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FIG2A
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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND DIAGNOSTIC METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention relates to an ultrasound diag-
nostic apparatus and an ultrasound diagnostic method, and
more particularly to an ultrasound diagnostic apparatus and
an ultrasound diagnostic method for taking and displaying an
ultrasound image of a subject using ultrasound.

[0003] 2. Description of the Related Art

[0004] Conventionally, a technique has been proposed of
analyzing a property of a reflector such as a minute structure
(for example, a calcified region in a breast), a continuous
surface, or a speckle included in a subject, and enhancing or
suppressing a display of the reflector in an ultrasound image
on the basis of the reflector property in an ultrasound image
processing. Proposed techniques of distinguishing a reflector
include, for example, a technique of distinguishing between
reflectors by differences in value or shape of amplitude infor-
mation of ultrasound (for example, Japanese Patent Applica-
tion Laid-Open Nos. 2003-61964, 7-8487 and 2000-300561),
or a technique of noting the manner of change in amplitude
value between frames (for example, Japanese Patent Appli-
cation Laid-Open No. 9-94248). Also, Japanese Patent Appli-
cation Laid-Open No. 2006-305337 discloses a technique of
extracting minute calcification by performing a CFAR (Con-
trast False Alarm Rate) processing of removing a speckle
pattern from a B mode image and an MIP (Maximum Inten-
sity Projection) processing in ultrasound diagnosis of a
breast.

SUMMARY OF THE INVENTION

[0005] As described above, the technique of extracting a
minute structure on the basis of the minute structure being
visualized as an isolated high echo in an amplitude image has
been proposed in the conventional ultrasound diagnosis.
However, in the amplitude image, a part where there are
intermittent speckles (interference fringes due to random
interference of ultrasound) or intermittent continuous sur-
faces (planar regions with constant acoustic impedance) is
also visualized as a high echo, and thus it is difficult to
distinguish the minute structure in the subject from the speck-
les or the like and extract the minute structure.

[0006] The present invention is achieved in view of these
circumstances, and has an object to provide an ultrasound
diagnostic apparatus and an ultrasound diagnostic method
that can precisely distinguish between a minute structure, a
continuous surface, and a speckle included in a subject.
[0007] To solve the above described problems, a first aspect
of the present invention provides an ultrasound diagnostic
apparatus including: an ultrasound probe including a plurality
of ultrasound transducers which transmit ultrasound to a sub-
ject and receive the ultrasound reflected by the subject to
output an element data; an arithmietical operation device
which performs matching addition of element data of a plu-
rality of small openings obtained by dividing an opening
provided in the ultrasound probe on the basis of the element
data output from the ultrasound transducers; and a determi-
nation device which determines a property of a reflector
which reflects the ultrasound in the subject on the basis of at
least one of RF data obtained by the matching addition of the
element data of the small openings and an amplitude image.
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[0008] A second aspect of the present invention, the deter-
mination device determines a region where phases of the RF
data obtained by the matching addition of the element data of
the small openings substantially coincide with each other, as
a minute structure in the ultrasound diagnostic apparatus of
the first aspect.

[0009] A third aspect of the present invention is such that
the determination device determines a region where phases of
the RF data obtained by the matching addition of the element
data of the small openings substantially coincide with each
other, and where the phase of the RF data or a phase difference
in a distance direction of the ultrasound probe changes in a
scanning direction or the distance direction by a predeter-
mined value or less irrespective of positions of the small
openings, as a minute structure in the ultrasound diagnostic
apparatus of the first aspect.

[0010] A fourth aspect of the present invention is such that
the determination device determines a region where an ampli-
tude at a small opening located at a center of a predetermined
region of the element data is larger by a predetermined value
or more than an amplitude at small openings at positions other
than the center, as a continuous surface in the ultrasound
diagnostic apparatus of the first to third aspects.

[0011] A fifthaspect of the present invention is such that the
determination device determines a region where an amplitude
at a small opening located at a center of a predetermined
region of the element data is larger by a first predetermined
value or more than an amplitude at small openings at posi-
tions other than the center, and where the phase of the RF data
ofthe small opening located at the center or the phase differ-
ence in the distance direction of the ultrasound probe changes
in the scanning direction or the distance direction by a second
predetermined value or less, as a continuous surface in the
ultrasound diagnostic apparatus of the first to third aspects.
[0012] A sixth aspect of the present invention is such that
the determination device determines a region where the
amplitude or the RF data randomly changes irrespective of
the positions of the small openings, as a speckle in the ultra-
sound diagnostic apparatus of the first to fifth aspects.
[0013] A seventh aspect of the present invention is such that
the determination device determines a mixing ratio of a
minute structure included in the speckle on the basis of the RF
data obtained by the matching addition of the element data of
the small openings or the amplitude image in the ultrasound
diagnostic apparatus of the sixth aspects.

[0014] Aneighthaspect ofthe present inventionis such that
the determination device determines a mixing ratio of a con-
tinuous surface included in the speckle on the basis of the RF
data obtained by the matching addition of the element data of
the small openings or the amplitude image in the ultrasound
diagnostic apparatus of the sixth or seventh aspect.

[0015] A ninth aspect of the present invention further
includes a display device which displays a determination
result of a property of the reflector in the ultrasound diagnos-
tic apparatus of the first to eighth aspects.

[0016] A tenth aspect of the present invention is such that
the display device displays the determination result of the
property of the reflector in a manner that the determination
result is superimposed on the amplitude image or placed with
the amplitude image side by side in the ultrasound diagnostic
apparatus of the ninth aspect.

[0017] An eleventh aspect of the present invention further
includes a display mode switching device which switches a
display mode between a first display mode in which the
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amplitude image is displayed alone and a second display
mode in which the determination result of the property of the
reflector is displayed in the ultrasound diagnostic apparatus
of the ninth or tenth aspect.

[0018] A twelfth aspect ofthe present invention provides an
ultrasound diagnostic method including: an arithmetical
operation step for performing matching addition of element
data of a plurality of small openings obtained by dividing an
opening provided in a ultrasound probe on the basis of ele-
ment data output from the ultrasound probe, the ultrasound
probe including a plurality of ultrasound transducers which
transmit ultrasound to a subject and receive the ultrasound
reflected by the subject to output the element data; and a
determination step for determining a property of a reflector
which reflects the ultrasound in the subject on the basis of at
least one of RF data obtained by the matching addition of the
element data of the small openings and an amplitude image.

