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ULTRASOUND DIAGNOSTIC DEVICE AND
ULTRASOUND DIAGNOSTIC METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application and
claims the priority benefit under 35 U.S.C. §120 of PCT
Application No. PCT/JP2011/064890 filed on Jun. 29, 2011
which application designates the U.S., and also claims the
priority benefit under 35 U.S.C. §119 of Japanese Patent
Applications No. 2010-149209 flied on Jun. 30, 2010, which
applications are all hereby incorporated by reference in their
entireties.

TECHNICAL FIELD

[0002] The present invention relates to ultrasound diagnos-
tic devices and ultrasound diagnostic methods and, in particu-
lar, to an ultrasound diagnostic device and ultrasound diag-
nostic method in which an ultrasound image of a site of an
object to be diagnosed is shot and displayed by using ultra-
sound waves and a tissue characteristic of the specimen is
diagnosed based on change of sound velocity or attenuation
ofthe ultrasound waves in a region of interest of the specimen.

BACKGROUND ART

[0003] Anultrasound diagnostic device has conventionally
been known that shoots and displays an ultrasound image of
a site of an object to be diagnosed by using ultrasound waves,
and various attempts have been made to measure acoustic
characteristics such as sound velocity, attenuation, scattering,
or the like of the ultrasound to utilize diagnoses, such as
characteristic diagnosis of the inner structure and compo-
nents of an object’s tissue and discrimination of a tissue or a
lesion.

[0004] For example, Patent Literature 1 discloses a sonic
measuring method as described below. Irradiation with an
ultrasound wave is made as the angle of irradiation of a
transmission transducer is varied and is received as the inci-
dent angle of a reception transducer is varied, and an elapsed
time between irradiation and reception is measured and
stored in memory. On the other hand, based on a virtual sound
velocity distribution stored in a sonic memory, the angles of
transmission and reception waves of the transmission trans-
ducer and the reception transducer are varied on the sonic
memory to set respectively corresponding sound line paths.
Each required time and the elapsed time previously stored in
the memory are compared to find error data. The sound veloc-
ity distribution stored in the sonic memory is corrected so that
the error data is minimum. With the corrected sound velocity
distribution, a sound velocity is found.

[0005] Also, Patent Literature 2 discloses a method of
extracting and rendering information associated with propa-
gation attenuation inside a living body by taking a spatial
difference between band-split detection signals near a depth
of interest.

[0006] Other than the above, Patent Literatures 3 to 5 and
Non-Patent Literatures 1 to 3 can be listed as conventional
technologies related to the invention of the present applica-
tion.
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[0013] NPTL 2: Koichi Akamatsu, “Tissue Characteriza-
tion by measurement of sound velocity” (Clinical Doctor,
vol. 12 no. 11, 1986)

[0014] NPTL 3: “Ultrasound Handbook” (Maruzen, 1999)
SUMMARY OF INVENTION
Technical Problem
[0015] However, it has been reported that the conventional

method of measuring a sound velocity or attenuation
described above is macroscopic and, depending on the type of
lesion, it is difficult for this macroscopic acoustic character-
istic measuring method to grasp microscopic changes in
acoustic characteristics.

[0016] Forexample, according to Nom-Patent Literature 1:
Hiroyuki Hachiya, “Acoustic Characteristics of the Tissue
and the Ultrasonic B-mode image” (Medical Imaging Tech-
nology, vol. 21, No. 2, March 2003), when the liver suffers
from cirrhosis and if liver cirrhosis develops, postnecrotic
tissues are coupled together and their surrounding tissues
become fibrous to form a node, thereby replacing a hepatic
lobule by a reproduced node. For example, FIG. 12 depicts an
example of the arrangement of scatterers. (A) portion of FIG.
12 depicts a normal liver, and each hepatic lobule structure
has a random size on the order of 1.0 mm to 1.5 mm. In a
moderate case of liver cirrhosis as depicted in (B) portion of
FIG. 12, a plurality of hepatic lobule structures are destroyed
to form fibrous tissues, and each node diameter grows to 3
mm to 4 mm. In a serious case of liver cirrhosis as depicted in
(C) portion of FIG. 12 after the lesion develops, the node
diameter grows to approximately 7 mm at maximum. It has
been reported that a microscopic change in sound velocity
structure occurs in a manner such that the sound velocity,
attenuation, and scattering inside the nodes are lower than
those of the normal liver and, conversely, those of the fibrous
portion are higher than those of the normal liver. By contrast,
however, according to Non-Patent Document 2: Koichi Aka-
matsu, “Tissue Characterization by measurement of sound
velocity” (Clinical Doctor, vol. 12, no. 11, 1986), it has been
reported that there is no significant difference between mac-
roscopic sound velocity values of the normal liver and the
cirrhotic liver.

[0017] Therefore, the conventionally-suggested macro-
scopic method of measuring sound velocity or attenuation has
a problem in which there is a possibility of being unable to
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grasp a microscopic change in structure of sound velocity or
attenuation as described above.

[0018] The present invention was made in view of these
circumstances, and has an object of providing an ultrasound
diagnostic device and ultrasound diagnostic method capable
of grasping a microscopic change in structure of sound veloc-
ity or attenuation due to a pathological change, the change
being difficult to grasp with conventional measurement of an
absolute value of sound velocity or attenuation.

Solution to Problems

[0019] To achieve the object above, the invention of the
present application provides an ultrasound diagnostic device
including an ultrasound probe including a plurality of ultra-
sound transducers transmitting ultrasound waves to an object
and receiving ultrasound waves reflected from the specimen
to output an ultrasound detection signal, a region-of-interest
setting unit setting a region of interest within the specimen,
and a variation measuring unit measuring a sonic variation or
an attenuation variation of ultrasound waves in the region of
interest.

[0020] With this, it is possible to grasp a microscopic
change in structure of sound velocity or attenuation due to a
pathological change, the change being difficult to grasp with
conventional measurement of an absolute value of sound
velocity or attenuation.

[0021] Also, preferably, the ultrasound diagnostic device
includes a point-of-interest setting unit setting at least one or
more points of interest within the region of interest, and the
variation measuring unit measures the sonic variation based
on a change in reception time of a received signal at each of
the ultrasound transducers regarding the reflected wave from
the point of interest.

[0022] Furthermore, preferably, the variation measuring
unit measures the attenuation variation based on a change in
amplitude or frequency of the received signal at each of the
ultrasound transducers regarding the reflected wave from the
point of interest.

[0023] Still further, preferably, the variation measuring unit
measures the attenuation variation based on a change in
attenuation at each point of interest within the region of
interest.

[0024] Still further, preferably, the variation measuring unit
measures the sonic variation by comparing RF signals result-
ing from matching and addition at a constant sound velocity
or images for respectively set sound velocities.

[0025] Still further, preferably, the ultrasound diagnostic
device further includes a transmission focus instructing unit
making the ultrasound probe transmit the ultrasound waves
by focusing on the region of interest.

[0026] Still further, preferably, the transmission focus
instructing unit judges an effective region of each transmis-
sion focus in advance.

[0027] With this, a process of finding a sonic variation or an
attenuation variation can be performed at high speed.

[0028] Also, similarly, to achieve the object above, the
invention of the present application provides an ultrasound
diagnostic method, wherein an ultrasound diagnostic device
performs aregion-of-interest setting step of setting a region of
interest within an object, a step of setting at least one or more
points of interest within the region of interest, a step of mea-
suring a sonic variation based on a change in reception time of
a received signal at each ultrasound transducer regarding a
reflected wave from the point of interest, an index calculating
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step of calculating a variation index from the sonic variation,
and a characteristic diagnosing step of diagnosing a tissue
characteristic based on the calculated variation index.
[0029] With this, it is possible to grasp a microscopic
change in structure of sound velocity or attenuation due to a
pathological change, the change being difficult to grasp with
conventional measurement of an absolute value of sound
velocity or attenuation.

[0030] Furthermore, similarly, to achieve the object above,
the invention of the present application provides an ultra-
sound diagnostic method, wherein an ultrasound diagnostic
device performs a region-of-interest setting step of setting a
region of interest within an object, a step of setting at least one
or more points of interest within the region of interest, a step
of measuring the attenuation variation based on a change in
amplitude or frequency of a received signal at each ultrasound
transducer regarding a reflected wave from the point of inter-
est, an index calculating step of calculating a variation index
from the attenuation variation, and a characteristic diagnos-
ing step of diagnosing a tissue characteristic based on the
calculated variation index.

[0031] With this, it is possible to grasp a microscopic
change in structure of sound velocity or attenuation due to a
pathological change, the change being difficult to grasp with
conventional measurement of an absolute value of sound
velocity or attenuation.

[0032] Still further, preferably, in the ultrasound diagnostic
method, a transmission focus instructing step of making the
ultrasound transducers transmit the ultrasound waves by
focusing on the region of interest is further performed.
[0033] Still further, preferably, in the transmission focus
instructing step, an effective region of each transmission
focus is judged in advance.

[0034] With this, a process of finding a sonic variation or an
attenuation variation can be performed at high speed.

