of transmission and reception to a plurality of times of
greater than or equal to 2, according to the transmission and
reception setting information S8 of FIG. 14A, in Step S111
of FIG. 6. Furthermore, in FIG. 14A, an example is illus-
trated in which the oscillators la to 1c, which are the
transmission oscillator 50, completely receive the ultrasonic
wave to be transmitted a plurality of times, after all of the
oscillators 1 configuring the oscillator array 2 sequentially
become the reception oscillator 55, and then, change the
transmission oscillator 50 to the oscillators 14 to 1f; com-
pletely receive the ultrasonic wave transmitted a plurality of
times from the oscillators 14 to 1f, which are the transmis-
sion oscillator 50 after being changed, after all of the
oscillators 1 sequentially become the reception oscillator 55,
and such processing is repeated, and thus, all of the oscil-
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lators 1 sequentially become the transmission oscillator 50,
but a transmission order and a reception order of the
oscillators 1 are not limited insofar as all of the oscillators
1 become the transmission oscillator 50, and all of the
oscillators 1 become the reception oscillator 55.

[0201] The transmission and reception signal control unit
10 transmits the transmission signal S1 to the oscillator 1 of
the transmission oscillator 50 illustrated in FIG. 14A, in the
oscillators 1 configuring the oscillator array 2, in Step S114
of each time of transmission and reception. The oscillator 1
of the transmission oscillator 50 receiving the transmission
signal S1 sends the ultrasonic wave towards the subject 7.

[0202] The transmission and reception signal control unit
10 sets the oscillator 1 of the reception oscillator 55 illus-
trated in FIG. 14A to be effective, in Step S115 of each time
of transmission and reception, in the oscillators 1 configur-
ing the oscillator array 2, and in Step S116, stores the
reception signal S2 from the effective oscillator 1 of the
reception oscillator 55, as the reception signal data S3.

[0203] FIG. 14B is a diagram illustrating an example of a
graph illustrating the reception signal intensity of the reflec-
tion wave from the reflection points A and B in a case where
the oscillators 1a to 1c¢ are the transmission oscillator 50.
That is, the reception signal intensity illustrated in FIG. 14B
is a reception signal intensity in a case where the transmis-
sion and reception signal control unit 10 drives the oscilla-
tors 1a to 1c, which are the transmission oscillator 50 (sets
the oscillators 1a to 1c to be effective) to transmit the
ultrasonic wave, and all of the oscillators 1 receive the
ultrasonic signal reflected on the reflection points A and B
after all of the oscillators 1 sequentially become the recep-
tion oscillator 55.

[0204] FIG. 14C is a diagram illustrating an example of a
graph illustrating the reception signal intensity of the reflec-
tion wave from the reflection points A and B in a case where
the oscillators 1d to 1f are the transmission oscillator 50.
That is, the reception signal intensity illustrated in FIG. 14C
is a reception signal intensity in a case where the transmis-
sion and reception signal control unit 10 drives the oscilla-
tors 1d to 1f, which are the transmission oscillator 50, to
transmit the ultrasonic wave, and all of the oscillators 1
receive the ultrasonic signal reflected on the reflection points
A and B, after all of the oscillators 1 sequentially become the
reception oscillator 55.

[0205] 1In the reflection at a reflection point having low
directionality, such as the reflection point A, a change in the
reception signal intensity pattern decreases at the time of
changing the transmission oscillator 50. For this reason, as
illustrated in a reception signal intensity pattern 66 of the
reflection point A of FIG. 14B and a reception signal
intensity pattern 68 of the reflection point A of FIG. 14C, the
reception signal intensity pattern of the reflection point Ahas
a high correlation or a high degree of similarity.

[0206] On the other hand, in the reflection at a reflection
point having high directionality such as the reflection point
B, the change in the reception signal intensity pattern
increases as the transmission oscillator 50 is changed. For
this reason, as illustrated in a reception signal intensity
pattern 65 of the reflection point B of FIG. 14B and a
reception signal intensity pattern 67 of the reflection point B
of FIG. 14C, the reception signal intensity pattern of the
reflection point B has a low correlation or a low degree of
similarity.
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[0207] According to the principle as described above, in
this modification example, in the predetermined computa-
tion of Step S144 of FIG. 10, the state information calcu-
lation unit 13 generates the reception signal intensity pattern
standardized by the maximum value of the reception signal
intensity for each time of transmission and reception, in
which the oscillators 1, which are the transmission oscillator
50, are the same, with respect to the reception signal
intensity subjected to the phasing addition processing, cal-
culates a correlation coefficient between the respective
reception signal intensity patterns, and calculates the state
information S6 based on the reflection wave.

