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ULTRASONIC DIAGNOSIS APPARATUS AND
ULTRASONIC DIAGNOSIS METHOD

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The present invention generally relates to an ultra-
sonic diagnosis apparatus and an ultrasonic diagnosis
method, and more particularly, to an ultrasonic diagnosis
apparatus and an ultrasonic diagnosis method which are used
to capture and display ultrasonic images of an object with the
use of ultrasonic waves, and are used in diagnosing tissues.
[0003] 2. Description of the Related Art

[0004] Conventionally, a sound velocity value in a portion
(a diagnosed site) in an object (such a sound velocity value
will be hereinafter referred to as a local sound velocity value)
is measured with the use of ultrasonic waves. For example,
the following methods have been suggested. According to one
ofthe methods, two oscillators for transmission and reception
are positioned to face each other, and a sound velocity value
in an object is calculated from the distance between the oscil-
lators and the period for propagation of ultrasonic waves
between the oscillators. According to another one of the
methods, two sets of oscillators arranged at predetermined
intervals are used for transmission and reception, and a propa-
gation velocity is calculated from the period for ultrasonic
propagation between the oscillators, transmission and recep-
tion angles, and the distances between the oscillators in the
respective pairs.

[0005] Japanese Patent Application Laid-Open No.
5-95946 discloses the following method of measuring values
oflocal sound velocities. According to Japanese Patent Appli-
cation Laid-Open No. 5-95946, ultrasonic waves are trans-
mitted while the output angle from a transmission oscillator
toward an object is being varied, and ultrasonic waves are
received while the incident angle is being varied by a recep-
tion oscillator. All the periods of time elapsed from transmis-
sion to reception are stored into a memory. A hypothetical
distribution of sound velocities is set, and, based on the dis-
tribution of sound velocities, the elapsed time is calculated for
each of the output angles and incident angles. The hypotheti-
cal distribution of sound velocities is then corrected so that
the differences between the calculated values of period of
elapsed time and actual measurement values are minimized.
The sound velocity value in the object is then determined
from the resultant distribution of sound velocities.

[0006] A sound velocity valueV in an object OBJ1 made of
a medium having a constant sound velocity value can be
calculated in the following manner. As shown in FIG. 7A,
where L represents the distance from a reflection point (re-
gion) X1, in the object OBJI1 to an ultrasonic probe 300A,
the period of time T elapsed from reflection of ultrasonic
waves at the reflection point X1, to reception of the ultra-
sonic waves by an element 302A, located immediately below
the reflection point X1,,,, is expressed as T=L/V. Where the
period of time elapsed before reception by an element 302A,
located at a distance X in the X-direction (the array direction
of elements 302A) from the element 302A, is expressed as
T+AT, the delay time AT between the elements 302A, and
302A, is expressed by the following mathematical formula
(1):

AT=AL/V (where AL=V(I?+X?)-L) 1)

[0007] Therefore, after the ultrasonic waves are reflected at
the reflection point X1, the time T after the transmission of
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the ultrasonic waves, the periods of time 2T and 2T+AT
elapsed before the ultrasonic waves are received by the ele-
ment 302A, and another element are measured. In this man-
ner, the distance L to the reflection point X1, ,,and the veloc-
ity V can be uniquely determined.

[0008] Where the ultrasonic waves reflected from the
reflection point X1 ,,can be clearly recognized, the distance
L and the velocity V can be determined from the elapsed time
measured at the element 302A, and another element. How-
ever, ultrasonic detection signals which are output from the
respective elements 302A are normally resulted from inter-
ferences by signals from numerous reflection points, and it is
difficult to distinguish only the signals supplied from a spe-
cific reflection point. Therefore, in practice, the distance L. to
the reflection point X1, the delay time AT, and the sound
velocity value V are uniquely determined from the spatial
frequency, sharpness, and contrast in a re-formed image in a
region of interest in the vicinity of the reflection point X1,
[0009] As described above, where the sound velocity in an
object is uniform, the value of the sound velocity can be
calculated. When the internal sound velocity is not uniform as
in an object OBJ2 shown in FIG. 7B, however, it is difficult to
calculate the distance L to a reflection point (region) X2z,
and the sound velocity values V and V' by the above described
method.

[0010] To counter this problem, the applicant suggested a
method of determining a local sound velocity where the
sound velocity in an object is not uniform (Japanese Patent
Application Laid-Open No. 2010-99452). According to this
method, a hypothetical sound velocity is set in a region of
interest in an object, and an optimum sound velocity value at
a lattice point set in a shallower region than the region of
interest is set. Based on the hypothetical sound velocity and
the optimum sound velocity value, an image of the region of
interest is generated from reception signals of the respective
elements obtained when ultrasonic waves are transmitted to
the region of interest, and the image of the region of interest
is then analyzed. Alternatively, an optimum sound velocity
value or a reception wave at a representative lattice point in
the region of interest is calculated. The local sound velocity
value in the region of interest is then determined by compar-
ing the hypothetical sound velocity in the region of interest
with the optimum sound velocity value or the reception wave
calculated based on the optimum sound velocity value set in
the shallower region than the region of interest. As described
above, the method suggested previously by the present appli-
cant is a method of approximating the reception wave at each
lattice point by the ambient sound velocity (an optimum
sound velocity), and this method enables measurements of
local sound velocities even where the sound velocity in the
object is not uniform.

[0011] Where the unsteadiness of the sound velocity in the
object is higher than predicted, however, the above described
method of approximating the reception wave at each lattice
point by the ambient sound velocity cannot cope with the
unsteadiness of the sound velocity.

SUMMARY OF THE INVENTION

[0012] The present invention has been made in view of the
above circumstances, and the object thereof is to provide an
ultrasonic diagnosis apparatus and an ultrasonic diagnosis
method which can determine a local sound velocity with high
precision even where the sound velocity in an object is not
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uniform, and the reception time at each lattice cannot be
approximated by the ambient sound velocity.