Advantageous Effects of Invention

[0035] As described above, according to the present inven-
tion, it is possible to grasp a microscopic change in structure
of sound velocity or attenuation due to a pathological change,
the change being difficult to grasp with conventional mea-
surement of an absolute value of sound velocity or attenua-
tion, and it is possible to diagnose a tissue characteristic by
using a variation index representing a sonic variation or an
attenuation variation.

BRIEF DESCRIPTION OF DRAWINGS

[0036] FIG.1 isablock diagram of a schematic structure of
an ultrasound diagnostic device according to an embodiment
of the present invention.

[0037] FIG. 2 is a diagram schematically describing pro-
cesses of measuring a sonic variation or an attenuation varia-
tion.

[0038] FIG. 3 is a diagram schematically describing the
state in which media of two types are present in a path from a
sound source to an element.

[0039] FIG. 4is a diagram for describing how to find a path
length and an average sound velocity in mixed media.
[0040] FIG.5isadiagram for describing how to find a path
length and an average sound velocity when mixed media and
another medium are present.
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[0041] FIG. 6 is a flowchart for describing how to find a
sonic variation and an attenuation variation when another
medium is not present.

[0042] FIG. 7 is a flowchart for describing how to find a
sonic variation and an attenuation variation when another
medium is present.

[0043] FIG. 8 is a diagram for describing an image and its
sharpness as a result of matching and addition of received
signals when the sound velocity of a target tissue is uniform.
[0044] FIG. 9 is a diagram for describing an image and its
sharpness as a result of matching and addition of received
signals when the sound velocity of a target tissue is non-
uniform.

[0045] FIG. 10 is a flowchart of an entire process to find a
sonic variation or an attenuation variation.

[0046] FIG. 11 depicts an image representing a received
signal with a uniform wavefront in (A) portion, and depicts an
image representing a received signal with a varied wavefront
in (B) portion.

[0047] FIG.12isadiagram for describing changes in tissue
characteristics in liver cirrhosis.

DESCRIPTION OF EMBODIMENTS

[0048] The ultrasound diagnostic device and ultrasound
diagnostic method according to the present invention are
described in detail below with reference to the attached draw-
ings.

[0049] FIG.1isablock diagram of a schematic structure of
an ultrasound diagnostic device according to an embodiment
of the present invention.

[0050] As depicted in FIG. 1, an ultrasound diagnostic
device 10 of the present embodiment is a device in which an
ultrasound beam is transmitted from an ultrasound probe 300
to an object OBJ, an ultrasound beam (an ultrasound echo)
reflected from the specimen OBJ is received, and an ultra-
sound image is generated from a detection signal of the ultra-
sound echo for display.

[0051] A CPU (Central Processing Unit) 100 controls each
block of the ultrasound diagnostic device 10 according to an
operation input from an operation input unit 200.

[0052] The operation input unit 200 is an input device
accepting an operation input from an operator, and includes
an operation console 202 and a pointing device 204. The
operation console 202 includes a keyboard accepting an input
of character information (for example, patient information), a
display mode switching button for switching a display mode
between a mode of singly displaying an amplitude image
(B-mode image) and a mode of displaying a judgment result
of'alocal sound velocity value, a freeze button for making an
instruction for switching between a live mode and a freeze
mode, a cine memory reproducing button for making an
instruction for cine memory reproduction, and an analysis
and measurement button for making an instruction for analy-
sis and measurement of an ultrasonic image. The pointing
device 204 is a device accepting an input designated in a
region on a screen of a display unit 104, and is, for example,
a track ball or a mouse. Note that a touch panel can be used as
the pointing device 204.

[0053] A storage unit 102 is a memory device having a
control program for causing the CPU 100 to control each
block of the ultrasound diagnostic device 10, and is, for
example, a hard disk or a semiconductor memory.
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[0054] The display unit 104 is, for example, a CRT (Cath-
ode Ray Tube) display or a liquid-crystal display, displaying
an ultrasound image (a moving picture and a still picture) and
various setting screens.

[0055] An ultrasonic probe 300 is a probe for use as being
brought to abut on the specimen OBJ, and includes a plurality
ofultrasound transducers 302 configuring a one-dimensional
or two-dimensional transducer array. The ultrasound trans-
ducers 302 each transmit an ultrasound beam to the specimen
OBIJ based on a drive signal applied from a transmission
circuit 402, and receive an ultrasound echo reflected from the
specimen OBJ to output a detection signal.

[0056] The ultrasound transducers 302 each include a
transducer configured to have electrodes at both ends of a
material having piezoelectricity (a piezoelectric element). As
an example of the piezoelectric element configuring this
transducer, a piezoelectric ceramic made of PZT (Pb (lead)
zirconate titanate) or a high polymer piezoelectric element
made of PVDF (polyvinylidene difluoride) or the like can be
used. When an electrical signal is transmitted to the elec-
trodes of the transducer described above to apply a voltage,
the piezoelectric element expands and contracts and, with this
expansion and contraction of the piezoelectric element, an
ultrasound wave is generated at each transducer. For example,
when a pulse-shaped electrical signal is transmitted to the
electrodes of the transducer, a pulse-shaped ultrasound wave
is generated. Also, when a continuous-wave electrical signal
is transmitted to the electrodes of the transducer, a continu-
ous-wave electrical signal is generated. Then, the ultrasound
waves generated at the respective transducers are combined to
form an ultrasound beam. Also, when an ultrasound wave is
received by each transducer, the piezoelectric element of each
transducer expands and contracts to generate an electrical
signal. The electrical signal generated at each transducer is
outputted as a detection signal of the ultrasound wave to a
reception circuit 404.

[0057] Note that elements of a plurality of types with dif-
ferent ultrasonic conversion schemes can also be used as the
ultrasonic transducers 302. For example, a transducer config-
ured of the piezoelectric element described above may be
used as an element for transmitting an ultrasound wave, and
an ultrasound transducer of an optical detection scheme may
be used as an element for receiving an ultrasound wave. Here,
the ultrasound transducer of the optical detection scheme
converts an ultrasound signal to an optical signal, and may be,
for example, a Fabry-Perot resonator or a fiber Bragg grating.
[0058] Next, an ultrasound diagnostic process in a live
mode is described. The live mode is amode for displaying and
analyzing and measuring an ultrasonic image (moving pic-
ture) obtained by bringing the ultrasound probe 300 to abut on
the specimen OBI for transmission and reception of an ultra-
sound wave.

[0059] When the ultrasound probe 300 is brought to abut on
the specimen OBJ and an ultrasound diagnosis starts upon an
input of an instruction from the operation input unit 200, the
CPU 100 outputs a control signal to the transmitting and
receiving unit 400 to start transmission of an ultrasound beam
to the specimen OBJ and reception of an ultrasound echo
from the specimen OBJ. The CPU 100 sets a transmitting
direction of the ultrasound beam and a receiving direction of
the ultrasound echo for each ultrasound transducer 302.
[0060] Furthermore, the CPU 100 selects a transmission
delay pattern according to the transmitting direction of the
ultrasound beam and also selects a reception delay pattern
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according to the receiving direction of the ultrasound echo.
Here, the transmission delay pattern is pattern data of delay
time to be given to a drive signal in order to form an ultra-
sound beam in a desired direction from the ultrasound waves
transmitted from the plurality of ultrasound transducers 302,
and the reception delay pattern is pattern data of delay time of
reception of the plurality of ultrasound transducers 302. The
transmission delay pattern and reception delay pattern
described above are stored in advance in the storage unit 102.
The CPU 100 selects the transmission delay pattern and the
reception delay pattern from those stored in the storage unit
102 and outputs a control signal to the transmitting and
receiving unit 400 according to the selected transmission
delay pattern and reception delay pattern to control transmis-
sion and reception of ultrasonic waves.

[0061] Thetransmission circuit 402 generates a drive signal
according to the control signal from the CPU 100 and applies
the drive signal to the ultrasound transducers 302. Here, the
transmission circuit 402 delays the drive signal to be applied
to each of the ultrasound transducers 302 based on the trans-
mission delay pattern selected by the CPU 100. Here, the
transmission circuit 402 performs transmission focus in
which the timing of applying a drive signal to each of the
ultrasound transducers 302 is adjusted (delayed) so that the
ultrasound waves transmitted from the plurality of ultrasound
transducers 302 form an ultrasound beam. Note that the tim-
ing of applying a driving signal may be adjusted so that the
ultrasound waves transmitted at one time from the plurality of
ultrasound transducers 302 arrive at an entire imaging region
of the specimen OBJ.