[0019] A thirteenth aspect of the present invention is such
that a region where phases of the RF data obtained by the
matching addition of the element data of the small openings
substantially coincide with each other is determined as a
minute structure in the determination step in the ultrasound
diagnostic method of the twelfth aspect.

[0020] A fourteenth aspect of the present invention is such
that a region where phases of the RF data obtained by the
matching addition of the element data of the small openings
substantially coincide with each other, and where the phase of
the RF data or a phase difference in a distance direction of the
ultrasound probe changes in a scanning direction or the dis-
tance direction by a predetermined value or less irrespective
of positions of the small openings is determined as a minute
structure in the determination step in the ultrasound diagnos-
tic method of the twelfth aspect.

[0021] A fifteenth aspect of the present invention is such
that a region where an amplitude at a small opening located at
acenter of a predetermined region of the element data is larger
by a predetermined value or more than an amplitude at small
openings at positions other than the center is determined as a
continuous surface in the determination step in the ultrasound
diagnostic method of the twelfth to fourteenth aspects.

[0022] A sixteenth aspect of the present invention is such
that a region where an amplitude at a small opening located at
acenter of a predetermined region of the element data is larger
by a first predetermined value or more than an amplitude at
small openings at positions other than the center, and where
the phase of the RF data of the small opening located at the
center or the phase difference in the distance direction of the
ultrasound probe changes in the scanning direction or the
distance direction by a second predetermined value or less is
determined as a continuous surface in the determination step
in the ultrasound diagnostic method of the twelfth to four-
teenth aspects.

[0023] A seventeenth aspect of the present invention is such
that a region where the amplitude or the RF data randomly
changes irrespective of the positions of the small openings is
determined as a speckle in the determination step in the ultra-
sound diagnostic method of the twelfth to sixteenth aspects.
[0024] An eighteenth aspect of the present invention further
includes a step for determining a mixing ratio of a minute
structure included in the speckle on the basis of the RF data
obtained by the matching addition of the element data of the
small openings or the amplitude image in the ultrasound
diagnostic method of the seventeenth aspects.
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[0025] A nineteenth aspect of the present invention further
includes a step for determining a mixing ratio of a continuous
surface included in the speckle on the basis of the RF data
obtained by the matching addition of the element data of the
small openings or the amplitude image in the ultrasound
diagnostic method of the seventeenth or eighteenth aspect.
[0026] A twentieth aspect of the present invention further
includes a display step for displaying a determination result
of a property of the reflector on a display device in the ultra-
sound diagnostic method of the twelfth to nineteenth aspect.
[0027] A twenty first aspect of the present invention is such
that the determination result of the property of the reflector is
displayed in a manner that the determination result is super-
imposed on the amplitude image or placed with the amplitude
image side by side in the display step in the ultrasound diag-
nostic method of the twentieth aspect.

[0028] An twenty second aspect of the present invention
further includes a display mode switching step for receiving
aninstruction input from an operator to switch a display mode
between a first display mode in which the amplitude image is
displayed alone and a second display mode in which the
determination result of the property of the reflector is dis-
played, and switching the display mode in the ultrasound
diagnostic method of the twentieth or twenty first aspect.
[0029] According to the present invention, matching addi-
tion of the element data of the small openings is performed,
the differences in characteristics between the minute struc-
ture, the continuous surface, and the speckle in the RF data
and the amplitude image are used to enable to distinguish the
minute structure, the continuous surface, and the speckle,
which have been difficult to distinguish by a conventional
technique based on an amplitude value or a shape of an
amplitude image, and to determine a tissue property.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1isablock diagram of an ultrasound diagnos-
tic apparatus according to a first embodiment of the present
invention;

[0031] FIGS. 2A and 2B illustrate a phase matching addi-
tion processing of element data;

[0032] FIGS. 3A to 3E illustrate a phase matching addition
processing of element data for each small opening;

[0033] FIGS. 4A, 4B and 4C illustrate differences in coin-
cidence of RF data or an amplitude image after matching
addition at the small opening between an isolated point, a
continuous surface, and a speckle;

[0034] FIG. 5is a flowchart showing a determination pro-
cessing of a minute structure;

[0035] FIG. 6 is a flowchart showing a determination pro-
cessing of the continuous surface;

[0036] FIG. 7 is a flowchart showing a calculation process
of'a mixing ratio of a minute structure included in the speckle;
[0037] FIG. 8A is a graph showing a relationship between
the mixing ratio of the minute structure and an average value
of an absolute value of difference;

[0038] FIGS. 8B to 8D are graphs showing a relationship
between the mixing ratio of the minute structure and a number
of data (data count); and

[0039] FIG. 9is a flowchart showing a calculation process
of a mixing ratio of a minute continuous surface included in
the speckle.
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DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0040] Now, preferred embodiments of an ultrasound diag-
nostic apparatus and an ultrasound diagnostic method accord-
ing to the present invention will be described with reference to
the accompanying drawings.

[Configuration of Ultrasound Diagnostic Apparatus]

[0041] FIG. 1 is a block diagram of an ultrasound diagnos-
tic apparatus according to a first embodiment of the present
invention.

[0042] An ultrasound diagnostic apparatus 10 in FIG. 1 is
an apparatus that transmits an ultrasound beam from an ultra-
sound probe 300 to a subject OBJ, receives the ultrasound
beam (ultrasonic echo) reflected by the subject OBIJ, and
generates and displays an ultrasound image from a detection
signal of the ultrasonic echo.

[0043] A CPU (Central Processing Unit) 100 controls each
block in the ultrasound diagnostic apparatus 10 according to
an operation input from an operation input unit 200. The
operation input unit 200 is an input device that receives an
operation input by an operator, and includes a console 202
and a pointing device 204. The console 202 includes a key-
board that receives an input of character information (for
example, patient information), a display mode switch button
for switching a display mode between a normal display mode
in which an amplitude image (B (Brightness) mode image) is
displayed alone and a determination result display mode in
which a determination result (described later) of a property of
a reflector is displayed, a freeze button for giving instruction
to switch between a live mode and a freeze mode, a cine
memory reproduction button for giving instruction to repro-
duce a cine memory, and an analysis and measurement button
for giving instruction to analyze and measure an ultrasound
image. The pointing device 204 is a device that receives an
input of designation of a region on a screen of a display unit
104, for example, a trackball or a mouse. A touch panel may
be used as the pointing device 204.