[0013] To achieve the above object, a first aspect of the
present invention provides an ultrasonic diagnosis apparatus
including: an ultrasonic probe which includes a plurality of
ultrasonic transducers which transmit ultrasonic waves to an
object, receive the ultrasonic waves reflected by the object,
and output ultrasonic detection signals; a reception time cal-
culating device which calculates at least one of a reception
time and a reception wave at each of elements corresponding
to lattice points set in a shallower region than a region of
interest in the object; an image generating device which gen-
erates an image at a lattice point in the region of interest,
based on a hypothetical sound velocity set in the region of
interest and the calculated one of the reception time and the
reception wave; an image analyzing device which analyzes
the generated image; and a local sound velocity calculating
device which calculates a local sound velocity in the region of
interest, based on a result of the image analysis.

[0014] With this structure, reception times are determined,
and a local sound velocity is then calculated based on the
reception times. Accordingly, even where the sound velocity
in the object is not uniform, a local sound velocity can be
calculated with high precision.

[0015] According to a second aspect of the invention, the
reception time calculating device calculates the reception
time, using an image analysis technique and a phase aberra-
tion analysis technique.

[0016] With this structure, reception times can be readily
calculated.

[0017] According to a third aspect of the present invention,
the image generating device generates a combined reception
wave by combining the reception waves of the lattice points
set in the shallower region with a delay determined by the
hypothetical sound velocity, and generates the image based
on a delay generated from the combined reception wave.
[0018] With this structure, an image is generated from a
combined reception wave, and a local sound velocity is deter-
mined by analyzing the image. Accordingly, a local sound
velocity can be determined with higher precision.

[0019] According to a fourth aspect of the present inven-
tion, the image generating device determines a delay at the
ultrasonic probe, and generates the image based on the delay
at the ultrasonic probe, the delay at the ultrasonic probe being
the smallest value of sums with respect to the ultrasonic
probe, each of the sums being the sum of a propagation period
determined from a hypothetical sound velocity set in the
region of interest and the reception time at one of the lattice
points set in the shallower region, the propagation period
being a period for propagation from the lattice point in the
region of interest to the one of the lattice points set in the
shallower region.

[0020] According to a fifth aspect of the present invention,
the ultrasonic diagnosis apparatus according to the first or
second aspect of the present invention further includes a
matching and adding device which regards the lattice points
set in the shallower region as virtual elements, and matches
and adds reception signals of the virtual elements. In this
ultrasonic diagnosis apparatus, the image generating device
generates the image at the lattice point in the region of interest
from the reception signals of the virtual elements, based on
the hypothetical sound velocity set in the region of interest.
[0021] With this structure, reception times are determined,
and a local sound velocity is calculated based on the reception
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times. Accordingly, even where the sound velocity in the
object is not uniform, a local sound velocity can be calculated
with high precision.

[0022] According to asixth aspect of the present invention,
the matching and adding device sets a signal formed by
matching and adding the reception signals of the respective
virtual elements, with the reception time at each element
being a delay.

[0023] According to a seventh aspect of the present inven-
tion, the image analyzing device calculates a sharpness value
in the image, and the local sound velocity calculating device
calculates the local sound velocity which is the hypothetical
sound velocity corresponding to the image having the largest
sharpness value.

[0024] To also achieve the above object, an eighth aspect of
the present invention provides an ultrasonic diagnosis method
including: transmitting ultrasonic waves to an object, and
outputting ultrasonic detection signals after receiving the
ultrasonic waves reflected by the object; calculating at least
one of a reception time and a reception wave at each of
elements corresponding to lattice points set in a shallower
region than a region of interest in the object; generating an
image at a lattice point in the region of interest, based on a
hypothetical sound velocity set in the region of interest and
the calculated one of the reception time and the reception
wave; analyzing the generated image; and calculating a local
sound velocity in the region of interest, based on the result of
the image analysis.

[0025] By this method, reception times are determined, and
a local sound velocity is then calculated based on the recep-
tion times. Accordingly, even where the sound velocity in the
object is not uniform, a local sound velocity can be calculated
with high precision.

[0026] According to a ninth aspect of the present invention,
the calculating the reception time includes using an image
analysis technique and a phase aberration analysis technique
to calculate the reception time.

[0027] By this method, reception times can be readily cal-
culated.

[0028] According to a tenth aspect of the present invention,
the generating the image includes generating a combined
reception wave by combining the reception waves of the
lattice points set in the shallower region with a delay deter-
mined by the hypothetical sound velocity, and the generating
the image includes generating the image based on a delay
generated from the combined reception wave.

[0029] According to an eleventh aspect of the present
invention, the generating the image includes determining a
delay at the ultrasonic probe, and generating the image based
on the delay at the ultrasonic probe, the delay at the ultrasonic
probe being the smallest value of sums with respect to the
ultrasonic probe, each of the sums being the sum of a propa-
gation period determined from a hypothetical sound velocity
set in the region of interest and the reception time at one of the
lattice points set in the shallower region, the propagation
period being a period for propagation from the lattice point in
the region of interest to the one of the lattice points set in the
shallower region.

[0030] According to a twelfth aspect of the present inven-
tion, the ultrasonic diagnosis method according to the eighth
or ninth aspect of the present invention further includes
matching and adding reception signals of respective virtual
elements which are the lattice points set in the shallower
region. In this ultrasonic diagnosis method, the generating the
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image includes generating the image at the lattice point in the
region of interest from the reception signals of the virtual
elements, based on the hypothetical sound velocity set in the
region of interest.

[0031] By this method, a local sound velocity can be deter-
mined with high precision, even where the sound velocity in
the object is not uniform.

[0032] According to a thirteenth aspect of the present
invention, the matching and adding the reception signals
includes setting a signal formed by matching and adding the
reception signals of the respective virtual elements, with the
reception time at each element being a delay.

[0033] According to a fourteenth aspect of the present
invention, the analyzing the image includes calculating a
sharpness value in the image, and the calculating the local
sound velocity includes calculating the local sound velocity
which is the hypothetical sound velocity corresponding to the
image having the largest sharpness value.

