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ULTRASOUND DIAGNOSTIC DEVICE,
ULTRASOUND DIAGNOSTIC METHOD AND
ULTRASOUND DIAGNOSTIC PROGRAM
STORAGE MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/JP2013/064495, filed on
May 24,2013, which is incorporated herein by reference in its
entirety. Further, this application claims priority from Japa-
nese Patent Application No. 2012-120212, filed on May 25,
2012, the disclosure of which is incorporated by reference
herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound diag-
nostic device, an ultrasound diagnostic method and an ultra-
sound diagnostic program storage medium, and particularly
relates to an ultrasound diagnostic device, ultrasound diag-
nostic method and ultrasound diagnostic program storage
medium that transmit and receive ultrasound at a diagnosis
region of an imaging subject and diagnose a tissue character-
istic of the imaging subject on the basis of relationships
between received signals of the transmitted ultrasound.
[0004] 2. Related Art

[0005] Heretofore, an ultrasound diagnostic device has
been known that utilizes ultrasound to capture and display an
ultrasound image, by transmitting and receiving ultrasonic
waves ata diagnosis region of an imaging subject. A variety of
trials have been conducted into using ultrasound images as
the basis for diagnostics, such as characterizations of the
internal structures and structural components of imaging sub-
ject tissues, distinguishing tissues from lesions, and so forth.
[0006] For example, Japanese Patent Application Laid-
Open (JP-A) No. 2011-224410 discloses an ultrasound diag-
nosis apparatus that is equipped with analysis computation
means and display means. The analysis computation means
uses statistical properties to extract specific signals from
intensity or amplitude information of echo signals produced
from a portion of an imaging subject. The display means
displays results extracted by the analysis computation means.
[0007] JP-ANo.2006-296495 discloses an ultrasonic diag-
nostic apparatus that is equipped with a signal analysis unit, a
control processor and an image generating circuit. The signal
analysis unit carries out statistical quantity calculations relat-
ing to echo signals, using sample groups extracted in accor-
dance with a predetermined sample extraction pattern from
the echo signals as analysis backbone echo data. The control
processor applies statistical amount calculations relating to
the analysis backbone echo data to the echo signals, using the
extracted sample groups, and sends the results to the image
generating circuit. The image generating circuit rearranges
the statistical amounts for the echo signals calculated by the
signal analysis unit into the same spatial arrangement as the
echo signals, thus generating a statistical analysis image with
a similar form to a usual ultrasound image.

[0008] Further, JP-A No. 2001-238884 discloses an ultra-
sound diagnostic apparatus that is equipped with specifying
means, transmitting and receiving means, and quantity ana-
lyzing means. The specifying means specifies an analysis
region at a portion within a tomographic image. The trans-
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mitting and receiving means transmits ultrasound pulses at an
imaging subject portion corresponding to the analysis region
in accordance with transmission conditions for quantity
analysis, and receives echo signals produced from the imag-
ing subject portion in response to the transmissions. The
quantity analyzing means quantitatively analyzes a tissue
characteristic on the basis of the echo signals.

[0009] However, with the technologies recited in the above-
mentioned documents, when scattering structures of lesions
are large in size or non-uniform, dispersion values of sample
brightnesses of lesions are distant from the dispersion values
assumed in a Rayleigh distribution. Although these disper-
sion values are analyzed to diagnose tissue characteristics,
there is room for improvement in performing more accurate
diagnostics of tissue characteristics.

SUMMARY

[0010] The present invention has been made in consider-
ation of the situation described above, and provides an ultra-
sound diagnostic device, an ultrasound diagnostic method
and an ultrasound diagnostic program storage medium that
may more accurately diagnose a tissue characteristic.

[0011] One aspect of the present invention is an ultrasound
diagnostic device including: an ultrasound probe including
plural ultrasound transducers that transmit ultrasound toward
an imaging subject, receive ultrasound reflected from the
imaging subject, and output ultrasound detection signals; an
alteration unit that alters transmission frequencies of the
ultrasound transmitted from the ultrasound probe or reception
frequencies of the ultrasound received by the ultrasound
probe; and a calculation unit that calculates an index for
diagnosing a tissue characteristic based on a relationship
between reception signals of at least two different ultrasound
transducers for at least two different frequencies of the trans-
mission frequencies or reception frequencies altered by the
alteration unit.

[0012] According to the ultrasound diagnostic device of the
present aspect, ultrasound is transmitted at an imaging subject
by the plural ultrasound transducers of the ultrasound probe,
and ultrasound reflected by the imaging subject is received.
[0013] The alteration unit alters the transmission frequency
or the reception frequency of the ultrasound transmitted from
the ultrasound probe.

[0014] The calculation unit calculates the index for diag-
nosing a tissue characteristic on the basis of relationships
between signals received by two or more different ultrasound
transducers at two or more different transmission frequencies
or reception frequencies as altered by the alteration unit.
Hence, micro-structural changes in sound velocity and
attenuation caused by lesions may be discerned, and the tissue
characteristic may be diagnosed. An optimum frequency for
detecting a lesion varies depending on the state of develop-
ment of the lesion. However, because the respective indices
are calculated for different frequencies, micro-structural non-
uniformity may be accurately measured, lesions may be
detected with ease, and tissue characteristics may be diag-
nosed accurately.

[0015] The alteration unit may alter the transmission fre-
quencies of the ultrasound transmitted from the ultrasound
probe to at least two frequencies that are specified in advance
and that correspond to stages of development of lesions, or the
alteration unit may alter the reception frequencies of ultra-
sound detection signals received by the ultrasound probe to at
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least two frequencies that are specified in advance and that
correspond to stages of development of lesions.

[0016] The calculation unit may calculate the index by
evaluating non-uniformity of an acoustic characteristic based
on a relationship between ultrasound signals received from a
pre-specified region of interest at least at two different ultra-
sound transducers, or may determine a change in sound
velocity or attenuation at least at one point of interest in a
pre-specified region of interest, and may calculate the index
based on the determined sound velocity or attenuation.
[0017] A display unit that displays the index calculated by
the calculation unit for each frequency may be further pro-
vided.

[0018] Another aspect of the present invention is an ultra-
sound diagnostic method, including: altering transmission
frequencies of ultrasound transmitted from an ultrasound
probe or reception frequencies of ultrasound received by the
ultrasound probe to at least two different frequencies, the
ultrasound probe including plural ultrasound transducers that
transmit ultrasound toward an imaging subject, receive ultra-
sound reflected from the imaging subject, and output ultra-
sound detection signals; and for each of the at least two
different transmission frequencies or reception frequencies,
calculating an index for diagnosing a tissue characteristic
based on a relationship between reception signals at the ultra-
sound transducers.

[0019] According to the ultrasound diagnostic method of
the present aspect, the ultrasound probe includes the plural
ultrasound transducers that transmit ultrasound at an imaging
subject and that receive ultrasound reflected by the imaging
subject and output ultrasound detection signals, and the trans-
mission frequency of the ultrasound that is transmitted from
the ultrasound probe or the reception frequency of the ultra-
sound that is received by the ultrasound probe is altered to two
or more different frequencies.

[0020] On the basis of relationships between signals
received by the ultrasound transducers, the index for diagnos-
ing a tissue characteristic is calculated for each of the two or
more different transmission frequencies or reception frequen-
cies that have been altered. Hence, micro-structural changes
in sound velocity and attenuation caused by lesions may be
discerned, and the tissue characteristic may be diagnosed. An
optimum frequency for detecting a lesion varies depending on
the state of development of the lesion. However, because the
respective indices are calculated for different frequencies,
micro-structural non-uniformity may be accurately mea-
sured, lesions may be detected with ease, and tissue charac-
teristics may be diagnosed accurately.

[0021] The altering may include altering the transmission
frequencies of the ultrasound transmitted from the ultrasound
probe to at least two frequencies that are specified in advance
and that correspond to stages of development of lesions, or the
altering may include altering reception frequencies of ultra-
sound detection signals received by the ultrasound probe to at
least two frequencies that are specified in advance and that
correspond to stages of development of lesions.

[0022] The calculating may include calculating the index
by evaluating non-uniformity of an acoustic characteristic
based on a relationship between ultrasound signals received
from a pre-specified region of interest at least at two different
ultrasound transducers, or may include determining a change
in sound velocity or attenuation at least at one point of interest
in a pre-specified region of interest, and calculating the index
based on the determined sound velocity or attenuation.
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[0023] The index calculated for each frequency may be
displayed at a display unit.

[0024] Yet another aspect of the present invention is a non-
transitory storage medium storing a program that causes a
computer to execute ultrasound diagnostic processing, the
processing including: altering transmission frequencies of
ultrasound transmitted from an ultrasound probe or reception
frequencies of ultrasound received by the ultrasound probe to
at least two different frequencies, the ultrasound probe
including plural ultrasound transducers that transmit ultra-
sound toward an imaging subject, receive ultrasound reflected
from the imaging subject, and output ultrasound detection
signals; and for each of the at least two different transmission
frequencies or reception frequencies, calculating an index for
diagnosing a tissue characteristic based on a relationship
between reception signals at the ultrasound transducers.

[0025] According to the ultrasound diagnostic program
storage medium of the present aspect, the ultrasound probe
includes the plural ultrasound transducers that transmit ultra-
sound at an imaging subject and that receive ultrasound
reflected by the imaging subject and output ultrasound detec-
tion signals, and the transmission frequency of the ultrasound
that is transmitted from the ultrasound probe or the reception
frequency of the ultrasound that is received by the ultrasound
probe is altered to two or more different frequencies.

[0026] On the basis of relationships between signals
received by the ultrasound transducers, the index for diagnos-
ing a tissue characteristic is calculated for each of the two or
more different transmission frequencies or reception frequen-
cies that have been altered. Hence, micro-structural changes
in sound velocity and attenuation caused by lesions may be
discerned, and the tissue characteristic may be diagnosed. An
optimum frequency for detecting a lesion varies depending on
the state of development of the lesion. However, because the
respective indices are calculated for different frequencies,
micro-structural non-uniformity may be accurately mea-
sured, lesions may be detected with ease, and tissue charac-
teristics may be diagnosed accurately.

[0027] The altering may include altering the transmission
frequencies of the ultrasound transmitted from the ultrasound
probe to at least two frequencies that are specified in advance
and that correspond to stages of development of lesions, or the
altering may include altering reception frequencies of ultra-
sound detection signals received by the ultrasound probe to at
least two frequencies that are specified in advance and that
correspond to stages of development of lesions.

[0028] The calculating may include determining a change
in sound velocity or attenuation at least at one point of interest
in a pre-specified region of interest, and calculating the index
based on the determined sound velocity or attenuation, or the
calculating may include determining a change in sound
velocity or attenuation at least at one point of interest in a
pre-specified region of interest, and calculating the index
based on the determined sound velocity or attenuation.

[0029] The index calculated for each frequency may be
displayed at a display unit.

[0030] In the present aspects as described hereabove, a
tissue characteristic may be diagnosed accurately by calcu-
lating an index for diagnosing the tissue characteristic on the
basis of relationships between two or more different reception
signals at two or more different frequencies.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Exemplary embodiments will be described in detail
based on the following figures.

[0032] FIG. 1 is a block diagram showing the schematic
structure of an ultrasound diagnostic device of a first exem-
plary embodiment.

[0033] FIG. 2A, FIG. 2B and FIG. 2C are descriptive dia-
grams schematically illustrating the principles of measuring
sound velocity variations and attenuation variations.

[0034] FIG. 3 is a schematic diagram for describing a situ-
ation in which two different media are present in a path from
a sound source to an element.

[0035] FIG.4is a diagram for describing how a path length
and an average sound velocity in a mixed medium are found.
[0036] FIG. 5 is a diagram for describing how the path
length and average sound velocity are found when a distinct
medium is present with the mixed medium.

[0037] FIG. 6 is a flowchart showing how sound velocity
variations and attenuation variations are calculated when
there is no distinct medium.

[0038] FIG. 7 is a flowchart showing how sound velocity
variations and attenuation variations are found when a dis-
tinct medium is present.

[0039] FIG. 8 is a conceptual diagram showing relation-
ships between frequency and signal variations.

[0040] FIG.9is a diagram showing an example of a trans-
mission circuit that is capable of altering a transmission fre-
quency in the ultrasound diagnostic device of the first exem-
plary embodiment.

[0041] FIG. 10 is a flowchart showing an example of an
overall flow of processing to calculate a variation index rep-
resenting sound velocity variations or attenuation variations,
which is executed by a controller of the ultrasound diagnostic
device of the first exemplary embodiment.

[0042] FIG.11 is a flowchart showing an example of a flow
of processing to calculate a variation index of sound velocity
or attenuation, which is executed by a controller of an ultra-
sound diagnostic device of a second exemplary embodiment.
[0043] FIG. 12 is a flowchart showing an example of an
overall flow of processing to calculate a variation index rep-
resenting sound velocity variations or attenuation variations,
which is executed by a controller of an ultrasound diagnostic
device in which a reception frequency is alterable.

[0044] FIG.13A, FIG. 13B and FIG. 13C are diagrams for
describing changes of a tissue characteristic in liver cirrhosis.