[0044] A storage unit 102 is a storage device that stores a
control program for the CPU 100 to control each block in the
ultrasound diagnostic apparatus 10, for example, a hard disk
or a semiconductor memory.

[0045] The display unit 104 is, for example, a CRT (Cath-
ode Ray Tube) display or a liquid crystal display, and displays
an ultrasound image (moving image and still image) and
various setting screens.

[0046] The ultrasound probe 300 is a probe to be abutted
against the subject OBJ for use, and includes a plurality of
ultrasound transducers 302 that constitute a one-dimensional
or two-dimensional transducer array. The ultrasound trans-
ducer 302 transmits an ultrasound beam to the subject OBJ on
the basis of a drive signal applied from a transmission circuit
402, and receives an ultrasound beam (ultrasonic echo)
reflected by the subject OBJ to output an ultrasound detection
signal.

[0047] Theultrasound transducer 302 includes a transducer
having electrodes formed at opposite ends of a piezoelectric
material (piezoelectric body). As the piezoelectric body
included in the transducer, for example, piezoelectric ceramic
such as PZT (Pb (lead) zirconate titanate) or a polymeric
piezoelectric element such as PVDF (polyvinylidene difluo-
ride) can be used. When an electric signal is sent to the
electrode of the transducer to apply a voltage, the piezoelec-
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tric body expands or contracts, and the expansion and con-
traction of the piezoelectric body causes each transducer to
generate ultrasound. For example, when a pulse-like electric
signal is sent to the electrode of the transducer, pulse-like
ultrasound is generated, and when a continuous wave electric
signal is sent to the electrode of the transducer, continuous
wave ultrasound is generated. Then, ultrasound generated
from each transducer is synthesized to form an ultrasound
beam. When each transducer receives ultrasound, the piezo-
electric body in each transducer expands and contracts to
generate an electric signal. The electric signal generated from
each transducer is output to a reception circuit 404 as an
ultrasound detection signal (hereinafter referred to as element
data).

[0048] As the ultrasound transducers 302, a plurality of
kinds of elements of different ultrasound conversion types
may be used. For example, the transducer including the piezo-
electric body is used as an element that transmits ultrasound,
and an optical detection type ultrasound transducer may be
used as an element that receives ultrasound. The optical
detection type ultrasound transducer converts an ultrasound
signal into an optical signal for detection, and is, for example,
a Fabry-Perot resonator or a fiber Bragg grating.

[0049] Next, an ultrasound diagnosis process in the live
mode will be described. The live mode is a mode in which an
ultrasound image (moving image) obtained by abutting the
ultrasound probe 300 against the subject OBJ to transmit and
receive ultrasound is displayed, analyzed and measured.
[0050] When the ultrasound probe 300 is abutted against
the subject OBJ, and ultrasound diagnosis is started by an
instruction input from the operation input unit 200, the CPU
100 outputs a control signal to a transmission and reception
unit 400, and starts transmitting an ultrasound beam to the
subject OBJ and receiving an ultrasonic echo from the subject
OBI. The CPU 100 sets a transmitting direction of the ultra-
sound beam and a receiving direction of the ultrasonic echo
for each ultrasound transducer 302.

[0051] Further, the CPU 100 selects a transmission delay
pattern according to the transmitting direction of the ultra-
sound beam, and selects a reception delay pattern according
to the receiving direction of the ultrasonic echo. The trans-
mission delay pattern is pattern data of a delay time provided
to a drive signal for forming an ultrasound beam in a desired
direction by ultrasound transmitted from the plurality of
ultrasound transducers 302. The reception delay pattern is
pattern data of a delay time provided to a detection signal for
extracting an ultrasonic echo from a desired direction by
ultrasound received by the plurality of ultrasound transducers
302. The transmission delay pattern and the reception delay
pattern are previously stored in the storage unit 102. The CPU
100 selects a transmission delay pattern and a reception delay
pattern from the patters stored in the storage unit 102, and
outputs a control signal to the transmission and reception unit
400 to perform control to transmit and receive ultrasound
according to the selected transmission delay pattern and
reception delay pattern.

[0052] Thetransmission circuit 402 generates a drive signal
according to a control signal from the CPU 100, and applies
the drive signal to the ultrasound transducer 302. At this time,
the transmission circuit 402 delays the drive signal applied to
each ultrasound transducer 302 on the basis of the transmis-
sion delay pattern selected by the CPU 100. The transmission
circuit 402 adjusts (delays) timing of applying the drive signal
to each ultrasound transducer 302 so that the ultrasound trans-
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mitted from the plurality of ultrasound transducers 302 forms
an ultrasound beam. The timing of applying the drive signal
may be adjusted so that ultrasound transmitted at one time
from the plurality of ultrasound transducers 302 reaches the
entire imaging region of the subject OBJ.

[0053] The reception circuit 404 receives and amplifies an
ultrasound detection signal output from each ultrasound
transducer 302. As described above, because of different dis-
tances between the respective ultrasound transducers 302 and
an ultrasound reflection source in the subject OBIJ, reflected
waves reach the respective ultrasound transducers 302 at dif-
ferent times. The reception circuit 404 includes a delay cir-
cuit, and delays a detection signal (element data) output from
each ultrasound transducers 302 by an amount corresponding
to a difference (delay time) between reaching times of the
reflected waves according to a sound speed (hereinafter
referred to as an assumed sound speed) set on the basis of the
reception delay pattern selected by the CPU 100 or distribu-
tion of the sound speed. Then, the reception circuit 404 per-
forms matching addition of detection signals delayed by the
delay time to perform a receiving focus process. When there
is another ultrasound reflection source in a different position
from an ultrasound reflection source X, an ultrasound
detection signal from the different ultrasound reflection
source reaches at a different time. Thus, the addition by the
addition circuit causes phases of ultrasound detection signals
from different ultrasound reflection sources to cancel each
other out. Thus, the received signal from the ultrasound
reflection source X, becomes the largest and comes into
focus. The receiving focus process forms an acoustic ray
signal (hereinafter referred to as an RF signal) with narrowed
focus of an ultrasonic echo.