[0208] In the example of FIG. 14, the reception signal
intensity pattern 65 of the reflection point B and the recep-
tion signal intensity pattern 66 of the reflection point A are
generated from the first transmission and reception 70 to the
eighth transmission and reception 70, the reception signal
intensity pattern 67 of the reflection point B and the recep-
tion signal intensity pattern 68 of the reflection point A are
generated from the ninth transmission and reception 70 to
the sixteenth transmission and reception 70, the correlation
coeflicient between the reception signal intensity pattern 65
and the reception signal intensity pattern 67 is calculated,
and the correlation coeflicient between the reception signal
intensity pattern 66 and the reception signal intensity pattern
68 is calculated.

[0209] As described above, according to Modification
Example 1-3, the correspondence relationship between the
transmission oscillator 50 and the reception oscillator 55 is
changed for each time of transmission and reception of the
ultrasonic wave, and thus, it is possible to acquire a lot of
information of the subject 7 relevant to an angle of receiving
the ultrasonic wave with respect to the transmitted ultrasonic
wave, compared to Modification Examples 1-1 and 1-2. In
addition, according to Modification Example 1-3, for
example, the reception oscillator in a position facing the
transmission oscillator does not receive the signal, and thus,
it is possible to decrease the amount of signal data S3 for
each time of transmission and reception of the ultrasonic
wave, to calculate the state information S6 with a smaller
amount of memory and a smaller amount of computation,
compared to the first embodiment, and to more rapidly
calculate the state information S6.

[0210] In addition, the calculation of the correlation coef-
ficient is not limited insofar as the state information S6 based
on the reflection wave is calculated from the reception signal
intensity patterns in which the oscillators 1, which are the
transmission oscillator 50, are different. For example, in the
predetermined computation of Step S144, the state informa-
tion calculation unit 13 may calculate a difference between
the respective reception signal intensity patterns, may cal-
culate the dispersion thereof, and may calculate the state
information S6.

[0211] Inaddition, as with Modification Examples 1-1 and
1-2, the state information S6 may discriminate the roughness
of the boundary surface of the growth, may be an index
identifying a scattering body having a size less than or equal
to the wavelength of the ultrasonic wave to be transmitted,
and a parenchyma (the tissue) having a size greater than or
equal to the wavelength of the ultrasonic wave to be trans-
mitted, or may collectively identify them.

[0212] In this modification example, the state information
S6 is calculated on the basis of the standardized reception
signal intensity pattern, and thus, it is possible to calculate
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the state information S6 based on the reflection wave
without affecting the attenuation of the ultrasonic signal due
to a change in the propagation path at the time of changing
the oscillator 1 transmitting ultrasonic wave.

[0213] <Shape Example of Oscillator Array>

[0214] In the first embodiment, the oscillator array 2 may
be configured to measure the reflection properties of the
ultrasonic wave transmitted from the oscillator 1, and the
arrangement of the oscillators 1 in the oscillator array 2 is
not limited to a circular shape (an annular shape), as with the
oscillator array 2 of FIG. 1.

[0215] FIG. 15 is a diagram illustrating a shape example
of the oscillator array 2 of the ultrasonic imaging apparatus
8 according to the first embodiment.

[0216] In an example of measuring the reflection proper-
ties, the oscillator array 2 is configured of the plurality of
oscillators 1 which are arranged to measure direction depen-
dency of the ultrasonic signal (the reflection signal) of the
reflection wave or to transmit the ultrasonic wave from a
plurality of different directions. For example, as illustrated
in FIG. 15A, the oscillator array 2 may include the plurality
of oscillators 1 arranged on a straight line.

[0217] In addition, in an example of measuring the reflec-
tion properties, the oscillator array 2 is configured of an one
or more oscillators 1, and an oscillator position detection
apparatus which detects the position of the oscillator 1, such
that the ultrasonic wave is transmitted and received from the
multidirection, and the position of the oscillator 1 transmit-
ting and receiving is grasped. In this case, the transmission
and reception signal control unit 10 receives position infor-
mation of the oscillator array 2 from the oscillator position
detection apparatus, stores the received position information
in the transmission and reception signal control unit 10 and
(or) the storage unit 5, and thus, the position information of
the oscillator array 2 is used in each of the functional units
10 to 14 of the control computation unit 3.

[0218] For example, as illustrated in FIG. 15B, the oscil-
lator array 2 may be configured of one oscillator 1, and a
position sensor 31, which is the oscillator position detection
apparatus. In this case, the transmission and reception signal
control unit 10 receives the position information of the
oscillator 1 from the position sensor 31.

