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ULTRASOUND IMAGE PRODUCING
METHOD AND ULTRASOUND IMAGE
DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound image
producing method and an ultrasound image diagnostic appa-
ratus for performing imaging of internal organs or the like
within a living body by transmission and reception of ultra-
sonic waves and producing an ultrasound diagnostic image
thereof to be used for diagnosis.

[0002] Hitherto, ultrasound diagnostic apparatuses using
an ultrasound image have been put into practical use in the
medical field. Generally, this type of ultrasound diagnostic
apparatus has an ultrasound probe in which a transducer array
is built, and an apparatus body connected to the ultrasound
probe. Ultrasonic waves are transmitted toward a subject
from the ultrasound probe, ultrasonic echoes from the subject
are received and converted to reception signals by the ultra-
sound probe, and the reception signals are electrically pro-
cessed in the apparatus body to produce an ultrasound image.
[0003] In the ultrasound diagnostic apparatus, the ultra-
sound image is produced assuming that the sound velocity
within the living body of a subject is constant. However, since
there is variation in actual sound velocity values within the
living body, a spatial distortion occurs in the ultrasound
image due to the variation.

[0004] Inthis regard, in recent years, in order to diagnose a
part within a subject with higher precision, sound velocity
values (local sound velocity values) in arbitrary diagnosed
part are measured, and such distortion of image is corrected.
[0005] For example, JP 2010-99452 A suggests an ultra-
sound diagnostic apparatus that sets a plurality of lattice
points around a diagnosed part, measures environmental
sound velocity values (optimal sound velocity values) on the
basis of reception data obtained by transmitting and receiving
ultrasonic beams to/from the respective lattice points, and
calculates local sound velocity values in the respective lattice
points from the environmental sound velocity values of the
plurality of lattice points.

[0006] Also, JP 2009-279306 A suggests an ultrasound
diagnostic apparatus that decides the degree of beam conver-
gence in focus processing in a plurality of first regions, cal-
culates sound velocity values in the respective regions, and
calculates sound velocity values in a plurality of second
regions that are subdivided more than the first regions.

SUMMARY OF THE INVENTION

[0007] However, when the sound velocity values within the
living body are measured, the sound velocity values (environ-
mental sound velocity values) acquired by transmission and
reception of ultrasonic beams may be disturbed in the azi-
muth direction (longitudinal direction). For example, when
the abdomen is measured, sound velocity values are disturbed
in the orientation direction. It is presumed that sound waves
are refracted in a fat layer or muscular layer of the abdominal
wall before reaching the liver. As such, in a certain region,
sound velocity values may be measured so as to be higher than
actual sound velocities due to the influence of refraction or the
like.

[0008] When the local sound velocity values in the respec-
tive lattice points are calculated from the environmental
sound velocity values of the plurality of lattice points as in JP
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2010-99452 A, or when sound velocity values are obtained in
the plurality of subdivided second regions as in JP 2009-
279306 A, if the environmental sound velocities (sound
velocity values of the first regions) are measured to be higher
than the actual sound velocities, there is a concern that accu-
rate local sound velocity values (sound velocity values of the
second regions) cannot be calculated.

[0009] Additionally, when the local sound velocity values
are obtained as in JP 2010-99452 A or JP 2009-279306 A,
substantial calculation time is taken. Thus, calculation time is
wastefully taken in the case where the measurement error due
to the influence of refraction is identified after all measure-
ments or calculations are performed.

[0010] Anobject of the invention is to solve the problems in
the above related art and to provide an ultrasound image
producing method and an ultrasound image diagnostic appa-
ratus that can quickly grasp the presence or the absence of the
influence of refraction, can shorten the time taken for mea-
surement or calculation, and also can perform measurement
or calculation with a small error thereby obtaining accurate
local sound velocity values.

[0011] In order to achieve the above objects, the present
invention provides an ultrasound image producing method
comprising: an image producing step for transmitting ultra-
sonic waves and receiving ultrasonic echoes reflected by a
subject to output reception signals according to the received
ultrasonic waves, by a transducer array, and performing sig-
nal processing of the reception signals to produce a B-mode
image by an image producer; a lattice setting step for setting
a region-of-interest on the produced B-mode image and set-
ting a lattice on the set region-of-interest; a preliminary sound
velocity measuring step for measuring environmental sound
velocity values of two or more lattice points of the lattice
located at different positions in a scanning direction of the
ultrasonic waves; a detecting step for detecting whether or not
a measured sound velocity difference that is a difference
between a maximum value and a minimum value in environ-
mental sound velocity values measured in the preliminary
sound velocity measuring step is equal to or lower than a
predetermined threshold; and a main sound velocity measur-
ing step for calculating local sound velocity values in lattice
points of the lattice when the measured sound velocity differ-
ence is equal to or lower than the predetermined threshold.

[0012] Preferably, environmental sound velocity values of
two or more lattice points in the scanning direction of the
ultrasonic waves are further measured at different depths in
the preliminary sound velocity measuring step, and whether
or not measured sound velocity differences are equal to or
lower than predetermined threshold at all the depths is
detected in the detecting step, and the main sound velocity
measuring step is performed when the measured sound veloc-
ity differences are equal to or lower than the predetermined
threshold at all the depths.

[0013] A lattice with a size that exceeds the set region-of-
interest is preferably set in the lattice setting step.

[0014] A number of lattice points where environmental
sound velocity values are to be measured in the preliminary
sound velocity measuring step is preferably smaller than a
number of lattice points where local sound velocity values are
to be calculated in the main sound velocity measuring step.
[0015] Preferably, the ultrasound image producing method
further comprises a step for comparing the environmental
sound velocity values measured in the preliminary sound
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velocity measuring step and displaying a lattice point show-
ing a largest environmental sound velocity value in a dis-
criminative manner.

[0016] Preferably, the ultrasound image producing method
further comprises a step for displaying notice or measurement
results of environmental sound velocity values when the dif-
ference between the maximum value and the minimum value
in the environmental sound velocity values exceeds the pre-
determined threshold in the detecting step.

[0017] Measurement results of the local sound velocity
values in the main sound velocity measuring step are prefer-
ably superimposed and displayed on the B-mode image.
[0018] Preferably, the transducer array is a two-dimen-
sional transducer array having transducers that are arranged
two-dimensionally, and acquiring a plurality of information
on two-dimensional tomographic planes in a direction
orthogonal to the tomographic planes, according to an
arrangement of the transducers, the preliminary sound veloc-
ity measuring step and the detecting step are performed in
each of the plurality of tomographic planes, and the main
sound velocity measuring step is performed in a tomographic
plane where the measured sound velocity difference is equal
to or lower than the predetermined threshold.