[0054] An A/D converter 406 converts an analog RF signal
output from the reception circuit 404 into a digital RF signal
(hereinafter referred to as RF data). The RF data includes
phase information of a received wave (carrier wave). The RF
data output from the A/D converter 406 is input to a signal
processing unit 502 and a cine memory 602.

[0055] The cine memory 602 successively stores the RF
data input from the A/D converter 406. The cine memory 602
stores information on a frame rate (for example, a depth of a
reflection position of ultrasound, a density of scanning lines,
a parameter indicating a width of field of view) input from the
CPU 100 in association with the RF data.

[0056] The signal processing unit 502 corrects the RF data
in attenuation due to a distance according to a depth of a
reflection position of ultrasound by STC (Sensitivity Time
gain Control), and then performs an envelope detection pro-
cess of the RF data to generate a B mode image data (image
data indicating an amplitude of an ultrasonic echo with
brightness of a point.

[0057] The B mode image data generated by the signal
processing unit 502 is obtained by a different scanning
method from a normal television signal scanning method.
Thus, a DSC (Digital Scan Converter) 504 converts (raster
conversion) the B mode image data into normal image data
(for example, image data by the television signal scanning
method (NTSC (National Television System Committee in
the United States) method)). An image processing unit 506
performs various necessary image processes (for example, a
gradation processing) of image data input from the DSC 504.
[0058] Animage memory 508 stores image data input from
the image processing unit 506. A D/A converter 510 converts
image data read from the image memory 508 into an analog
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image signal, and outputs the signal to the display unit 104.
Thus, the ultrasound image (moving image) taken by the
diagnostic apparatus 10 is displayed on the display unit 104.

[0059] Inthe embodiment, the detection signal subjected to
the receiving focus process in the reception circuit 404 is the
RF signal, but a detection signal that is not subjected to the
receiving focus process may be an RF signal. In this case, the
plurality of ultrasound detection signals output from the plu-
rality of ultrasound transducers 302 are amplified by the
reception circuit 404, the amplified detection signals, that is,
the RF signals are A/D converted by the A/D converter 406 to
generate RF data. Then, the RF data is supplied to the signal
processing unit 502, and stored in the cine memory 602. The
receiving focus process is performed by the signal processing
unit 502 in digital form.

[0060] Next, a cine memory reproduction mode will be
described. The cine memory reproduction mode is a mode in
which an ultrasound diagnosis image is displayed, analyzed
and measured on the basis of the RF data stored in the cine
memory 602.

[0061] When the cine memory reproduction button on the
console 202 is pushed, the CPU 100 switches an operation
mode of the ultrasound diagnostic apparatus 10 to the cine
memory reproduction mode. In the cine memory reproduc-
tion mode, the CPU 100 instructs a cine memory reproduction
unit 604 to reproduce RF data designated by an operation
input by an operator. The cine memory reproduction unit 604
reads the RF data from the cine memory 602 according to the
instruction from the CPU 100, and transmits the read RF data
to the signal processing unit 502 in the image signal genera-
tion unit 500. The RF data transmitted from the cine memory
602 is subjected to predetermined processes (the same pro-
cesses as in the live mode) by the signal processing unit 502,
the DSC 504, and the image processing unit 506 and con-
verted into image data, and then output via an image memory
508 and the D/A converter 510 to the display unit 104. Thus,
the ultrasound image (moving image or still image) based on
the RF data stored in the cine memory 602 is displayed on the
display unit 104.

[0062] When the freeze button on the console 202 is pushed
while the ultrasound image (moving image) is displayed in
the live mode or the cine memory reproduction mode, the
ultrasound image displayed when the freeze button is pushed
is displayed as a still image on the display unit 104. This
allows the operator to display and observe a still image of a
region of interest ROL

[0063] When the measurement button on the console 202 is
pushed, analysis and measurement designated by the opera-
tion input by the operator are performed. When the measure-
ment button is pushed in each operation mode, a data analysis
and measurement unit 106 obtains RF data before an image
processing from the A/D converter 406 or the cine memory
602, and uses the RF data to perform analysis and measure-
ment designated by the operator (for example, distortion
analysis of a tissue part (diagnosis of hardness), measurement
of’blood flow, measurement of movement of'the tissue part, or
measurement of IMT (Intima-Media Thickness) value).
Analysis and measurement results by the data analysis and
measurement unit 106 are output to the DSC 504 in the image
signal generation unit 500. The DSC 504 inserts the analysis
and measurement results by the data analysis and measure-
ment unit 106 into image data of the ultrasound image and
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outputs the data to the display unit 104. Thus, the ultrasound
image and the analysis and measurement results are displayed
on the display unit 104.

[Determination Processing of Minute Structure]

[0064] Next, a method of determining a minute structure
will be described. The ultrasound diagnostic apparatus 10
according to the embodiment performs matching addition of
element data obtained from small openings (for example,
openings constituted by the ultrasound transducers 302 of /4,
Y5 to Y5 the number of all elements of the ultrasound probe
300) on the element data, and determines a reflector property
or a tissue property on the basis of RF data and an amplitude
image of each matching addition result.

[0065] FIGS. 2A and 2B illustrate a phase matching addi-
tion processing of element data. FIGS. 3A to 3E illustrate a
phase matching addition processing of element data for each
small opening. FIGS. 2B and 3E show, with dashed line,
element data (RF data) D,, D, and D, corresponding to
respective small openings which are obtained by dividing an
opening. FIG. 2A shows an amplitude image IMG of phase
matching addition result of element data D, D, and D, after
envelope detection. FIGS. 3B, 3C and 3D show amplitude
images IMG,, IMG, and IMG, corresponding to element data
Dy, D, and D,, respectively. FIG. 3A shows an amplitude
images IMG, and an isolated point A10 where phases of
matching addition result of the element data (RF data) D, D,
and D, match. FIGS. 4A, 413 and 4C illustrate differences in
coincidence of RF data D, D, and D, or an amplitude image
after matching addition at the small opening between an
isolated point, a continuous surface, and a speckle. In FIGS.
4A, 4B and 4C, dashed lines indicate element data (RF data)
Dy, D, and D, corresponding to respective small openings
which are obtained by dividing an opening, and solid lines
indicate amplitude image data PH,, PH, and PH,.