DETAILED DESCRIPTION

First Exemplary Embodiment

[0045] FIG. 1 is a block diagram showing the schematic
structure of the ultrasound diagnostic device of a first exem-
plary embodiment.

[0046] Asshown in FIG. 1, an ultrasound diagnostic device
10 of the present exemplary embodiment transmits an ultra-
sound beam at an imaging subject from an ultrasound probe
300, receives an ultrasound beam (an ultrasound echo)
reflected by the imaging subject, generates an ultrasound
image from detection signals of the ultrasound echo, and
displays the ultrasound image.

[0047] A controller 100 is structured by a computer
equipped with a central processing unit (CPU), a read-only
memory (ROM), a random access memory (RAM), an input/
output port and the like, which are not shown in the drawings.
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The controller 100 controls respective blocks of the ultra-
sound diagnostic device 10 in accordance with operation
inputs from an operation input section 200.

[0048] The operation input section 200 is an input device
that accepts operation inputs from an operator (a user). The
operation input section 200 includes a console 202 and a
pointing device 204. The console 202 includes a keyboard for
inputting text information (for example, patient information)
and the like, and a display mode switching button, a freeze
button, a cine-memory replay button, an analysis and mea-
surement button and the like. The display mode switching
button is for switching between various display modes, such
as amode that displays individual amplitude images (B-mode
images), a mode that displays the results of determinations of
local sound velocity values, and the like. The freeze button is
for instructing switching between a live mode and a freeze-
frame mode. The cine-memory replay button is for instruct-
ing a cine-memory replay. The analysis and measurement
button is for instructing analysis and measurement of an
ultrasound image. The pointing device 204 is a device for
designating a region in a screen of a display unit 104. For
example, a track ball, a mouse or the like may be used as the
pointing device 204. A touch panel may also be used as the
pointing device 204.

[0049] A storage section 102 stores various control pro-
grams through which the controller 100 controls the blocks of
the ultrasound diagnostic device 10. For example, a hard disc,
a semiconductor memory or the like may be used as the
storage section 102.

[0050] As the display unit 104, various display devices
such as, for example, a cathode ray tube (CRT) display, a
liquid crystal display or the like may be used. The display unit
104 displays ultrasound images (video images and still
images), and displays various settings screens and the like.
[0051] The ultrasound probe 300 is a probe that is used by
being touched against an imaging subject. The ultrasound
probe 300 is equipped with plural ultrasound transducers 302
that structure a one-dimensional or two-dimensional trans-
ducer array. A transmission and reception section 400 is con-
nected to the ultrasound transducers 302.

[0052] The transmission and reception section 400 is
equipped with a transmission circuit 402, a reception circuit
404 and an A/D converter 406. The ultrasound transducers
302 transmit an ultrasound beam at the imaging subject in
accordance with driving signals applied by the transmission
circuit 402 of the transmission and reception section 400, the
reception circuit 404 receives ultrasound echoes reflected
from the imaging subject, and detection signals are converted
to digital signals by the A/D converter 406 and are outputted.
[0053] The ultrasound transducers 302 include oscillators
that are structured with electrodes being formed at opposite
ends of a material with piezoelectric characteristics (a piezo-
electric material). As the piezoelectric material structuring
these oscillators, for example, a piezoelectric ceramic such as
PZT (lead (Pb) zirconate titanate), or a polymer piezoelectric
material such as PVDF (polyvinylidene difluoride) may be
used. When electronic signals are sent to the electrodes of the
oscillators and voltages are applied, the piezoelectric materi-
als expand and contract, and ultrasonic waves are produced at
the oscillators by these expansions and contractions of the
piezoelectric materials. As examples, if pulse-shaped elec-
tronic signals are sent to the oscillator electrodes, pulse-
shaped ultrasonic waves are produced, and if continuous-
wave electronic signals are sent to the oscillator electrodes,
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continuous-wave ultrasonic waves are produced. The ultra-
sonic waves produced at the oscillators combine to form an
ultrasound beam. When ultrasonic waves are received by the
oscillators, the piezoelectric materials of the oscillators
expand and contract and generate electronic signals. The
electronic signals generated at the oscillators are outputted to
the reception circuit 404 to serve as ultrasound detection
signals.

[0054] Inthe present exemplary embodiment, the transmis-
sion frequency of the ultrasound probe 300 that is used is
alterable. Forexample, a probe that employs ultrasound trans-
ducers with a wide-band frequency characteristic—using
compound-type piezoelectric elements—and produces plural
types of ultrasound with different frequency ranges and cen-
tral frequencies from individual ultrasound transducers may
be used. As another example, plural types of ultrasound trans-
ducer with different frequency characteristics may be pro-
vided and switched between for use.

[0055] Thedigital signals outputted from the A/D converter
406 of the transmission and reception section 400 are output-
ted to a replay section 600 and an image signal generation
section 500.

[0056] Theimage signal generation section 500 is provided
with a signal processing section 502, a digital scan converter
(DSC) 504, an image processor 506, an image memory 508
and a D/A converter 510. The respective functions thereof are
described in detail below.

[0057] Now, ultrasound diagnostic processing in the live
mode is described. The live mode is a mode in which an
ultrasound image (a video image) obtained by touching the
ultrasound probe 300 against an imaging subject and trans-
mitting and receiving ultrasound is displayed, and is analyzed
and measured.

[0058] An ultrasound diagnosis is started by the ultrasound
probe 300 being touched against an imaging subject and a
user operating the operation input section 200 to give an
operation start instruction. After the ultrasound diagnosis is
started, the controller 100 outputs control signals to the trans-
mission and reception section 400, and the transmission of an
ultrasound beam at the imaging subject and the reception of
ultrasound echoes from the imaging subject are commenced.
The controller 100 specifies an ultrasound beam transmission
direction and an ultrasound echo reception direction for each
of the ultrasound transducers 302.

[0059] Then the controller 100 selects a transmission delay
pattern in accordance with the ultrasound beam transmission
direction and selects a reception delay pattern in accordance
with the ultrasound echo reception direction. The term “trans-
mission delay pattern” is intended to include data of a pattern
of delay durations that are applied to driving signals in order
to form an ultrasound beam in the desired direction of the
ultrasonic waves transmitted from the plural ultrasound trans-
ducers 302. The term “reception delay pattern” is intended to
include data of a pattern of delay durations of reception by the
plural ultrasound transducers 302. Transmission delay pat-
terns and reception delay patterns are stored in the storage
section 102 in advance. The controller 100 selects a transmis-
sion delay pattern and a reception delay pattern from the
transmission delay patterns and reception delay patterns
stored in the storage section 102, and outputs control signals
to the transmission and reception section 400 to control the
transmission and reception of ultrasonic waves in accordance
with the selected transmission delay pattern and reception
delay pattern.
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[0060] The transmission circuit 402 generates driving sig-
nals in accordance with the control signals from the controller
100, and applies the driving signals to the ultrasound trans-
ducers 302. The transmission circuit 402 delays the driving
signals being applied to the respective ultrasound transducers
302 in accordance with the transmission delay pattern
selected by the controller 100. Thus, the transmission circuit
402 implements transmission focusing that adjusts (delays)
the timings of application of the driving signals to the ultra-
sound transducers 302 such that the ultrasonic waves trans-
mitted from the plural ultrasound transducers 302 form the
ultrasound beam. The timings of application of the driving
signals may also be adjusted such that the ultrasonic waves
transmitted from the plural ultrasound transducers 302 at one
time reach the whole of an imaging region of the imaging
subject.

[0061] The reception circuit 404 receives and amplifies the
ultrasound detection signals outputted from the ultrasound
transducers 302. As mentioned above, since distances
between the ultrasound transducers 302 and an ultrasound
reflection source within the imaging subject are respectively
different, durations that the reflected waves take to reach the
ultrasound transducers 302 are also different. The reception
circuit 404 is equipped with delay circuits, which delay the
detection signals by amounts corresponding to differences
(delay durations) between the arrival times of the reflected
waves in accordance with a sound velocity (hereinafter
referred to as “the assumed sound velocity”) or a distribution
of sound velocities, which amounts are specified on the basis
of the reception delay pattern selected by the controller 100.
Subsequently, the reception circuit 404 performs reception
focusing processing by performing matching addition of the
detection signals to which the delay durations have been
applied. In a case in which there is a separate ultrasound
reflection source at a different position from an ultrasound
reflection source XROI that is the target, ultrasound detection
signals from the separate ultrasound reflection source have
different arrival times. Therefore, the phases of the ultrasound
detection signals from the separate ultrasound reflection
source are cancelled out by addition at an addition circuit in
the reception circuit 404. Thus, reception signals from the
ultrasound reflection source XROI are strongest and are in
focus. This reception focusing processing forms acoustic ray
signals (hereinafter referred to as “RF signals™) in which the
ultrasound echoes have a sharp focusing point.

[0062] The A/D converter 406 converts the analog RF sig-
nals outputted from the reception circuit 404 to digital RF
signals (hereinafter referred to “RF data™). This RF data
includes phase information of the received waves (carrier
waves). The RF data outputted from the A/D converter 406 is
inputted to both the signal processing section 502 and a cine-
memory 602.

[0063] The cine-memory 602 sequentially stores the RF
data inputted from the A/D converter 406. The cine-memory
602 also stores information relating to frame rates in associa-
tion with the RF data (for example, parameters representing
the depth of an ultrasound reflection position, the density of
scanning lines, and the size of the field of view), which
information is inputted from the controller 100.

[0064] The signal processing section 502 corrects attenua-
tion with distance of the RF data, in accordance with the depth
of the ultrasound reflection position, using sensitivity time
gain control (STC), and then applies envelope detection pro-
cessing to the RF data and creates B-mode image data (image
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data in which the amplitudes of ultrasound echoes are repre-
sented by point brightnesses (luminances)).

[0065] The B-mode image data created by the signal pro-
cessing section 502 is provided in a different scanning system
from the scanning system of ordinary television signals.
Accordingly, the DSC 504 converts (raster conversion) the
B-mode image data to usual image data (for example, image
data in a television signal scanning system (the NTSC sys-
tem)). The image processor 506 applies various kinds of
image processing (for example, contrast processing) to the
image data inputted from the DSC 504 as necessary.

[0066] The image memory 508 stores image data inputted
from the image processor 506. The D/A converter 510 con-
verts image data read from the image memory 508 to analog
image signals and outputs the analog image signals to the
display unit 104. Thus, the ultrasonic image (video image)
captured by the ultrasound probe 300 is displayed at the
display unit 104.

[0067] In the present exemplary embodiment, the RF sig-
nals are detection signals to which the reception focusing
processing has been applied in the reception circuit 404.
However, detection signals to which the reception focusing
processing has not been applied may also be used as RF
signals. In this case, the plural ultrasound detection signals
outputted from the plural ultrasound transducers 302 are
amplified at the reception circuit 404, and RF data is gener-
ated by the amplified detection signals, which is to say the RF
signals, being A/D-converted at the A/D converter 406. This
RF data is both provided to the signal processing section 502
and stored in the cine-memory 602. The reception focusing
processing can be performed digitally at the signal processing
section 502.

[0068] Now, the cine-memory replay mode is described.
The cine-memory replay mode is a mode in which an ultra-
sound diagnostic image based on the RF data stored in the
cine-memory 602 is displayed, and is analyzed and measured
or the like.

[0069] When the cine-memory replay button of the console
202 is pressed by a user, the controller 100 switches the
operation mode of the ultrasound diagnostic device 10 to the
cine-memory replay mode. In the cine-memory replay mode,
the controller 100 instructs a cine-memory replay section 604
to replay RF data designated by operational inputs from the
user. In accordance with the instructions from the controller
100, the cine-memory replay section 604 reads RF data from
the cine-memory 602 and sends the RF data to the signal
processing section 502 of the image signal generation section
500. The signal processing section 502, the DSC 504 and the
image processor 506 apply predetermined processing (pro-
cessing similar to the processing in the live mode) to the RF
data sent from the cine-memory 602 to convert the RF data to
image data, and then output the image data via the image
memory 508 and the D/A converter 510 to the display unit
104. Thus, an ultrasound image (a video image or a still
image) based on the RF data stored in the cine-memory 602 is
displayed at the display unit 104.

[0070] Inthe live mode orthe cine-memory replay mode, if
the freeze button of the console 202 is pressed while an
ultrasound image (a video image) is being displayed, the
ultrasound image that is being displayed at the moment the
freeze button is pressed is displayed as a still image at the
display unit 104. Thus, a user may display a still image of a
region of interest (ROT) and inspect the image.
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[0071] If the measurement button of the console 202 is
pressed, an analysis and/or measurement designated by
operational inputs from the user is carried out. When the
measurement button is pressed in the various operation
modes, a data analysis and measurement section 106 acquires
the RF data, before image processing is applied thereto, from
the A/D converter 406 or the cine-memory 602, and uses this
RF data to perform the analysis/measurement instructed by
the user (for example, analyzing distortion of a tissue portion
(a hardness diagnosis), measuring blood flow, measuring a
movement of a tissue portion, or measuring an intima-media
thickness (IMT) value). The data analysis and measurement
section 106 also performs processing to measure local sound
velocity values and calculate indices representing variations
in sound velocity or attenuation, as is described in more detail
below. Analysis and measurement results from the data analy-
sis and measurement section 106 are outputted to the DSC
504 of the image signal generation section 500. The DSC 504
incorporates the analysis and measurement results from the
data analysis and measurement section 106 into the image
data of the ultrasound image, and outputs the image data to
the display unit 104. Thus, the ultrasound image and the
analysis and measurement results are displayed at the display
unit 104. In FIG. 1, the data analysis and measurement section
106 is illustrated as a separate component from the controller
100. However, the data analysis and measurement section 106
may be structured integrally with the controller 100 and pro-
vide the functions of data analysis and management as part of
the functions of the controller 100. Herebelow, the data analy-
sis and measurement section 106 is described as being part of
the functions of the controller 100.