[0019] Preferably, the ultrasound image producing method
further comprises a step for selecting a tomographic plane
where the measured sound velocity difference is a smallest,
and the main sound velocity measuring step is performed in
the selected tomographic plane.

[0020] Preferably, the preliminary sound velocity measur-
ing step and the detecting step are performed sequentially in
the plurality of tomographic planes, and the main sound
velocity measuring step is performed in a tomographic plane
where the measured sound velocity difference becomes equal
to or lower than the predetermined threshold first.

[0021] In order to achieve the above objects, the present
invention also provides an ultrasound image diagnostic appa-
ratus comprising: a transducer array that transmits ultrasonic
waves and receives ultrasonic echoes reflected by a subject to
output reception signals according to the received ultrasonic
waves; an image producer that produces an ultrasound image
based on the reception signals output from the transducer
array; a region-of-interest setter that sets a region-of-interest
within an imaging region, sets a lattice on the set region-of-
interest, and sets lattice points; a preliminary sound velocity
measuring unit that measures environmental sound velocity
values of two or more lattice points of the lattice located at
different positions in a scanning direction of the ultrasonic
waves, and that calculates a measured sound velocity differ-
ence that is a difference between a maximum value and a
minimum value in the measured environmental sound veloc-
ity values; and a main sound velocity measuring unit that
calculates local sound velocity values in lattice points of the
lattice when the measured sound velocity difference calcu-
lated by the preliminary sound velocity measuring unit is
equal to or lower than the predetermined value.

[0022] Preferably, the transducer array is a two-dimen-
sional transducer array having transducers that are arranged
two-dimensionally, and acquiring a plurality of information
on two-dimensional tomographic planes in a direction
orthogonal to the tomographic planes, according to an
arrangement direction of the transducers, the preliminary
sound velocity measuring unit calculates the measured sound
velocity differences in each of the tomographic planes, and
the main sound velocity measuring unit calculates local
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sound velocity values in lattice points of the lattice, in a
tomographic plane where the measured sound velocity dif-
ference calculated by the preliminary sound velocity measur-
ing unit is equal to or lower than the predetermined threshold.

[0023] According to the ultrasound image producing
method and the ultrasound image diagnostic apparatus of the
invention having the above configuration, environmental
sound velocity values of two or more lattice points that are
different in the scanning direction of ultrasonic waves in
lattice are respectively measured as the preliminary sound
velocity measurement before the local sound velocity values
are calculated, and the main sound velocity measurement is
performed when the difference between a maximum value
and a minimum value of the measured environmental sound
velocity values is equal to or lower than a predetermined
threshold. Thus, the presence or the absence of the influence
of refraction can be grasped quickly, the time taken for mea-
surement or calculation can be shortened, and also measure-
ment or calculation can be performed with a small error
thereby obtaining accurate local sound velocity values.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG. 1 is a block diagram conceptually illustrating
the configuration of an ultrasound diagnostic apparatus that
implements an ultrasound image producing method of the
invention.

[0025] FIG. 2 is a block diagram conceptually illustrating
the configuration of the sound-velocity calculator shown in
FIG. 1.

[0026] FIG. 3 is a view schematically illustrating set lattice
points.
[0027] FIGS. 4A and 4B are views schematically illustrat-

ing selected lattice points for preliminary measurement.
[0028] FIGS.5A and 5B are views schematically illustrat-
ing measurement results of environmental sound velocity
values.

[0029] FIG. 6 is a view schematically illustrating lattice
points.
[0030] FIGS.7A and 7B are views schematically illustrat-

ing the principle of sound velocity calculation.

[0031] FIG. 8isa flowchart for explaining the operation of
the ultrasound diagnostic apparatus of FIG. 1.

[0032] FIG. 9 is a view schematically illustrating lattice
points for preliminary measurement.

[0033] FIG. 10 is a block diagram conceptually illustrating
the configuration of another example of the ultrasound diag-
nostic apparatus that implements the ultrasound image pro-
ducing method of the invention.

[0034] FIG. 11 is a view schematically illustrating a two-
dimensional transducer array and tomographic planes.
[0035] FIG. 12 is a block diagram conceptually illustrating
the configuration of the sound-velocity calculator shown in
FIG. 10.

[0036] FIGS. 13A and 13B are views schematically illus-
trating selected lattice points for preliminary measurement.
[0037] FIGS. 14A and 145 are views schematically illus-
trating measurement results of environmental sound velocity
values.

[0038] FIG. 15 is aflowchart for explaining the operation of
the ultrasound diagnostic apparatus of FIG. 10.



US 2012/0310093 Al

[0039] FIG. 16 is a view schematically illustrating lattice
points for preliminary measurement.

DETAILED DESCRIPTION OF THE INVENTION

[0040] Anultrasound diagnostic apparatus that implements
an ultrasound image producing method of the invention will
be described below in detail on the basis of preferred embodi-
ments illustrated in the accompanying drawings.

[0041] FIG. 1 is a block diagram conceptually illustrating
the configuration of one example of the ultrasound diagnostic
apparatus that implements the ultrasound image producing
method of the invention, and FIG. 2 is a block diagram con-
ceptually illustrating the configuration of a sound-velocity
calculator 24.

[0042] The ultrasound diagnostic apparatus 10 has an ultra-
sound probe 12, a transmission circuit 14 and a reception
circuit 16 that are connected to the ultrasound probe 12, an
image producer 18, a cine memory 22, a sound-velocity cal-
culator 24, a display controller 32, a display unit 34, a con-
troller 36, an operation unit 38, and a storage unit 40.

[0043] The ultrasound probe 12 has a transducer array 42
used for a usual ultrasound diagnostic apparatus.

[0044] The transducer array 42 has a plurality of ultrasound
transducers that are arranged one-dimensionally or two
dimensionally. In the imaging of the ultrasound image, the
ultrasound transducers transmit ultrasonic beams according
to actuation signals supplied from the transmission circuit 14,
and receive ultrasonic echoes from a subject to output recep-
tion signals.