[0034] This method according to the present invention may
be embodied on a non-transitory computer-readable medium.
[0035] As described above, according to the present inven-
tion, the reception time or the reception wave of each of
elements corresponding to respective lattices is determined,
and a local sound velocity is calculated based on the reception
times or the reception waves. Accordingly, even where the
sound velocity in the object is not uniform, a local sound
velocity can be determined with high precision.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG.1isablockdiagram schematically showing the
structure of an ultrasonic diagnosis apparatus according to an
embodiment of the present invention;

[0037] FIG. 2 is a flowchart showing an operation accord-
ing to a first embodiment of the present invention;

[0038] FIG. 3 is a schematic view illustrating an operation
to calculate the value of a local sound velocity according to
the first embodiment;

[0039] FIG. 4 is a flowchart showing an operation accord-
ing to a second embodiment of the present invention;

[0040] FIG. 5 is a schematic view illustrating an operation
to calculate the value of a local sound velocity according to
the second embodiment of the present invention;

[0041] FIG. 6 is a flowchart showing an operation accord-
ing to a third embodiment of the present invention; and
[0042] FIG. 7 is an explanatory view schematically show-
ing an operation to calculate the value of a local sound veloc-
ity.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0043] The following is a detailed description of ultrasonic
diagnosis apparatuses and ultrasonic diagnosis methods
according to the present invention, with reference to the
accompanying drawings.

[0044] FIG.1isablock diagram schematically showing the
structure of an ultrasonic diagnosis apparatus according to an
embodiment of the present invention.

[0045] As shown in FIG. 1, the ultrasonic diagnosis appa-
ratus 10 of this embodiment transmits ultrasonic beams from
an ultrasonic probe 300 to an object OBJ, receives ultrasonic
beams reflected by the object OBJ (ultrasonic echoes), and
creates and displays an ultrasonic image based on ultrasonic
echo detection signals.
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[0046] A CPU (Central Processing Unit) 100 controls
respective blocks of the ultrasonic diagnosis apparatus 10, in
accordance with operations input through an operation input
unit 200.

[0047] The operation input unit 200 is an input device
which receives operations input from an operator, and
includes an operation board 202 and a pointing device 204.
The operation board 202 includes a keyboard which receives
inputs of textual information (patient information, for
example), a display mode switching button which switches
the display mode between a mode for displaying only an
amplitude image (a B-mode image) and a mode for display-
ing a result of determination made on the value of the local
sound velocity, a freeze button for issuing an instruction to
switch a mode between a live mode and a frozen mode, a
cine-memory reproduction button for issuing an instruction
to reproduce a cine-memory, and an analysis/measurement
button for issuing an instruction to analyze/measure an ultra-
sonic image. The pointing device 204 is a device which
receives inputs of designation of a region on the screen of a
display unit 104, and may be a trackball or a mouse, for
example. Alternatively, a touch panel may be used as the
pointing device 204, for example.

[0048] A storage unit 102 is a storage device which stores
the control program for the CPU 100 to control the respective
blocks of the ultrasonic diagnosis apparatus 10, and may be a
hard disk or a semiconductor memory, for example.

[0049] A display unit 104 may be a CRT (Cathode Ray
Tube) display or a liquid crystal display, and displays an
ultrasonic image (a video image or a still image) and various
kinds of setting screens.

[0050] The ultrasonic probe 300 is a probe which is in
contact with object OBJ when used, and includes ultrasonic
transducers 302 which constitute a one- or two-dimensional
transducer array. The ultrasonic transducers 302 transmit
ultrasonic beams to the object OBJ, based on a drive signal
applied from a transmitter circuit 402. The ultrasonic trans-
ducers 302 then receive ultrasonic echos reflected from the
object OBJ, and output detection signals.

[0051] The ultrasonic transducers 302 include oscillators.
Each of the oscillators is formed by providing electrodes at
both ends of a material having piezoelectric properties (a
piezoelectric material). Examples of piezoelectric materials
forming such oscillators include piezoelectric ceramics such
as PZT (Pb (lead) zirconate titanate) and polymer piezoelec-
tric element such as PVDF (polyvinylidene difluoride). When
anelectric signal is sent to the electrodes of the oscillators, the
piezoelectric material expands and contracts, and ultrasonic
waves are generated in each oscillator by the expansion and
contraction of the piezoelectric material. For example, where
a pulsed electric signal is sent to the electrodes of the oscil-
lators, pulsed ultrasonic waves are generated. Where a con-
tinuous-wave electric signal is sent to the electrodes of the
oscillators, continuous ultrasonic waves are generated. The
ultrasonic waves generated in the respective oscillators are
combined to form an ultrasonic beam. Also, when the ultra-
sonic waves are received by the respective oscillators, the
piezoelectric material of each oscillator expands and con-
tracts, to generate an electric signal. The electric signals gen-
erated in the respective oscillators are output as ultrasonic
detection signals to a receiver circuit 404.

[0052] It should be noted that two or more kinds of ele-
ments of different ultrasonic transduction types can be used as
the ultrasonic transducers 302. For example, oscillators
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formed by the above described piezoelectric material may be
used as elements which transmit ultrasonic waves, and ultra-
sonic transducers of a photodetection type may be used as the
elements which receive ultrasonic waves. Here, the ultrasonic
transducers of a photodetection type perform a detecting
operation by converting an ultrasonic signal into an optical
signal, and such ultrasonic transducers may be Fabry-Perot
resonators or fiber Bragg lattices, for example.

[0053] Next, an ultrasonic diagnosing process to be per-
formed in the live mode is described. The live mode is a mode
in which an ultrasonic image (a video image) obtained by
bringing the ultrasonic probe 300 into contact with the object
OBIJ and performing transmission/reception of ultrasonic
waves is displayed and analyzed/measured.