[0072] When the display mode switching button is pressed,
the display mode is switched between the mode that displays
individual B-mode images, a mode that displays sound veloc-
ity or attenuation variation determination results overlaid on
a B-mode image (for example, a display in which color levels
or brightnesses are altered in accordance with sound velocity
or attenuation variations, or a display in which points at which
sound velocity or attenuation variations are equal are joined
by lines), and a mode in which a B-mode image and an image
of sound velocity or attenuation variation determination
results are displayed side by side. Thus, a user may, for
example, find a lesion by inspecting the sound velocity or
attenuation variation determination results.

[0073] According to “Acoustic Characteristics of the Tis-
sue and the Ultrasonic B-mode Image”, Hiroyuki Hachiya,
Medical Imaging Technology, Vol. 21 No. 2, March 2003,
when a liver becomes cirrhotic, necrotic tissues connect
together as the cirrhosis develops. As a result of repairs,
surrounding tissues become fibrous and form nodules, and
hepatic lobules are replaced with regenerative nodules.
Examples of the distribution of scattering bodies are shown in
FIG. 13A to FIG. 13C. FIG. 13A shows a normal liver. The
respective hepatic lobules have random sizes of around 1.0
mm to 1.5 mm. As the liver develops moderate cirrhosis, as
illustrated in FIG. 13B, numerous hepatic lobule structures
are necrotized, fibrous tissues form, and nodule diameters
increase to 3 mm to 4 mm. As lesions develop and the liver
becomes severely cirrhotic, as illustrated in FIG. 13C, the
nodule diameters grow to a maximum of around 7 mm. It has
been reported that sound velocities, attenuation and scattering
within these nodules are lower than in a normal liver, while
fibrous portions have higher levels of micro-structural
changes in sound velocity than a normal liver. On the other
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hand, according to “Tissue characterization by sound velocity
measurements”, Kouichi Akamatsu, “Rinshou’i”, Vol. 12,
No. 11, 1986, it has been found that there is no significant
difference in macro sound velocity values between normal
livers and cirrhotic livers. Therefore, it may not be possible to
discern micro-structural changes in sound velocity or attenu-
ation as described above by methods of macroscopic mea-
surement of sound velocities or attenuation proposed in the
related art.

[0074] Taking account of the above considerations, the
ultrasound diagnostic device 10 of the present exemplary
embodiment specifies a region of interest, measures varia-
tions in sound velocity or variations in attenuation of the
region of interest, and diagnoses a tissue characteristic. As is
described in more detail below, in the present exemplary
embodiment, transmission focusing is applied to form a
pseudo (dummy) point reflection. From the reception data of
the respective elements (transducers), time differences are
calculated from reception times approximated for a uniform
sound velocity, and sound velocity variations are measured
from variations in the time differences. Alternatively, attenu-
ation (scattering and absorption) variations are measured
from amplitude variations or frequency variations that are
approximated for a uniform attenuation. The measured varia-
tions can then be used for diagnostics of a tissue characteris-
tic.

[0075] FIG.2Ato FIG. 2C schematically illustrate the prin-
ciples of measuring sound velocity variations and attenuation
variations.

[0076] FIG.2A illustrates the measurement of sound veloc-
ity variations by finding variations from reception timings
approximated for a uniform sound velocity. FIG. 2B illus-
trates the measurement of attenuation variations from ampli-
tude variations approximated for a certain attenuation. FIG.
2C illustrates the measurement of attenuation variations from
central frequency variations approximated for a uniform
attenuation.

[0077] In each of these cases, transmission focusing is
applied to form a pseudo point reflection, and sound velocity
variations or attenuation variations are measured from the
reception data of the respective elements.

[0078] That is, as shown in FIG. 2A, a pseudo point reflec-
tion is taken to be from a lattice point X of a region of interest
ROI within an imaging subject. If cirrhosis has developed and
nodules have formed, as illustrated in FIG. 2A, variations
occur in the sound velocity and attenuation depending on
directions of progress of the ultrasonic waves.

[0079] FIG. 2A shows a wavefront (reception timings)
actually measured at the elements with a solid line, and shows
a wavefront that is approximated assuming that the medium
of the imaging subject has a uniform sound velocity with a
broken line. Thus, FIG. 2A shows variations in reception
timings caused by sound velocity variations at respective
directional positions.

[0080] FIG. 2B shows logarithmically compressed values
of amplitude actually measured at the elements with a solid
line, and shows logarithmically compressed values of ampli-
tude that are approximated assuming that the medium of the
imaging subject has uniform attenuation with a broken line.
Thus, FIG. 2B shows variations in logarithmically com-
pressed values of amplitude caused by attenuation (absorp-
tion and dispersion) variations at the respective directional
positions.
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[0081] FIG. 2C shows central frequencies actually mea-
sured at the elements with a solid line, and shows central
frequencies that are approximated assuming that the medium
of the imaging subject has uniform attenuation with a broken
line. Thus, FIG. 2C shows variations in the central frequency
caused by attenuation (absorption and dispersion) variations
at the respective directional positions.

[0082] Thus, reception timings, amplitudes and central fre-
quencies of received waves from a pseudo point reflection
formed by applying transmission focusing feature vary from
reception timings, amplitudes and central frequencies when
uniform sound velocity and uniform attenuation are assumed.
This is because the mixing proportions of media with differ-
ent sound velocities and attenuations vary between different
paths corresponding to directional positions. In a case in
which the mixing proportions of media with different sound
velocities and attenuations vary between different paths,
variations in timings, amplitudes and frequencies of the
reception signals arise in the process of propagation from the
pseudo point reflection to the elements, and are also caused by
interference between adjacent ultrasound waves when the
pseudo point reflection is formed. In specific terms, the trans-
mission focusing does not concentrate at a single point,
because of the sound velocity and attenuation (including scat-
tering) varying between different paths. Consequently, there
is interference from scattering of adjacent ultrasound waves,
as a result of which variations in the timings, amplitudes and
frequencies of the reception signals occur. It can be easily
understood from FIG. 2A to FIG. 2C that the greater the
variations in mixing proportions between different paths, the
greater the variations in reception timings, amplitudes and
central frequencies between directional positions, and also
that the greater a spatial frequency of variations in the mixing
proportions between the different paths, the greater a spatial
frequency of the variations in reception timings, amplitudes
and central frequencies between directional positions.

[0083] Therefore, information about the magnitudes and
spatial frequencies of variations in the mixing proportions of
media with different sound velocities and attenvations in a
region of interest may be acquired from the magnitudes and
spatial frequencies of variations in the reception timings,
amplitudes or central frequencies of reflected waves from a
lattice point X compared with the reception timings, ampli-
tudes or central frequencies that would be obtained if uniform
sound velocity and uniform attenuation are assumed.

[0084] Hence, variations in sound velocity or attenuation
may be determined, and this may be used for diagnostics of
tissue characteristics. Herein, the embodiment is described
using the example of cirrhosis, but it will be clear that appli-
cation of the embodiments is not limited to cirrhosis.

[0085] Herebelow, processing to find an index representing
sound velocity variations or attenuation variations (a varia-
tion index) is described.

[0086] First, a method of calculating sound velocity varia-
tions is described.

[0087] In order to simplify the descriptions, it is assumed
that two kinds of media are present on a particular path when
ultrasound is being propagated from a sound source to an
element. This situation is schematically illustrated in FIG. 3.

[0088] Inreality, amedium 1 and a medium 2 would not be
clearly separated as is shown in FIG. 3 but mixed together
along a path in a complicated manner. FIG. 3 illustrates a case
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in which medium 1 and medium 2 are each gathered together
in one direction and the mixing proportions thereof can be
easily seen.

[0089] InFIG. 3, L represents the overall length of the path
from the sound source to the element (the path length), p1 and
p2 represent the average mixing proportions of medium 1 and
medium 2 independent of propagation paths, and Ap repre-
sents an amount of change in the mixing proportions depend-
ing on a path.

[0090] On the path shown in FIG. 3, if it is assumed that a
mixing ratio of medium 1 and medium 2 differs from the
average mixing ratio p1:p2 by Ap, becoming (p1+Ap):(p2-
Ap), then of the overall length L. of the path, the length
occupied by medium 1 is Lx(p1+Ap) and the length occupied
by medium 2 is Lx(p2-Ap).

[0091] Ifthe sound velocity of the vltrasound in medium 1
is v, and the sound velocity of the ultrasound in medium 2 is
v,, then a reception timing t at which ultrasound emitted from
the sound source is received by the element is given by the
following expression.

r=Lx(pl+Ap)/vi + Lx(p2+ Ap)/v2

= Lx(1/v)xpl+ Lx(1/vy) %02+ LxApx((1/vi)—(1/v,)

If a reception timing that does not depend on the path (i.e.,
does not take account of path variations)

(Lx(1/v)xpl+Lx(1/vy)xp2)

is subtracted, an amount of change of the reception timing
depending on the path is obtained by the following expres-
sion.

LxApx((1/v)-(1/v5))

[0092] Ifthis is then divided by the total length of the path
(the path length) L, the following expression (1)is obtained to
serve as an index that is independent of the path length L.

Apx((1v)={Uvy)) (1

[0093] However, because the change in the mixing propor-
tions Ap over the path length L varies between different paths,
the index represented by the above expression (1) varies
between different paths.

[0094] Therefore, a variation index that is independent of
paths may be obtained by finding the standard deviation of
values of expression (1) for all paths.

[0095] The change Ap in the mixing proportions varies
more greatly in accordance with pathological changes of
tissues, or the difference between v, and v, increases with
pathological changes of tissues. Therefore, a variation index
based on expression (1) is an index that excellently represents
a degree of variations.

[0096] Only two types of medium have been considered
hereabove. However, in any case in which there are two or
more types of medium, the index (1) of two or more types is
the sum of the changes of the mixing proportions of the
different media—Ap1, Ap2, etc.—so the degree of variations
thereof is an index that excellently represents a degree of
pathological changes.

[0097] In the above method, reception timings, and recep-
tion timings and path lengths that do not take account of path
variations, are unknown.
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[0098] Among these, the reception timings (the reception
timings at the elements) may be found using a known phase
aberration analysis technique (for example, see JP-A No.
H6-105841). A constant signal is used as a reference signal,
phase differences in reception signals of the reference signal
at the elements of the ultrasound probe are detected, the phase
difference detection results of neighboring elements are com-
pared, and the differences therebetween are represented by
“D”. Then, in a graph in which element identification num-
bers of the ultrasound probe are plotted on the horizontal axis
and phase differences between the reception signals at the
elements and the reference signal S are plotted on the vertical
axis, 360° is added to points that are not continuous between
the positive side and the negative side (that is, where the
difference D is below -=180°), and 360° is subtracted from
points that are not continuous between the negative side and
the positive side (that is, where the difference D is above)+
180°, to make a non-continuous line into a continuous line.
Thus, phase aberrations may be accurately detected over a
wide range.

[0099] The reception timings that do not take account of
path variations may be resolved into the path length L and
(1/average sound velocity)=((1/v,)xp1+(1/v,)xp2).

[0100] Now, a method of finding the path length L and an
average sound velocity is described.

[0101] As shown in FIG. 4, a sound source within a target
formed of a number of types of media with different sound
velocities (a mixed medium) is assumed to be at a depth that
is the distance L from the element surfaces.

[0102] First, a sound velocity (average sound velocity) and
depth, which are found assuming that the medium as faras the
sound source is uniform, are calculated from the element
reception signals of ultrasonic waves emitted from the sound
source, illustrated in FIG. 4.

[0103] A reception timing T(X) at an element that is at a
position a distance X from being directly in front of the sound
source, as shown in FIG. 4, may be given by the following
expression.

TX)=V(L+Xo)x ((Uv xpl+(Livy)xp2+(1/vy)xp3+ . . .
) @
[0104] In this expression, the symbol V(A) represents the
square root of A, and pn and v, represent the mixing propor-
tion and sound velocity of each medium n. The mixing pro-
portions herein do not include the changes Ap.
[0105] Because pn is considered to be constant regardless
of the propagation path, the average sound velocity that is
assumed to be uniform and the depth in the above expression
(2) can be uniquely calculated, as in the following expression

3).

1/average sound velocity=((1/v|)xpl+(1/vo)xp2+(1/
VX3t ..