[0062] The reception circuit 404 receives and amplifies an
ultrasound detection signal outputted from each of the ultra-
sound transducers 302. As described above, since a distance
between each of the ultrasound transducers 302 and an ultra-
sound reflection source inside the specimen OBJ is varied, the
time when a reflected wave arrives at each of the ultrasound
transducers 302 is varied. The reception circuit 404 includes
a delay circuit that delays each detection signal by a differ-
ence (a delay time) in arrival time of the reflected wave
according to the reception delay pattern set based on a sound
velocity selected by the CPU 100 (hereinafter referred to as a
virtual sound velocity) or a sound velocity distribution. Next,
the reception circuit 404 performs matching and addition of
the detection signals provided with the delay time, thereby
performing a reception focus process. If another ultrasound
reflection source is present at a position different from a
ultrasound reflection source XROI, an ultrasound detection
signal from that other ultrasound reflection source has a dif-
ferent arrival time. Thus, with addition at an addition circuit
of'the reception circuit 404 described above, the phase of the
ultrasound detection signal from the other ultrasound reflec-
tion source is cancelled out. With this, the received signal
from the ultrasound reflection source XROI is maximum,
thereby achieving a focus. With the reception focus process
described above, a sound ray signal with the ultrasound echo
in focus (hereinafter referred to as an RF signal) is formed.
[0063] AnA/D converter 406 converts an analog RE signal
outputted from the reception circuit 404 to a digital RF signal
(hereinafter referred to as RF data). Here, the RF data con-
tains phase information of a received wave (a carrier wave).
The RF data outputted from the A/D converter 406 is inputted
to a signal processing unit 502 and a cine memory 602.
[0064] The cine memory 602 sequentially stores the RF
data inputted from the A/D converter 406. The cine memory
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602 also stores information regarding a frame rate (for
example, a depth of the ultrasound wave at a reflection point,
a density of scanning lines, and a parameter indicating a
visual field width) inputted from the CPU 100 in association
with the RF data described above.

[0065] The signal processing unit 502 performs STC (Sen-
sitivity Time gain Control) to correct attenuation of the RF
data described above due to distance according to the depth of
the ultrasound wave at the reflecting point, and then performs
an envelope detecting process to generate B-mode image data
(image data representing the amplitude of the ultrasound echo
with brightness (luminance) of dots).

[0066] The B-mode image data generated by the signal
processing unit 502 is obtained by a scanning scheme differ-
ent from a normal television signal scanning scheme. For this
reason, a DSC (Digital Scan Converter) 504 performs con-
version (raster conversion) of the B-mode image data
described above to normal image data (f, or example, image
data of a television signal scanning scheme (NTSC scheme)).
An image processing unit 506 performs various necessary
image processes (for example, a gray-scale process) on the
image data inputted from the DSC 504

[0067] An image memory 508 stores the image data input-
ted from the image processing unit 506. The D/A converter
510 converts the image data read from the image memory 508
to an analog image signal for output to the display unit 104.
With this, an ultrasound image (a moving picture) shot by the
ultrasound probe 300 is displayed on the display unit 104.
[0068] Note that while the detection signal subjected to the
reception focus process at the reception circuit 404 is taken as
an RF signal a detection signal not subjected to the reception
focus process may be taken as an RF signal. In this case, a
plurality of ultrasound detection signals outputted from the
plurality of ultrasound transducers 302 are amplified at the
reception circuit 404, and the amplified detection signals, that
is, the RF signals, are subjected to A/D conversion at the A/D
converter 406 to generate RF data. And, the RF data described
above is supplied to the signal processing unit 502 and also
stored in the cine memory 602. The reception focus process is
digitally performed at the signal processing unit 502.

[0069] Next, a cine memory reproduction mode is
described. The cine memory reproduction mode is a mode of
displaying and analyzing and measuring an ultrasound diag-
nostic image based on the RF data stored in the cine memory
602.

[0070] When the cine memory reproducing button of the
operation console 202 is pressed, the CPU 100 switches the
operation mode of the ultrasound diagnostic device 10 to the
cine memory reproduction mode. In the cine memory repro-
duction mode, the CPU 100 instructs the cine memory repro-
ducing unit 604 to reproduce the RF data specified by an
operation input from the operator. Based on the instruction
from the CPU 100, the cine memory reproducing unit 604
reads the RF data from the cine memory 602 for transmission
to the signal processing unit 502 of an image signal generat-
ing unit 500. The RF data transmitted from the cine memory
602 is subjected to a predetermined process (the process
similar to that in the live mode) at the signal processing unit
502, the DSC 504 and the image processing unit 506 to be
converted to image data, and is then outputted via the image
memory 508 and the D/A converter 510 to the display unit
104. With this, an ultrasound image (a moving picture or a
still picture) based on the RF data stored in the cine memory
602 is displayed on the display unit 104.
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[0071] In the live mode or the cine memory reproduction
mode, when the freeze button of the operation console 202 is
pressed while the ultrasound image (the moving picture) is
being displayed, the ultrasound image displayed at the time of
pressing the freeze button is displayed as a still picture on the
display unit 104. With this, the operator can cause the still
picture of a region of interest (ROI) to be displayed for obser-
vation.

[0072] Whenthe measurement button on the operation con-
trol 202 is pressed, analysis and measurement specified by the
operation input from the operator is performed. When the
measurement button is pressed in each operation mode, a data
analyzing and measuring unit 106 obtains the RF data before
subjected to the image processing from the A/D converter 406
or the cine memory 602 and, by using the RF data, performs
the analysis and measurement specified by the operator (for
example, a distortion analysis of a tissue part (a hardness
analysis), blood flow measurement, measurement of a motion
of a tissue part, or measurement of an IMT (Intima-Media
Thickness) value). Also, the data analyzing and measuring
unit 106 performs a process of measuring a local sound veloc-
ity value or calculating an index indicting a variation in sound
velocity or attenuation, details of which will be described
further below. The analysis and measurement results from the
data analyzing and measuring unit 106 are outputted to the
DSC 504 of the image signal generating unit 500. The DSC
504 causes the data analyzing and measuring unit 106 to
insert the analysis and measurement results into image data of
the ultrasound image for output to the display unit 104. With
this, the ultrasound image and the analysis and measurement
results are displayed on the display unit 104.

[0073] Also, when the display mode switching button is
pressed, the display mode is switched among a mode for
displaying the B-mode image alone, a mode for displaying
the judgment results regarding a sound velocity or attenuation
variation as superposed on the B-mode image (for example, a
display as being colored or with varied luminance according
to the sound velocity or attenuation variation or a display with
points equal in sound velocity or attenuation variation con-
nected to each other), and a mode for displaying the B-mode
image and an image of the judgment results regarding the
sound velocity or attenuation variation arranged in a tiled
manner. With this, the operator can observe the judgment
results regarding the sound velocity or attenuation variation
to discover a lesion, for example.

[0074] The operation of the ultrasound diagnostic device
10 of the present embodiment is described below.

[0075] The present invention sets a region of interest and
measures a sonic variation or an attenuation variation in the
region of interest, thereby diagnosing a tissue characteristic.
In the present invention, although details will be described
further below, pseudo point reflection is formed by perform-
ing transmission focus; a time difference from a reception
time approximated with a constant sound velocity is found
from received data of each element; and from variations in
time difference, a sonic variation is measured or, from varia-
tions in amplitude or variations in frequency approximated
with constant attenuation, an attenuation (scattering, absorp-
tion) variation is measured. And, the measured variation is
utilized for diagnosis of a tissue characteristic.

[0076] FIG. 2 schematically depicts processes of measur-
ing a sonic variation and an attenuation variation.

[0077] (A)portion of FIG. 2 depicts that a variation is found
from a reception time approximated with a constant sound
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velocity to measure a sonic variation. Also, (B) portion of
FIG. 2 depicts that an attenuation variation is measured from
a variation in amplitude approximated with constant attenu-
ation. Furthermore, (C) portion of FIG. 2 depicts that an
attenuation variation is measured from a variation in center
frequency approximated with constant attenuation.

[0078] Here, in any of the cases, pseudo point reflection is
formed by performing transmission focus and, from received
data of each element, a sonic variation or an attenuation
variation is measured.

[0079] That is, as depicted in (A) portion of FIG. 2, con-
sider pseudo point reflection from a lattice point X of the
region of interest ROI within the specimen OBJ. Here, as
depicted in (A) portion of FIG. 2, if liver cirrhosis develops to
form nodes, a variation occurs in sound velocity or attenua-
tion depending on a traveling direction of an ultrasound wave.
[0080] In (A) portion of FIG. 2, a wavefront (reception
time) actually measured at each element is represented by a
solid line, a wavefront approximated by assuming that the
sound velocity of a medium of the specimen OBJ is constant
is represented by a broken line, thereby depicting a variation
in reception time due to a sonic variation at each azimuth
position.

[0081] Also, in (B) portion of FIG. 2, an amplitude after
logarithmic compression actually measured at each element
is represented by a solid line, an amplitude approximated by
assuming that attenuation of the medium of the specimen
OBJ is constant is represented by a broken line, thereby
depicting a variation in amplitude after logarithmic compres-
sion due to an attenuation (absorption and scattering) varia-
tion at each azimuth position.

[0082] Furthermore, in (C) portion of FIG. 2, a center fre-
quency actually measured at each element is represented by a
solid line, a center frequency approximated by assuming that
attenuation of the medium of the specimen OBI is constant is
represented by a broken line, thereby depicting a variation in
center frequency due to an attenuation (absorption and scat-
tering) variation at each azimuth position.

[0083] In this manner, the reception time, amplitude, and
center frequency of the received wave of pseudo point reflec-
tion formed by performing transmission focus have a varia-
tion from the reception time, amplitude, and center frequency
obtained by assuming constant sound velocity and constant
attenuation. This is because a mixture ratio of media with
different sound velocities and attenuations is varied in a path
corresponding to each azimuth position. And, it can be easily
found from FIG. 2 that as a variance in the mixture ratio based
on the path is larger, a variation in reception time, amplitude,
and center frequency is larger at each azimuth position and,
also, as a spatial frequency of the variance in the mixture ratio
based on the path is larger, a spatial frequency of the variation
in reception time, amplitude, and center frequency is larger.