[0219] In addition, in the case of the measurement of the
reflection properties and (or) the measurement of the physi-
cal property value, the oscillator array 2 illustrated in FIG.
15C, may be in a shape where the plurality of oscillators 1
surround the subject 7, as with the circular oscillator array
2 of FIG. 1. In the case of the measurement of the reflection
properties, in such a configuration, the ultrasonic wave is
transmitted and received from any angle with respect to a
plane including the oscillator array 2, and thus, the reflection
wave is detected at a wide solid angle, compared to a case
where the oscillator array 2 does not surround the subject 7.
For this reason, in the case of calculating the state informa-
tion S6 based on the reflection wave, an effect of improving
the reliability and (or) the accuracy of the state information
S6 can be obtained.

[0220] In addition, in the case of the measurement of the
physical property value, it is possible to measure a wave
transmitted through the subject 7 with respect to all direc-
tions in the plane, and thus, it is possible to calculate the
acoustic velocity, the attenuation, and the like of the subject
7 by using the ultrasonic tomography method. For this
reason, even in the case of calculating the state information
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S6 based on the transmission wave, the effect of improving
the reliability and (or) the accuracy of the state information
S6 can be obtained.

[0221] In addition, in the oscillator array 2, not all of the
oscillators 1 may be mounted on the same substrate, but the
oscillators 1 may be mounted on a plurality of substrates.
[0222] In addition, in the case of the measurement of the
reflection properties and (or) the measurement of the physi-
cal property value, the oscillator array 2 may be configured
of the plurality of oscillators 1 which are not arranged on the
same plane, but are three-dimensionally arranged. For
example, the plurality of oscillators 1 may be arranged on a
surface having a shape where the circular array as illustrated
in FIG. 15C is stacked in a center axis direction of a circle,
as illustrated in FIG. 15D, or a shape where the circular array
is stacked in the center axis direction of the circle while
gradually increasing the radius of the circular array (for
example, the shape of a semi-rugby ball), as illustrated in
FIG. 15E.

[0223] In the case of the measurement of the reflection
properties, the reflection wave is detected at a wide solid
angle according to the oscillator array 2 in which the
plurality of oscillators 1 are three-dimensionally arranged.
For this reason, in a case where the state information S6
based on the reflection wave is calculated, the effect of
improving the reliability and (or) the accuracy of the state
information S6 can be obtained. In addition, in the case of
the measurement of the physical property value, the trans-
mission wave transmitted through the various plane can be
measured, and thus, it is possible to calculate the acoustic
velocity, the attenuation, and the like of the subject 7 on
various planes by using the ultrasonic tomography method,
as the state information S6. For this reason, even in the case
of calculating the state information S6 based on the trans-
mission wave, the effect of improving the reliability and (or)
the accuracy of the state information S6 can be obtained.
[0224] In addition, for example, as illustrated in FIG. 15F,
in the oscillator array 2, the plurality of oscillators 1 may be
attached to a thin flexible sheet-like substrate, and the
positional relationships of plurality of oscillators 1 may be
changed from each other. In such a configuration, it is
possible to obtain the same effect as that in a case where the
plurality of oscillators 1 are three-dimensionally arranged.
Further, the positional relationships of the plurality of oscil-
lators 1 are changed from each other, according to the
subject 7, and thus, it is possible to obtain the reception
signal S2 of the ultrasonic wave regardless of the shape of
the subject 7.

[0225] In addition, the oscillator array 2 may include an
oscillator movement apparatus mechanically moving the
oscillator 1, in addition to the oscillator 1. In this case, the
transmission and reception signal control unit 10 sets the
operation of the oscillator movement apparatus on the basis
of the setting of each of the functional units 10 to 14 or the
transmission and reception setting information S8, transmits
an operation signal with respect to the oscillator movement
apparatus on the basis of the setting, and controls the
operation of the oscillator movement apparatus.

[0226] For example, as illustrated in FIG. 15G, the oscil-
lator array 2 in which the plurality of oscillators 1 are
arranged on the same plane, may be moved by an actuator
30, which is the oscillator movement apparatus, according to
the control of the transmission and reception signal control
unit 10, and in the oscillator array 2, the ultrasonic wave may
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be transmitted and received in different positions of the
subject 7. A driving direction of the actuator 30 may be a
direction 91 in which the oscillator array 2 moves straight-
forward, may be a direction 92 in which the angle of the
oscillator array 2 is steered around an arbitrary axis, or may
be a combination thereof. In addition, the oscillator array 2
is not limited to the circular shape as illustrated in FIG. 15G,
but may be in any shape.