[0066] As showninFIG. 2A, an isolated point is visualized
as a region with a high amplitude value (high echo) in an
amplitude image IMG. As shown in FIG. 2B, on element data
D,, an ultrasound echo from the isolated point is received
while maintaining a transmission waveform with a time dif-
ference specific to the isolated point. Thus, as shown in FIG.
3E, when matching addition is performed of RF data (element
data) obtained from the small openings on the ultrasound
probe 300 in view of a delay specific to the isolated point,
matching addition results at the small openings coincide with
each other in terms of waveforms. In the isolated point, the
transmission waveform is maintained on the element data,
and thus a phase difference in a distance direction (a depth
direction of the subject OBJ) of the RF data is uniform irre-
spective of positions of the small openings.

[0067] In the embodiment, the isolated point is extracted
noting a characteristic that the phase difference between the
RF data at respective small openings is small in the isolated
point. According to the embodiment, an S/N ratio is increased
and the isolated point can be extracted with high accuracy as
compared with a conventional method of simply extracting a
high echo region of an amplitude image.

[0068] As shown in FIG. 4A, in the isolated point, ultra-
sound is received while maintaining the transmission wave-
form with the time difference specific to the isolated point,
and thus results of matching addition at the small openings in
view of the delay specific to the isolated point coincide with
each other in terms of waveforms. The transmission wave-
form is maintained on the element data, and thus the phase

Mar. 25, 2010

difference in the distance direction of the RF data is uniform
irrespective of positions of the small openings.

[0069] As shown in FIG. 4B, in a continuous surface, there
is a large amplitude at a small opening at a center. A trans-
mission waveform is maintained on the element data, and thus
aphase difference in the distance direction in a region includ-
ing continuous points of RF data is uniform. As shown in FIG.
4C, in a speckle, an amplitude and RF data (phase) randomly
change irrespective of positions of the openings. As described
above, coincidence of the RF data after matching addition or
the amplitude image data PH,, PH, and PH_ at respective
small openings is different between the isolated point (minute
structure), the continuous surface, and the speckle.

[0070] The ultrasound diagnostic apparatus 10 according
to the embodiment uses the above described characteristics to
allow the isolated point, the continuous surface, and the
speckle to be distinguished and extracted, and allow a tissue
property to be determined, more specifically, for example,
allow a locally strong echo or a continuous surface in a
speckle of homogeneous medium (liver parenchyma) to be
analyzed to extract a diseased liver with fiber in normal liver
parenchyma.

[Determination Processing of Minute Structure]

[0071] FIG. 5is a flowchart showing a determination pro-
cessing of a minute structure.

[0072] First, an ultrasound beam is emitted from the ultra-
sound probe 300 to the subject OBJ, and an ultrasound echo
from the subject OB is received. Then, an initial value of an
assumed sound speed to the subject OBJ is set (Step S10), and
on the basis of the assumed sound speed value, matching
addition of element data of the small openings of the ultra-
sound probe 300 is performed to generate RF data (Step S12).
[0073] Next, an absolute value of a difference (delta)
between phases of the RF data of the small openings of the
ultrasound probe 300 is calculated (Step S14). Then, the
absolute value of difference is integrated in a kernel of a
predetermined size (for example, a size to circumscribe the
isolated point) around each pixel on the element data (Step
S16). Then, an integral value of the absolute value of differ-
ence calculated around each pixel of the ultrasound probe 300
is compared with a minimum value. When the integral value
is smaller than a previously held minimum value, the integral
value replaces the minimum value. Thus, the minimum value
of the integral value is held for each pixel (Step S18).
[0074] Then, the assumed sound speed value is changed by
one step (No in Step S20, Step S22), and Steps S12 to S22 are
repeated until arithmetical operations at all assumed sound
speeds are finished (Yes in Step S20). Then, when the arith-
metical operations at all assumed sound speeds are finished
(Yes in Step S20), it is determined whether each pixel is a
minute structure on the basis of the minimum value of the
integral value of each pixel held in Step S18 (Step S24). In
Step S24, a pixel with the minimum value of the integral value
equal to or smaller than a threshold is determined as a minute
structure.

[0075] When there are, for example, three kinds of small
openings, three kinds of absolute values of difference are
calculated. Then, itis allowed that the sum, a minimum value,
a maximum value, or a standard deviation of the absolute
values of difference is calculated, and when a value calculated
using each assumed sound speed value is a predetermined
value or less, a pixel with the value is determined as a minute
structure.
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[0076] In addition to the processing in FIG. 5, the minute
structure may be determined using a characteristic that a
phase difference in a distance direction of element data is
uniform in a pixel including a minute structure. For example,
when an absolute value of difference is integrated, it may be
allowed that a phase difference is taken in the distance direc-
tion, and the absolute value of difference is multiplied by a
distance direction phase difference or an absolute value of a
second derivative value of the distance direction phase differ-
ence and then integrated. It may be also allowed that the
distance direction phase difference or the absolute value of
the second derivative value of the distance direction phase
difference is added to the absolute value of difference, and
then the absolute value of difference is integrated. The dis-
tance direction phase difference is not precisely constant in
the distance direction due to attenuation or the like, but in
view of uniformity of an azimuth direction (a scanning direc-
tion, an arrangement direction of the ultrasound transducers
302), a difference in the distance direction of an azimuth
direction phase difference or a difference in the azimuth
direction of the distance direction phase difference may be
used instead of the distance direction phase difference. Spe-
cifically, the absolute value of difference may be integrated
after multiplication or addition of an absolute value of the
difference in the distance direction of the azimuth direction
phase difference or an absolute value of the difference in the
azimuth direction of the distance direction phase difference.
[0077] It may also allowed that the holding step of the
minimum value (Step S18) is omitted, and before the arith-
metical operations at all assumed sound speeds are finished
(Step S20), a pixel with an integral value equal to or smaller
than a threshold is determined as a minute structure, and
arithmetical operations at the rest of assumed sound speeds
are omitted for the pixel determined as the minute structure.
[0078] Also, a minute structure may be determined using
the sum of integral values at the respective assumed sound
speeds instead of the minimum value.