[0084] Therefore, from the magnitude and spatial fre-
quency of the variation in reception time, amplitude, and
center frequency of the reflected wave from the lattice point X
from the reception time, amplitude, and center frequency
obtained by assuming constant sound velocity and constant
attenuation, it is possible to obtain information about the
magnitude and spatial frequency of the variation in the mix-
ture ratio of the media with different sound velocities and
attenuations in the region of interest.

[0085] Withthis, by judging a variation in sound velocity or
attenuation, this can be used for diagnosis of a tissue charac-
teristic. Note that while liver cirrhosis has been taken as an
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example for description herein, it is clear that the present
invention can be applied to any, without being restricted to the
case of liver cirrhosis.

[0086] A process of finding an index (a variation index)
indicating a sonic variation or an attenuation variation is
described below.

[0087] First, how to find a sonic variation is described.
[0088] For simplification, it is assumed that media of two
types are present in a path when an ultrasound wave propa-
gates from a sound source to an element. This state is sche-
matically depicted in FIG. 3.

[0089] In practice, unlike the state as depicted in FIG. 3 in
which a medium 1 and a medium 2 are present as being
clearly separated from each other, they are mixed in a com-
plex manner on their path. FIG. 3 illustrates that the medium
1 and the medium 2 are each gathered to one side so that the
mixture ratio can be clearly understood.

[0090] InFIG. 3, L represents a total length (a path length)
from the sound source to an element, pl and p2 represent
average mixture ratios of the medium 1 and the medium 2,
respectively, irrespectively of a propagation path, and Ap
represents a change of the mixture ratio described above
depending on the path.

[0091] Now, it is assumed that the mixture ratio of the
medium 1 and the medium 2 is shifted from an average
mixture ratio of p1:p2 by Ap to become (p1+Ap):(p2-Ap). Of
the total length L of the path, a length where the medium 1 is
present is L*(p1+Ap) in length and a length where the
medium 2 is present is L*(p2-Ap) in length.

[0092] When a sound velocity of an ultrasound wave in the
medium 1 is taken as v1 and a sound velocity of an ultrasound
wave in the medium 2 is taken as v2, a reception time t when
the ultrasound wave issued from the sound source of FIG. 3 is
received by an element is given by the following equation.

r=Lx(pl+ Ap)/vl + L= (p2 — Ap)iv2

=La(I/vD)spl + L (1/v2) = p2 + LxAp=((1/v]) = (1/v2))

Here, it can be found that if a reception time not depending on
the path (not including a path variation)

LE(IAL)*pl+L*(1A2)*p2

is subtracted, a change in reception time depending on the
path is given by

L*Ap*(1A1)-(1A2)).

[0093] When this is divided by the total length (the path
length), of the path, the following equation (1) is obtained as
an index not depending on the path length.

Ap*(1A1)=(142)) (1)

[0094] However, since the change Ap of the mixture ratio in
the path length L is varied depending on the path, the index
represented by Equation (1) above is varied depending on the
path.

[0095] Thus, if a standard deviation of the values of Equa-
tion (1) for all paths, a variation index not depending on the
path can be obtained.

[0096] Since the change Ap of the mixture ratio is more
largely varied or a difference between v1 and v2 becomes
larger due to a pathological change of a tissue, the variation
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index represented by Equation (1) above is an index satisfac-
torily representing the degree of variation.

[0097] Note that while consideration has been given with
media of only two types, if media of two or more types are
present, an index (1) for two or more types is a sum of changes
Apl, Ap2, ... of the mixture ratio among different media, and
its degree of variation is also an index satisfactorily represent-
ing the degree of pathological change.

[0098] Note that in the method described above, a reception
time, a reception time not including a path variation, and a
path length are unknown.

[0099] Among these, the reception time (the reception time
of the element) can be found by using a known phase aberra-
tion analyzing method (for example, refer to PTL 3: Japanese
Patent Application Laid-pen No. 6-105841). For received
signals of respective elements of the ultrasound probe, a
phase difference therebetween is detected by taking a con-
stant signal as a reference signal, and phase difference detec-
tion results of adjacent elements are compared with each
other and their difference is taken as D. On the other hand, in
a graph with each element number of the ultrasound probe
being plotted on the horizontal axis and each phase difference
between the received signal of each element and a reference
signal S being plotted on the vertical axis, 360° is added at
discontinuities from positive to negative (that is, when the
difference D above is smaller than —180°) and 360° is sub-
tracted at discontinuities from negative to positive (that is,
when the difference D above is larger than 180°), thereby
changing a discontinuous as curve to a continuous curve.
With this, a wide range of phase aberration can be accurately
detected.

[0100] Also, the reception time not including a path varia-
tion can be divided into the path length and

1/average sound velocity=((1/1)*pl+(1A42)*p2).

[0101] Next, how to find the path length L. and the average
sound velocity is described.
[0102] As depicted in FIG. 4, a sound source is assumed at
a depth of a distance L from an element surface in a target
formed of sonic media (mixed media) of many different
types.
[0103] First, from each elements received signal of the
ultrasound wave issued from the sound source depicted in
FIG. 4, a sound velocity (an average sound velocity) and a
depth are found by assuming that the medium to the sound
source is uniform.
[0104] As depicted in FIG. 4, a reception time T(X) at an
element at a position with a distance X from straight below
the sound source can be given by the following equation.
T()=V(L2+X2)* (A1 Y pl+(1A2)*p2+(1A3)*p3 . . .

) @
[0105] Here, a sign p(A) represents the square root of A,
and pn and vn represent a mixture ratio and a sound velocity
of'a medium n, respectively. Also here, it is assumed that the
change Ap of the mixture ratio is not included.
[0106] Since pn can be regarded as constant irrespectively
of'the propagation path, it can be found that the average sound
velocity and the dept with assumption of uniformity is
uniquely found from Equation (2) above as in the following
Equation (3).

1/average sound velocity=((1/1)*pl+(1/2)*p2+(1/
v3)¥p3+...)

depth=L (3)
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[0107] The average sound velocity of Equation (3) above is
the average sound velocity described above, and each path
length can be found from the depth L and the element position
X.

[0108] That is, by viewing the respective element’s recep-
tion times in total, the average sound velocity and each path
length can be found. Even if the change Ap of the mixture
ratio due to each path is included, this can be considered as
less influencing if the respective element signals are viewed in
total.

[0109] To find the average sound velocity and the depth, a
known image analyzing scheme (for example, refer to PTL 4:
Japanese Patent Application Laid-Open No. 2007-7045) can
be used. This is a method of assuming an average velocity
(and a depth) and finding a value with which sharpness and
contrast of an image of the sound source are maximum.
[0110] Other than the above method, a method may be used
in which after each element’s reception time is found by
phase aberration analysis, least-squares fitting is used to find
an average reception time, and its relevant average sound
velocity (and depth) is found.

[0111] Note that while only propagation from the sound
source is assumed herein for simplification, a process in prac-
tice is such that pseudo point reflection is formed with trans-
mission focus. In this case, adding only a transmission propa-
gation time to Equation (2) above is enough.

[0112] How to find a variation index when a non-uniform
layer is present is described below.

[0113] here, as depicted in FIG. 5, a variation index is found
when another medium different from the mixed media is
present in front of each element. Specifically, each path length
and a change in reception time are found with an influence of
the other medium excluded therefrom.

[0114] First, to find each path length, as depicted in FIG. 5,
a local region is set so that a portion near a boundary between
the mixed media and the other medium forms a lower surface,
and a plurality of lattice points are set on this lower surface of
the local region. By finding an average sound velocity in this
region, a depth L' of the sound source in the local region is
found. From this, each path length to each lattice point a
distance X' away from there is found.

[0115] Here, to find an average sound velocity (a local
sound velocity) in the local region, various methods can be
used as follows.

[0116] For example, with the sound source of FIG. 5 being
taken as a point of interest, environmental sound velocities at
the point of interest and each lattice on the lower surface of the
local region are first found. Here, an environmental sound
velocity value is a sound velocity value with maximum con-
trast and sharpness of an image, and can be found by the
image analyzing scheme described above. Next, based on the
environmental sound velocity value of the point of interest, a
waveform of a virtual received wave WX when the point of
interest is taken as a reflection point is calculated. Then an
initial value of the assumed sound velocity in the local region
is set, the assumed sound velocity is changed by one step, a
received wave at each lattice point on the lower surface of the
local region is calculated from the environment sound veloc-
ity, and a virtually-combined received wave WSUM obtained
by virtually combining the received waves with a delay deter-
mined by the assumed sound velocity is calculated.

[0117] Next, an error between the virtual received wave
WX and the virtually-combined received wave WSUM is
calculated. The error between the virtual received wave WX
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and the virtually-combined received wave WSUM is calcu-
lated by using, for example, a method of taking a cross-
correlation, a method of phase matching and adding by mul-
tiplying the virtual received wave WX by a delay obtained
from the virtually-combined received wave WSUM or, con-
versely, a method of phase matching and addition by multi-
plying the virtually-combined received wave WSUM by a
delay obtained from the virtual received wave WX.