Depth=L (3)

The average sound velocity in the above expression (3) is the
aforementioned average sound velocity. The respective path
lengths may be found from the depth I and the element
positions X.

[0106] That is, the average sound velocity and respective
path lengths may be calculated by considering the element
reception timings all together. Even if the changes Ap in the
mixing proportions according to the respective paths are
taken account of, any effect thereofis likely to be small when
the element signals are considered all together.
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[0107] A known image analysis technique (for example,
see JP-A No. 2007-7045) may be used to find the average
sound velocity and the depth. This method assumes values for
the average sound velocity (and the depth) and finds a value at
which the sharpness, contrast or the like of an image of the
sound source is maximized.

[0108] As a further alternative, a method is also possible in
which the element reception timings are found from phase
aberration analysis, then an average reception timing is found
using a least squares fit, and an average sound velocity (and
depth) corresponding thereto is calculated.

[0109] In order to simplify the descriptions here, propaga-
tion only from the sound source is assumed. In practice,
however, the process includes forming the pseudo point
reflection by transmission focusing. In this case, it is suffi-
cient simply to add a transmission propagation duration to the
above expression (2).

[0110] Herebelow, a method of finding the variation index
in a case in which there is a non-uniform layer is described.

[0111] In this case, as illustrated in FIG. 5, the variation
index is calculated for a case in which a distinct medium that
is different from the mixed medium is in front of the elements.
More specifically, changes in the path lengths and reception
timings are found by removing the effects of the distinct
medium.

[0112] Firstly, in order to find the path lengths, as shown in
FIG. 5, a local region is specified such that the vicinity of a
boundary between the mixed medium and the distinct
medium is at a lower face of the local region, and plural lattice
points are specified along the lower face of the local region.
When an average sound velocity in this region has been
found, a depth L' of the sound source in the local region is
found, and hence respective path lengths to the lattice points,
which are separated by distances X', are found.

[0113] Various methods are available to find the average
sound velocity in the local region (the local sound velocity),
such as the technology described in JP-A No. 2010-99452
and the like, as described below.

[0114] For example, taking the sound source in FIG. 5 as a
point of interest, first, an environmental sound velocity at the
point of interest and the lattice points along the lower face of
the local region is found. The term “environmental sound
velocity value” is intended to include a sound velocity value
at which the contrast and sharpness of an image are highest.
An environmental sound velocity value may be found by the
above-mentioned image analysis technique. Then, the wave-
form of a hypothetical reception wave W if the point of
interest acts as the reflection point is calculated on the basis of
the environmental sound velocity value at the point of inter-
est. Aninitial value of the assumed sound velocity in the local
region is specified, and the assumed sound velocity is altered
in single steps. A reception wave at the lattice points along the
lower face of the local region is calculated from the environ-
mental sound velocity, and a hypothetical compound recep-
tion wave Wy, , in which the reception wave at the lattice
points, with delays determined by the assumed sound veloc-
ity, are hypothetically combined is calculated.

[0115] Then, residuals (errors) between the hypothetical
reception wave W ,-and the hypothetical compound reception
wave W g, ,are calculated. The residuals between the hypo-
thetical reception wave W and the hypothetical compound
reception wave W g, ,, can be calculated by a method of find-
ing a mutual cross-correlation, a method of applying delays
obtained from the hypothetical compound reception wave
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W to the hypothetical reception wave W -and performing
phase matching addition, a method of conversely applying
delays obtained from the hypothetical reception wave W, to
the hypothetical compound reception wave W, - and per-
forming phase matching addition, or the like.

[0116] In order to obtain delays from the hypothetical
reception wave W, itis sufficient to use the reflection point as
the point of interest and use a time at which ultrasound propa-
gated at the environmental sound velocity value from the
point of interest reaches each element as the delay. In order to
obtain delays from the hypothetical compound reception
wave Wy, @ line of equal phase is derived from phase
differences between neighboring elements in the compound
reception wave, and this line of equal phase may be used as
the delays, or phase differences between maximum (peak)
positions of the compound reception wave at the respective
elements may be simply used as the delays. Further, cross-
correlation peak positions of the compound reception wave
from the respective elements may be used as the delays.
Residuals at a time of phase matching addition may be found
by a method of finding peak-to-peak values of the waveform
after the matching addition, a method of finding maximum
values of amplitude after envelope detection, or the like.
[0117] Then, after the calculation has been completed for
all values of the assumed sound velocity, the local sound
velocity value in the local region is determined. That is, the
local sound velocity value in the local region is determined to
be the value of the assumed sound velocity at which the
differences between the hypothetical reception wave W ,-and
the hypothetical compound reception wave W, are mini-
mized.

[0118] The following is also available as a method that may
measure the local sound velocity even in a case in which
sound velocities in the imaging subject are non-uniform and
the reception timings at the lattice points (the reception wave)
cannot be approximated from the environmental sound veloc-
ity.

[0119] For example, a method is available of determining
the local sound velocity by finding a point of interest within
the region of interest and reception timings (reception waves)
at the lattice points along the lower face of the local region in
advance, superimposing lattice point reception waves with
delays determined by an assumed sound velocity in the region
of interest and combining the lattice point reception waves
into a compound reception wave, and comparing this with the
reception wave in the region of interest.

[0120] Alternatively, the local sound velocity may be deter-
mined by finding the point of interest within the region of
interest and reception timings (reception waves) at the lattice
points along the lower face of the local region in advance, then
finding the sum of a propagation duration of ultrasound from
the point of interest to each lattice point, which is determined
by the assumed sound velocity in the region of interest, and
the respective lattice point reception timing, using the small-
est of these sums as a compound reception timing of the
element and, for each element, comparing the reception tim-
ing of the ultrasound from the point of interest with the
compound reception timing.

[0121] These reception timings at the point of interest and
the lattice points along the lower face of the local region may
be found using the above-mentioned image analysis tech-
nique and phase aberration analysis technique.

[0122] As analternative method for finding the local sound
velocity, for example, the reception timings (reception
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waves) at the lattice points along the lower face of the local
region may be found by the image analysis and phase abet-
ration analysis techniques in the same manner as described
above. Then, the lattice point reception waves are superim-
posed with delays determined by the assumed sound velocity
at the point of interest and combined into a compound recep-
tion wave, after which an image is generated on the basis of
the generated delays, these images are analyzed, and the local
sound velocity may be determined from, for example, a con-
dition in which the sharpness is maximized.

[0123] Or, after the reception timings (reception waves) at
the lattice points have been found, the sum of a propagation
duration of ultrasound from the point of interest to each lattice
point according to the assumed sound velocity in the region of
interest and the respective lattice point reception timing may
be found, the smallest of these sums may be used as a delay of
the element, and an image may be generated on the basis of
these delays. These images are analyzed and the local sound
velocity may be determined from, for example, a condition in
which the sharpness is maximized.

[0124] As a further alternative, the reception timings (re-
ception waves) at the lattice points along the lower face of the
local region may be found by image analysis and phase aber-
ration analysis techniques in the same manner as described
above. These reception timings may be used as delays, and the
lattice points along the lower face of the local region may be
treated as hypothetical elements. As reception signals of the
hypothetical elements, signals for which matching addition
with the delays has been performed may be specified, and an
image may be generated from the reception signals at the
hypothetical elements on the basis of the assumed sound
velocity at the point of interest. These images are analyzed,
and the local sound velocity may be determined from, for
example, a condition in which the sharpness is maximized.

[0125] The methods for specifying the above lattice points
and the lower face of the local region are not particularly
limited to a flat surface. An arbitrary curved surface at the
element side (the near side to the elements) relative to the
point of interest may be specified. For example, a surface of a
boundary of a tissue, a lesion or the like may be specified.

[0126] Next, as a method of finding changes of the element
reception timings, changes in the reception timings of the
signals received at the elements are found from reception
timings determined in accordance with the average sound
velocity. Changes caused by the distinct medium are removed
from these changes by applying filter processing to cut low
frequencies, and the element positions are converted to the
lattice point positions at the lower face of the local region. For
the conversion from the element positions to the lattice point
positions at the lower face of the local region, ultrasound
propagation paths from the point of interest through the lat-
tice points to the elements are calculated from the local sound
velocity in the local region and the environmental sound
velocities or the element reception timings at the lattice
points. Hence, the conversion may be performed by propa-
gating in the reverse direction along the propagation paths
from the element positions.

[0127] Thechanges found in this manner are divided by the
propagation lengths, providing the indices obtained from the
above expression (1), and the standard deviation thereof may
be used as the variation index.

[0128] Now, a method of finding attenuation variations is
described.

Feb. 26,2015

[0129] As described below, the attenuation variations may
be found by a method similar to that for the sound velocities,
using amplitudes or central frequencies instead of reception
timings of the reception signals.

[0130] There are three kinds of attenuation: diffusion
attenuation, caused by the spreading of ultrasonic waves;
absorption attenuation, caused by ultrasonic waves being
absorbed by a medium and converted to heat; and scattering
attenuation, caused by scattering in organic tissues. Of these,
absorption and scattering attenuation are given by exp(-ax),
in which o represents an attenuation coefficient and x repre-
sents a propagation distance.

[0131] According to “Cho’onpa Binran” (Ultrasound
handbook), published by Maruzen, 1999, in organic tissues it
may be assumed that the attenuation coefficient o in a fre-
quency range in the megahertz band is approximately propor-
tional to frequency. Due to the attenuation being proportional
to frequency, the central frequency of a Gaussian pulse shifts
in proportion to a propagation distance. Utilizing this fact, an
attenuation may be found from a central frequency shift.
[0132] Now, the variation index for attenuation is consid-
ered in the same manner as in the case of sound velocity.
[0133] After logarithmic compression of respective paths
from a sound source, an amplitude A(x) and a central fre-
quency F(x) are given by the following expression (4).

Ax)=40)-Lx(alxpl+a2xp2)-LxApx(al-a2)
Fx)=F(O)-Lx(P1xpl+P2xp2)-LxApx(p1-p2) (4)

[0134] This expression disregards the effects of diffusion,
transmission focusing, non-linearity, directionality and the
like on the amplitude. In this expression, o represents an
attenuation coefficient, including an element dependent on
frequency, and f represents a constant determined by o and
the bandwidth of a pulse wave (a Gaussian pulse is assumed).

[0135] From the above expression (4), an amplitude and

central frequency that do not take account of path variations
are given by the following expression (5).

AX)=A0)-Lx(alxpl+a2xp2)
Fx)=FO)-Lx(Plxpl+Pf2xp2) (5)

[0136] The following expression (6) is obtained by sub-
tracting expression (5) from the above expression (4), and
dividing a change in the amplitude that is found (LxApx(c.1-
a2)), or a change in the frequency that is found (LxApx(p1-
[32)), by the path length L.

Apx(ol-a2) or Apx(B1-p2) (6)

[0137] Thus, anindex that is independent of the path length
is obtained.

[0138] The path length L in this case can be found from the
average sound velocity by, for example, the above expression
(3). Amplitudes or central frequencies that are independent of
the paths are required to obtain the change amounts, and these
may be found by fitting the element reception signals to
amplitudes or central frequencies. Average values of « or
may be assumed on the basis of the depth of the sound source
found from expression (3) and may be used for the fitting.

[0139] Iftransmission paths are also to be considered, it is
sufficient to append the following expression to expression

COF

{transmission path length)x(alxpl+a2xp2)
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[0140] As a method for finding the variation index in a case
in which a non-uniform layer is present, it is sufficient to find
path lengths in a local region in FIG. 5, and find changes
represented by the above expression (6) from the average
attenuation of amplitudes or central frequencies at the lattice
points along the lower face of the local region. The path
lengths may be found together with the average sound veloc-
ity of the local region.

[0141] Examples of methods to find sound velocity varia-
tions and attenuation variations are illustrated hereabove, but
numerous variants of these methods are available.

[0142] FIG. 6 and FIG. 7 show methods of finding a varia-
tion index (for sound velocity variations or attenuation varia-
tions), divided into steps and summarized. FIG. 6 illustrates a
case in which there is no distinct medium, and FIG. 7 illus-
trates a case in which a distinct medium is present.

[0143] First, the method of finding a variation index in a
case in which there 1s no distinct medium is described with
reference to the flowchart in FIG. 6.

[0144] In step S100, path lengths are calculated. Path
lengths linking the point of interest with the elements may be
calculated by calculating the depth of a point of interest (a
sound source).

[0145] As a method for calculating the depth of a point of
interest, there are methods such as, for example, a method of
finding the depth from reception timings, a method of finding
the depth from amplitudes, a method of utilizing central fre-
quencies, and the like.

[0146] As a method for finding the depth from reception
timings, for example, the average sound velocity and depth as
far as the point of interest may be found using a known image
analysis technique. To be specific, the average sound velocity
and depth may be found in the form of values at which a
characteristic such as the sharpness or contrast of an image of
the point of interest is maximized.