[0054] When the ultrasonic probe 300 is brought into con-
tact with the object OBJ, and ultrasonic diagnosing is started
in accordance with an instruction input through the operation
input unit 200, the CPU 100 outputs a control signal to a
transmitting/receiving unit 400, to cause the transmitting/
receiving unit 400 to start transmission of ultrasonic beams to
the object OBJ and reception of ultrasonic echoes from the
object OBJ. The CPU 100 sets an ultrasonic beam transmit-
ting direction and an ultrasonic echo receiving direction for
each ultrasonic transducer 302.

[0055] Further, the CPU 100 selects a transmission delay
pattern in accordance with the ultrasonic beam transmitting
direction, and selects a reception delay pattern in accordance
with the ultrasonic echo receiving direction. Here, a transmis-
sion delay pattern is delay time pattern data to be supplied to
the drive signal, so as to form ultrasonic beams in a desired
direction with ultrasonic waves transmitted from two or more
ultrasonic transducers 302. A reception delay pattern is delay
time pattern data to be received by two or more ultrasonic
transducers 302. Such transmission delay patterns and recep-
tion patterns are stored beforehand into the storage unit 102.
The CPU 100 selects a transmission delay pattern and a
reception delay pattern from those stored in the storage unit
102. In accordance with the selected transmission delay pat-
tern and reception delay pattern, the CPU 100 outputs the
control signal to the transmitting/receiving unit 400, to con-
trol transmission and reception of ultrasonic waves.

[0056] Inaccordance with the control signal from the CPU
100, the transmitter circuit 402 generates the drive signal, and
applies the drive signal to the ultrasonic transducers 302. At
this point, based on the transmission delay pattern selected by
the CPU 100, the transmitter circuit 402 delays the drive
signal to be applied to each of the ultrasonic transducers 302.
Here, the transmitter circuit 402 performs a transmit focusing
process to adjust (delay) the timing to apply the drive signal to
each of the ultrasonic transducers 302, so that the ultrasonic
waves transmitted from the respective ultrasonic transducers
302 form ultrasonic beams. Alternatively, the timing to apply
the drive signal may be adjusted so that the ultrasonic waves
simultaneously transmitted from two or more ultrasonic
transducers 302 reach the entire imaging region of the object
OBI.

[0057] The receiver circuit 404 receives and amplifies the
ultrasonic detection signals output from the respective ultra-
sonic transducers 302. As described above, the distances
between the respective ultrasonic transducers 302 and the
ultrasonic reflection source Xy, in the object OBJ vary.
Therefore, the periods of time required for a reflected wave to
reach the respective ultrasonic transducers 302 vary. The
receiver circuit 404 includes a delay circuit. In accordance
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with a sound velocity (hereinafter referred to as a hypothetical
sound velocity) which is set based on the reception delay
pattern selected by the CPU 100 or the distribution of veloci-
ties of sound, the receiver circuit 404 delays each detection
signal by the amount equivalent to the difference (delay time)
in arrival time of the reflected wave. The receiver circuit 404
then performs a receive focusing operation by matching and
adding up the detection signals having the delay times added
thereto. If another ultrasonic reflection source exists at a
different location from the ultrasonic reflection source Xy,
the arrival times of ultrasonic detection signals from the other
ultrasonic reflection source differ from those of the ultrasonic
detection signals from the ultrasonic reflection source X,
Therefore, the phases of the ultrasonic detection signals from
the other ultrasonic reflection source are cancelled by adding
up the detection signals at the adding circuit of the receiver
circuit 404. In this manner, the reception signal from the
ultrasonic reflection source X, becomes the largest, and
focusing is achieved. Through the above receive focusing
operation, an acoustic ray signal (hereinafter referred to as the
RF signal) with ultrasonic echoes having the narrowed
focuses is formed.

[0058] The A-D converter 406 converts the analog RF sig-
nal output from the receiver circuit 404 into a digital RF signal
(hereinafter referred to as RF data). Here, the RF data con-
tains phase information about received waves (carrier waves).
The RF data output from the A-D converter 406 is input to a
signal processing unit 502 and a cine-memory 602.

[0059] The cine-memory 602 sequentially stores the RF
data input from the A-D converter 406. The cine-memory 602
also stores and associates information about frame rates input
from the CPU 100 (the parameters indicating the depth of the
reflection location of ultrasonic waves, the scanning line den-
sity, and the width of the field of view, for example) with the
above described RF data.

[0060] For the RF data, the signal processing unit 502 per-
forms STC (Sensitivity Time gain Control) to correct attenu-
ations caused by distances in accordance with the depth of the
reflection location of ultrasonic waves. After that, the signal
processing unit 502 performs an envelope detecting operation
to generate B-mode image data (image data in which the
amplitudes of ultrasonic echoes are represented by the bright-
ness (luminance) of dots).

[0061] The B-mode image data generated by the signal
processing unit 502 is obtained by a different scanning tech-
nique from a conventional television signal scanning tech-
nique. Therefore, a DSC (Digital Scan Converter) 504 con-
verts (raster-converts) the B-mode image data into
conventional image data (image data according to the televi-
sion signal scanning system (the NTSC system), for
example). An image processing unit 506 performs various
kinds of necessary image processing (gradation processing,
for example) on the image data input from the DSC 504.
[0062] The image memory 508 stores the image data input
from the image processing unit 506. A D-A converter 510
converts the image data read from the image memory 508 into
an analog image signal, and outputs the analog image signal
to the display unit 104. In this manner, an ultrasonic image (a
video image) captured by the ultrasonic probe 300 is dis-
played on the display unit 104.

[0063] In this embodiment, detection signals subjected to
the receive focusing operation at the receiver circuit 404 are
RF signals. However, detection signals having not been sub-
jected to a receive focusing operation may be used as RF
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signals. In that case, the ultrasonic detection signals output
from the ultrasonic transducers 302 are amplified at the
receiver circuit 404, and the amplified detection signals or the
RF signals are A-D converted by the A-D converter 406 to
generate RF data. The RD data is supplied to the signal
processing unit 502, and is also stored into the cine-memory
602. The receive focusing operation is digitally performed at
the signal processing unit 502.