[0118] Here, to obtain a delay from the virtual received
wave WX, with the point of interest being taken as a reflection
point, a time when the ultrasound wave propagating with the
environmental sound velocity value at the point of interest
arrives at each element is taken as a delay. Also, to obtain a
delay from the virtually-combined received wave WSUM, an
equiphase line is extracted from a phase difference of the
combined received waves between adjacent elements, and the
equiphase line may be taken as a delay or a phase difference
at maximum (peak) positions of the combined received waves
of the respective elements may simply be taken as a delay.
Furthermore, a cross-correlation peak position of the com-
bined received waves from the respective elements may be
taken as a delay. The error at the time of phase matching and
addition is found by using, for example, a method of taking
peak-to-peak of a waveform after matching and addition or a
method of taking a maximum value of the amplitude after
envelope detection.

[0119] Next, when operations by using all assumed sound
velocity values are completed, a local sound velocity in the
local region is judged. That is, an assumed sound velocity
value with a minimum error between the virtual received
wave WX and the virtually-combined received wave WSUM
is judged as a local sound velocity value in the local region.

[0120] Also, as a method capable of measuring a local
sound velocity even when the sound velocity of the specimen
is non-uniform and the reception time (received wave) of each
cannot be sufficiently approximated with the environmental
sound velocity, the following method can be used.

[0121] For example, there is a method of finding, in
advance, the point of interest in the region of interest and a
reception time (a received wave) at each lattice point on the
lower surface of the local region and superposing the respec-
tive lattice received waves determined by the assumed sound
velocity in the region of interest for combination to form a
combined received wave, with which the received wave in the
region of interest is compared, thereby judging a local sound
velocity.

[0122] Alternatively, after the point of interest in the region
of interest and a reception time (a received wave) at each
lattice point on the lower surface of the local region are found
in advance, a minimum sum of the propagation time of the
ultrasound wave from the point of interest to each lattice point
determined by the assumed sound velocity in the region of
interest and each lattice reception time for an element is taken
as a combined reception time for that element, and the recep-
tion time of the received wave at the point of interest and the
combined reception time may be compared with each other to
judge a local sound velocity.

[0123] Note that the point of interest and the reception time
at each lattice point on the lower surface of the local region
can be found by using the image analyzing scheme and the
phase aberration analyzing scheme described above.

[0124] Also, another method to find a local sound velocity
may be used as follows. For example, similarly to the above,
after the reception time (received wave) of each lattice point
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on the lower surface of the local region is found by the image
analyzing and phase aberration analyzing schemes, the lattice
received waves are superposed with a delay determined by an
assumed sound velocity in the region of interest for combi-
nation to form a combined received wave. Based on a delay
generated therefrom, an image is generated. That image is
analyzed to judge alocal sound velocity from a condition that,
for example, sharpness is maximum.

[0125] Analternative method may beused as follows. After
the reception time (received wave) of each lattice point is
found, a minimum sum of the propagation time of the ultra-
sound wave from the point of interest to each lattice point with
an assumed sound velocity in the region of interest and each
lattice reception time for an element is taken as a delay for that
element. Based on that delay, an image is generated. That
image is analyzed to judge a local sound velocity from a
condition that, for example, sharpness is maximum.

[0126] A still alternative method may be used as follows.
Similarly to the above, the reception time (received wave) of
each lattice point on the lower surface of the local region is
found by the image analyzing and phase aberration analyzing
schemes. By taking the found time as a delay, each lattice
point on the lower surface of the local region described above
is regarded as a virtual element. As a received signal of each
virtual element, a signal obtained by matching and addition
with each delay. From the reception signal of each virtual
element, an image is generated based on an assumed sound
velocity of the region of interest. That image is analyzed to
judge a local sound velocity from a condition that, for
example, sharpness is maximum.

[0127] Note that each lattice point and the lower surface of
the local region described above are taken on a place that is
not particularly restricted to a plane but can be set as any
curved surface on an element side (a frontward side) of the
point of interest. For example, the place is set on an interface
of a tissue or lesion.

[0128] Next, a change of each element’s reception time is
found by finding a change from a reception time determined
by an average sound velocity from among average sound
velocities received at the respective elements, performing a
low-frequency cutting process on that change to remove the
change due to another medium, and converting each element
position to each lattice position on the lower surface of the
local region. Since an ultrasound wave propagation path from
the point of interest via each lattice to each element is found
from the local sound velocity in the local region and the
environment sound velocity at each lattice point or each ele-
ments reception time, the conversion from each element posi-
tion to each lattice position on the lower surface of the local
region can be made by propagation along this propagation
path from each element position in a reversed direction.
[0129] Thus found change is divided by each path length to
obtain the index given by Equation (1) described above, and
its standard deviation can be taken as a variation index.
[0130] Next, how to find an attenuation variation is
described.

[0131] By using the amplitude or the center frequency in
place of the reception time of the received signal, an attenu-
ation variation can be found as follows with a scheme similar
to that for sound velocity.

[0132] There are three types of attenuation: diffusion
attenuation due to spread of a sound wave, absorption attenu-
ation due to absorption of a sound wave into a medium for
conversion to heat, and scattering attenuation due to scatter-
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ing of a living tissue. Among these, absorption and diffusion
attenuations can be given by exp(—ax). Here, o represents an
attenuation coeflicient, and x represents a propagation dis-
tance.

[0133] According to NPTL 3: “Ultrasound Handbook”
(Maruzen, 1999), it can be assumed in a living tissue that the
attenuation coefficient o is approximately proportional to
frequency in a frequency range of an MHz band. With this
attenuation proportional to frequency, a Gaussian pulse has a
center frequency shifted in proportion to the propagation
distance. By using this, an attenuation can be found from the
shift in center frequency.

[0134] Next, a variation index of attenuation is considered
in a manner similar to that of sound velocity.

[0135] Anamplitude A(x) of each path from a sound source
after logarithmic compression and a center frequency F(x) are
given by the following Equation (4).

AX)=AO)L*(al*pl+a2*p2)-L* Ap*(al-a2)

F)=FO)-L*(p1*pl+p2*p2)-L*Ap*($1-p2) Q)

[0136] However, regarding the amplitude, influences such
as diffusion, transmission focus, non-linear characteristics,
and directivity are ignored. Here, o is an attenuation coeffi-
cient including an item depending on frequency, and f is a
constant determined by o and the band of a pulse wave (a
Gaussian pulse is assumed).

[0137] In Equation (4) above, an amplitude and a center
frequency not including a path variation are given by the
following Equation (5),

AX)A0)-L*(al*pl+a2*p2)

F)=FO)-L*(B1+p2*p2) ®)

[0138] By subtracting Equation, (5) from Equation (4)
above and dividing the found change L*Ap*(al-02) in
amplitude or change L*Ap*(B1-p2) in center frequency by a
path length L, the following Equation (6) is obtained.

Ap*(al-a2) or Ap*(B1-B2) (6)

[0139] With this, an index not depending on the path length
is obtained.

[0140] Note herein that the path length L is found from an
average sound velocity by, for example, Equation (3) above.
Also, the amplitude or the center frequency not depending on
the path is required to obtain a change, and is found by
performing fitting with respect to the amplitude or frequency
of each element’s received signal. Furthermore, here, fitting
may be performed by assuming an average . or § based on the
depth of the sound source found in Equation (3).

[0141] Still further, if a transmission path is also consid-
ered, adding the following equation to Equation (4) is enough.

—(transmission path length)*(al*pl+02*p2)

[0142] Still further, to find a variation index when an non-
uniform layer is present, the change represented in Equation
(6) above from the average attenuation of the amplitude or
center frequency of each lattice on the lower surface of the
local region is found. Each path length can be found also
when the average sound velocity in the local region is found.
[0143] While the examples of how to find the sonic varia-
tion and the attenuation variation have been described, a wide
variety of finding methods are present.

[0144] FIG. 6 and FIG. 7 collectively depict how to find a
sonic variation and an attenuation variation as being divided
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into steps. FIG. 6 depicts the case without another medium,
and FIG. 7 depicts the case with another medium.

[0145] Next, processes in a flowchart by the ultrasound
diagnostic device 10 in FIG. 6 are described.

[0146] First, each path length is derived at step S100 of
FIG. 6. If the depth of the point of interest (the sound source)
can be derived, each path length connecting the point of
interest and each element can be derived.

[0147] Anexample of a method of deriving the depth of the
point of interest is as follows.

[0148] For example, as a method of finding from reception
times, a known image analyzing scheme can be used to find an
average sound velocity and depth to the point of interest.
Specifically, these can be found so that values of characteris-
tics of sharpness and contrast of an image of the point of
interest are maximum.

[0149] Alternatively, as a method of finding from ampli-
tudes, a method can be thought in which an amplitude of each
element’s received signal is obtained, an amplitude found by
assuming an average attenuation and depth to the point of
interest in Equation (5) above is fitted to each amplitude, and
a value with a minimum error is adopted. However, sine the
amplitude is influenced not only by attenuation but also by
diffusion, transmission focus, non-linear characteristics, and
others, it is difficult to apply Equation (5) above. By contrast,
by utilizing the method using an amplitude ratio of two fre-
quencies disclosed in PTL 5: Japanese Patent Publication No.
3-24868, the depth can be found from the fact that a difference
in amplitude of two frequencies after logarithmic compres-
sion is proportional to the attenuation coefficient.