[0147] As amethod for finding the depth from amplitudes,
for example, a method may be considered of acquiring ampli-
tudes of the element reception signals, fitting the amplitudes
to amplitudes found by assuming the average sound velocity
and depth as far as the point of interest in the above expression
(5), and employing the values at which residuals are mini-
mized. However, because amplitudes are affected not just by
attenuation but also by diffusion, transmission focusing, non-
linearity and the like, applying expression (5) is difficult. In
this regard, a method that utilizes amplitude ratios of two
frequencies, for example, the method disclosed in Japanese
Patent Application Publication (JP-B) No. H3-24868, may be
used, and the depth may be found using the fact that the
difference between logarithmically compressed amplitudes
of two frequencies being proportional to an attenuation coef-
ficient.

[0148] As a method that utilizes central frequencies, a
method may be considered of acquiring central frequencies of
the element reception signals, fitting these central frequencies
to central frequencies found by assuming the average sound
velocity and depth as far as the point of interest in expression
(5), and employing the values at which residuals are mini-
mized. In this case, the fitting may be performed more accu-
rately if the central frequency when the waves are transmitted
is known.

[0149] Instep S110, element reception timings, amplitudes
or central frequencies are calculated.

[0150] The reception timings may be found using a known
phase aberration analysis technique, as described above. The
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phase aberration analysis may be performed using reception
timings that do not take account of path variations, which
have found in advance together with an average sound veloc-
ity from image analysis of the point of interest, as reference
points.

[0151] The amplitudes may be found using a method of
applying envelope detection to the element reception signals,
converting the results to amplitude information, and then
acquiring values at the reception timings mentioned above. A
peak value in a predetermined range may be acquired using
the reception timings that do not take account of path varia-
tions as reference points.

[0152] The central frequencies may be found using a
method of acquiring a predetermined range from the element
reception signals, using the reception timings mentioned
above as reference points, converting the frequencies, and
then finding a center of gravity from the expression [fxP(f)
-df/[P(f)-df. In this expression, f represents frequency and P(f)
represents the spectral density at f. A central frequency may
be a frequency at which the spectral density peaks, or may be
the middle of a half-amplitude width. The central frequency
may also be found from slopes in the depth direction of phases
obtained by applying wave detection processing.

[0153] In the above descriptions, when finding an ampli-
tude or central frequency, noise and interference may be
reduced by matching addition of signals at corresponding
reception timings in a predetermined aperture that is centered
on the reception signal of the element being found.

[0154] Then, in step S120, reception timings, amplitudes
and central frequencies of the respective paths that do not take
account of path variations are calculated.

[0155] The reception timings may be found using the aver-
age sound velocity found in the above-mentioned step S100.
Alternatively, the reception timings may be found by fitting a
curve that minimizes residuals to the element reception sig-
nals found in step S110. Here, because the path lengths link-
ing the point of interest with the elements have been found in
step S100, an average sound velocity may be assumed to
calculate the reception timings, and an average sound velocity
(and hence reception timings) that minimizes residuals may
be found.

[0156] The amplitudes may be found by fitting a curve that
minimizes residuals to the amplitudes of the element recep-
tion signals found in step S110. Here, because the path
lengths linking the point of interest with the elements have
been found in step S100, amplitudes may be calculated while
assuming the average attenuation in expression (5), and an
average attenuation (and hence amplitudes) that minimizes
residuals may be found.

[0157] Regarding the central frequencies, if the average
attenuation has been found in step S100, the central frequen-
cies at the elements are found at the same time. Alternatively,
the central frequencies may be found by fitting a curve that
minimizes residuals to the central frequencies of the element
reception signals found in step S110. Here, because the path
lengths have been found in step S100, the central frequencies
may be calculated while assuming the average attenuation,
and an average attenuation (and hence central frequencies)
that minimizes residuals may be found. In this case, the fitting
may be performed more accurately if the central frequency
when the ultrasound is transmitted is known.

[0158] Then, in step S130, changes in the reception tim-
ings, amplitudes or central frequencies of the respective paths
are calculated. These may be found by subtracting the values
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found in step S120 from the reception timings, amplitudes or
central frequencies found in step S110.

[0159] Then, in step S140, the changes are divided by the
path lengths to calculate indices, and the variation index is
calculated from these indices. The variation index may be a
standard deviation, a maximum value or the like of the respec-
tive path indices.

[0160] Next, the method of finding a variation index when
adistinct medium is present is described with reference to the
flowchart in FIG. 7.

[0161] The flowchart in FIG. 7 is substantially the same as
the flowchart of F1G. 6 described above, but differs in that, in
the method of calculating the variation index at the point of
interest, “paths” is replaced with “paths in the local region”,
and “element reception timings, amplitudes or central fre-
quencies” are replaced with “values along the lower face of
the local region”.

[0162] First, in step S200, path lengths in the local region
are calculated (i.e., the depth of the pseudo point reflection is
calculated). For example, as shown in FIG. 5, a local region is
specified with points of interest (sound sources) along the
upper face and the vicinity of the boundary with the distinct
medium as the lower face, and path lengths within the local
region are found. Firstly, the depth of a point of interest in the
local region is found. A method of finding the depth together
with the average sound velocity in the local region may be
suitably used as a method for finding the depth. Various
methods as described above are available as methods for
finding the average sound velocity in the local region (the
local sound velocity).

[0163] In step S210, values for element reception timings,
amplitudes or central frequencies at the lower face of the local
region are calculated.

[0164] As a method for finding local reception timings in
the local region, known image analysis and phase aberration
analysis techniques may be used to find the reception timings
(and the average sound velocity) at the lattice points along the
lower face of the local region, and these are used as delays. A
reception timing (reception wave) at the point of interest is
found by image analysis and phase aberration analysis. The
lattice points are treated as hypothetical elements, and signals
for which matching addition of the reception wave at the point
of interest with the delays has been performed are specified as
reception signals of the hypothetical elements. A local recep-
tion timing at the point of interest is found by applying phase
aberration analysis to reception signals at the hypothetical
elements. Alternatively, with the lattice points being treated
as hypothetical elements, a latest timing among timings for
which the delays are subtracted from the element reception
timings at the point of interest is employed as a local reception
timing of the hypothetical elements.

[0165] Or, reception waves at the lattice points along the
lower face of the local region are all regarded as being the
same, a representative reception wave is specified, and the
local reception timing at the point of interest is found by
applying deconvolution with the reception wave representing
the lattice points along the lower face of the local region to the
reception wave at the point of interest. The deconvolution
processing may be applied to the element reception signals or
in a frequency space thereof.

[0166] Or, the local reception timings may be found such
that residuals between the reception timings (reception
waves) at the point of interest, and the reception timing (re-
ception wave) at the point of interest, which is found from the
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reception timings (reception waves) at the lattice points along
the lower face of the local region and propagation durations
from the point of interest to the lattice points (local reception
timings), are minimized. Various algorithms may be used as a
minimum value search algorithm. For example, a quasi-New-
ton method may be used.

[0167] As a method for finding central frequencies, local
reception timings in the local region or the average sound
velocity, and reception timings at the lattice points along the
lower face of the local region or the average sound velocity
are found in advance. Hence, a propagation path from the
point of interest—each lattice point—the respective element
is calculated. It is assumed that the central frequency when the
ultrasound is transmitted is already known.

[0168] Central frequency shift amounts from the lattice
points along the lower face of the local region to (—) the
respective elements are found by the following procedure.
[0169] First, the central frequencies are found from the
element reception signals at the lattice points (here, noise and
interference may be reduced by matching addition of signals
at corresponding reception timings in a predetermined apet-
ture that is centered on the reception signal of the element to
be found). The central frequency shift in one direction for a
particular lattice point is a value represented by the expres-
sion below.

(central frequency[reception signal at middle ele-
ment])-(central frequency[at transmission])/2

[0170] A value obtained by subtracting this value from
(central frequency [reception signal at middle element])-
(central frequency [at transmission]), represents a central fre-
quency shift that is caused by attenuation along the propaga-
tion path from the lattice point to the element.

[0171] Evenifthe central frequency when the ultrasound is
transmitted is unknown, if uniform attenuation along the
whole path from the lattice point to the element is assumed,
the attenuation coefficient can be found and the shift amount
can be found therefrom (however, accuracy is better if the
central frequency when the ultrasound is transmitted is
known).

[0172] Thecentral frequency shift from each lattice point to
the respective element is subtracted from the central fre-
quency at the element for the point of interest, to find the
central frequency at the lattice point.

[0173] Asamethod for finding the amplitudes, attenuations
from the lattice points to the elements are found in advance
from the frequency shift amounts, and the propagation paths
from the lattice points to the elements are found. The ampli-
tudes at the elements are corrected with the attenuations from
the lattice points to the elements, to find the amplitudes at the
lattice points.

[0174] Then, in step S220. reception timings, amplitudes or
central frequencies that do not take account of path variations
in the local region are calculated.

[0175] The reception timings may be found from the aver-
age sound velocity and path lengths in the local region that
have been found in step S200. Alternatively, a curve that
minimizes residuals may be fitted to the lattice point recep-
tion timings found in step S210 to find the reception timings.
Here, because the path lengths linking the point of interest
with the lattice points have been found in step S200, an
average sound velocity may be assumed to calculate the
reception timings, and an average sound velocity (and hence
reception timings) that minimizes residuals may be found.
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[0176] The amplitudes may be found by fitting a curve that
minimizes residuals to the amplitudes at the lattice points
found in step S210. Here, because the path lengths linking the
point of interest with the lattice points have been found in step
S200, the average attenuation in expression (5) may be
assumed to calculate amplitudes, and an average attenuation
(and hence amplitudes) that minimizes residuals may be
found.

[0177] The central frequencies may be found by fitting a
curve that minimizes residuals to the central frequencies at
the lattice points found in step S210. Here, because the path
lengths have been found in step S200, the average attenuation
may be assumed to calculate central frequencies, and an
average attenuation (and hence central frequencies) that mini-
mizes residuals may be found.

[0178] The processing of steps S230 and S240 is the same
as the above-described processing of steps S130 and S140 in
FIG. 6 for the case in which there is no distinct medium, so the
description thereof is omitted.

[0179] Herein, the lower face of the local region that is
specified in a case in which a distinct medium is present need
not necessarily be in the vicinity of the boundary as shown in
FIG. 5, and may be a curved surface rather than a flat surface.
In order to find the reception timings, amplitudes and central
frequencies of the lattice points along the lower face of the
local region, a transmission focusing point may also be speci-
fied atthe lower face of the local region, as well as for the local
region.

[0180] A method is also available for finding the changes in
the reception timings, amplitudes or central frequencies at the
lattice points by removing the changes caused by the distinct
medium, by applying filter processing to cut low frequencies
from the reception timings, amplitudes or central frequencies
of the signals received at the respective elements, and con-
verting the element positions to lattice point positions along
the propagation paths from the lattice points to the elements.
[0181] Note that correction for a distinct medium, normal-
ization by path length and the like are not necessarily
required. However, it is desirable that a ratio between the
depth and the aperture of the elements is constant.

[0182] Ina case of performing normalization, alternatively
to the path length, the depth or a quantity similar to the depth
may serve as a normalization quantity. A quantity similar to
the depth may be areception timing or frequency shift amount
at the middle element (or lattice point), or the like. Normal-
ization by these quantities is not necessary in a case of evalu-
ating variations when the depths of points of interest (regions
of interest) are constant (depths excluding the distinct
medium if there is a distinct medium).

[0183] From the above expression (3) and the like, it can be
seen that the sound velocity and attenuation are quantities that
are dependent only on Ap, unrelated to the depth. Therefore,
sound velocities or attenuations may serve as variation indi-
ces (in which case it is likely that the ratio between the depth
and the aperture is irrelevant).

[0184] The variation index in that case may be: a sound
velocity or attenuation range in which averages of absolute
values or squares of differences from an approximation curve
of sound velocities or attenuations are within a predetermined
ratio of a minimum value; or a sound velocity or attenuation
range at both sides adjacent to a measured reception timing,
amplitude or central frequency. In the case of sound veloci-
ties, the variation index may be a sound velocity range in
which focusing indices of images subjected to matching addi-
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tion have predetermined ratios to the maximum, or a standard
deviation of sound velocities or attenuations that are found by
dividing the aperture into small apertures and finding the
sound velocities or attenuations in the small apertures, or the
like.

[0185] When including variations of ultrasonic wave
propagation durations, amplitude changes, and central fre-
quency shifts along transmission paths, the average sound
velocity and the average attenuation themselves may vary
depending on the position of the point of interest. Therefore,
the standard deviation of variations in the average sound
velocity or average attenuation at points of interest in the
region of interest may serve as the variation index.

[0186] Now, variation indices based on spatial frequency
are described.
[0187] The variation index described above is an index

based on the amounts of variations in reception timings,
amplitudes or central frequencies. However, altering varia-
tions in spatial frequency can also be considered. More spe-
cifically, the frequency with respect to directional position of
the changes in reception timing, amplitude or central fre-
quency illustrated in FIG. 2A to FIG. 2C may vary, and
consequently a variation index may be based thereon.
[0188] Changes in the reception timings, amplitudes and
central frequencies can be obtained by the flowchart of FIG.
6 in a case in which there is no distinct medium, and by the
flowchart in FIG. 7 in a case in which a distinct medium is
present.