[0045] Each of the ultrasound transducers comprises a
vibrator composed of a piezoelectric body and electrodes
each provided on both ends of the piezoelectric body. The
piezoelectric body is composed of, for example, a piezoelec-
tric ceramic represented by a PZT (lead zirconate titanate), a
polymeric piezoelectric device represented by PVDF (poly-
vinylidene fluoride), or a piezoelectric monocrystal repre-
sented by PMN-PT (lead magnesium niobate lead titanate
solid solution).

[0046] Ifa pulsed or continuous-wave voltage is applied to
the electrodes of the vibrators, the piezoelectric substances
expand and contract, pulsed or continuous-wave ultrasonic
waves are generated from the respective vibrators, and an
ultrasonic beam is formed by the synthesis of the ultrasonic
waves. If the respective vibrators receive propagated ultra-
sonic waves, they expand and contract to generate electrical
signals, and the electrical signals are output as reception
signals of the ultrasonic waves.

[0047] The transmission circuit 14 includes, for example, a
plurality of pulsers, and on the basis of a transmission delay
pattern selected according to a control signal from the con-
troller 36, the transmission circuit 14 adjusts the delay
amounts of the respective actuation signals such that the
ultrasonic waves transmitted from the plurality of ultrasound
transducers of the transducer array 42 form an ultrasonic
beam and supplies the adjusted actuation signals to the plu-
rality of ultrasound transducers.

[0048] The reception circuit 16 performs amplification and
A/D conversion of the reception signals transmitted from the
respective ultrasound transducers of the transducer array 42,
and then, performs reception focus processing by allotting
and adding the respective delays to the respective reception
signals, according to the sound velocity or the distribution of
the sound velocity set based on a reception delay pattern
selected according to a control signal from the controller 36.
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Reception data (sound ray signals) in which the foci of ultra-
sonic echoes are narrowed are produced by this reception
focusing processing.

[0049] The reception circuit 16 supplies the reception data
to the image producer 18, the cine memory 22, and the sound-
velocity calculator 24.

[0050] The image producer 18 produces an ultrasound
image based on the reception data supplied from the reception
circuit 16.

[0051] The image producer 18 has a signal processor 46, a
DSC 48, an image processor 50, and an image memory 52.
[0052] The signal processor 46 performs the correction of
attenuation based on distance, on the reception data produced
by the reception circuit 16, according to the depth of the
reflection positions of the ultrasonic waves, and then per-
forms envelope detection processing thereby producing
B-mode image signals that are tomographic image informa-
tion regarding tissue within a subject.

[0053] The DSC (Digital Scan Converter) 48 converts (ras-
ter-converts) the B-mode image signals produced in the sig-
nal processor 46 into image signals according to a normal
television signal scan system.

[0054] The DSC 48 also converts signals of a sound veloc-
ity map, supplied from the sound-velocity calculator 24 to be
described below, into image signals according to the normal
television signal scan system.

[0055] The image processor 50 performs various kinds of
required image processing, such as gradation processing, on
the B-mode image signals input from the DSC 48, and then,
outputs the processed B-mode image signals to the display
controller 32 or stores these signals in the image memory 52.
[0056] Thedisplay controller 32 makes an ultrasound diag-
nostic image display on the display unit 34 on the basis of the
B-mode image signals subjected to the image processing by
the image processor 50.

[0057] The display unit 34 includes a display device, for
example, such as an LCD, and displays the ultrasound diag-
nostic image under the control of the display controller 32.
[0058] The cine memory 22 sequentially stores the recep-
tion data output from the reception circuit 16. The cine
memory 22 also stores information on the frame rate (for
example, the depth of the reflection positions of ultrasonic
waves, the density of scanning lines, and the parameters rep-
resenting visual field widths) input from the controller 36 in
association with the above reception data.

[0059] The sound-velocity calculator 24 is the part that
calculates local sound velocity values in tissue to be diag-
nosed in a subject and produces a sound velocity map show-
ing sound velocity values and position information, under the
control of the controller 36.

[0060] Here, in the invention, the sound-velocity calculator
24 performs preliminary sound velocity measurement that
measures environmental sound velocity values to decide the
presence or the absence of a measurement error caused by
refraction, and then, performs main sound velocity measure-
ment that measures the local sound velocity values.

[0061] The sound-velocity calculator 24 has a region-of-
interest setter 60, a preliminary measuring unit 62, and a main
measuring unit 64.

[0062] The region-of-interest setter 60 sets a region-of-
interest ROI within a subject, sets a lattice two-dimensionally
in the region-of-interest ROI, and sets two-dimensionally in
the depth direction and the azimuth direction (scanning direc-
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tion of ultrasonic waves) a plurality of lattice points X,
subjected to the measurement.

[0063] The region-of-interest setter 60 sets the region-of-
interest ROI according to the instruction input from the opera-
tion unit 38 by an operator.

[0064] The region-of-interest setter 60 also sets a plurality
of lattice points X, (lattice) according to the set region-of-
interest ROI.

[0065] FIG. 3 is a view schematically illustrating the
region-of-interest ROI and the lattice points X, that are set.
[0066] InFIG.3,brokenlines S1 to S13 conceptually show
sound rays of an ultrasonic beam transmitted from the trans-
ducer array 42. As shown in FIG. 3, the lattice points X, are
set for every sound ray within the region-of-interest ROI in
the azimuth direction (scanning direction of ultrasonic
waves). At shallow positions in the depth direction, the lattice
points X, are also set outside the region-of-interest ROL.
[0067] In the illustrated example, three lattice points Xz,
are set in the depth direction. However, the lattice points are
not limited to this, and a plurality of points are set according
to resolving power, processing time, or the like.

[0068] The region-of-interest setter 60 supplies informa-
tion on the region-of-interest ROI and the plurality of lattice
points X, that are set to the preliminary measuring unit 62
and the main measuring unit 64.

[0069] As preliminary measurement before the measure-
ment (main sound velocity measurement) of local sound
velocity values, the preliminary measuring unit 62 measures
environmental sound velocity values regarding several points
among the plurality of lattice points X, set by the region-
of-interest setter 60 and decides the presence or the absence of
a measurement error caused by refraction.

[0070] The preliminary measuring unit 62 has a lattice
point selector 66, an environmental sound velocity calculator
68, and an environmental sound velocity comparator 70.
[0071] The lattice point selector 66 selects lattice points to
beused for the preliminary measurement from the plurality of
lattice points X, set by the region-of-interest setter 60.
Here, the number of the lattice points for preliminary mea-
surement selected by the lattice point selector 66 is smaller
than the number of lattice points subjected to the measure-
ment of local sound velocity values in the main sound velocity
measurement.