[0150] Also, as a method of using center frequencies, a
method can be thought in which a center frequency of each
element’s received signal is obtained, a center frequency
found by assuming an average attenuation and depth to the
point of interest in Equation (5) above is fitted to each center
frequency, and a value with a minimum error is adopted.
Here, fitting can be accurately performed if the center fre-
quency at the time of transmission is known.

[0151] Also, the reception time, amplitude, or center fre-
quency of each element is derived at step S110 of FIG. 6.
[0152] First, as a method of finding a reception time, as
described above, a known phase aberration analyzing scheme
can be used. Alternatively, phase aberration analysis may be
performed by taking a “reception time not including a path
variation” found in advance by image analysis of the point of
interest together with the average sound velocity as a starting
point.

[0153] Also, as amethod of finding an amplitude, there is a
method in which, after envelope detection is performed on
each element reception signal for conversion to amplitude
information, the value at the reception time described above is
obtained. Here, the peak value in a predetermine range may
be obtained by taking “the reception time not including a path
variation” as a base point.

[0154] Also, as a method of finding a center frequency,
there is a method of obtaining a predetermined range with the
reception time as a base point described above from each
element’s received signal and finding a barycenter by the
following equation after frequency conversion.

IrPihdntPaf

[0155] Note in the above equation that f is frequency and
P(f) is spectrum density at f.
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[0156] Furthermore, the center frequency may be a fre-
quency with a peak spectrum density or a center of a half
value breadth. Alternatively, the center frequency may be
found from the gradient of the phase in a depth direction
obtained by performing a detection process.

[0157] In the above, the amplitude or the center frequency
can be found, with reduced noise and interference, by match-
ing and addition of a signal at a relevant reception time with
apredetermined aperture around an element’s received signal
to be found.

[0158] Next, the reception time, amplitude, or center fre-
quency of each path not including a path variation is derived
at step S120 of FIG. 6.

[0159] First, a reception time can be found if the average
sound velocity has been found at step S100 described above.
Alternatively, a curve with a minimum error may be fitted to
each element’s received signal found at step S110. Here,
since the path length connecting the point of interest and each
element has been found at step S100, a reception time may be
calculated by assuming the average sound velocity to find an
average sound velocity (reception time) with a minimum
error.

[0160] Also, an amplitude is found by fitting a curve with a
minimum error to the amplitude of each element’s received
signal found at step S110. Here, since the path length con-
necting the point of interest and each element has been found
atstep S100, an amplitude may be calculated by assuming the
average attenuation in Equation (5) to find an average attenu-
ation (amplitude) with a minimum error.

[0161] To find acenter frequency, if the average attenuation
has been found at step S100, the center frequency of each
element has been found simultaneously. Alternatively, a
curve with a minimum error may be fitted to the center fre-
quency of each elements received signal found at step S110.
Here, since each path length has been found at step S100, a
center frequency may be calculated by assuming the average
attenuation to find an average attenuation (center frequency)
with a minimum error. Here, if the center frequency at the
time of transmission is known, fitting can be accurately per-
formed.

[0162] Next, a change in reception time, amplitude, or cen-
ter frequency of each path is derived at step S30 of FIG. 6.
This can be found by subtracting the value found at step S120
from the reception time, amplitude, or center frequency found
at step S110.

[0163] Next, at step S140 of FIG. 6, an index is found by
dividing the change by the path length to derive an index, and
then a variation index is derived therefrom. Here, a standard
deviation or a maximum value of the index of each path may
be taken as a variation index.

[0164] Next, by using a flowchart of FIG. 7, how to find a
variation index in the region of interest when another medium
is present is described.

[0165] The flowchart of FIG. 7 is substantially similar to
the flowchart of FIG. 6 described above, and is different
therefrom in that, in a variation index calculating method for
each point of interest, “each path”is replaced by “each path in
the local region” and “reception time, amplitude, or center
frequency of each element” is replaced by “a value on the
lower surface of the local region”™.

[0166] First, each path length in the local region is derived
at step S200 of FIG. 7 (a depth of pseudo point reflection is
derived). To do this, for example, as depicted in FIG. 5, alocal
region is set so that each point of interest (sound source) is on
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an upper surface and a portion near a boundary with the other
medium is on a lower surface to find each path length in the
local region. To do this, a depth of the point of interest in the
local region is first found. As a method for this, a method of
finding the dept together with an average sound velocity in the
local region is suitably used. Various methods of finding an
average sound velocity (a local sound velocity) in the local
region are present.

[0167] Next, a value of the reception time, amplitude, or
center frequency of each element on the lower surface of the
local region is derived at step S210 of FIG. 7.

[0168] As a method of finding a local reception time of the
local region, a reception time (or an average sound velocity)
of each lattice on the lower surface of the local region is first
found by using know image analyzing and phase aberration
analyzing schemes, and is taken as a delay. Also, a reception
time (a received wave) of the point of interest is found by
image analysis and phase aberration analysis. Then, with
each lattice being regarded as a virtual element, as a reception
signal of each virtual element, a signal obtained by matching
and addition of a received wave of the point of interest with
each delay is set. Then, phase aberration analysis is per-
formed on the received signal of each virtual element to find
a local reception time of the point of interest. Alternatively,
with each lattice being regarded as a virtual element, as a local
reception time of each virtual element, the latest time is
adopted from among times each obtained by subtracting the
delay from each element’s reception time of the point of
interest.

[0169] Alternatively, with received waves of the respective
lattices on the lower surface of the local region being regarded
as the same, a typical received wave is defined, and by per-
forming deconvolution with the received wave typical among
the respective lattices on the lower surface of the local region,
a local reception time of the point of interest is found. The
deconvolution process can be performed on each element’s
received signal or on its frequency space.

[0170] Alternatively, a search may be made for a local
reception time so that an error between the reception time
(received wave) of the point of interest and a reception time
(received wave) of the point of interest found from the recep-
tion time (received wave) of each lattice on the lower surface
of the local region and a propagation time (local reception
time) from the point of interest to each lattice is minimum.
There are various minimum value search algorithms. For
example, a quasi-Newton method may be used.

[0171] Next, as a method of finding a center frequency, a
local reception time or an average sound velocity of the local
region, and a reception time or an average sound velocity of
each lattice on the lower surface of the local region are found
in advance. Then, a propagation path of the point of
interest—each lattice—each element is found. Also, the cen-
ter frequency at the time of transmission is assumed to be
known.

[0172] An amount of shift in center frequency of each
lattice—each element on the lower surface of the local region
is found in the following procedure.

[0173] First, a center frequency is found from each
element’s received signal of each lattice (here, the center
frequency can be found, with reduced noise and interference,
by matching and addition of a signal at a relevant reception
time with a predetermined aperture around an element’s
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received signal to be found). Regarding a lattice, a value
represented by the following equation is a shift in center
frequency on one way.

(center frequency[received signal of a center ele-
ment]-center frequencyl[at the time of transmis-
sion])/2

[0174] A value obtained by subtracting the above value
from (center frequency [received signal of each element]-
center frequency|at the time of transmission]) represents an
amount of shift in center frequency due to attenuation of a
propagation path of a lattice—each element.

[0175] Even when the center frequency at the time of trans-
mission is unknown, if uniform attenuation is assumed for all
paths of a lattice—each element, an attenuation coefficient
can be found and an amount of shift can be found (however,
higher accuracy is achieved when the center frequency at the
time of transmission is known).

[0176] By subtracting the amount of shift in center fre-
quency of each lattice—each element from the each
element’s center frequency of the point of interest, a center
frequency at each lattice is found.

[0177] Next, as a method of finding an amplitude, an
attenuation of each lattice—each element is found in advance
from the amount of shift in center frequency, and a propaga-
tion path of each lattice—each element is also found in
advance. From the amplitude of each element, the attenuation
of each lattice—each element is corrected to find an ampli-
tude of each lattice.

[0178] Next, a reception time, amplitude, or center fre-
quency of local region not including a path variation is
derived at step S220 of FIG. 7.

[0179] Asamethod of finding a reception time, a reception
time is found from the average sound velocity and the path
length found at step S200. Alternatively, a reception time may
be found by fitting a curve with an minimum error at the
reception time of each lattice found at step S210. Here, since
the path length connecting the point of interest and each
lattice has been found at step S200, a reception time may be
calculated by assuming an average sound velocity to find an
average sound velocity (reception time) with a minimum
error.

[0180] As a method of finding an amplitude, an amplitude
can be found by fitting a curve with a minimum error to the
amplitude of each lattice found at step S210. Here, since the
path length connecting the point of interest and each lattice
has been found at step S200, an amplitude may be calculated
by assuming an average attenuation in Equation (5) to find an
average sound velocity (amplitude) with a minimum error.
[0181] As amethod of finding a center frequency, a center
frequency is found by fitting a curve with a minimum error to
the center frequency of each lattice found at step S210. Here,
since each path length has been found at step S200, a center
frequency may be calculated by assuming an average attenu-
ation to find an average sound velocity (center frequency)
with a minimum error.