[0227] In addition, in a case where the oscillator array 2
includes the actuator 30 and a position sensor 31, the
transmission and reception signal control unit 10 may per-
forms feedback control such that the operation signal to be
transmitted with respect to the actuator 30 is set on the basis
of the position information obtained by the position sensor
31, and the oscillator array 2 is moved to a desired position
or is retained in a desired position.

[0228] In addition, as illustrated in FIG. 15H, the oscilla-
tor array 2 may include the plurality of oscillators 1, and the
position sensor 31, and the plurality of oscillators 1 may be
configured by being attached to a guide 32 restricting a
moving direction 93 of the movement of the plurality of
oscillators 1. In this case, the position sensor 31 may detect
the position information only with respect to the moving
direction 93 in which the oscillator array 2 can be moved.
[0229] 1In a case where the oscillator array 2 includes the
plurality of oscillators 1, a switch for switching the oscillator
1 transmitting and receiving the ultrasonic wave, may be
provided in the oscillator array 2, or the transmission and
reception signal control unit 10. Accordingly, it is possible
to reduce the number of RF generators generating the
transmission signal S1 of the ultrasonic wave, the number of
amplifiers, the number of A/D converters, and the like,
compared to the number of oscillators 1. In addition, it is
possible to reduce an amount of data retained in the storage
unit 5.

Second Embodiment

[0230] Next, a second embodiment, which is another
example of the detailed embodiment of the present inven-
tion, will be described. Furthermore, the same reference
numerals will be applied to the same portions or the same
functions as those of the first embodiment, and repeated
description will be omitted.

[0231] FIG. 16 is an example of a block diagram illus-
trating the configuration of the control computation unit 3 of
the second embodiment. In the second embodiment, the
following functions are added to the ultrasonic imaging
apparatus 8 of the first embodiment. That is, as illustrated in
FIG. 16, the region candidate setting unit 12 of the control
computation unit 3 stores and sets region candidate trans-
mission and reception setting information S9, which is
transmission and reception setting including various setting
information items at the time of transmitting and receiving
the ultrasonic wave with respect to the region candidate S5,
in the information storage table group 100 of the storage unit
5, on the basis of the reception signal data S3, in addition to
the region candidate S5. In addition, the region candidate
setting unit 12 transmits the region candidate transmission
and reception setting information S9 to the transmission and
reception signal control unit 10 and the state information
generating unit 13. Here, the region candidate transmission
and reception setting information S9 is transmission and
reception setting for transmitting the ultrasonic wave to the
region candidate S5 in the subject 7, and for acquiring the
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reception signal S2 according to at least one of the reflection
signal from the reflection point in the region candidate S5
and the transmission signal transmitted through the region
candidate S5.

[0232] The transmission and reception signal control unit
10 transmits the transmission signal S1 of the ultrasonic
wave to the oscillator array 2 on the basis of the region
candidate transmission and reception setting information S9,
and generates the reception signal data S3 on the basis of the
reception signal S2 received from the oscillator array 2, in
addition to the transmission and reception setting informa-
tion S8.

[0233] In addition, the state information calculation unit
13 calculates the state information S6 in the region candidate
S5, on the basis of the reception signal data S3, the trans-
mission and reception setting information S8, and the region
candidate transmission and reception setting information S9.
[0234] In FIG. 17 to FIG. 19, the operation of the control
computation unit 3 will be described in detail. FIG. 17 is an
example of a sequence diagram illustrating the operation of
the ultrasonic imaging apparatus 8.

[0235] As with FIG. 5, first, the ultrasonic imaging appa-
ratus 8 executes Steps S300 to S303 (not illustrated in FIG.
17), and Steps S304 to S315.

[0236] Next, the control computation unit 3 receiving the
signal data S3 and the transmission and reception setting
information S8 for each time of transmission and reception
from the storage unit 5 in Step S315, generates the subject
structure image S4 on the basis of the reception signal data
S3 and the transmission and reception setting information
S8, received for each time of transmission and reception,
and sets the region candidate S5 and the region candidate
transmission and reception setting information S9 on the
basis of the subject structure image S4 (S316-2).

[0237] Then, the control computation unit 3 transmits the
transmission signal S1 to the oscillator array 2, according to
the region candidate transmission and reception setting
information S9 set in Step S316-2 (S341). The oscillator
array receiving the transmission signal S1, transmits the
ultrasonic wave into the oscillator array 2, and receives the
ultrasonic wave from the oscillator array 2 (S342). The
oscillator array 2 converts the received ultrasonic wave into
the reception signal S2, and transmits the reception signal S2
to the control computation unit 3 (S343).