[0079] In the embodiment, the isolated point is extracted
noting a characteristic that the phase difference of the RF data
of the minute structure at each small opening is small, but a
characteristic that the amplitude value is large at all small
openings may be used. For example, it may be allowed that an
absolute value of an amplitude integrated in a kernel of a
predetermined size around each pixel on the element data, or
a difference value (or an absolute value of the difference
value) between the amplitude and an average of an amplitude
obtained from a kernel around the above described kernel is
compared at each small opening, and when all the values are
equal to or larger than a threshold, or a ratio of the small
openings is equal to or smaller than a threshold, the minute
structure is determined.

[Determination Processing of Continuous Surface]

[0080] FIG. 6 is a flowchart showing a determination pro-
cessing of a continuous surface.

[0081] First, an ultrasound beam is emitted from the ultra-
sound probe 300 to the subject OBJ, and an ultrasound echo
from the subject OBJ is received. Then, an initial value of an
assumed sound speed to the subject OBJ is set (Step S30), and
on the basis of the assumed sound speed value, matching
addition of element data of the small openings of the ultra-
sound probe 300 is performed to generate RF data. Then, an
envelope detection of the RF data is performed to obtain an
amplitude of the ultrasound echo (Step S32).
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[0082] Then, the amplitude obtained from the element data
is integrated in a kernel of a predetermined size around each
pixel of the ultrasound probe 300 (Step S34). Then, an aver-
age value of an integral value of the amplitude in the kernel is
calculated for the openings at positions other than the center
(Step S36). A ratio between the integral value of the ampli-
tude in the kernel at the central opening and the average value
of the integral value of the amplitude at the openings at
positions other than the center (that is, {the integral value of
the amplitude at the central opening}/{the average value of
the integral value of the amplitude at the openings at positions
other than the center}) is calculated (Step S38). Then, the
value of the ratio obtained around each pixel is compared with
a maximum value. When the ratio value is larger than a
previously held maximum value, the ratio value replaces the
maximum value. Thus, the maximum value of the ratio value
is held (Step S40).

[0083] Next, the assumed sound speed value is changed by
one step (No in Step S42, Step S44), and Steps S32 to S44 are
repeated until arithmetical operations at all assumed sound
speeds are finished (Yes in Step S42). When the arithmetical
operations at all assumed sound speeds are finished (Yes in
Step S42), it is determined whether each pixel is a continuous
surface on the basis of the maximum value of the ratio value
held in Step S40 (Step S46). In Step S46, a pixel with a
maximum value of a ratio value equal to or larger than a
threshold is determined as a continuous surface.

[0084] In the processing in FIG. 6, the continuous surface
may be determined on the basis of, for example, a difference
between the integral value of the amplitude in the kernel at the
central opening and the average value of the integral value of
the amplitude at the opening at positions other than the center,
instead of the ratio value of the integral value of the ampli-
tude.

[0085] In addition to the above described processing, the
continuous surface may be determined using a characteristic
that a phase difference in a distance direction of element data
is uniform at a central opening including a continuous sur-
face. For example, when an amplitude is integrated in a kernel
of'a predetermined size around each pixel at the central open-
ing, it may be allowed that a phase difference of the RF data
is obtained in the distance direction, a distance direction
phase difference, an absolute value of a second derivative
value of the distance direction phase difference, or an abso-
lute value of a difference in the distance direction of an
azimuth direction phase difference is calculated, a coefficient
increasing with decreasing phase difference is stored in a
table, and the amplitude is multiplied by the coefficient and
then integrated.

[0086] It may also allowed that the holding step of the
maximum value (Step S40) is omitted, an before the arith-
metical operations at all assumed sound speeds are finished, a
pixel with a ratio value equal to or larger than a threshold is
determined as a continuous surface, and arithmetical opera-
tions at other assumed sound speeds are omitted for a kernel
around the pixel determined as the continuous surface.
[0087] Also, a continuous surface may be determined at
only one assumed sound speed rather than at all assumed
sound speeds.

[Determination of Speckle]

[0088] Inaregionhaving an amplitude value of a predeter-
mined value or more (high echo) in an amplitude image (B
mode image), a region of pixels other than the minute struc-
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ture determined by the processing in FIG. 5 and the continu-
ous surface determined by the processing in FIG. 6 is deter-
mined as a speckle.

[Determination Processing of Mixing Ratio of Minute Struc-
ture]

[0089] Next, a processing of calculating a mixing ratio of a
minute structure and a continuous surface (minute continuous
surface) included in a pixel region determined as a speckle by
the processes in FIGS. 5 and 6 will be described with refer-
ence to FIGS. 7 to 9. FIG. 7 is a flowchart showing a calcu-
lation process of the mixing ratio of the minute structure
included in the speckle.

[0090] First, an ultrasound beam is emitted from the ultra-
sound probe 300 to the subject OBJ, and an ultrasound echo
from the subject OBJ is received. Then, an initial value of an
assumed sound speed to the subject OBJ is set (Step S50), and
on the basis of the assumed sound speed value, matching
addition of element data of the small openings of the ultra-
sound probe 300 is performed (Step S52).

[0091] Next, an absolute value of a differential between
phases of the RF data of the small openings of the ultrasound
probe 300 is calculated (Step S54). Then, an average value of
a predetermined number of data taken (picked up) in ascend-
ing order of absolute value of difference is calculated in a
kernel of a predetermined size around each pixel (Step S56).
Then, the average value obtained around each pixel is com-
pared with a minimum value. When the average value is
smaller than the minimum value, the average value replaces a
previously held minimum value. Thus, the minimum value is
obtained for each pixel and held (Step S58).

[0092] Next, the assumed sound speed value is changed by
one step (No in Step S60, Step S62), and Steps S52 to S62 are
repeated until arithmetical operations at all assumed sound
speeds are finished (Yes in Step S60). Then, when the arith-
metical operations at all assumed sound speeds are finished
(Yes in Step S60), a mixing ratio of the minute structure
mixed in the speckle is determined on the basis of the mini-
mum value of the average value held in the Step S58 (Step
S64).

[0093] FIG. 8A is a graph showing a relationship between
the mixing ratio of the minute structure and an average value
ofthe absolute value of difference. FIGS. 8B to 8D are graphs
showing relationship between the mixing ratio of the minute
structure and a number of data (data count).