[0064] Next, the cine-memory reproduction mode is
described. The cine-memory reproduction mode is a mode in
which an ultrasonic diagnosis image is displayed and ana-
lyzed/measured, based on the RF data stored in the cine-
memory 602.

[0065] When the cine-memory reproduction button of the
operation board 202 is pressed, the CPU 100 switches the
operation mode of the ultrasonic diagnosis apparatus 10 to the
cine-memory reproduction mode. In the cine-memory repro-
duction mode, the CPU 100 instructs a cine-memory repro-
ducing unit 604 to reproduce RF data designated by an opera-
tion input from an operator. Based on the instruction from the
CPU 100, the cine-memory reproducing unit 604 reads the
RF data from the cine-memory 602, and transmits the RF data
to the signal processing unit 502 of the image signal gener-
ating unit 500. The RF data transmitted from the cine-
memory 602 is subjected to predetermined processing (simi-
lar processing as that performed in the live mode) at the signal
processing unit 502, the DSC 504, and the image processing
unit 506, and is converted into image data. The image data is
then output to the display unit 104 via the image memory 508
and the D-A converter 501. In this manner, the ultrasonic
image (a video image or a still image) based on the RF data
stored in the cine-memory 602 is displayed on the display unit
104.

[0066] In either one of the live mode and the cine-memory
reproduction mode, when the freeze button of the operation
board 202 is pressed while an ultrasonic image (a video
image) is being displayed, the ultrasonic image being dis-
played at the time of the pressing of the freeze button is turned
into a still image on the display unit 104. Accordingly, the
operator can observe the still image displayed in the region of
interest (ROI).

[0067] When the analysis/measurement button of the
operation board 202 is pressed, an analyzing/measuring
operation designated by an operation input from the operator
is performed. Where the analysis/measurement button is
pressed in each operation mode, a data analyzing/measuring
unit 106 obtains RF data having not subjected to image pro-
cessing from the A-D converter 406 or the cine-memory 602,
and performs the analyzing/measuring operation (an analysis
of deformation of a tissue site (hardness diagnosing), a mea-
surement of a bloodstream, a measurement of movement of a
tissue site, ora measurement of an IMT (Intima-Media Thick-
ness) value, for example) designated by the operator with the
use of the RF data. The data analyzing/measuring unit 106
also performs an operation to measure the value of a local
sound velocity, which will be described later in detail. The
results of the analysis/measurement carried out by the data
analyzing/measuring unit 106 are output to the DSC 504 of
the image signal generating unit 500. The DSC 504 inserts the
analysis/measurement results from the data analyzing/mea-
suring unit 106 into the image data of an ultrasonic image, and
outputs the image data having the results inserted thereinto to
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the display unit 104. In this manner, the ultrasonic image and
the analysis/measurement results are displayed on the display
unit 104.

[0068] When the display mode switching button is pressed,
the display mode is switched between a mode to display only
a B-mode image, a mode to superimpose the result of deter-
mination of the value of a local sound velocity upon the
B-mode image (a display which changes color coding or
luminance in accordance with the value of the local sound
velocity, or a display which connects the dots having the same
value of the local sound velocity), and a mode to display the
B-mode image in line with an image of the result of determi-
nation of the value of the local sound velocity. Accordingly,
the operator can spot a pathological lesion by observing the
result of determination of the value of the local sound veloc-
ity.

[0069] Based on the result of determination of the value of
the local sound velocity, at least one of a transmit focus
operation and a receive focus operation may be performed to
obtain a B-mode image, and the B-mode image may be dis-
played on the display unit 104.

[0070] In the following, the functions of the ultrasonic
diagnosis apparatus 10 of this embodiment are described.
[0071] The present invention enables a measurement of a
local sound velocity even where the sound velocity in an
object is not uniform and the reception time (or reception
wave) at each of the elements corresponding to respective
lattices cannot be approximated by the ambient sound veloc-
ity.

[0072] Referring now to the flowchart shown in FIG. 2, a
first embodiment of the present invention is described. Here-
inafter, the blocks of flowcharts represent computer-readable
instructions read from a non-transitory computer-readable
medium such as the storage unit 102, for directing the CPU
100 to execute the following steps.

[0073] The first embodiment is to determine a local sound
velocity by determining the reception times (or reception
waves) at lattice points (grid points) in a shallower region than
the region of interest, combining the reception times with
delays determined by the hypothetical sound velocity in the
region of interest, generating an image based on a delay
generated from the combination, and analyzing the image. In
the embodiment described below, to determine the local
sound velocity in the region of interest with the use of the
reception time or reception wave at each of elements corre-
sponding to the respective lattices, the reception time at each
element is first determined, and the reception wave of each
element is then determined as needed. Alternatively, the
reception wave of each element may be first determined, and
the reception time at each element is then determined as
needed. To determine the reception wave at each of the ele-
ments, scattering is reduced by subjecting each of the lattices
to a transmit focus, and only the signal formed by receiving
the reflection from each of the lattice should be used.

[0074] FIG. 3 schematically shows an operation to calcu-
late the value of a local sound velocity according to this
embodiment.

[0075] As shown in FIG. 3, a representative lattice point in
a region of interest ROI in the object OBJ is represented by
X zop and the lattice points arranged at regular intervals in the
X-Y direction in shallower positions than the lattice point
X roz (or in positions close to the ultrasonic transducers 302)
are represented by A1, A2, A3, . ... The sound velocities at
least between the lattice point X, and the respective lattice
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points A1, A2, A3, . .. are assumed to be uniform. Here, the
range and the number of lattice points A1, A2, A3, . .. to be
used in the operation to determine the value of the local sound
velocity in the region of interest are determined in advance.

[0076] First,instep S10 of FIG. 2, the reception times at the
lattice points A1, A2, A3, . .. located in a shallower region
than the region of interest are calculated. The reception times
at the respective lattice points Al, A2, and A3, . . . can be
calculated by a known image analysis method and a known
phase aberration analysis method.