[0238] The control computation unit 3 calculates the state
information S6 on the basis of the reception signal data S3
based on the region candidate transmission and reception
setting information S9, and the region candidate S5 and the
region candidate transmission and reception setting infor-
mation S9, set in Step S316-2, and generates the image data
S7 on the basis of the subject structure image S4 and the
state information S6, generated in Step S316-2 (8316-3).
Then, the control computation unit 3 transmits the image
data S7 to the display unit 6 (S334).

[0239] Next, as with FIG. 5, the ultrasonic imaging appa-
ratus 8 executes Steps S335 to S339, and ends the process-
ing.

[0240] FIG. 18 is an example of a flowchart illustrating the
entire flow of the operation of the control computation unit
3. As illustrated in FIG. 18, the control computation unit 3,
first, executes Steps S101 to S104, as with FIG. 6.

[0241] Next, the region candidate setting unit 12 sets the
region candidate S5 and the region candidate transmission
and reception setting information S9, on the basis of the
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subject structure image S4 generated in Step S104 (S201).
The details of Step S201 will be described below in FIG. 19.
[0242] Next, the transmission and reception signal control
unit 10 reads out the region candidate transmission and
reception setting information S9 stored in the information
storage table group 100 from the storage unit 5 (S202),
stores the read region candidate transmission and reception
setting information S9 in the transmission and reception
signal control unit 10, sets the number of times of transmis-
sion and reception of the ultrasonic wave (the number of
times of transmission and reception), and performs the
region candidate transmission and reception setting, which
is the transmission and reception setting at the time of
transmitting and receiving the ultrasonic wave, with respect
to the region candidate S5 such as the setting of the oscillator
1 used for each time of transmission and reception (S203).
Then, the transmission and reception signal control unit 10
controls the oscillator array 2 such that the ultrasonic wave
is transmitted and received according to the set region
candidate transmission and reception setting information S9
(S103-2). As with S103, the operation of the transmission
and reception of S103-2, is performed according to each step
of FIG. 7.

[0243] Next, the state information calculation unit 13
calculates the state information Sé in the region candidate
S5 set in Step S201 (S106-2). A procedure of a specific
operation is identical to the operation of Step S106 illus-
trated in FIG. 10, but the transmission and reception setting
information S8 read by the state information calculation unit
13 in Step S141 is the region candidate transmission and
reception setting information S9, and the reception signal
data S3 is the reception signal data S3 stored by allowing the
transmission and reception signal control unit 10 to transmit
and receive the ultrasonic wave on the basis of the region
candidate transmission and reception setting information S9
in Step S103-2.

[0244] Next, the control computation unit 3 executes Steps
S107 to S109, and repeats a set of measurement, or ends the
measurement. In addition, the control computation unit 3
may display a part or all of the image information items S4
to S7 on the display unit 6 during each step of Steps S104,
S201, S106-2, and S107 of FIG. 18, in which the image
information items S4 to S7 are generated, or between the
respective steps, as with the first embodiment, and then, may
display a display of inquiring whether or not to continue the
processing of the operator, to the operator.

[0245] FIG. 19 is an example of a flowchart illustrating the
operation of the region candidate setting unit 12. First, the
region candidate setting unit 12 reads the subject structure
image S4 (the B mode image) (S131). Next, the region
candidate setting unit 12 determines whether or not there is
a pixel having a brightness higher than a predetermined
threshold value, in the pixels in the read subject structure
image S4 (S132). In a case where there is a pixel having a
brightness higher than the predetermined threshold value
(Yes in S132), the region candidate setting unit 12 extracts
the pixel, and sets the extracted pixel to the region candidate
S5 (S133).

[0246] Next, the region candidate setting unit 12 calcu-
lates the region candidate transmission and reception setting
information S9 for acquiring the reflection signal and (or)
the transmission signal from the region candidate S5, on the
basis of the region candidate S5 (S231). Specifically, the
region candidate setting unit 12 determines the transmission
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oscillator 50 for each time of transmission, determines delay
time applied to each of the oscillators 1 such that the region
candidate S5 is set to a transmission focal point, determines
other information items, and calculates the region candidate
transmission and reception setting information S9. Then, the
region candidate setting unit 12 returns to Step S132, and
repeatedly executes Steps S132, S133, and S231.