[0094] As shown in FIGS. 8B to 8D, the number of data
(data count) in a region close to zero of the average value of
the absolute value of difference increases with increasing
mixing ratio of the minute structure. Specifically, the average
value of the absolute value of difference decreases with
increasing mixing ratio of the minute structure included in the
speckle, and the average value of the absolute value of differ-
ence increases with decreasing mixing ratio of the minute
structure included in the speckle. The ultrasound diagnostic
apparatus 10 according to the embodiment stores a table
showing the relationship in FIG. 8A in the storage unit 102,
and in Step S64, the mixing ratio of the minute mixture in the
speckle is determined on the basis of the table.

[0095] The mixing ratio of the minute mixture may be
determined using, for example, the minimum value of the
absolute value of difference instead of the average value of a
predetermined number of data.

[0096] In addition to the processing in FIG. 7, the mixing
ratio of the minute structure may be determined using a char-
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acteristic that a phase difference of element data in a distance
direction is uniform in a pixel including a minute structure.
For example, when amplitude is integrated in kernel of pre-
determined size around each pixel at the center opening, it
may be allowed that a phase difference (distance direction
phase difference) is obtained in the distance direction, and the
amplitude is multiplied with the distance direction phase
difference or an absolute value of a second derivative value of
the distance direction phase difference, and then the value
after the multiplication is integrated. Alternatively, in this
case, before the integration, addition may be performed
instead of the multiplication. As an another example, when
amplitude is integrated in kernel of predetermined size
around each pixel at the center opening, it may be allowed that
the amplitude is multiplied with or added to an absolute value
of a difference in the distance direction of the azimuth direc-
tion phase difference. Further, it may be allowed that a table
of coeflicients whose value becomes larger as the phase dif-
ference becomes larger is stored in advance, and the ampli-
tude is multiplied with a coefficient read from the table and
then the multiplication result is integrated.

[0097] The mixing ratio of the minute mixture may be also
determined using a characteristic that the amplitude value of
the minute structure is large at all small openings.

[Determination Processing of Mixing Ratio of Minute Con-
tinuous Surface]

[0098] FIG.9is a flowchart showing a calculation process
of'a mixing ratio of a minute continuous surface included in
the speckle.

[0099] First, an ultrasound beam is emitted from the ultra-
sound probe 300 to the subject OBJ, and an ultrasound echo
from the subject OBI is received. Then, an initial value of an
assumed sound speed to the subject OBJ is set (Step S70), and
on the basis of the assumed sound speed value, matching
addition of element data of the small openings of the ultra-
sound probe 300 is performed to generate RF data. Then, an
envelope detection of the RF data is performed to obtain an
amplitude of the ultrasound echo (Step S72).

[0100] Then, the amplitude obtained from the element data
is integrated in a kernel of a predetermined size around each
pixel of the ultrasound probe 300 (Step S74). Then, an aver-
age value of an integral value of the amplitude in the kernel is
calculated for the openings at positions other than the center
(Step S76). A ratio between the integral value of the ampli-
tude in the kernel at the central opening and the average value
of the integral value of the amplitude at the openings at
positions other than the center is calculated (Step S78).
[0101] Then, an average value of data of a predetermined
number in ascending order of average value of the ratio value
obtained in Step S78 is calculated in the kernel of a predeter-
mined size around each pixel (Step S80). Then, the average
value of the ratio value obtained around each pixel is com-
pared with a maximum value. When the average value of the
ratio value is larger than a previously held maximum value,
the ratio value replaces the maximum value. Thus, the maxi-
mum value is obtained for each central pixel and held (Step
S82).

[0102] Then, the assumed sound speed value is changed by
one step (No in Step S84, Step S86), and Steps S72 to S86 are
repeated until arithmetical operations at all assumed sound
speeds are finished (Yes in Step S84). Then, when the arith-
metical operations at all assumed sound speeds are finished
(Yes in Step S84), a mixing ratio of the minute continuous
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surface mixed in the speckle is determined on the basis of the
maximum value of the average value of the ratio value held in
Step S82 (Step S88). The number of data on a large side of the
average value of the ratio values increases with increasing
mixing ratio of the minute continuous surface. Specifically,
the average value of the ratio values increases with increasing
mixing ratio of the minute continuous surface included in the
speckle, and the average value of the ratio values decreases
with decreasing mixing ratio of the minute continuous sur-
face included in the speckle. The ultrasound diagnostic appa-
ratus 10 according to the embodiment stores a table showing
the relationship between the average value of the ratio value
and the mixing ratio of the minute continuous surface in the
storage unit 102, and in Step S88, the mixing ratio of the
minute continuous surface in the speckle is determined on the
basis of the table.

[0103] The mixing ratio of the minute continuous surface
may be determined using a difference between the integral
value of the amplitude at the central opening in the kernel and
the average value of the integral value of the amplitude at the
openings at positions other than the center, or an absolute
value of the difference, instead of the above described ratio
value.

[0104] Inthe processing in FIG. 9, the average value of the
predetermined number of the ratio value is used, but the
maximum value of the ratio value may be used instead of the
average value.

[0105] In addition to the above described processing, the
continuous surface may be determined using a characteristic
that a phase difference in a distance direction of element data
is uniform at the central opening including a continuous sur-
face. For example, when an amplitude is integrated in a kernel
of'a predetermined size around each pixel at the central open-
ing, it may be allowed that a phase difference is taken in the
distance direction, a distance direction phase difference, an
absolute value of a second derivative value of the distance
direction phase difference, or an absolute value of a differ-
ence in the distance direction of an azimuth direction phase
difference is calculated, a coefficient increasing with decreas-
ing phase difference is stored in a table, and the amplitude is
multiplied by the coefficient and then integrated.

[0106] The determination result of the property of the
reflector by each of the above described processes is output to
and displayed on the display unit 104. When the display mode
of the display unit 106 is set to the determination result
display mode, the determination result of the property of the
reflector is displayed so as to be superimposed on the ampli-
tude image or placed with the amplitude image side by side.
In the determination result display mode, for example, the
minute structure, the continuous surface, and the speckle are
displayed by changing color or brightness. The mixing ratio
of the minute structure or the minute continuous surface may
be displayed by changing color or brightness of the amplitude
image. The mode of the display of the determination result
may be switched by an operation input from the operation
input unit 200.

[0107] The embodiments may be applied to a case where
the ultrasound transducers are two-dimensionally arranged,
or the ultrasound transducers are arranged in any curved
shape rather than a planar shape.