[0077] The image analysis method used herein is a method
ofhypothetically setting the mean sound velocity (and depth)
and determining such a value that the characteristics such as
the sharpness and contrast of the image of the sound source
are maximized, as disclosed in Japanese Patent Application
Laid-Open No. 2007-2045 and the like.

[0078] Thephaseaberration analysis method is disclosed in
Japanese Patent Application Laid-Open No. 6-105841 and
the like. According to this method, a signal is set as areference
signal for reception signals of the respective elements of an
ultrasonic probe, and the phase differences between the ref-
erence signal and the reception signals are detected. The
phase difference detection results of each two adjacent ele-
ments are compared, and the difference between the results is
represented by D. In a graph which plots the device number
on the abscissa axis, and plots the phase differences between
the reference signal S and the reception signals of the respec-
tive elements on the ordinate axis, 360 degrees is added at
discontinuous points from positive to negative (or when the
above described difference D is smaller than —180 degrees),
and 360 degrees is subtracted at discontinuous points from
negative to positive (or when the above described difference
D is larger than 180 degrees). In this manner, discontinuous
curves are turned into continuous curves, and thus, the phase
aberration in a wide region is detected with high precision.

[0079] In step S12 of FIG. 2, the initial value of a hypo-
thetical sound velocity in the region of interest is set.

[0080] Instep S14,acombined reception wave at the lattice
point X, is formed by overlapping the reception waves of
the respective lattices on one another with the use of delays
determined by the hypothetical sound velocity in the region of
interest.

[0081] That is, the combined reception wave W, ,, from
the lattice point X, is formed with the use of the reception
waves W, W, ... from the lattice points A1, A2, A3, ...
and the delays obtained from the hypothetical sound velocity,
as shown in FIG. 3.

[0082] Instep S16, adelay is set by the combined reception
wave, and an image at the lattice point X, in the region of
interest is generated based on the delay. The method of gen-
erating the delay from the combined reception wave is as
follows. An equiphase line is extracted from the phase differ-
ences in the combined reception wave between adjacent ele-
ments, and the equiphase line is set as the delay. Alternatively,
the phase difference in the maximum (peak) position of the
combined reception wave between the respective elements
may be set as the delay. Alternatively, the cross-correlation
peak position of the combined reception wave from each
element may be set as the delay.

[0083] Instep S18, the image generated at the lattice point
Xgor In the region of interest is analyzed. In analyzing the
image, the sharpness value in the image is calculated, for
example.
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[0084] Instep S20 the hypothetical velocity is changed by
one step. In step S22, a check is made to determine whether
the operation has been performed on all the hypothetical
sound velocities. It should be noted that the range of hypo-
thetical sound velocities to be subjected to the operation is
determined in advance.

[0085] If the operation has not been performed on all the
hypothetical sound velocities, the operation returns to step
S14, and the above described procedures are repeated.
[0086] Inacasewhere the operation has been performed on
all the hypothetical sound velocities, the operation moves on
to step S24, and the value of the local sound velocity in the
region of interest is determined. In doing so, the value of the
local sound velocity in the region of interest is determined
from the hypothetical sound velocity at which the sharpness
value in the image is the largest, as a result of repetitions of the
above described procedures.

[0087] The method of determining the value of the local
sound velocity in the region of interest from the hypothetical
sound velocity at which the sharpness value in the image
becomes the largest is not limited to a particular method. For
example, in the above repeated procedures of steps S14
through S22, the sharpness value in an image is calculated,
and is compared with the previous calculated sharpness value.
The hypothetical sound velocity corresponding to the image
having the larger sharpness value is stored. When the opera-
tion on all the hypothetical sound velocities is finished, the
hypothetical sound velocity still stored is set as the local
sound velocity.

[0088] Referring now to the flowchart shown in FIG. 4, a
second embodiment of the present invention is described.
[0089] The second embodiment is to determine a local
sound velocity by determining the reception times (or recep-
tion waves) at lattice points in a shallower region than the
region of interest, calculating the sum of the period of time for
propagation from the region of interest to each of the lattice
points determined by a hypothetical sound velocity in the
region of interest and the reception time of each correspond-
ing one of the lattice points, setting the smallest value of the
sums as the delay at the element, generating an image based
on the delay, and analyzing the image.

[0090] FIG. 5 schematically shows an operation to calcu-
late the value of a local sound velocity according to this
embodiment.

[0091] InFIG. 5, arepresentative lattice point in the region
of interest ROl in the object OBIJ is represented by X, and
the lattice points arranged at regular intervals in the X-Y
direction in shallower positions than the lattice point Xz, (or
in positions close to the ultrasonic transducers 302) are rep-
resented by A1,A2,A3, ..., as in FIG. 3. The sound velocities
at least between the lattice point X, and the respective
lattice points A1, A2, A3, ... are assumed to be uniform. Here,
the range and the number of lattice points A1, A2, A3, .. .to
be used in the operation to determine the value of the local
sound velocity in the region of interest are determined in
advance.

[0092] First, in step S30 of FIG. 4, the reception times at the
lattice points A1, A2, A3, . .. located in a shallower region
than the region of interest are calculated. The reception times
at the respective lattice points Al, A2, and A3, . . . can be
calculated by a known image analysis method and a known
phase aberration analysis method, as in the first embodiment.
[0093] In step S32, the initial value of the hypothetical
sound velocity in the region of interest is set. In step S34, the
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periods for propagation from the region of interest to the
respective lattices which are determined by hypothetical
sound velocities and the respective lattice reception times are
added up to calculate a combined reception time.

[0094] That is, the periods for propagation from the region
of interest (the lattice point X, to the respective lattice
points A1,A2 A3, ... are calculated from hypothetical sound
velocities set in the region of interest ROI, and the sum of the
propagation periods of time and the already determined
reception times at the respective lattice points A1, A2, A3, ..
. is calculated.