[0182] In the following, processes at steps S230 and S240
are similar to the processes at steps S130 and S140 of FIG. 6
without another medium described above, and therefore are
not described herein.

[0183] Note that the lower surface of the local region set
when another medium is present may not necessarily be
present near the boundary as depicted in FIG. 5, and may not
be a plane but a curved surface. Also, to find a reception time,
amplitude, or center frequency of each lattice on the lower
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surface of the local region, transmission focuses are set not
only on the local region but also on the lower surface of the
local region.

[0184] Furthermore, there is a method of performing a low-
frequency cutting process on the reception time, amplitude,
or center frequency of the signal received at each element to
remove a change due to the other medium and converting
each element position to each lattice position along the propa-
gation path of each lattice—each element, thereby finding a
change in reception time, amplitude, or center frequency of
each lattice.

[0185] Still further, correction of the other medium and
standardization with the path length are not necessarily
required. Note that a ratio of the depth and the aperture of an
element is desirably constant.

[0186] For standardization, examples of an amount to be
standardized include a depth, in addition to a path length.
Examples of an amount near the depth include a reception
time and an amount of shift in frequency of a center element
(or lattice). Standardization with these are not required when
a variation is evaluated with the depth of the point of interest
(the region of interest) (when another medium is present, the
depth with the other medium being excluded) being constant.
[0187] Still further, from Equation (3) described above and
others, it can be found that the sound velocity and attenuation
are amounts depending only on Ap separated from the depth.
Therefore, the sound velocity or attenuation may be taken as
anindex (in this case, it seems that a ratio of the depth and the
aperture is not related).

[0188] Inthe case of sound velocity, a sonic variation can be
found based on tan RF signal as a result of matching and
addition at constant sound velocity or sharpness of an image
(a B-mode image) obtained by performing an envelope
detecting process on the RF signal (RF data).

[0189] FIG. 8 and FIG. 9 depict an image as a result of
matching and addition to the reception signal, and its sharp-
ness.

[0190] FIG. 8 depicts the case when the sound velocity of a
target tissue is uniform, and FIG. 9 depicts the case when the
sound velocity of the target tissue is non-uniform.

[0191] In FIG. 8 and FIG. 9, with respect to the maximum
value of sharpness, a difference of a sharpness at sound
velocities at both ends, for example, 1400 m/sec and 1650
m/sec in examples depicted in these diagrams, is used as a
variation index. Also, standardization is performed with the
maximum value in consideration with luminance depen-
dency.

[0192] That is, variation=(As1+As2)/s.

[0193] Other than the above, a maximum sharpness value
may be simply taken as the variation index, or a half-value
breadth may be taken.

[0194] Also, examples of the variation index include the
following. That is, there is a sonic or attenuation range in
which an absolute value or a mean-square value of a differ-
ence from an approximate curve of each sound velocity or
attenuation has a minimum predetermined ratio. Also, there
are sonic or attenuation ranges on both sides, adjacently to the
measured received time, amplitude, or center frequency.
Other than the above, in the case of sound velocity, there are
a sonic range in which a focus index of an image obtained by
matching and addition has a maximum predetermined ratio
and a standard deviation of sound velocities and attenuations
found by dividing the aperture into small apertures and using
each of these small apertures.
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[0195] Still further, if a variation in ultrasound propagation
time, change in amplitude or shift in center frequency of the
transmission path is also included, it can be thought that the
average sound velocity and the average attenuation them-
selves become varied depending on the position of the point
of interest. Therefore, a standard deviation of variations in
average sound velocity or average attenuation of each point of
interest in the region of interest may be taken as a variation
index.

[0196] Next, a variation index based on the spatial fre-
quency is described.

[0197] While the variation index described above is an
index based on the magnitude of the variation in reception
time, amplitude, or center frequency, a varied spatial fre-
quency is thought to be also changed. Specifically, since the
frequency of the change in reception time, amplitude, and
center frequency with respect to the azimuth position is
thought to be changed, the variation index may be based on
this frequency.

[0198] The change in reception time, amplitude, or center
frequency is obtained by the flowchart of FIG. 6 when another
medium is not present and by the flowchart of FIG. 7 when
another medium is present.

[0199] Here, the magnitude of the change in reception time,
amplitude, or center frequency increases in accordance with
the depth of the point of interest. If the magnitude of the
change with respect to each azimuth position uniformly
increases, this increase does not influence the frequency, and
therefore no correction is required.

[0200] However, the degree of increase of change subtly
differs depending on each path, and therefore the change may
be standardized with each path length for correction. That is,
any of the change obtained by the flowchart of FIG. 6 or FIG.
7 and the change obtained by standardization with the path
length may be used as an index.

[0201] Here, even if the depth of the point of interest is not
constant, it is not required to correct the frequency of the
change with respect to the azimuth direction by using the
depth or the path length. However, evaluation with a constant
aperture is desirable.

[0202] The center frequency or band of a frequency distri-
bution of thus obtained index with respect to the azimuth
position or a variable based thereon is found as a variation
index.

[0203] For example, in the case of liver cirrhosis, it can be
thought that, by replacing uniform and small hepatic lobules
by non-uniform and large nodes, the center frequency is
moved to a low frequency side or the band is caused to spread.
Therefore, it can be thought that the degree of cirrhosis can be
diagnosed based on the variation index.

[0204] The center frequency is found by [P*P(H)df/P(f)df.
Here, frepresents frequency, and P(f) represents amplitude of
the frequency f. Other than that, as the center frequency, a
frequency with a maximum amplitude, a center frequency of
a band with an amplitude being at a predetermined maximum
ratio, or a frequency with an integral value of P(f) being a half
value may be taken.

[0205] The band can be found by finding the square root of
JEE-10)2*P(HAf/PEA=F2*P()d/P(H)df-f02. Here, f0
represents a center frequency. This may be kept as dispersed.
Other than that, as the band, a band with an amplitude of the
center frequency or a predetermined ratio of a maximum
amplitude or a band in which an integral value of P(f) with the
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center frequency or the frequency for a maximum amplitude
as a center is at a predetermined ratio of all integral values.

[0206] Other than the center frequency and the band, a
distortion in frequency distribution may be found as a varia-
tion index. This can be found from tertiary moment [(f-f0)
3*P(Hdf/P(Hdf.

[0207] While the method of finding a variation index by
taking a change in reception time, amplitude, or center fre-
quency or a change in standardization of the path length as an
index has been described above, not the change but the recep-
tion time, amplitude, or center frequency may be directly
taken as an index. In this case, since a component of “the
reception time, amplitude, or center frequency not including
a path variation” is included in extremely low frequencies of
the frequency distribution. Thus, extremely low frequency
components can be removed when the variation index is
calculated.

[0208] Also, a variation index may be found based on the
spatial space of variation in average sound velocity or average
attenuation due to the position of the point of interest. In this
case, a two-dimensional frequency distribution of an average
sound velocity or an average attenuation in the region of
interest is found, and a variation index can be found from the
center frequency, band, or distortion thereof.

[0209] Next, an entire process for finding a variation index

representing a sonic variation or an attenuation variation is
described.

[0210] FIG. 10 is a flowchart of an entire process to find a
sonic variation or an attenuation variation.

[0211] First, a region of interest is set at step S300 of FIG.
10.
[0212] Next, at step S310, a predetermined number of

transmission focuses are set along each line in the region of
interest, relevant transmission focus is performed, and recep-
tion is made by each element.

[0213] Here, to select a transmission focus corresponding
to each point of interest, an effective region of each transmis-
sion focus may be judged in advance as follows.

[0214] That is, a transmission focus No(n) is first set, a
specified line width is added/subtracted to/from a predeter-
mined specified line No to set a line No(m), and each
element’s received signal of the focus No(n) and the line
No(m) is read. Next, a set sound velocity No(k) is set, recep-
tion focus with the set sound velocity No(k) is performed on
the received signal of the line No(m) of the transmission focus
No(n), and an index or image is stored. This process is repeat-
edly performed with the set sound velocity No being varied.
When processes with predetermined set sound velocities are
completed, the line No is changed, and transmission focus is
performed again on a new line No with the set sound velocity
No(k) being varied as described above.

[0215] Next, an environmental sound velocity (an average
sound velocity) of each depth is found from the indexes or
images of all lines with each set sound velocity, a standard
deviation of environment sound velocities in a depth direction
is calculated, a minimum point is judged as an actual focus
depth, and an effective region of the transmission focus No(n)
is found. Then, the transmission focus No is changed, and an
effective region for the next transmission focus No is found in
the same manner as above.

[0216] Note that transmission focus is performed corre-
spondingly to each point of interest.

May 16, 2013

[0217] Next, at step S320, a predetermined number (i0) of
points of interest are (is) set in the region of interest. The
number of points of interest may be one, that is, the predeter-
mined number i0 may be 1.

[0218] Then, for each of i0 points of interest, a variation
index representing a sonic variation or an attenuation varia-
tion at that point of interest is found.

[0219] First, at step S330, i indicating a point-of-interest
number is set at 1 (i=1).

[0220] Then, at step S340, each element’s received data of
transmission focus corresponding to an i-th point of interest is
selected, and a variation index representing a sonic variation
or an attenuation variation at the i-th point of interest is found
from the relevant data.