[0108] According to the embodiment, matching addition of
the element data of the small openings is performed, and the
differences in characteristics between the minute structure,
the continuous surface, and the speckle in RF data and ampli-
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tude image are used, thereby allowing the minute structure,
the continuous surface, and the speckle to be distinguished,
which have been difficult to distinguish by a conventional
technique based on an amplitude value or a shape of an
amplitude image. This also allows a tissue property to be
determined such as a mixing ratio of a minute structure and a
minute continuous surface in a speckle.

What is claimed is:
1. An ultrasound diagnostic apparatus comprising:
an ultrasound probe including a plurality of ultrasound
transducers which transmit ultrasound to a subject and
receive the ultrasound reflected by the subject to output
an element data;
an arithmetical operation device which performs matching
addition of element data of a plurality of small openings
obtained by dividing an opening provided in the ultra-
sound probe on the basis of the element data output from
the ultrasound transducers; and
a determination device which determines a property of a
reflector which reflects the ultrasound in the subject on
the basis of at least one of RF data obtained by the
matching addition of the element data of the small open-
ings and an amplitude image.
2. The ultrasound diagnostic apparatus according to claim
1, wherein the determination device determines a region
where phases of the RF data obtained by the matching addi-
tion of the element data of the small openings substantially
coincide with each other, as a minute structure.
3. The ultrasound diagnostic apparatus according to claim
1, wherein the determination device determines a region
where phases of the RF data obtained by the matching addi-
tion of the element data of the small openings substantially
coincide with each other, and where the phase of the RF data
or a phase difference in a distance direction of the ultrasound
probe changes in a scanning direction or the distance direc-
tion by a predetermined value or less irrespective of positions
of the small openings, as a minute structure.
4. The ultrasound diagnostic apparatus according to claim
1, wherein the determination device determines a region
where an amplitude at a small opening located at a center of
a predetermined region of the element data is larger by a
predetermined value or more than an amplitude at small open-
ings at positions other than the center, as a continuous surface.
5. The ultrasound diagnostic apparatus according to claim
1, wherein the determination device determines a region
where an amplitude at a small opening located at a center of
a predetermined region of the element data is larger by a first
predetermined value or more than an amplitude at small open-
ings at positions other than the center, and where the phase of
the RF data of the small opening located at the center or the
phase difference in the distance direction of the ultrasound
probe changes in the scanning direction or the distance direc-
tion by a second predetermined value or less, as a continuous
surface.
6. The ultrasound diagnostic apparatus according to claim
1, wherein the determination device determines a region
where the amplitude or the RF data randomly changes irre-
spective of the positions of the small openings, as a speckle.
7. The ultrasound diagnostic apparatus according to claim
6, wherein the determination device determines a mixing
ratio of a minute structure included in the speckle on the basis
of the RF data obtained by the matching addition of the
element data of the small openings or the amplitude image.
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8. The ultrasound diagnostic apparatus according to claim
6, wherein the determination device determines a mixing
ratio of a continuous surface included in the speckle on the
basis of the RF data obtained by the matching addition of the
element data of the small openings or the amplitude image.

9. The ultrasound diagnostic apparatus according to claim
1, further comprising

a display device which displays a determination result of a

property of the reflector.

10. The ultrasound diagnostic apparatus according to claim
9, wherein the display device displays the determination
result of the property of the reflector in a manner that the
determination result is superimposed on the amplitude image
or placed with the amplitude image side by side.

11. The ultrasound diagnostic apparatus according to claim
9, further comprising

a display mode switching device which switches a display

mode between a first display mode in which the ampli-
tude image is displayed alone and a second display mode
in which the determination result of the property of the
reflector is displayed.

12. An ultrasound diagnostic method comprising:

an arithmetical operation step for performing matching

addition of element data of a plurality of small openings
obtained by dividing an opening provided in a ultra-
sound probe on the basis of element data output from the
ultrasound probe, the ultrasound probe including a plu-
rality of ultrasound transducers which transmit ultra-
sound to a subject and receive the ultrasound reflected by
the subject to output the element data; and

a determination step for determining a property of a reflec-

tor which reflects the ultrasound in the subject on the
basis of at least one of RF data obtained by the matching
addition of the element data of the small openings and an
amplitude image.

13. The ultrasound diagnostic method according to claim
12, wherein a region where phases of the RF data obtained by
the matching addition of the element data of the small open-
ings substantially coincide with each other is determined as a
minute structure in the determination step.

14. The ultrasound diagnostic method according to claim
12, wherein a region where phases of the RF data obtained by
the matching addition of the element data of the small open-
ings substantially coincide with each other, and where the
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phase of the RF data or a phase difference in a distance
direction of the ultrasound probe changes in a scanning direc-
tion or the distance direction by a predetermined value or less
irrespective of positions of the small openings is determined
as a minute structure in the determination step.

15. The ultrasound diagnostic method according to claim
12, wherein a region where an amplitude at a small opening
located at a center of a predetermined region of the element
data is larger by a predetermined value or more than an
amplitude at small openings at positions other than the center
is determined as a continuous surface in the determination
step.

16. The ultrasound diagnostic method according to claim
12, wherein a region where an amplitude at a small opening
located at a center of a predetermined region of the element
data is larger by a first predetermined value or more than an
amplitude at small openings at positions other than the center,
and where the phase of the RF data of the small opening
located at the center or the phase difference in the distance
direction of the ultrasound probe changes in the scanning
direction or the distance direction by a second predetermined
value or less is determined as a continuous surface in the
determination step.

17. The ultrasound diagnostic method according to claim
12, wherein a region where the amplitude or the RF data
randomly changes irrespective of the positions of the small
openings is determined as a speckle in the determination step.

18. The ultrasound diagnostic method according to claim
17, further comprising

a step for determining a mixing ratio of a minute structure

included in the speckle on the basis of the RF data
obtained by the matching addition of the element data of
the small openings or the amplitude image.

19. The ultrasound diagnostic method according to claim
17, further comprising

a step for determining a mixing ratio of a continuous sur-

face included in the speckle on the basis of the RF data
obtained by the matching addition of the element data of
the small openings or the amplitude image.

20. The ultrasound diagnostic method according to claim
12, further comprising

a display step for displaying a determination result of a

property of the reflector on a display device.
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