[0189] The amounts of changes in the reception timings,
amplitudes and central frequencies increase with the depth of
the point of interest, but there is no need for correction if the
amounts of changes at respective directional positions
increase uniformly because this does not affect the frequency.
However, since there are slight differences in how the changes
increase depending on paths, the changes may be corrected by
normalization by path lengths. That is, either of the changes
provided by the flowcharts of FIG. 6 and FIG. 7 or these
changes normalized by path lengths may be used as variation
indices.

[0190] In this case, even if the depth of points of interest is
not constant, there is no need to correct the frequencies of
changes with respect to directional positions in accordance
with depths, path lengths or the like. However, it is preferable
to perform evaluation with a constant aperture.

[0191] A central frequency or bandwidth of a frequency
distribution with respect to directional positions of the indices
obtained as described above, or a variable based thereon, is
found to serve as the variation index.

[0192] For example. in the case of cirrhosis, because
hepatic lobules that are uniform and small are replaced with
nodules that are non-uniform and large, a central frequency
may move to the low-frequency side or the bandwidth may
widen. Therefore, a level of cirrhosis may be diagnosed from
this variation index.

[0193] The central frequency can be found from IfxP(f)-df/
JP(f)-df, in which f represents frequency and P(f) represents
the amplitude at f. The central frequency may also be a fre-
quency at which the amplitude is at a maximum, may be the
central frequency of a band in which amplitudes have a pre-
determined ratio to the maximum amplitude, or may be the
frequency at which the integrated value of P(f) is at a half-
value.

[0194] The bandwidth can also be found from the square
root of [(f—f,)*xP(D)-df/[P(f)-df=[ExP(H)-df//P(H)-df-£,% in
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which f, represents the central frequency. This may simply be
a variance. Alternatively, a bandwidth in which amplitudes
have a predetermined ratio to the amplitude of the central
frequency, the maximum amplitude, or the like may be used
as the bandwidth. A bandwidth in which the integral P(f) is a
predetermined ratio of the total integral value around the
central frequency, the frequency of the maximum amplitude
or the like may also be used as the bandwidth.

[0195] Beside the central frequency and the bandwidth, a
skew of a frequency distribution may be found to serve as the
variation index. This can be calculated from a three-dimen-
sional moment of the frequency distribution [(f-f,)*xP(f)-dff
[P(D)dE.

[0196] Hereabove, methods are described in which changes
in the reception timings, amplitudes and central frequencies,
changes in normalized path lengths and the like serve as
indices for finding the variation index. However, rather than
the changes, the reception timings, amplitudes and central
frequencies may be directly used as the indices. In this case,
because a component of the reception timings, amplitudes or
central frequencies that do not take account of path variations
is included in the lowest frequencies of the frequency distri-
bution, the lowest frequency components may be removed
when calculating the variation index.

[0197] The variation index may also be found on the basis
of a spatial frequency of variations with point of interest
positions in the average sound velocity or average attenua-
tion. In this case, a two-dimensional frequency distribution of
average sound velocities or average attenuations in a region of
interest may be found, and the variation index may be calcu-
lated from the central frequency, bandwidth or skew of the
two-dimensional frequency distribution.

[0198] Inthe present exemplary embodiment, the variation
index may be found as described above. However, it is likely
that the effects of non-uniformity of micro-structures on
variations in signals vary depending on a relationship
between the scale of micro-structures and wavelengths (fre-
quencies). For example, if a wavelength is significantly
longer than the structures (if the frequency is significantly
low), non-uniformity of the structures has virtually no effect
on signal variations. Conversely, if the wavelength is broadly
similar to the scale of the structures, non-uniformity of the
structures 1s likely to have a great effect.

[0199] Because the micro-structural scale changes with the
development oflesions, it is likely that an optimum frequency
for discerning non-uniformity of the structures varies in
accordance with the state of development of lesions. For
example, as mentioned above, respective hepatic lobules in a
normal liver have random sizes of around 1.0 mmto 1.5 mm,
as shown in FIG. 13A. As moderate cirrhosis develops,
numerous hepatic lobule structures are necrotized, connec-
tive tissues form, and nodule diameters increase to 3 mm to 4
mm, as illustrated in FIG. 13B. As lesions develop further and
the liver becomes severely cirrhotic, the nodule diameters
grow to a maximum of around 7 mm, as illustrated in FIG.
13C. Therefore, optimum frequencies are likely to be differ-
ent for respectively distinguishing between normal livers,
moderate cirrhosis, and severe cirrhosis.

[0200] Accordingly, in the present exemplary embodiment,
when the variation index is being measured and a tissue
characteristic is being diagnosed, the tissue characteristic
diagnosis is carried out on the basis of element signals at two
or more transmission frequencies specified in advance in
accordance with levels of development of cirrhosis. For

Feb. 26,2015

example, as illustrated in FIG. 8, because the optimum fre-
quency for detection varies in accordance with different states
of development of lesions, the detection of lesions is facili-
tated by visualizing signal variations at respective frequen-
cies. More specifically, as shown in FIG. 8, severe cirrhosis
and moderate cirrhosis produce signal variations that are
close together at frequency F2. Therefore, signal variations
may also be found with another frequency (frequency F1 in
FIG. 8). Hence, it may be determined what the corresponding
state of development is, and the state of development of
lesions may be easily diagnosed.

[0201] An example showing signal variations at two fre-
quencies is illustrated in FI1G. 8, but the number of frequen-
cies is not limited to twoj; signal variations may be found for
three or more frequencies. For example, three frequencies
may be set in advance in atable, such as A (MHz) for cirrhosis
at 1 mm, B (MHz) for 5 mm and C (MHz) for 10 mm, and
signal variations may be found at these frequencies. Hence,
the state of development of lesions may be easily diagnosed.
It is preferable to set the frequencies A to C that are employed
to frequencies of 3 MHz or less, which are commonly
employed in the B mode.

[0202] FIG. 9 shows an example of the transmission circuit
402 of the ultrasound diagnostic device 10 according to the
first exemplary embodiment, in which the transmission fre-
quency is alterable.

[0203] In the present exemplary embodiment, as shown in
FIG. 9, the transmission circuit 402 includes a transmission
frequency alteration section 401 and a timing controller 403.
[0204] The timing controller 403 outputs signals to the
transmission frequency alteration section 401 to generate
driving pulses under the control of the controller 100.
[0205] The transmission frequency alteration section 401
generates pulses at frequencies according to instructions from
the controller 100 and outputs the pulses to the ultrasound
transducers 302. Hence, ultrasonic waves at frequencies
according to the instructions from the controller 100 are pro-
duced from the ultrasound transducers 302. As a method for
altering the transmission frequency from the transmission
frequency alteration section 401, for example, the technology
recited in JP-A No. 2006-255014 or the like may be
employed. More specifically, the ultrasound transducers 302
with a wide-band frequency characteristic that employ com-
pound-type piezoelectric elements are employed, plural
bandpass filters that pass different frequency bands are con-
nected to the ultrasound transducers 302, and the driving
pulses are selectively applied, while switching between the
bandpass filters. Thus, ultrasonic waves with different fre-
quency bandwidths and central frequencies may be produced.
Alternatively, plural types of the ultrasound transducers 302
with different frequency characteristics may be provided and
selectively used.

[0206] Now, operations of the ultrasound diagnostic device
10 according to the first exemplary embodiment of the struc-
ture described above are described.

[0207] FIG. 10 is a flowchart showing an example of the
overall flow of processing to calculate a variation index rep-
resenting sound velocity variations or attenuation variations,
which is executed by the controller 100 of the ultrasound
diagnostic device 10 in accordance with the first exemplary
embodiment.

[0208] First, in step S300, a B-mode image is displayed.
That is, a B-mode image is displayed at the display unit 104 in
response to operation of the display mode switching button of
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the console 202 by a user. While the B-mode image is being
displayed, the controller 100 controls the transmission fre-
quency alteration section 401 of the transmission circuit 402
such that the transmission frequency is a B-mode frequency,
and receives ultrasound signals from the ultrasound probe
300.

[0209] Then, in step S302, a region of interest is specified.
For example, a region being specified in accordance with
operations of the console 202 or the pointing device 204 by
the user may be specified as the region of interest.

[0210] In step S304, an identification number j of a trans-
mission frequency F(j) is set to j=1. That is, the transmission
frequency is altered by the controller 100 controlling the
transmission frequency alteration section 401 such that the
transmission frequency is a pre-specified transmission fre-
quency F(1). For example, plural frequencies corresponding
to states of development of lesions (three frequencies in this
example), suchas A (MHz) for cirrhosis at 1 mm, B (MHz) for
5 mm and C (MHz) for 10 mm, are stored in advance in a table
together with pre-specified identification numbers (No.) of
the transmission frequencies, and the transmission frequency
is set to the frequency with the corresponding transmission
frequency identification number.

[0211] In step S306, the transmission circuit 402 controls
the ultrasound transducers in response to instructions from
the controller 100, specifies a predetermined number of trans-
mission focusing points along respective lines in the region of
interest, and applies corresponding transmission focusing at
the transmission frequency F(j), and the reception circuit 404
receives signals via the respective elements. The RF signals
received by the reception circuit 404 are converted to digital
RF signals by the A/D converter 406.

[0212] At this time, for the selection of transmission focus-
ing that corresponds to each point of interest, an effective
region of the transmission focusing may be determined in
advance as described below.

[0213] First, a transmission focus identification number (n)
is specified, a designated line width for a predetermined des-
ignated line number is added or subtracted to set a line num-
ber (m), and element reception signals for focusing point (n)
and line (m) are read out. Then, a specified sound velocity
number (k) is specified, reception focusing for the specified
sound velocity (k) is applied to received signals from line (m)
of transmission focus (n), and an index or image is saved. This
processing is repeated for different values of the specified
sound velocity (k), and after the processing has been com-
pleted for predetermined specified sound velocities, line (m)
is altered and, as above, the transmission focusing is applied
with the different specified sound velocities (k) to the new line
(m).

[0214] Next, an environmental sound velocity (average
sound velocity) is found for each depth from the indices or
images of all lines at the respective specified sound velocities.
A standard deviation of the environmental sound velocities in
the depth direction is calculated, a minimum point is deter-
mined to be the actual focusing point depth, and an effective
area for the transmission focus (n) is found. Then the trans-
mission focus identification number is altered, and an effec-
tive area is found for the next transmission focus (n) in the
same manner as described above.

[0215] The transmission focusing may be performed cor-
responding to each point of interest.

[0216] In step S308, the data analysis and measurement
section 106 specifies a predetermined number (i) of points of
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interest in the region of interest for the RF signals. There may
be a single point of interest; that is, the predetermined number
i, may be 1. By the processing described below, a variation
index representing sound velocity variations or attenuation
variations at the point of interest is found for each of the i,
points of interest.

[0217] Firstly, in step S310, of the predetermined number
(i) of points of interest in the region of interest for the RF
signals, the data analysis and measurement section 106 sets a
value i representing an identification number (No.) of a point
of interest to 1 (i=1).

[0218] Instep S312, element reception data for a transmis-
sion focus corresponding to the point of interest with identi-
fication number 1 is selected, and the variation index repre-
senting sound velocity variations or attenuation variations for
the point of interest with identification number 1 is calculated
from this data. In a case in which there is no distinct medium,
the method for finding the variation index is the above-de-
scribed method illustrated in the flowchart of FIG. 6, and ina
case in which a distinct medium is present, the method for
finding the variation index is the above-described method
illustrated in the flowchart of FIG. 7. At this time, a local
region is specified distinctly from the region of interest, and
the element reception data of transmission focusing corre-
sponding to lattice points along the lower face of the local
region is also used.

[0219] In step S314, the data analysis and measurement
section 106 increments the point of interest identification
number i by 1 (1 is added to 1). In step S316, a determination
is made as to whether 1 exceeds the specified number of points
of interest (the predetermined number iy). If the result of this
determination is that i has not exceeded i,, the controller 100
returns to step S312 and repeats the above-described process-
ing to find a variation index representing sound velocity varia-
tions or attenuation variations at this point of interest i. If it is
determined thati is above 15, the controller 100 proceeds on to
step S318.

[0220] 1In step S318, the data analysis and measurement
section 106 calculates the sum of the variation indices for the
respective points of interest i, and uses this sum as a variation
index of the region of interest.

[0221] In the present exemplary embodiment, the sum of
the variation indices of the respective points of interest is used
as the variation index of the region of interest. However,
instead of using the sum, after finding the variation indices of
all of the points of interest, a standard deviation thereof may
be calculated and used as the variation index of the region of
interest.

[0222] TInstep S320, the transmission frequency identifica-
tion number j is incremented by 1 (1 is added to j). Then, in
step S322, a determination is made as to whether the trans-
mission frequency identification number j exceeds j,. If the
result of this determination is that j has not exceeded j,, the
processing returns to step S306 and finds the variation index
for this transmission frequency F(j). The value j, is a pre-
specified value based on the number of transmission frequen-
cies (for example, in the case of two frequencies, j=3). If it is
determined that j is above j,, the result of the determination in
step S322 is affirmative.