[0247] In Step S132, in a case where there is no pixel
having a brightness higher than the predetermined threshold
value (No in S132), the region candidate setting unit 12
transmits the region candidate S5 and the region candidate
transmission and reception setting information S9 to the
state information calculation unit 13, transmits the region
candidate transmission and reception setting information S9
to the transmission and reception signal control unit 10
(5134-2), and ends the processing. The control computation
unit 3 proceeds to Step S202. Furthermore, the region
candidate setting unit 12 may transmit the region candidate
transmission and reception setting information S9 to the
storage unit 5, and may store the region candidate transmis-
sion and reception setting information S9 in the storage unit
5.

[0248] Furthermore, in Step S132, in a case where there is
no region candidate S5 to be transmitted to the state infor-
mation calculation unit 13, the control computation unit 3
returns to the previous step (any one of Steps S102 to S104,
and S111 of FIG. 18), and may perform the measurement
again.

[0249] As with the first embodiment, the region candidate
S5 may be a region surrounded by a closed curve or the like,
or may be set for each element unit in the imaging space
region. A point that the setting mode of the region candidate
S5 is not necessarily limited to the mode of distinguishing
the brightness of the subject structure image S4 as described
above with the threshold value, 1s also identical to that of the
first embodiment.

[0250] In addition, as described above, the region candi-
date setting unit 12 may calculate the region candidate
transmission and reception setting information S9 with
respect to each of the pixels of the region candidate S5, or
for example, a representative point of the region candidate
S5, such as the center of the region candidate S5, may be
calculated after the region candidate S5 is completely
extracted, and the region candidate transmission and recep-
tion setting information S9 for acquiring the reflection signal
and (or) the transmission signal from the representative
point may be calculated. At this time, there may be one
representative point of the region candidate S5, or there may
be a plurality of representative points. As described above,
the region candidate transmission and reception setting
information S9 is limited to the representative point of the
region candidate S5, and thus, it is possible to reduce the
number of times of transmission and reception, and to
reduce measurement time and (or) calculation time.

[0251] In addition, as described above, the region candi-
date setting unit 12 may automatically set the region can-
didate transmission and reception setting information S9 on
the basis of the region candidate S5, and for example, may
set the candidate of the region candidate transmission and
reception setting information 9, may display the display unit
6, and may allow the operator to input the region candidate
transmission and reception setting information S9 set from
the candidate of the region candidate transmission and
reception setting information 9, into the operation unit 4.
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[0252] In addition, as with the first embodiment, the
region candidate setting unit 12 may set the region candidate
S5 on the basis of the reception signal data S3, in Step S133,
and may calculate the region candidate transmission and
reception setting information 9 from the region candidate S5
based on the reception signal data S3, in Step S231.
[0253] As described above, according to this embodiment,
the region candidate transmission and reception setting
information S9 of the ultrasonic wave is set on the basis of
the setting of the region candidate S5, the transmission and
reception of the ultrasonic wave is performed according to
the setting, and the state information S6 is generated from
the acquired reception signal data S3. Therefore, the state
information S6 is generated from the reception signal data
S3 reflecting the ultrasonic wave from the region candidate
S5 according to the region candidate transmission and
reception setting information 89, and thus, it is possible to
suppress an amount of data, which is necessary for gener-
ating the state information S6, and to reduce the measure-
ment time and the amount of data in the ultrasonic imaging
apparatus 8, compared to a case where the state information
S6 is generated from the reception signal data S3 reflecting
the ultrasonic wave from the entire area of the subject 7. In
addition, the ultrasonic imaging apparatus 8 of this embodi-
ment generates the state information S6 by using the recep-
tion signal data S3 of the region candidate S5 based on the
region candidate transmission and reception setting infor-
mation S9, and thus, it is possible to more accurately
generate the state information S6.

[0254] As a result thereof, as with the first embodiment, in
the application such as the examination, in which it is
necessary to display the measurement result for a short
period of time, it is possible to utilize the state information
S6 of the ultrasonic imaging apparatus 8, to display the
measurement result of the subject 7 for a short period of
time, and to reduce time for constraining the subject.
[0255] Furthermore, the present invention is not limited to
the embodiments described above, but includes various
modification examples. For example, the embodiments
described above have been described in detail in order to
easily understand the present invention, but are not limited
to have all configurations described above. In addition, a
part of a configuration of any embodiment can be substituted
with a configuration of the other embodiment, and the
configuration of the other embodiment can be added to the
configuration of any embodiment. In addition, addition,
deletion, or substitution of the other configuration can be
performed with respect to a part of the configuration of each
of the embodiments. In addition, a part or all of each
configuration, each function, each processing unit, each
processing section, and the like, described above, for
example, may be realized by hardware by being designed as
an integrated circuit such as a FPGA. In addition, each
configuration, each function, and the like, described above,
may be realized by software by allowing a processor to
analyze a program for realizing each of the functions.
Information of a program, a table, a file, and the like for
realizing each of the functions can be stored in a recording
apparatus such as a memory, a hard disk, and a solid state
drive (SSD), and a recording medium such as an integrated
circuit (IC) card, an SD card, and a DVD.