[0072] FIG.4A isaview schematically illustrating selected
lattice points for preliminary measurement.

[0073] As shown in FIG. 4A, the lattice point selector 66
selects lattice points P1 and P3 located at both ends of the
region-of-interest ROI in the azimuth direction and a lattice
point P2 located at the center between P1 and P3 as lattice
points for preliminary measurement, at the shallowest posi-
tion of the region-of-interest ROI.

[0074] The lattice point selector 66 supplies information on
the selected lattice points P1 to P3 for preliminary measure-
ment to the environmental sound velocity calculator 68.
[0075] In the illustrated example, three lattice points P1 to
P3 are selected as the lattice points for preliminary measure-
ment. However, the invention is not limited to this, and two
points or four points or more may be selected.

[0076] Although the lattice points P1 to P3 at the shallowest
position are selected as the lattice points for preliminary
measurement, the invention is not limited to this, and lattice
points at any depth may be selected as long as the positions of
lattice points to be selected in the azimuth direction are dif-
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ferent. It is preferable to select lattice points at the same depth
as the lattice points for preliminary measurement.

[0077] Inthe illustrated example, in the azimuth direction,
the lattice points P1 and P3 located at both ends of the region-
of-interest ROI and the lattice point P2 located at the center
between P1 and P3 are selected as the lattice points for pre-
liminary measurement. However, the invention is not limited
this, and lattice points at any position may be selected. For
example, as shown in FIG. 4B, lattice points P1 and P3
located outside the region-of-interest ROI and a lattice point
P2 located at the center between P1 and P3 may be selected as
the lattice points for preliminary measurement.

[0078] The environmental sound velocity calculator 68 cal-
culates environmental sound velocity values at the lattice
points P1 to P3 for preliminary measurement.

[0079] Here, the environmental sound velocity value is
sound velocity value where the contrast or the sharpness of an
image becomes the highest when focus calculation is per-
formed on respective lattice points on the basis of a set sound
velocity so as to form an ultrasound image, and the set sound
velocity is variously changed. For example, as described in JP
8-317926 A, the decision of the environmental sound velocity
value can be performed on the basis of the contrast of an
image, the spatial frequency in the scanning direction, vari-
ance, or the like.

[0080] The environmental sound velocity calculator 68
supplies respective environmental sound velocity values cal-
culated regarding lattice points P1 to P3 for preliminary mea-
surement to the environmental sound velocity comparator 70.

[0081] The environmental sound velocity comparator 70
compares the environmental sound velocity values of the
lattice points P1 to P3 for preliminary measurement obtained
by the environmental sound velocity calculator 68, and
decides the presence or the absence of the measurement error
due to the influence of refraction.

[0082] The environmental sound velocity comparator 70
obtains a difference Dv between the maximum value and the
minimum value in the environmental sound velocity values of
the lattice points P1, P2, and P3 for preliminary measurement,
and compares the difference with a predetermined threshold.

[0083] FIGS. 5A and 5B are measurement examples of the
environmental sound velocity values of the lattice points P1,
P2, and P3 for preliminary measurement. The predetermined
threshold is 100 m/s in the example illustrated in FIG. 5.

[0084] As shown in FIG. 5A, when the difference Dv
between the maximum value and the minimum value in the
environmental sound velocity values (difference between P1
and P3 in the illustrated example) is equal to or smaller than
the predetermined threshold, it is decided that there is no
measurement error due to the influence of refraction, and a
signal representing the decision is supplied to the main mea-
suring unit 64 and the controller 36. In this case, the main
measuring unit 64 measures the local sound velocity values of
the set respective lattice points X, (performs main sound
velocity measurement).

[0085] On the other hand, as shown in FIG. 5B, when the
difference Dv between the maximum value and the minimum
value in the environmental sound velocity values (difference
between P1 and P2 in the illustrated example) is greater than
the predetermined threshold, it is determined that there is a
measurement error due to the influence of refraction, and a
signal representing the decision is supplied to the main mea-
suring unit 64 and the controller 36. In this case, the main
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measuring unit 64 does not perform the measurement of the
local sound velocity values (does not perform main sound
velocity measurement).

[0086] As such, the environmental sound velocity values of
lattice points that are fewer than lattice points to be used in the
main sound velocity measurement are measured as prelimi-
nary measurement before the measurement of the local sound
velocity values of the set lattice points X, (main sound
velocity measurement), and the presence or the absence of a
measurement error caused by refraction is decided. Then,
when it is decided that there is no measurement error, the
main sound velocity measurement is performed, and when it
is decided that there is a measurement error, the main sound
velocity measurement is not performed. Therefore, the pres-
ence or the absence of influence of refraction can be quickly
grasped, and the decision can be made before the main sound
velocity measurement is performed even when there is a
measurement error and re-measurement is required thereby
shortening the time taken for measurement and calculation.
Additionally, since the presence or the absence of the influ-
ence of refraction can be decided, when the main sound
velocity measurement is performed, measurement or calcu-
lation with a small error can be performed thereby obtaining
accurate local sound velocity values.

[0087] In addition, in the preliminary sound velocity mea-
surement, the presence or the absence of irregularity of the
sound velocity values in the azimuth direction due to the
refraction of sound waves can be appropriately decided by
comparing the environmental sound velocity values of lattice
points at different positions in the azimuth direction.

[0088] In the illustrated example, the predetermined
threshold is 100 m/s. However, the invention is not limited to
this, and any threshold value may be used so long as the
presence or the absence of a measurement error due to the
influence of refraction can be appropriately decided. The
predetermined threshold may be suitably determined accord-
ing to the configuration of the apparatus, the performance
required for the apparatus, or the like.

[0089] When the difference Dv between the maximum
value and the minimum value in the environmental sound
velocity values is greater than the predetermined threshold, it
is preferable to display the results of the preliminary mea-
surement so that a lattice point where the environmental
sound velocity value is the maximum can be discriminated as
illustrated in FIG. 6.

[0090] The main measuring unit 64 calculates the local
sound velocity values in the set lattice points Xz, when the
preliminary measuring unit 62 decides that there is no mea-
surement error due to the influence of refraction.

[0091] The main measuring unit 64 has an environmental
sound velocity calculator 72 and a local sound velocity cal-
culator 74.