[0221] To find a variation index, if another medium is not
present, a variation index is found by the method depicted in
the flowchart of FIG. 6 described above. If another medium is
present, a variation index is found by the method depicted in
the flowchart of FIG. 7 described above. Here, separately
from the region of interest, a local region is set, and each
elements received data of transmission focus corresponding
to each lattice point on the lower surface of the local region is
also used.

[0222] Next, at step S350 of FIG. 10, the point-of-interest
numberiis incremented by 1 (1 is added to i). At the next step
S360, it is determined whether i1 exceeds the number of points
of interest (the predetermined number i0).

[0223] As aresult, if i has not exceed i0 yet, the procedure
returns to step S340, repeating the process of finding a varia-
tion index representing a sonic variation or an attenuation
variation at the i-th point of interest described above.

[0224] On the other hand, if it is determined that i exceeds
10, the procedure goes to the next step S370.

[0225] At step S370, a total sum of variation indexes of the
respective points of interest is obtained, which is taken as a
variation index in the region of interest.

[0226] Inthis manner, while atotal sum of variation indexes
of the respective points of interest is taken herein as a varia-
tion index of the region of interest, in place of the total sum,
after the indexes of the respective points of interest are all
collected, their standard deviation may be taken as a variation
index of the region of index.

[0227] Alternatively, if another medium is present in front
of the region of interest, other than the method depicted in the
flowchart of FIG. 7 described above, a variation index at each
point of interest in a shallow region and a variation index in a
deep region in the region of interest may be compared and
analyzed. With this, a variation index with a reduced influ-
ence ofthe other medium can be found in a simplified manner.
For example, a total sum of gradients of change of variation
indexes of the respective points of interest in a depth direction
or atotal sum of differential values from the variation indexes
at the points of interest in the shallow region or standardized
values may be taken for each line and may be taken as a
variation index of the region of interest. Alternatively, since
the influence of the other material on the variation in the deep
region is small, a total sum of variation indexes in the deep
region may be taken as a variation index of the region of
interest.

[0228] Inthe examples described so far, a variation in time,
amplitude, or frequency of received signals occurs in the
course of propagation from pseudo point reflection, and that
variation is found. However, this variation in time, amplitude,
or frequency of received signals occurs not only in the course
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of propagation from pseudo point reflection but also due to
ambient interference at the time of forming pseudo point
reflection.

[0229] Specifically, when the transmission focus does not
concentrate on one point due to unevenness in sound velocity,
attenuation, or scattering or when ambient interference is
larger than the point of interest due to unevenness in scatter-
ing, the received signal undergoes interference of ambient
scattering. As a result, variations in time, amplitude, and
frequency of the received signal occurs.

[0230] FIG. 11 depicts an example of a varied received
signal.

[0231] In FIG. 11, the horizontal axis represents the posi-
tion of an element, the vertical axis represents reception time,
and gray scales each represent the amplitude of a received
signal.

[0232] (A)portion of FIG. 11 depicts a received signal with
a uniform wavefront. The wavefront is in a parabolic shape,
which indicates that the received signal arrives at the center
element first. Also, (B) portion of FIG. 11 depicts a received
signal with a varied wavefront.

[0233] As such, in the present invention, a target is mea-
sured while including an influence of ambient scattering that
occurs due to unevenness in sound velocity, attenuation, and
scattering in formation of pseudo point reflection with trans-
mission focus.

[0234] While various sonic or attenuation variation indexes
based on a change in reception time, amplitude, or center
frequency and various variation indexes based on a change in
average sonic velocity or average attenuation due to the posi-
tion of the point of interest have been described above, the
present invention is not restricted to these examples above,
and it goes without saying that other various variation indexes
may be used within a range not deviating from the gist of the
present invention. For example, after indexes of the respective
points of interest in the region of interest based on the recep-
tion time, amplitude, or center frequency are all collected,
skewness, kurtosis, or the like as their histogram shape fea-
ture amount may be taken as a variation index. Also, after the
indexes for the respective points of interest are averaged, a
standard deviation or a histogram shape feature amount of
their distribution in the region of interest, or a texture feature
amount from a cooccurrence matrix or the like, for example,
uniformity, contrast, correlation, or entropy, may be used as a
variation index.

[0235] Also, similarly, from a distribution of average sound
velocities or average attenuations in the region of interest, a
histogram feature amount, a texture feature mount, or the like
can be taken as a variable index.

[0236] Furthermore, by not taking any of these feature
amounts singly but from a plurality of feature amounts, a
variation index may be found by using, for example, multiple
regression.

[0237] By calculating an index representing a variation in
sound velocity or attenuation (a variation index) in the man-
ner described above, the tissue characteristic can be diag-
nosed with the use of this index.

[0238] For example, a large amount of data of specific
lesions and their corresponding variations in sound velocity
or attenuation are accumulated and, based on these data, a
correspondence between values of the variation indexes and
the states of tissue characteristics is statistically found,
thereby setting a threshold of each variation index for diag-
nosing the tissue characteristic. Then, in actual diagnosis, a
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variation index is found by the method as described above,
and is compared with the preset threshold, thereby diagnosing
the tissue characteristic. With this, the tissue characteristic
can be easily diagnosed.

[0239] Ashas been described above, in the present embodi-
ment, not an absolute value of sound velocity or attenuation
but a sonic variation or an attenuation variation is measured.
Therefore, it is possible to grasp a microscopic change in
sound velocity or attenuation structure due to a pathological
change, the change being difficult to grasp with measurement
of an absolute value of sound velocity or attenuation.

[0240] While the ultrasound diagnostic device and the
ultrasound diagnostic method according to the present inven-
tion have been described in detail above, the present invention
is not restricted to the examples described above, and it goes
without saying that various improvements and modifications
may be performed in a range not deviating from the gist of the
present invention.

REFERENCE SIGNS LIST

[0241] 10...ultrasound diagnostic device, 100 ... CPU,
104 . . . display unit, 106 . . . data analyzing and mea-
suring unit, 200 . . . operation input unit, 300 . . . ultra-
sound probe, 302 . . . ultrasound transducer, 400 . . .
transmitting and receiving unit, 500 . . . image signal
generating unit, 502 . . . signal processing unit, 506 . . .
image processing unit

1. An ultrasound diagnostic device comprising:

an ultrasound probe including a plurality of ultrasound
transducers transmitting ultrasound waves to an object
and receiving ultrasound waves reflected from the speci-
men to output an ultrasound detection signal;

a region-of-interest setting unit setting a region of interest
within the specimen; and

a variation measuring unit measuring a sonic variation or
an attenuation variation of ultrasound waves in the
region of interest.

2. The ultrasound diagnostic device according to claim 1,
further comprising a point-of-interest setting unit setting at
least one or more points of interest within the region of
interest, wherein the variation measuring unit measures the
sonic variation based on a change in reception time of a
received signal at each of the ultrasound transducers regard-
ing the reflected wave from the point of interest.

3. The ultrasound diagnostic device according to claim 2,
wherein

the variation measuring unit measures the attenuation
variation based on a change in amplitude or frequency of
the received signal at each of the ultrasound transducers
regarding the reflected wave from the point of interest.

4. The ultrasound diagnostic device according to claim 2,
wherein

the variation measuring unit measures the attenuation
variation based on a change in attenuation at each point
of interest within the region of interest.

5. The ultrasound diagnostic device according to claim 1,

wherein

the variation measuring unit measures the sonic variation
by comparing RF signals resulting from matching and
addition at a constant sound velocity or images for
respectively set sound velocities.

6. The ultrasound diagnostic device according to claim 1,

further comprising a transmission focus instructing unit mak-
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ing the ultrasound probe transmit the ultrasound waves by
focusing on the region of interest.

7. The ultrasound diagnostic device according to claim 6,

wherein

the transmission focus instructing unit judges an effective
region of each transmission focus in advance.

8. Anultrasound diagnostic method, wherein an ultrasound

diagnostic device performs:

a region-of-interest setting step of setting a region of inter-
est within an object;

a step of setting at least one or more points of interest
within the region of interest;

a step of measuring a sonic variation based on a change in
reception time of a received signal at each ultrasound
transducer regarding a reflected wave from the point of
interest;

an index calculating step of calculating a variation index
from the sonic variation; and

acharacteristic diagnosing step of diagnosing a tissue char-
acteristic based on the calculated variation index.

9. Anultrasound diagnostic method, wherein an ultrasound

diagnostic device performs:
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a region-of-interest setting step of setting a region of inter-
est within an object;

a step of setting at least one or more points of interest
within the region of interest;

a step of measuring attenuation variation based on a change
in amplitude or frequency of a received signal at each
ultrasound transducer regarding a reflected wave from
the point of interest;

an index calculating step of calculating a variation index
from the attenuation variation; and

a characteristic diagnosing step of diagnosing a tissue char-
acteristic based on the calculated variation index.

10. The ultrasound diagnostic method according to claim

8, wherein the device further performs a transmission focus
instructing step of making the ultrasound transducers trans-
mit ultrasound waves by focusing on the region of interest.

11. The ultrasound diagnostic method according to claim

10, wherein

in the transmission focus instructing step, an effective

region of each transmission focus is judged in advance.
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