[0256] In addition, various information items have been
described in the expression of “aaa table”, but various
information items may be expressed in a data structure other
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than the table. The “aaa table” can be referred to as “aaa
information”, in order to represent that it does not depend on
the data structure. In addition, it has been described that each
information item is recorded in various tables in the expres-
sion of “storing”, but each information item may be
expressed by “registering”, “setting”, “storing”, or “record-
ing”.

[0257] In addition, a control line or an information line is
illustrated in a case where it is considered that the control
line or the information line is necessary for the description,
but is not limited to necessarily illustrate all control lines or
all information lines on the product. In practice, it may be
considered that almost all of the configurations are con-
nected to each other.

REFERENCE SIGNS LIST

[0258] 1 oscillator

[0259] 2 oscillator array

[0260] 3 control computation unit

[0261] 4 operation unit (IF)

[0262] 5 storage unit

[0263] 6 display unit

[0264] 7 subject

[0265] 8 ultrasonic imaging apparatus

[0266] 10 transmission and reception signal control unit

[0267] 11 structure image generating unit

[0268] 12 region candidate setting unit

[0269] 13 state information generating unit

[0270] 14 image generating unit

[0271] 100 information storage table group

[0272] 110 transmission setting table

[0273] 120 reception setting table

[0274] Sl transmission signal

[0275] S2 reception signal

[0276] S3 reception signal data

[0277] 'S4 subject structure image

[0278] S5 region candidate

[0279] S6 state information

[0280] S7 image data

[0281] S8 transmission and reception setting informa-
tion

1. An ultrasonic CT apparatus, comprising:

an oscillator array which transmits an ultrasonic wave
towards a subject, receives a transmission wave, which
is an ultrasonic wave transmitted through the subject,
or a reflection wave, which is an ultrasonic wave
reflected on the subject, and transmits a reception
signal based on the transmission wave or the reflection
wave,

a signal receiving unit which receives the reception sig-
nal;

a region candidate setting unit which sets a tissue region
candidate, which is a candidate of a region indicating a
tissue of the subject, on the basis of the reception
signal;

a state information calculation unit which calculates state
information, which is information relevant to a state of
the tissue in the tissue region candidate, on the basis of
the reception signal and the tissue region candidate;

an image generating unit which generates an ultrasonic
image reflecting the state information, on the basis of
the state information; and

a display unit which displays the ultrasonic image.
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2. The ultrasonic CT apparatus according to claim 1,
wherein the region candidate setting unit generates a
subject structure image reflecting a structure of the
subject, on the basis of the reception signal, and sets at
least one of a boundary region candidate, which is a
candidate of a region indicating a boundary of the
tissue, and an interior region candidate, which is a
candidate of a region indicating an interior of the tissue,
as the tissue region candidate, on the basis of the
subject structure image,
in a case where the boundary region candidate is set, the
state information is boundary state information, which
is information relevant to a state of the boundary in the
boundary region candidate, based on the reception
signal and the boundary region candidate, and
in a case where the interior region candidate is set, the
state information is interior state information, which is
information relevant to a state of the interior in the
interior region candidate, based on the reception signal
and the interior region candidate.
3. The ultrasonic CT apparatus according to claim 2,
wherein the region candidate setting unit
generates the subject structure image by performing
phasing addition with respect to the reception signal
based on the reflection wave, in a case where the
reception signal is based on the reflection wave, and
calculates a physical property value of the subject from
the reception signal based on the transmission wave
by an ultrasonic tomography method, and generates
the subject structure image by using the calculated
physical property value, in a case where the recep-
tion signal is based on the transmission wave.
4. The ultrasonic CT apparatus according to claim 2,
wherein the state information calculation unit
calculates the boundary state information on the basis
of the reception signal based on the reflection wave,
and the boundary region candidate, or calculates the
interior state information on the basis of the recep-
tion signal based on the reflection wave, and the
interior region candidate, in a case where the recep-
tion signal is based on the reflection wave, and
calculates the boundary state information on the basis
of the reception signal based on the transmission
wave and the boundary region candidate, or calcu-
lates the interior state information on the basis of the
reception signal based on the transmission wave and
the interior region candidate, in a case where the
reception signal is based on the transmission wave.
5. The ultrasonic CT apparatus according to claim 2,
wherein the oscillator array
includes a plurality of oscillators transmitting and
receiving the ultrasonic wave, and
changes a transmission oscillator, which is an oscillator
transmitting the ultrasonic wave, whenever the ultra-
sonic wave is transmitted, and
the state information calculation unit calculates the state
information on the basis of the reception signal of
which the transmission oscillator is different, and the
tissue region candidate.
6. The ultrasonic CT apparatus according to claim 2,
wherein the oscillator array
includes a plurality of oscillators transmitting and receiv-
ing the ultrasonic wave, and
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changes a reception oscillator, which is an oscillator
receiving the ultrasonic wave, whenever the ultrasonic
wave is received, and