[0092] The environmental sound velocity calculator 72 cal-
culates environmental sound velocity values in the respective
lattice points X ;. The method of calculating environmental
sound velocity value in the environmental sound velocity
calculator 72, is similar to that in the environmental sound
velocity calculator 68. That is, sound velocity value where the
contrast or the sharpness of an image becomes the highest
when focus calculation is performed on respective lattice
points on the basis of a set sound velocity so as to form an
ultrasound image, and the set sound velocity is variously
changed is obtained as the environmental sound velocity
value.
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[0093] The environmental sound velocity calculator 72
supplies the obtained environmental sound velocity values in
the respective lattice points Xy, to the local sound velocity
calculator 74.

[0094] The local sound velocity calculator 74 calculates
local sound velocity values in the respective lattice points
XROI‘

[0095] The method for calculating local sound velocity

value that the local sound velocity calculator 74 performs is
not particularly limited. For example, the calculation of the
local sound velocity value can be performed by the method
described in JP 2010-99452 A filed by the applicant of the
present application.

[0096] In the above-mentioned method, a local sound
velocity value in a lattice point X is calculated using the fact
that when an ultrasonic wave is transmitted into a subject and
attention is paid to a reception wave Wx that reaches the
transducer array 42 from the lattice point X that is a reflection
point of the subject, as illustrated in FIG. 7A, and when a
plurality of lattice points arranged at equal intervals at a
position shallower than the lattice point X, i.e., a position
close to the transducer array 42 are lattice points A1, A2, . ..
, as illustrated in FIG. 7B, a synthetic wave Wsum of respec-
tive reception waves W1, W2, . . . from a plurality of lattice
points A1, A2, . .., that have received a reception wave from
the lattice point X coincides with the reception wave Wx from
the lattice point X according to the Huygens’ principle.

[0097] First, environmental sound velocity values for all
the lattice points X, Al, A2, . .. are acquired from the envi-
ronmental sound velocity calculator 72.

[0098] Next, the waveform of the imaginary reception
wave Wx radiated from the lattice point X is calculated using
the environmental sound velocity value for the lattice point X.

[0099] Moreover, a hypothetical local sound velocity value
V in the lattice point X is changed variously, and the imagi-
nary synthetic wave Wsum of the reception waves W1, W2, .
.. from the respective lattice points A1, A2, . . . is calculated.
At this time, it is assumed that the sound velocity in a region
Rxa between the lattice point X and the respective lattice
points A1, A2 . . . is uniform and is equal to the local sound
velocity value V at the lattice point X. The time periods until
an ultrasonic wave propagated from the lattice point X
reaches the lattice points A1, A2, . . . are XA1/V, XA2/V, ...
. Here, XA1, XA2, ... are the distances between the lattice
points A1,A2, ... and the lattice point X, respectively. Thus,
the imaginary synthetic wave Wsum can be obtained by syn-
thesizing reflected waves radiated from the lattice points Al,
A2, ..., with delay by the time periods XA1/V, XA2/V, ...,
respectively.

[0100] Next, the errors between a plurality of imaginary
synthetic waves Wsum calculated by variously changing the
hypothetical local sound velocity value V in the lattice point
X and the imaginary reception wave Wx from the lattice point
X are calculated, respectively, and the hypothetical local
sound velocity value V where the error is minimum is decided
to be the local sound velocity value in the lattice point X.
Here, as the method for calculating the error between the
imaginary synthetic wave Wsum and the imaginary reception
wave Wx from the lattice point X, a method of taking a mutual
correlation, a method of multiplying the reception wave Wx
by the delay obtained from the synthetic wave Wsum to
perform phase matching and addition, a method of multiply-
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ing the synthetic wave Wsum by the delay obtained from the
reception wave Wx to perform phase matching and addition,
and the like can be employed.

[0101] The local sound velocity values in the respective
lattice points X, within the region-of-interest ROI can be
calculated as described above.

[0102] Thelocal sound velocity calculator 74 associates the
local sound velocity values in the respective lattice points
X gorWith position information on the respective lattice points
X zorto produce a sound velocity map, and supplies the sound
velocity map to the DSC 48 of the image producer 18.
[0103] The controller 36 controls respective parts of the
ultrasound diagnostic apparatus on the basis of instructions
input from the operation unit 38 by an operator.

[0104] The operation unit 38 is provided to allow the opera-
tor to perform input operation, and can be formed from a
keyboard, a mouse, a trackball, a touch panel, or the like.
[0105] The storage unit 40 stores an operation program or
the like, and recording media, such as a hard disk, a flexible
disk, an MO, an MT, a RAM, a CD-ROM, and a DVD-ROM,
can be used.

[0106] The signal processor 46, the DSC 48, the image
processor 50, the display controller 32, and the sound-veloc-
ity calculator 24 are constituted by a CPU and operation
programs for making the CPU perform various kinds of pro-
cessing. However, these processors and controllers may be
constituted by a digital circuit.

[0107] The ultrasound diagnostic apparatus 10 may have a
plurality of display modes, and may have a configuration in
which a desired image is displayed on the display unit 34 by
selecting the display modes. For example, the ultrasound
diagnostic apparatus may have a mode in which an ultrasound
image (B-mode image) is displayed independently and a
mode in which local sound velocity values (sound velocity
map) are superimposed and displayed on a B-mode image
(for example, the display of changing color or luminance
according to a local sound velocity value or the display of
connecting points where the local sound velocity values are
equal to each other with a line), and may have a configuration
in which an operator selects any one of the display modes
from the operation unit 38.

[0108] Next, the operation of the ultrasound diagnostic
apparatus 10 will be described with reference to the flowchart
of FIG. 8.

[0109] If an operator brings the ultrasound probe 12 into
contact with the surface of a subject and starts measurement,
ultrasonic beams are transmitted from the transducer array 42
according to actuation signals supplied from the transmission
circuit 14, and the transducer array 42 receives ultrasonic
echoes from the subject and outputs reception signals.
[0110] The reception circuit 16 produces reception data
from the reception signals and supplies the reception data to
the image producer 18. The signal processor 46 of the image
producer 18 processes the reception data to produce B-mode
image signals. The DSC 48 raster-converts the B-mode image
signals, and the image processor 50 performs image process-
ing to produce an ultrasound image. The produced ultrasound
image is stored in the image memory 52 and also displayed on
the display unit 34 by the display controller 32 (S100).
[0111] Next, the operator operates the operation unit 38 to
input a setting instruction for the region-of-interest ROI, with
reference to the displayed ultrasound image. According to the
instruction from the operation unit 38, the region-of-interest
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setter 60 sets a region-of-interest ROI and also sets a plurality
of lattice points X, that are arranged two-dimensionally
(8102).