[0095] Where the hypothetical sound velocity in the region
of interest ROI is represented by V, the periods for propaga-
tion from the lattice point Xz, to the respective lattice points
Al, A2, A3, . .. are calculated from X,,A1/V, Xz,A2/V,
XzoA3/V, . . ., respectively. Here, X, A, XzoA2,
XzoA3, . . . represent the distances from the lattice point
X zor to the respective lattice points A1, A2, A3, ..., and can
be calculated to be V(AX,,*+AY?), V(AX,,>+AY?),
V(AX ;5*+AY?), . . . from the depth-direction width AY of the
region of interest ROI and the X-direction distances AX,,,
AX 45, AX 5, . . . between the lattice point X, and the
respective lattice points Al, A2, A3, . . ., according to the
Pythagorean theorem. Meanwhile, AY can be calculated to be
AY=AT*V/2 fromV and the depth-direction time width AT of
the region of interest ROI (the difference between the recep-
tion time at the lattice point X 5, and the reception time at the
element immediately below the lattice point An located
immediately below the lattice point X, or the shortest
reception time).

[0096] Since the reception times at the respective lattice
points A1, A2, A3, ... have already been calculated, the sums
of the periods for propagation from the region of interest to
the respective lattices and the respective lattice reception
times can be calculated to obtain combined reception times.
[0097] Instep S36, the shortest combined reception time of
the above combined reception times is determined with
respect to an element (that is, the path which minimizes the
period for propagation is determined among the paths extend-
ing from the lattice point X, to the element via a lattice
point A, (deflecting at A,)), and the shortest combined recep-
tion time is set as the delay of the element. Based on the delay,
an image at the lattice point X, in the region of interest is
generated.

[0098] In step S38, the generated image is analyzed. An
image analysis is carried out in the similar manner as in step
S18 of FIG. 2, and the sharpness value in the image is calcu-
lated, for example.

[0099] In step S40, the hypothetical sound velocity is
changed by one step. In step S42, a check is made to deter-
mine whether the operation has been performed on all the
hypothetical sound velocities. It should be noted that the
range of hypothetical sound velocities to be subjected to the
operation is determined in advance.

[0100] As a result, in a case where the operation has not
been performed on all the hypothetical sound velocity, the
operation returns to step S34, and the above described proce-
dures are repeated.

[0101] Inacasewhere the operation has been performed on
all the hypothetical sound velocities, the value of the local
sound velocity in the region of interest is determined in the
next step S44. The determination of the value of the local
sound velocity is performed in the similar manner as in the
above described first embodiment.
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[0102] Referring now to the flowchart shown in FIG. 6, a
third embodiment of the present invention is described.
[0103] The third embodiment is to determine a local sound
velocity by determining reception times at lattice points in a
shallower region than the region of interest, setting the recep-
tion times as delays, regarding the lattice points in the shal-
lower region as virtual elements, matching and adding recep-
tion signals of the respective virtual elements with the
respective delays, generating an image based on the hypo-
thetical sound velocity in the region of interest, and analyzing
the image.

[0104] In this embodiment, a representative lattice point
Xgor in the region of interest ROI in the object OBJ and
shallower lattice points A1, A2, A3, . . . than the lattice point
Xrorare set, as in the above described embodiments as shown
in FIG. 3, for example. The sound velocities at least between
the lattice point Xz, and the respective lattice points A1, A2,
A3, ... are assumed to be uniform.

[0105] First, in step S50, reception times at the respective
lattice points A1, A2, A3, . . . located in a shallower region
than the region of interest are calculated, and the reception
times are set as delays. The reception times at the respective
lattice points A1, A2, A3, . .. can be calculated by a known
image analysis method and a known phase aberration analysis
method as in the above described first embodiment.

[0106] In step S52, the respective lattices in the shallower
region are regarded as virtual elements, and reception signals
of'the respective lattices are matched and added as the recep-
tion signals of the virtual elements with the above delays, to
set the signal subjected to the matching and adding.

[0107] Instep S54, the initial value of a hypothetical sound
velocity in the region of interest is set.

[0108] In step S56, an image is generated from the recep-
tion signals of the respective virtual elements, based on the
hypothetical sound velocity in the region of interest.

[0109] In step S58, the generated image is analyzed in the
similar manner as in step S18 of FIG. 2, for example, and the
sharpness value in the image is calculated, for example.
[0110] In step S60, the hypothetical sound velocity is
changed by one step. In step S62, a check is made to deter-
mine whether the operation has been performed on all the
hypothetical sound velocities. It should be noted that the
range of hypothetical sound velocities to be subjected to the
operation is determined in advance.

[0111] As a result, in a case where the operation has not
been performed on all the hypothetical sound velocities, the
operation returns to step S56, and the above procedures are
repeated.

[0112] Inacase where the operation has been performed on
all the hypothetical sound velocities, the value of the local
sound velocity in the region of interest is determined in the
next step S64. In determining the value of the local sound
velocity, the value of the hypothetical sound velocity corre-
sponding to the image having the largest sharpness value is
determined to be the value of the local sound velocity, based
on the results of the above image analyses.

[0113] In each of the above described embodiments, the
local sound velocity in a region of interest can be calculated
with higher precision by using not only the result of an image
analysis carried out at one lattice point but also the results of
image analyses carried out at lattice points arranged in the
depth direction of the region of interest or two-dimensionally
(or three dimensionally) in the region of interest, or using
sharpness values. Here, the local sound velocity in the region
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of interest may be determined based not on the sharpness
values determined at the respective lattice points but on the
local sound velocities at the respective lattices.

[0114] Lattice points in a shallower region than the region
of interest may not necessarily be set by the technique illus-
trated in FIGS. 3 and 5, but may be set on any curved surface
located lower than the region of interest (or located on the side
of'the ultrasonic transducers 302). For example, lattice points
may be set on the boundaries with tissues or lesions.

[0115] As described above, in each of the above described
embodiments, instead of the ambient sound velocity, a recep-
tion time is calculated at each lattice point. Accordingly, a
local reception time can be calculated with high precision
even where the sound velocity in the object is not uniform.
[0116] Although ultrasonic diagnosis apparatuses and
ultrasonic diagnosis methods according to the present inven-
tion have been described so far, the present invention is not
limited to the above examples, and various changes and modi-
fications may of course be made to them without departing
from the scope of the invention.