[0223] Instep S324, the variation indices of the respective
transmission frequencies are displayed at the display unit
104. In step S326, the transmission frequency is returned to
the transmission frequency of the B mode. That is, the con-
troller 100 completes the processing to control the transmis-
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sion frequency alteration section 401 to perform two or more
frequency alterations, to calculate and display a variation
index for each frequency, and to find a set of variation indices
for tissue condition diagnostics.

[0224] Hereabove, a variety of sound velocity and attenu-
ation variation indices based on changes in reception timings,
amplitudes and central frequencies, and a variety of variation
indices based on changes in average sound velocity and avet-
age attenuation in accordance with positions of points of
interest have been described. However, embodiments are not
limited to the examples described above, and it will be clear
that numerous alternative variation indices may be used
within a scope not departing from the spirit of the invention.
Forexample, after finding indices based on reception timings,
amplitudes or central frequencies at all of the points of inter-
est in the region of interest, a characteristic quantity of the
shape of a histogram thereof—skew, kurtosis or the like—
may be used as the variation index. Or, indices for respective
points of interest may be averaged and then a standard devia-
tion of a distribution in the region of interest, a characteristic
quantity of the shape of a histogram, or a characteristic quan-
tity of texture according to a concurrent matrix or the like—
for example, uniformity, contrast, correlation, entropy or the
like—may be used as the variation index.

[0225] Similarly, a characteristic quantity of a histogram, a
characteristic quantity of texture or the like based on a distri-
bution in the region of interest of average sound velocities or
average attenuations may be used as the variation index. Or,
rather than using a single such characteristic quantity as a
variation index, for example, multiple regression from plural
characteristic quantities may be found for a variation index.

[0226] Thus, an index that represents variations in sound
velocity or attenuation (the variation index) may be calcu-
lated, and this index may be used to diagnose a tissue char-
acteristic.

[0227] For example, concrete data of lesions and of varia-
tions in sound velocity or attenuation that correspond thereto
may be gathered in large quantities, statistical correspon-
dences between variation index values and tissue character-
istic states may be found on the basis of this data, and varia-
tion index thresholds for diagnosing tissue characteristics
may be specified in advance. Then, in an actual diagnosis, a
variation index may be found by the method described above
and this variation index may be compared with the pre-speci-
fied thresholds to perform diagnosis of the tissue character-
istic. As a result, diagnosis of the tissue characteristic may
become simple.

[0228] Moreover, because the variation index is found at
two or more transmission frequencies, lesions may be
detected accurately and easily. For example, it may be accu-
rately and easily diagnosed from variation indices at plural
frequencies that have been found in this manner which of the
severe condition, the moderate condition and the normal con-
dition in FIG. 8 a condition matches.

Second Exemplary Embodiment

[0229] Inthe first exemplary embodiment, micro-structural
non-uniformity of sound velocity or attenuation in a tissue is
measured on the basis of variations in the times, amplitudes,
frequencies or the like of respective element signals. In the
second exemplary embodiment, a sound velocity or attenua-
tion is found on the basis of element signals, and micro-
structural non-uniformity of sound velocity or attenuation in
a tissue is measured on the basis of spatial variations of the
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sound velocity or attenuation. The structure of the second
exemplary embodiment is the same as the ultrasound diag-
nostic device 10 according to the first exemplary embodiment
but the processing carried out by the controller 100 is differ-
ent, so only the processing that differs is described below.

[0230] FIG. 11 is a flowchart showing an example of the
overall flow of processing to calculate a variation index rep-
resenting sound velocity or attenuation variations, which is
executed by the controller of the ultrasound diagnostic device
in accordance with the second exemplary embodiment. Pro-
cessing that is the same as in the first exemplary embodiment
is assigned the same reference numerals in FIG. 11 and is only
briefly described.

[0231] First, in step S300, a B-mode image is displayed.
Then, in step S302, a region of interest is specified. While the
B-mode image is being displayed, the controller controls the
transmission frequency alteration section 401 of the transmis-
sion circuit 402 such that the transmission frequency is a
B-mode frequency, and receives ultrasound signals from the
ultrasound probe 300.

[0232] In step S304, an identification number j of a trans-
mission frequency F(j) is set to j=1. That is, the transmission
frequency is altered by the controller 100 controlling the
transmission frequency alteration section 401 such that the
transmission frequency is a pre-specified transmission fre-
quency F(1).

[0233] In step S306, the transmission circuit 402 controls
the ultrasound transducers in response to instructions from
the controller 100, specifies a predetermined number of trans-
mission focusing points along respective lines in the region of
interest, and applies corresponding transmission focusing at
the transmission frequency F(j), and the reception circuit 404
receives signals via the respective elements. The RF signals
received by the reception circuit 404 are converted to digital
RF signals by the A/D converter 406.

[0234] In step S308, the data analysis and measurement
section 106 specifies the predetermined number (i) of points
of interest in the region of interest for the RF signals. There
may be a single point of interest; that is, the predetermined
number i, may be 1. By the processing described below, a
variation index representing sound velocity variations or
attenuation variations at the point of interest is found for each
of the i, points of interest.

[0235] Firstly, in step S310, of the predetermined number
(i) of points of interest in the region of interest for the RF
signals, the data analysis and measurement section 106 sets
the value i representing an identification number of a point of
interest to 1 (i=1).

[0236] Then, in step S311, element reception data for a
transmission focus corresponding to the point of interest with
identification number i is selected, and a sound velocity or
attenuation for the point of interest with identification number
i is calculated from this data. A method for calculating the
sound velocity or attenuation is not particularly limited; for
example, the known method described below may be used.

[0237] Forexample, an image analysis technique that finds
a sound velocity as a value at which a characteristic such as
sharpness, contrast or the like in an image of a region of
interest is at a maximum (for example, see JP-A No. 2007-
7045) is known as a method of finding a sound velocity in a
case in which an environmental sound velocity (average
sound velocity) is used as the sound velocity at a point of
interest.



US 2015/0057542 Al

[0238] Herein, a sound velocity that is assumed for speci-
fying delay durations is referred to as “a specified sound
velocity”, and an intensity distribution of ultrasound intensi-
ties with respect to directional orientations is referred to as “a
beam profile”. Plural beam profiles for different specified
sound velocities are generated from echo signals that have
been subjected to phasing addition at the reception circuit,
and the plural generated beam profiles are displayed supet-
imposed in the same screen. From among the beam profiles
with different specified sound velocities, the specified sound
velocity of a beam profile that corresponds to a smallest beam
width is estimated to be the environmental sound velocity.
[0239] Alternatively, a graph representing changes in beam
width in accordance with specified sound velocities may be
generated, and a minimum value of an approximation curve
that approximates these changes with a high-order curve may
be extracted. The specified sound velocity that corresponds to
this minimum value may be estimated to be the environmental
sound velocity.

[0240] The sound velocity at a point of interest may be a
local sound velocity at the point of interest. Various methods
are available for finding this local sound velocity. As one
example, a method that finds the average sound velocity in a
local region (the local sound velocity), described in the
method of finding a variation index according to the first
exemplary embodiment, may be used (for example, see JP-A
No. 2010-99452).

[0241] As amethod for finding the attenuation at a point of
interest, for example, a method that finds the attenuation as
follows, using the element reception signals before addition
matching, may be considered.

[0242] For example, transmission focusing may be applied
and a pseudo point reflection may be formed. Using element
reception data therefrom, a distribution of the attenuation
coefficient with respect to units of propagation duration may
be found from changes, in the depth direction, in the central
frequencies of signals received after addition matching is
applied at the middle element or an aperture containing the
middle element. Alternatively, a fact may be used that a cen-
tral frequency of element reception signals is a value for
which a central frequency of transmitted waves is shifted to
the low-frequency side by an amount determined by the
attenuation over a propagation distance that is determined by
the depth of the pseudo point reflection and the element
position. Therefore, the attenuation coefficient may be found
from central frequencies of the element reception signals with
three unknown values—the central frequency of the transmit-
ted waves, the depth of the point reflection and the attenuation
coefficient—or, when finding the sound velocity at the
pseudo point reflection, the depth is found at the same time
and the attenuation coefficient may be found with the central
frequency of the transmitted waves being known.

[0243] In order to find the distribution of attenuation coef-
ficients, the region of interest is specified, a predetermined
number of transmission focusing points is specified along
each of lines in the region of interest, the corresponding
transmission focusing is applied, and signals are received at
the elements. Then, a predetermined number of points of
interest are specified with respect to directional positions and
depth positions in the region of interest, and element recep-
tion signals for the transmission focusing corresponding to
each point of interest are selected, from which the central
frequency of a signal corresponding to the depth of the point
of interest at the middle element is found. This is repeated in
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the depth position direction, differences between the central
frequencies of points of interest in the depth direction are
found, and the results are stored as attenuation coefficients.
By repeating this for the respective point positions, attenua-
tion coefficients with respect to units of propagation duration
can be found. Alternatively, element reception signals for the
transmission focusing corresponding to each point of interest
are selected and, among the central frequency of the trans-
mission wave, the depth of the point of interest and the attenu-
ation coefficient, unknown quantities are adjusted and the
attenuation coefficient that best matches the central frequen-
cies of the element reception signals may be stored as the
attenuation coefficient of the point of interest. This is repeated
with respect to directional positions, whereby the distribution
of attenuation coefficients may be found.

[0244] In order to find local attenuation coefficients from
the central frequencies of the element reception signals, the
region of interest is specified, a predetermined number of
transmission focusing points are specified along each of lines
in the region of interest, the corresponding transmission
focusing is applied, and signals are received at the elements.
Then, a predetermined number of points of interest are speci-
fied for directional positions and depth positions in the region
of interest, a local region is specified with a point of interest
disposed at the center of the upper face thereof, plural lattice
points are specified at the lower face of the local region, and
propagation paths from the point of interest through the lat-
tice points to the elements are found. These propagation paths
may be found when a local sound velocity in the local region
is being found. Then, central frequencies at the lattice points
along the lower face of the local region are found by reverse-
shifting the central frequencies of the element reception sig-
nals for the transmission focusing corresponding to the point
of interest along the paths from the lattice points to the ele-
ments. The shift amounts along the paths from the lattice
points to the elements may be found from element reception
signals that are obtained by separately applying transmission
focusing corresponding to the lattice points. Meanwhile,
because propagation path lengths from the lattice point
directly below the point of interest—the point of interest—the
respective lattice points have already been found when the
local sound velocity has been found, the central frequency at
alattice point after propagation may be found from the central
frequency and attenuation coefficient at the lattice point
directly below the point of interest, by assuming that attenu-
ation coeflicients in the local region are uniform. The central
frequency at the lattice point directly below the point of
interest may be found from central frequencies that are
obtained by separately applying transmission focusing corre-
sponding to the lattice point directly below the point of inter-
est. Hence, a residual between the central frequency of each
lattice point found by assuming the attenuation coefficient
and the central frequency of each lattice point found by
reverse-shifting the central frequency from the element
reception signals at the point of interest may be found, and an
attenuation coefficient with which these residuals are mini-
mized may be found to serve as the true value of the attenu-
ation coefficient. Even in a case in which the central fre-
quency at the lattice point directly below the point of interest
is unknown, by adjusting two unknown quantities, the attenu-
ation coefficient and the central frequency at the lattice point
directly below the point of interest, the attenuation coefficient
with which the central frequencies at the respective lattice
points that are obtained best match the central frequencies at
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the lattice points that have been found by reverse-shifting the
central frequencies may be used.

[0245] As described above, when the element reception
data corresponding to a point of interest i and a local region
are specified, a sound velocity or attenuation for the point of
interest 1 can be found using the element reception data cor-
responding to lattice points specified along the lower face of
the local region. How the lower face of the local region and
the lattice points are specified is not particularly limited; the
lower face may be specified along an arbitrary curved surface
at the lower side of the point of interest. For example, the
lower face may be specified along a boundary between tissues
and lesions or the like.

[0246] In step S314, the data analysis and measurement
section 106 increments the point of interest identification
number 1by 1 (1 is added to 1). In step S316, a determination
is made as to whether i exceeds the specified number of points
of interest (the predetermined number 1y). If the result of this
determination is that i has not exceeded 1i,, the controller
returns to step S312 and repeats the above-described process-
ing to find the variation index representing sound velocity
variations or attenuation variations at this point of interest1. If
it is determined that 1is above i, the controller proceeds on to
step S317.

[0247] In step S317, the data analysis and measurement
section 106 calculates the variation index from changes in the
sound velocity or attenuation at the respective points of inter-
est 1 in the region of interest.

[0248] Instep S320, the transmission frequency identifica-
tion number j is incremented by 1 (1 is added to j). Then, in
step S322, a determination is made as to whether the trans-
mission frequency identification number j exceeds j,. If the
result of this determination is that j has not exceeded j,, the
processing returns to step S306 and finds the variation index
for this transmission frequency F(j). The value j, is a pre-
specified value based on the number of transmission frequen-
cies (for example, in the case of two frequencies, j=3). Ifit is
determined thatj is above j,, the result of the determination in
step S322 is affirmative.