[0112] When the region-of-interest ROI and the lattice
points X, are set, the preliminary measuring unit 62 mea-
sures environmental sound velocity values regarding several
lattice points for preliminary measurement that are fewer than
lattice points used for main sound velocity measurement
(S104), and decides whether or not the difference Dv between
the maximum value and the minimum value in the environ-
mental sound velocity values of the respective lattice points
for preliminary measurement is equal to or lower than the
predetermined threshold (S106).

[0113] When the difference Dv between the maximum
value and the minimum value in the environmental sound
velocity values of the lattice points for preliminary measure-
ment is equal to or lower than the predetermined threshold,
the main measuring unit 64 calculates the local sound velocity
values of the respective lattice points X, (S108), displays
the calculation results on the display unit 34 as a sound
velocity map (S110), and ends the measurement.

[0114] On the other hand, when the difference Dv between
the maximum value and the minimum value in the environ-
mental sound velocity values of the lattice points for prelimi-
nary measurement is higher than the predetermined thresh-
old, a notice showing the presence of measurement error is
displayed on the display unit 34 as a result of the preliminary
measurement (S112), and a notice as to whether re-measure-
ment is requested or not is displayed on the display unit 34
(S114). When re-measurement is performed, itis started from
the imaging of a B-mode image (S100). On the other hand,
when re-measurement is not performed, the measurement is
ended.

[0115] As mentioned above, the ultrasound diagnostic
apparatus 10 that implements the ultrasound image producing
method of the invention measures the environmental sound
velocity values of lattice points which have different positions
in the azimuth direction and which are fewer than the lattice
points to be used in the main sound velocity measurement, as
preliminary measurement before the measurement (main
sound velocity measurement) of the local sound velocity val-
ues of the set lattice points X, and decides the presence or
the absence of a measurement error due to the influence of
refraction. Then, when it is decided that there is no measure-
ment error, the main sound velocity measurement is per-
formed, and when it is decided that there is a measurement
error, the main sound velocity measurement is not performed.
Thus, the presence or the absence of the influence of refrac-
tion can be quickly grasped, and the decision can be made
before the main sound velocity measurement is performed
even when there is a measurement error and re-measurement
is required. Accordingly, the time taken for measurement and
calculation can be shortened. Moreover, since the presence or
the absence of the influence of refraction can be decided,
when the main sound velocity measurement is performed,
measurement or calculation with a small error can be per-
formed thereby obtaining accurate local sound velocity val-
ues.

[0116] In the illustrated example, the preliminary measur-
ing unit 62 selects the lattice points P1 to P3 for preliminary
measurement in one row of the same depth, and performs
comparison of the environmental sound velocity values to
decide the presence or the absence of the influence of refrac-
tion. However, the invention is not limited to this, and lattice
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points for preliminary measurement may be selected in two or
more rows of different depths, and the comparison of envi-
ronmental sound velocity values may be performed in the
respective rows.

[0117] FIG. 9 is a view conceptually illustrating lattice
points for preliminary measurement.

[0118] As shown in FIG. 9, the lattice point selector 66
selects lattice points P1 and P3 located at both ends of the
region-of-interest ROI in the azimuth direction and a lattice
point P2 located at the center between P1 and P3 as lattice
points for preliminary measurement, at the shallowest posi-
tion of the region-of-interest ROI, and selects lattice points
Q1 and Q3 located at both ends of the region-of-interest ROI
in the azimuth direction and a lattice point Q2 located at the
center between Q1 and Q3 as lattice points for preliminary
measurement, at the deepest position of the region-of-interest
ROL

[0119] When the lattice points for preliminary measure-
ment are selected at a plurality of depths in this way, the
environmental sound velocity comparator 70 obtains the dif-
ference between the maximum value and the minimum value
in the environmental sound velocity values in the lattice
points P1 to P3 for preliminary measurement and performs
comparison of the difference with the predetermined thresh-
old, and also obtains the difference between the maximum
value and the minimum value in the environmental sound
velocity values in the lattice points Q1 to Q3 for preliminary
measurement and performs comparison of the difference with
the predetermined threshold. As a result of the comparison,
when both of the differences are equal to or lower than the
predetermined threshold, the main measuring unit 64 may
calculate the local sound velocity values of the respective
lattice points X, and may obtain a sound velocity map.
[0120] In the above example, the configuration in which
transmission and reception of ultrasonic waves regarding one
tomographic plane are performed using a one-dimensional
transducer array as the transducer array has been adopted.
However, the invention is not limited to this, and a configu-
ration in which transmission and reception of ultrasonic
waves regarding a plurality of tomographic planes are per-
formed using a two-dimensional transducer array may be
adopted.

[0121] FIG. 10 is a block diagram conceptually illustrating
the configuration of another example of the ultrasound diag-
nostic apparatus that implements the ultrasound image pro-
ducing method of the invention. Since the ultrasound diag-
nostic apparatus 100 illustrated in FIG. 10 basically has the
same configuration as the ultrasound diagnostic apparatus 10
illustrated in FIG. 1 except that the ultrasound diagnostic
apparatus 100 has a transducer array 110 instead of the trans-
ducer array 42 and has a sound-velocity calculator 102
instead of the sound-velocity calculator 24, the same parts
will be designated by the same reference numerals, and the
following description will mainly be made about the different
parts.

[0122] The ultrasound diagnostic apparatus 100 has an
ultrasound probe 112 having a transducer array 110, the trans-
mission circuit 14 and the reception circuit 16 that are con-
nected to the transducer array 110, the image producer 18, the
cine memory 22, the sound-velocity calculator 102, the dis-
play controller 32, the display unit 34, the controller 36, the
operation unit 38, and the storage unit 40.

[0123] The ultrasound probe 112 has a two-dimensional
transducer array 110.
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[0124] The transducer array 110 has a plurality of ultra-
sound transducers that are arranged two-dimensionally. In the
imaging of an ultrasound image, the ultrasound transducers
transmit ultrasonic beams according to actuation signals sup-
plied from the transmission circuit 14 and receives ultrasonic
echoes from a subject to output reception signals.

[0125] FIG. 11 schematically illustrates the two-dimen-
sional transducer array 110, and tomographic planes H,, H,,
H;, ..., Hx, ..., and Hn for which the two-dimensional
transducer array 110 performs transmission and reception of
ultrasonic waves to acquire information on a subject.