What is claimed is:

1. An ultrasonic diagnosis apparatus comprising:

an ultrasonic probe which includes a plurality of ultrasonic
transducers which transmit ultrasonic waves to an
object, receive the ultrasonic waves reflected by the
object, and output ultrasonic detection signals;

a reception time calculating device which calculates at
least one of'a reception time and a reception wave at each
of elements corresponding to lattice points set in a shal-
lower region than a region of interest in the object;

an image generating device which generates an image at a
lattice point in the region of interest, based on a hypo-
thetical sound velocity set in the region of interest and
the calculated one of the reception time and the recep-
tion wave;

an image analyzing device which analyzes the generated
image; and

a local sound velocity calculating device which calculates
a local sound velocity in the region of interest, based on
a result of the image analysis.

2. The ultrasonic diagnosis apparatus according to claim 1,
wherein the reception time calculating device calculates the
reception time, using an image analysis technique and a phase
aberration analysis technique.

3. The ultrasonic diagnosis apparatus according to claim 1,
wherein the reception time calculating device calculates the
reception wave, and the image generating device generates a
combined reception wave by combining the reception waves
ofthe respective lattice points set in the shallower region with
a delay determined by the hypothetical sound velocity, and
generates the image based on a delay generated from the
combined reception wave.

4. The ultrasonic diagnosis apparatus according to claim 1,
wherein the image generating device determines a delay at the
ultrasonic probe, and generates the image based on the delay
at the ultrasonic probe, the delay at the ultrasonic probe being
the smallest value of sums with respect to the ultrasonic
probe, each of the sums being a sum of a propagation period
determined from a hypothetical sound velocity set in the
region of interest and the reception time at one of the lattice
points set in the shallower region, the propagation period
being a period for propagation from the lattice point set in the
region of interest to the one of the lattice points set in the
shallower region.
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5. The ultrasonic diagnosis apparatus according to claim 1,
further comprising
a matching and adding device which regards the lattice
points set in the shallower region as virtual elements, and
matches and adds reception signals of the virtual ele-
ments,
wherein the image generating device generates the image
at the lattice point in the region of interest from the
reception signals of the virtual elements, based on the
hypothetical sound velocity set in the region of interest.
6. The ultrasonic diagnosis apparatus according to claim 5,
wherein the reception time calculating device calculates the
reception time, and the matching and adding device sets a
signal formed by matching and adding the reception signals
of the respective virtual elements, with the reception time at
each element being a delay.
7. The ultrasonic diagnosis apparatus according to claim 1,
wherein
the image analyzing device calculates a sharpness value in
the image, and
the local sound velocity calculating device calculates the
local sound velocity which is the hypothetical sound
velocity corresponding to the image having the largest
sharpness value.
8. An ultrasonic diagnosis method executed by a ultrasonic
diagnosis apparatus, comprising:
transmitting ultrasonic waves to an object, and outputting
ultrasonic detection signals after receiving the ultrasonic
waves reflected by the object;

calculating at least one of a reception time and a reception
wave at each of elements corresponding to lattice points
set in a shallower region than a region of interest in the
object;

generating an image at a lattice point in the region of
interest, based on a hypothetical sound velocity setin the
region of interest and the calculated one of the reception
time and the reception wave;

analyzing the generated image; and

calculating a local sound velocity in the region of interest,
based on a result of the image analysis.

9. The ultrasonic diagnosis method according to claim 8,
wherein the calculating the reception time includes using an
image analysis technique and a phase aberration analysis
technique to calculate the reception time.

10. The ultrasonic diagnosis method according to claim 8,
wherein the calculating the reception time includes calculat-
ing the reception wave, and the generating the image includes
generating a combined reception wave by combining the
reception waves of the lattice points set in the shallower
region with a delay determined by the hypothetical sound
velocity, and the generating the image includes generating the
image based on a delay generated from the combined recep-
tion wave.

11. The ultrasonic diagnosis method according to claim 8,
wherein the generating the image includes determining a
delay at the ultrasonic probe, and generating the image based
on the delay at the ultrasonic probe, the delay at the ultrasonic
probe being the smallest value of sums with respect to the
ultrasonic probe, each of the sums being a sum of a propaga-
tion period determined from a hypothetical sound velocity set
in the region of interest and the reception time at one of the
lattice points set in the shallower region, the propagation
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period being a period for propagation from the lattice point in
the region of interest to the one of the lattice point set in the
shallower region.

12. The ultrasonic diagnosis method according to claim 8,
further comprising

matching and adding reception signals of respective virtual
elements which are the lattice points set in the shallower
region,

wherein the generating the image includes generating the

image at the lattice point in the region of interest from
the reception signals of the virtual elements, based on
the hypothetical sound velocity set in the region of inter-
est.

13. The ultrasonic diagnosis method according to claim 12,
wherein the matching and adding includes setting a signal
formed by matching and adding the reception signals of the
respective virtual elements, with the reception time at each
element being a delay.

14. The ultrasonic diagnosis method according to claim 8,
wherein

the analyzing the image includes calculating a sharpness

value in the image, and
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the calculating the local sound velocity includes calculat-
ing the local sound velocity which is the hypothetical
sound velocity corresponding to the image having the
largest sharpness value.

15. A non-transitory computer-readable medium having
embodied thereon instructions which executed by a ultra-
sonic diagnosis apparatus cause the ultrasonic diagnosis
apparatus to perform a method comprising:

transmitting ultrasonic waves to an object, and outputting

ultrasonic detection signals after receiving the ultrasonic
waves reflected by the object;

calculating at least one of a reception time and a reception

wave at each of elements corresponding to lattice points
set in a shallower region than a region of interest in the
object;

generating an image at a lattice point in the region of

interest, based on a hypothetical sound velocity setin the
region of interest and the calculated one of the reception
time and the reception wave;

analyzing the generated image; and

calculating a local sound velocity in the region of interest,

based on a result of the image analysis.

Ed sk sk Ed Ed
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