[0249] Instep S324, the variation indices of the respective
transmission frequencies are displayed at the display unit
104. In step S326, the transmission frequency is returned to
the transmission frequency of the B mode. That is, the con-
troller 100 completes the processing to control the transmis-
sion frequency alteration section 401 to perform two or more
frequency alterations, to calculate and display the variation
indices, and to find a set of variation indices for tissue condi-
tion diagnostics.

[0250] An index based on the amounts of variations in
sound velocity or attenuation in the region of interest, for
example, a standard deviation, may be used as the variation
index. Further, an index that is based on spatial frequencies of
changes in sound velocity or attenuation at points of interest
in the region of interest may be found, for example, by finding
a two-dimensional frequency distribution of sound velocities
or attenuations and finding the index from the central fre-
quency, bandwidth or skew of the two-dimensional frequency
distribution.

[0251] Alternatively, various other indices with which non-
uniformity may be evaluated can be considered as variation
indices. For example, a characteristic quantity—skew, kurto-
sis or the like—of the shape of a histogram of a sound velocity
or attenuation distribution in a region of interest, or of a
spatial frequency distribution of the same, may be used as the
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variation index, or a texture characteristic quantity—for
example, uniformity, contrast, correlation, entropy or the
like—of texture according to a concurrent matrix or the like
may be used as the variation index. Rather than using a single
such characteristic quantity as the variation index, multiple
regression from plural characteristic quantities may be used
as the variation index.

[0252] Thus, an index that represents variations in sound
velocity or attenuation (the variation index) may be calcu-
lated, and hence this index may be used to diagnose a tissue
characteristic.

[0253] Similarly to the first exemplary embodiment,
lesions may be detected accurately and easily by finding the
variation index for two or more transmission frequencies.
[0254] In the first exemplary embodiment and second
exemplary embodiment described above, cases are described
in which the variation index is found at two or more trans-
mission frequencies, but this is not limiting; the variation
index may be found at two or more reception frequencies. For
example, an example is described below of a case, in accor-
dance with the first exemplary embodiment, of finding a
variation index for two or more pre-specified reception fre-
quencies that correspond to states of development of lesions.
A case of altering the reception frequency in accordance with
the first exemplary embodiment is described below, but the
variation index may also be found for two or more reception
frequencies in accordance with the second exemplary
embodiment.

[0255] As a method for altering the reception frequency
when finding variation indices for two or more reception
frequencies, vltrasound with a wide frequency band is trans-
mitted by the wide frequency bandwidth ultrasound transduc-
ers 302, areception frequency alteration sectionis provided at
the reception circuit 404, and the reception frequency is
altered by the reception frequency alteration section. The
reception frequency alteration section may alter the reception
frequency by, for example, using filters such as bandpass
filters or the like. That is, signals of a desired frequency may
be obtained from ultrasound with a wide frequency band-
width by plural types of bandpass filter being provided at the
reception circuit 404 to serve as the reception frequency
alteration section and which bandpass filters are used being
changed by control from the controller 100.

[0256] FIG. 12 is a flowchart showing an example of the
overall flow of processing to calculate variation indices rep-
resenting sound velocity variations or attenuation variations
at two or more reception frequencies, which is executed by
the controller 100 of the ultrasound diagnostic device. Pro-
cessing that is the same as in the first exemplary embodiment
is assigned the same reference numerals in FIG. 12 and is only
briefly described.

[0257] First, in step S300, a B-mode image is displayed.
Then, in step S302, a region of interest is specified. While the
B-mode image is being displayed, the controller 100 controls
the reception circuit 404 such that the reception frequency is
a B-mode frequency and receives ultrasound signals from the
ultrasound probe 300.

[0258] In step S303, the transmission circuit 402 controls
the ultrasound transducers in response to instructions from
the controller 100, specifies a predetermined number of trans-
mission focusing points along respective lines in the region of
interest, and applies corresponding transmission focusing,
and the reception circuit 404 receives signals via the respec-
tive elements.
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[0259] Then, in step S305, an identification number j of a
reception frequency F(j) is set to j=1. That is, the reception
frequency is altered by the controller 100 controlling the
reception circuit 404 such that the reception frequency is to be
a pre-specified reception frequency F(1). In step S307, a
bandpass filter with the central frequency F(j) is applied to the
element reception signals. That is, the controller 100 controls
the reception circuit 404 to select a bandpass filter that sets
reception signals to a frequency at the reception frequency
F(j) and to receive the reception signals. The RF signals
received by the reception circuit 404 are converted to digital
RF signals by the A/D converter 406.

[0260] In step S308, the data analysis and measurement
section 106 specifies the predetermined number (i) of points
of interest in the region of interest for the RF signals. In step
S310, of the predetermined number (i,) of points of interest in
the region of interest for the RF signals, the data analysis and
measurement section 106 sets the value i representing an
identification number of a point of interest to 1 (i=1).

[0261] Instep S312, element reception data for a transmis-
sion focus corresponding to the point of interest with identi-
fication number 1 is selected, and the variation index repre-
senting sound velocity variations or attenuation variations for
the point of interest with identification number 1 is calculated
from this data.

[0262] In step S314, the data analysis and measurement
section 106 increments the point of interest identification
number 1by 1 (1 is added to 1). In step S316, a determination
is made as to whether i exceeds the specified number of points
of interest (the predetermined number 1,). If the result of this
determination is that i has not exceeded i, the processing
returns to step S312 and repeats the above-described process-
ing to find the variation index representing sound velocity
variations or attenuation variations at this point of interesti. If
it is determined that i is above iy, the controller 100 proceeds
on to step S318.

[0263] In step S318, the data analysis and measurement
section 106 calculates the sum of the variation indices for the
respective points of interest i, and uses this sum as a variation
index of the region of interest.

[0264] In the present exemplary embodiment, the sum of
the variation indices of the respective points of interest is used
as the variation index of the region of interest. However,
instead of using a sum, after finding the indices of all of the
points of interest, a standard deviation thereof may be calcu-
lated and used as the variation index of the region of interest.
[0265] Instep S320, the reception frequency identification
number j is incremented by 1 (1 is added to j). Then, in step
S322, a determination is made as to whether the reception
frequency identification number j exceeds j,. If the result of
this determination is that j has not exceeded j,, the processing
returns to step S307 and finds the variation index for this
reception frequency F(j). The value j, is a pre-specified value
based on the number of reception frequencies (for example, in
the case of two frequencies, j=3). If it is determined that j is
above j, the result of the determination in step S322 is affir-
mative.

[0266] Instep S324, the variation indices of the respective
reception frequencies are displayed at the display unit 104.
That is, the controller 100 completes the processing to control
the reception circuit 404 to perform two or more reception
frequency alterations, to calculate and display a variation
index for each frequency, and to find a set of variation indices
for tissue condition diagnostics.
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[0267] Thus, the reception frequency is altered and, simi-
larly to the first exemplary embodiment, lesions may be
detected accurately and easily.

[0268] Hereabove, an ultrasound diagnostic device and
ultrasound diagnostic method have been described in detail in
accordance with the embodiments. However, embodiments
are not limited to the above examples, and it will be clear that
numerous modifications and improvements may be applied
within a scope not departing from the spirit of the present
invention.

[0269] In the exemplary embodiments described above, a
variation index is displayed for each frequency, but this is not
limiting. As well as the variation index for each frequency
being displayed, variation index value data corresponding to
respective pathological changes may be stored in advance and
the absolute value or square of a difference therefrom may be
displayed, or a name for a pathological change whose value is
greatest or the like may be displayed.

[0270] The processing performed by the controller 100 in
the exemplary embodiments described above may be stored
as a program and distributed on various kinds of non-transi-
tory storage media.

What is claimed is:
1. An ultrasound diagnostic device comprising:

an ultrasound probe including a plurality of ultrasound
transducers that transmit ultrasound toward an imaging
subject, receive ultrasound reflected from the imaging
subject, and output ultrasound detection signals;

an alteration unit that alters transmission frequencies of the
ultrasound transmitted from the ultrasound probe or
reception frequencies of the ultrasound received by the
ultrasound probe; and

a calculation unit that calculates an index for diagnosing a
tissue characteristic based on a relationship between
reception signals of at least two different ultrasound
transducers for at least two different frequencies of the
transmission frequencies or reception frequencies
altered by the alteration unit.

2. The ultrasound diagnostic device according to claim 1,
wherein the alteration unit alters the transmission frequencies
of the ultrasound transmitted from the ultrasound probe to at
least two frequencies that are specified in advance and that
correspond to stages of development of lesions.

3. The ultrasound diagnostic device according to claim 1,
wherein the alteration unit alters reception frequencies of
ultrasound detection signals received by the ultrasound probe
to at least two frequencies that are specified in advance and
that correspond to stages of development of lesions.

4. The ultrasound diagnostic device according to claim 1,
wherein the calculation unit calculates the index by evaluat-
ing non-uniformity of an acoustic characteristic based on a
relationship between ultrasound signals received from a pre-
specified region of interest at least at two different ultrasound
transducers.

5. The ultrasound diagnostic device according to claim 1,
wherein the calculation unit determines a change in sound
velocity or attenuation at least at one point of interest in a
pre-specified region of interest, and calculates the index
based on the determined sound velocity or attenuation.
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6. The ultrasound diagnostic device according to claim 1,
further comprising a display unit that displays the index cal-
culated by the calculation unit for each frequency.

7. An ultrasound diagnostic method comprising:

altering transmission frequencies of ultrasound transmit-

ted from an ultrasound probe or reception frequencies of
ultrasound received by the ultrasound probe to at least
two different frequencies, the ultrasound probe includ-
ing a plurality of ultrasound transducers that transmit
ultrasound toward an imaging subject, receive ultra-
sound reflected from the imaging subject, and output
ultrasound detection signals; and

for each of the at least two different transmission frequen-

cies or reception frequencies, calculating an index for
diagnosing a tissue characteristic based on a relationship
between reception signals at the ultrasound transducers.

8. The ultrasound diagnostic method according to claim 7,
wherein the altering includes altering the transmission fre-
quencies of the ultrasound transmitted from the ultrasound
probe to at least two frequencies that are specified in advance
and that correspond to stages of development of lesions.

9. The ultrasound diagnostic method according to claim 7,
wherein the altering includes altering reception frequencies
of ultrasound detection signals received by the ultrasound
probe to at least two frequencies that are specified in advance
and that correspond to stages of development of lesions.

10. The ultrasound diagnostic method according to claim
7, wherein the calculating includes calculating the index by
evaluating non-uniformity of an acoustic characteristic based
on a relationship between ultrasound signals received from a
pre-specified region of interest at least at two different ultra-
sound transducers.

11. The ultrasound diagnostic method according to claim
7, wherein the calculating includes determining a change in
sound velocity or attenuation at least at one point of interest in
a pre-specified region of interest, and calculating the index
based on the determined sound velocity or attenuation.

12. The ultrasound diagnostic method according to claim
7, further comprising displaying, at a display unit, the index
calculated for each frequency.
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13. A non-transitory storage medium storing a program
that causes a computer to execute ultrasound diagnostic pro-
cessing, the processing comprising:

altering transmission frequencies of ultrasound transmit-

ted from an ultrasound probe or reception frequencies of
ultrasound received by the ultrasound probe to at least
two different frequencies, the ultrasound probe includ-
ing a plurality of ultrasound transducers that transmit
ultrasound toward an imaging subject, receive ultra-
sound reflected from the imaging subject, and output
ultrasound detection signals; and

for each of the at least two different transmission frequen-

cies or reception frequencies, calculating an index for
diagnosing a tissue characteristic based on a relationship
between reception signals at the ultrasound transducers.

14. The non-transitory storage medium according to claim
13, wherein the altering includes altering the transmission
frequencies of the ultrasound transmitted from the ultrasound
probe to at least two frequencies that are specified in advance
and that correspond to stages of development of lesions.

15. The non-transitory storage medium according to claim
13, wherein the altering includes altering reception frequen-
cies of ultrasound detection signals received by the ultra-
sound probe to at least two frequencies that are specified in
advance and that correspond to stages of development of
lesions.

16. The non-transitory storage medium according to claim
13, wherein the calculating includes calculating the index by
evaluating non-uniformity of an acoustic characteristic based
on a relationship between ultrasound signals received from a
pre-specified region of interest at least at two different ultra-
sound transducers.

17. The non-transitory storage medium according to claim
13, wherein the calculating includes determining a change in
sound velocity or attenuation at least at one point of interest in
a pre-specified region of interest, and calculating the index
based on the determined sound velocity or attenuation.

18. The non-transitory storage medium according to claim
13, further comprising displaying, at a display unit, the index
calculated for each frequency.
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Anultrasound diagnostic device includes anultrasound probe
including plural ultrasound transducers that transmit ultra-
sound toward animaging subject, receive ultrasound reflected
from the imaging subject, and output ultrasound detection
signals; an alteration unit that alters transmission frequencies
of the ultrasound transmitted from the ultrasound probe or
reception frequencies of the ultrasound received by the ultra-
sound probe; and a calculation unit that calculates an index
for diagnosing a tissue characteristic based on a relationship
between reception signals of at least two different ultrasound
transducers for at least two different frequencies of the trans-
mission frequencies or reception frequencies altered by the
alteration unit.
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