[0126] As shown in FIG. 11, the tomographic planes are
planes parallel to the scanning direction (the AZ direction) of
ultrasonic waves according to the arrangement of the ultra-
sound transducers of the transducer array 110, and a plurality
of tomographic planes are set in a direction (the direction of
EL) perpendicular to the AZ direction and the depth direction.
[0127] In the present example, transmission and reception
of ultrasonic waves can be performed in each tomographic
plane to perform imaging of an ultrasound image and mea-
surement of sound velocity values (local sound velocity val-
ues and environmental sound velocity values).

[0128] Each ofthe ultrasound transducers in the transducer
array 110 comprises a vibrator composed of a piezoelectric
body and electrodes each provided on both ends of the piezo-
electric body. The piezoelectric body is composed of, for
example, a piezoelectric ceramic represented by a PZT (lead
zirconate titanate), a polymeric piezoelectric device repre-
sented by PVDF (polyvinylidene fluoride), or a piezoelectric
monocrystal represented by PMN-PT (lead magnesium nio-
bate lead titanate solid solution).

[0129] Ifa pulsed or continuous-wave voltage is applied to
the electrodes of the vibrators, the piezoelectric substances
expand and contract, pulsed or continuous-wave ultrasonic
waves are generated from the respective vibrators, and an
ultrasonic beam is formed by the synthesis of the ultrasonic
waves. If the respective vibrators receive propagated ultra-
sonic waves, they expand and contract to generate electrical
signals, and the electrical signals are output as reception
signals of the ultrasonic waves.

[0130] The transmission circuit 14 supplies actuation sig-
nals to the plurality of ultrasound transducers on the basis of
a selected transmission delay pattern similarly to the above
description.

[0131] The reception circuit 16, similarly to the above
description, amplifies and A/D converts reception signals
transmitted from the respective ultrasound transducers, and
then performs the reception focus processing to produce
reception data (sound ray signals).

[0132] The reception circuit 16 supplies the reception data
to the image producer 18, the cine memory 22, and the sound-
velocity calculator 24.

[0133] The image producer 18, similarly to the above
description, produces an ultrasound image from the reception
data supplied from the reception circuit 16.

[0134] The image producer 18 has the signal processor 46,
the DSC 48, the image processor 50, and the image memory
52.

[0135] The signal processor 46, similarly to the above
description, produces B-mode image signals from the recep-
tion data produced in the reception circuit 16.

[0136] The DSC (Digital Scan Converter) 48, similarly to
the above description, raster-converts the produced B-mode
image signals and the signals of the sound velocity map.
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[0137] The image processor 50, similarly to the above
description, performs various kinds of required image pro-
cessing on the B-mode image signals input from the DSC 48,
and then, outputs the processed B-mode image signals to the
display controller 32 or stores these signals in the image
memory 52.

[0138] The display controller 32, similarly to the above
description, makes an ultrasound diagnostic image display on
the display unit 34 on the basis of the B-mode image signals
subjected to the image processing by the image processor 50.
[0139] The cine memory 22, similarly to the above descrip-
tion, sequentially stores the reception data output from the
reception circuit 16.

[0140] FIG. 12 is a block diagram conceptually illustrating
the configuration of the sound-velocity calculator 102.
[0141] The sound-velocity calculator 102 calculates local
sound velocity values in tissue to be diagnosed in a subject
and produces a sound velocity map showing sound velocity
values and position information, under the control of the
controller 36.

[0142] Here, in the invention, the sound-velocity calculator
102 performs preliminary sound velocity measurement that
measures environmental sound velocity values to decide the
presence or the absence of a measurement error caused by
refraction, and then, performs the measurement (main sound
velocity measurement) of the local sound velocity values.
[0143] The sound-velocity calculator 102 has the region-
of-interest setter 60, the preliminary measuring unit 104, and
the main measuring unit 64.

[0144] Asmentioned above, the region-of-interest setter 60
sets a region-of-interest ROI within a subject, sets a lattice
two-dimensionally in the region-of-interest ROI, and sets the
lattice points X, subjected to the measurement.

[0145] In addition, in the present example, the region-of-
interest setter 60 sets a region-of-interest ROI and lattice
points Xz, common to all the tomographic planes. As an
example, the region-of-interest ROI and the lattice points
X zor that are shown in FIG. 4 are set for each tomographic
plane.

[0146] The region-of-interest setter 60 supplies informa-
tion on the region-of-interest ROI and the plurality of lattice
points X, that are set, to the preliminary measuring unit 104
and the main measuring unit 64.

[0147] As preliminary sound velocity measurement before
the measurement (main sound velocity measurement) of the
local sound velocity values, the preliminary measuring unit
104 measures environmental sound velocity values regarding
several points among the plurality of lattice points X, set by
the region-of-interest setter 60 and decides the presence or the
absence of a measurement error caused by refraction, in each
tomographic plane Hx.

[0148] The preliminary measuring unit 104 has the lattice
point selector 66, the environmental sound velocity calculator
68, the environmental sound velocity comparator 70, and a
tomographic plane selector 106.

[0149] As mentioned above, the lattice point selector 66
selects lattice points for preliminary measurement to be used
for the preliminary sound velocity measurement from the
plurality of lattice points X, set by the region-of-interest
setter 60.

[0150] In addition, the lattice point selector 66 selects lat-
tice points for preliminary measurement common to each
tomographic plane.
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[0151] FIG. 13A is a view schematically illustrating
selected lattice points for preliminary measurement.

[0152] As shown in FIG. 13A, in each tomographic plane
Hx, the lattice point selector 66 selects lattice points Px1 and
Px3 located at both ends of the region-of-interest ROI in the
azimuth direction and a lattice point Px2 located at the center
between Px1 and Px3 as lattice points for preliminary mea-
surement to be used for the preliminary sound velocity mea-
surement, at the shallowest position of the region-of-interest
ROIL

[0153] The lattice point selector 66 supplies information on
the selected lattice points Px1 to Px3 for preliminary mea-
surement to the environmental sound velocity calculator 68.
[0154] Inthe illustrated example, in the azimuth direction,
the lattice points Px1 and Px3 located at both ends of the
region-of-interest ROI and the lattice point Px2 located at the
center between Px1 and Px3 are selected as the lattice points
for preliminary measurement. However, the invention is not
limited this, and lattice points at any position may be selected.
For example, as shown in FIG. 13B, lattice points Px1 and
Px3 located outside the region-of-interest ROI and a lattice
point Px2 located at the center between Px1 and Px3 may be
selected as the lattice points for preliminary measurement.
[0155] As mentioned above, the environmental sound
velocity calculator 68 calculates environmental sound veloc-
ity values in the lattice points for preliminary measurement.
In the present example, the environmental sound velocity
calculator 68 calculates environmental sound velocity values
at the lattice points Px1 to Px3 for preliminary measurement
in each tomographic plane Hx.