the state information calculation unit calculates the state
information on the basis of the reception signal of
which the reception oscillator is different, and the tissue
region candidate.

7. The ultrasonic CT apparatus according to claim 2,

wherein the state information calculation unit calculates
each intensity distribution of the reception signal cor-
responding to the tissue region candidate in the recep-
tion signals, calculates a correlation or a degree of
similarity between the relative intensity distributions or
amounts of statistics based on each of the intensity
distributions, and sets the calculated correlation or
degree of similarity to the state information.

8. The ultrasonic CT apparatus according to claim 5,

wherein the state information calculation unit calculates
each intensity distribution of the reception signal cor-
responding to the tissue region candidate in the recep-
tion signals of which the transmission oscillator is
different, calculates a correlation or a degree of simi-
larity between the respective intensity distributions or
amounts of statistics based on each of the intensity
distributions, and sets the calculated correlation or
degree of similarity to the state information.

9. The ultrasonic CT apparatus according to claim 6,

wherein the state information calculation unit calculates
each intensity distribution of the reception signal cor-
responding to the tissue region candidate in the recep-
tion signals of which the reception oscillator is differ-
ent, calculates a correlation or a degree of similarity
between the relative intensity distributions or amounts
of statistics based on each of the intensity distributions,
and sets the calculated correlation or degree of simi-
larity to the state information.

10. The ultrasonic CT apparatus according to claim 2,

wherein the display unit displays the subject structure
image along with the ultrasonic image.

11. The ultrasonic CT apparatus according to claim 10,

wherein the display unit displays the ultrasonic image to
be superimposed on the tissue region candidate in the
subject structure image.

12. The ultrasonic CT apparatus according to claim 2,

wherein in the oscillator array, a plurality of oscillators
transmitting and receiving the ultrasonic wave are
two-dimensionally or three-dimensionally arranged,
and

the plurality of oscillators are arranged to surround the
subject.

13. The ultrasonic CT apparatus according to claim 2,

wherein the oscillator array transmits an ultrasonic wave
towards the tissue region candidate, and transmits a
reception signal based on an ultrasonic wave received
from the tissue region candidate to the signal receiving
unit, and

the state information calculation unit calculates the state
information, on the basis of the reception signal based
on the ultrasonic wave received from the tissue region
candidate, and the tissue region candidate.

14. An ultrasonic CT apparatus, comprising:

a signal receiving unit which receives a reception signal
based on a transmission wave, which is an ultrasonic
wave transmitted towards a subject and transmitted
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through the subject, or a reflection wave, which is an
ultrasonic wave reflected on the subject;

a region candidate setting unit which sets a tissue region
candidate, which is a candidate of a region indicating a
tissue of the subject, on the basis of the reception
signal; and

a state information calculation unit which calculates state
information, which is information relevant to a state of
the tissue in the tissue region candidate, on the basis of
the reception signal and the tissue region candidate.

15. An ultrasonic imaging method of an ultrasonic CT

apparatus, the method comprising:

(a) a step of transmitting an ultrasonic wave towards a
subject, and of receiving a transmission wave transmit-
ted through the subject or a reflection wave reflected on
the subject;

(b) a step of generating a reception signal on the basis of
the transmission wave or the reflection wave;

(¢) a step of setting a tissue region candidate, which is a
candidate of a region indicating a tissue of the subject,
on the basis of the reception signal;

(d) a step of calculating state information, which is
information relevant to a state of the tissue in the tissue
region candidate, on the basis of the reception signal
and the tissue region candidate;

(e) a step of generating an ultrasonic image reflecting the
state information, on the basis of the state information;
and

(D a step of displaying the ultrasonic image.
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