[0156] The environmental sound velocity calculator 68
supplies respective environmental sound velocity values cal-
culated regarding lattice points Px1 to Px3 for preliminary
measurement to the environmental sound velocity compara-
tor 70.

[0157] As mentioned above, the environmental sound
velocity comparator 70 compares the environmental sound
velocity values of the lattice points Px1 to Px3 for preliminary
measurement obtained by the environmental sound velocity
calculator 68, and decides the presence or the absence of a
measurement error due to the influence of refraction.

[0158] In the present example, the environmental sound
velocity comparator 70 obtains a difference (measured sound
velocity difference) DvX between the maximum value and
the minimum value in the environmental sound velocity val-
ues of the lattice points Px1, Px2, and Px3 for preliminary
measurement, and compares the difference with the predeter-
mined threshold in every tomographic plane Hx.

[0159] FIGS. 14A and 14B are measurement examples of
the environmental sound velocity values of the lattice points
Px1, Px2, and Px3 for preliminary measurement. FIG. 14
illustrates measurement examples of environmental sound
velocity values regarding three tomographic planes for sim-
plicity. The predetermined threshold is 100 m/s in the
examples illustrated in FIG. 14.

[0160] Inthe exampleillustratedin FIG. 14A, the measured
sound velocity difference Dv1 in the tomographic plane H, is
about 160 m/s and is greater than the predetermined thresh-
old, and the measured sound velocity differences Dv2 and
Dv3 in the tomographic planes H, and H; are about 70 m/s
and about 50 m/s, respectively, and are smaller than the pre-
determined threshold. In this case, in the tomographic plane
H,, it is determined that there is a measurement error due to
the influence of refraction, and in the tomographic planes H,
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and Hj, it is determined that there is no measurement error
due to the influence of refraction.

[0161] On the other hand, in the example illustrated in FIG.
14B, the measured sound velocity differences Dv1, Dv2, and
Dv3 in the tomographic planes H,, H,, and H; are about 160
m/s, about 130 m/s, and about 110 n/s, respectively, and are
greater than the predetermined threshold. In this case, in the
tomographic planes H,, H,, and Hj, it is decided that there is
a measurement error due to the influence of refraction.
[0162] The environmental sound velocity comparator 70
supplies the determination result and information on the mea-
sured sound velocity difference DvX to the tomographic
plane selector 106.

[0163] The tomographic plane selector 106 selects a tomo-
graphic plane Hx where the main sound velocity measure-
ment should be performed, on the basis of the information
supplied from the environmental sound velocity comparator
70. Specifically, as for tomographic planes Hx for which it is
decided that there is no measurement error due to the influ-
ence of refraction, the measured sound velocity differences
DvX in the respective tomographic planes Hx are compared
by the environmental sound velocity comparator 70, and a
tomographic plane Hx having a smallest measured sound
velocity difference DvX is selected as a tomographic plane
where the main sound velocity measurement is performed.
[0164] Forexample, inthe example illustrated in FIG. 14A,
when the measured sound velocity differences Dv2 and Dv3
in tomographic planes H, and H; for which it is decided that
there is no measurement error due to the influence of refrac-
tion are compared by the environmental sound velocity com-
parator 70, Dvc3 is smaller than Dv2. Thus, the tomographic
plane H; is selected as a tomographic plane where the main
sound velocity measurement is performed.

[0165] On the other hand, no tomographic plane is selected
when the measured sound velocity differences DvX in all the
tomographic planes are greater than the predetermined
threshold as in the example illustrated in FIG. 14B.

[0166] The tomographic plane selector 106 supplies infor-
mation on the selected tomographic plane or information to
the effect that there is no suitable tomographic plane to the
main measuring unit 64 and the controller 36. The main
measuring unit 64 performs the main sound velocity mea-
surement in the tomographic plane selected by the tomo-
graphic plane selector 106. The main measuring unit 64 does
not perform the main sound velocity measurement when
there is no suitable tomographic plane.

[0167] As mentioned above, in the configuration in which
information on a plurality of two-dimensional tomographic
planes can be acquired in the direction orthogonal to the
tomographic planes using the two-dimensional transducer
array, the environmental sound velocity values of lattice
points that are fewer than lattice points to be used in the main
sound velocity measurement, are measured in the plurality of
tomographic planes, respectively, as preliminary sound
velocity measurement before the measurement (main sound
velocity measurement) of the local sound velocity values of
the set lattice points X, and the presence or the absence of
a measurement error due to the influence of refraction is
decided. Then, the main sound velocity measurement is per-
formed in tomographic planes decided that there is no mea-
surement error, and when it is decided that there is a measure-
ment error in all the tomographic planes, the main sound
velocity measurement is not performed. Thus, the presence or
the absence of the influence of refraction can be quickly
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grasped, and the decision can be made before the main sound
velocity measurement is performed even when there is a
measurement error and re-measurement is required. Accord-
ingly, the time taken for measurement and calculation can be
shortened. Moreover, since the presence or the absence of the
influence of refraction is decided in respective tomographic
planes, a tomographic plane for which it is decided that there
is no measurement error is selected, and the main sound
velocity measurement is performed for the selected tomo-
graphic plane, when the main sound velocity measurement is
performed, measurement or calculation with a small error can
be performed thereby obtaining accurate local sound velocity
values.

[0168] In addition, in the preliminary sound velocity mea-
surement, the presence or the absence of variations of sound
velocity values in the azimuth direction due to the refraction
of sound waves can be appropriately decided by comparing
the environmental sound velocity values in lattice points at
different positions in the azimuth direction.

[0169] In the illustrated example, the predetermined
threshold is 100 m/s. However, the invention is not limited to
this, and any desired threshold value may be used so long as
the presence or the absence of a measurement error due to the
influence of refraction can be appropriately decided. The
predetermined threshold may be suitably determined accord-
ing to the configuration of the apparatus, performance
required for the apparatus, or the like.

[0170] Whenthe measured sound velocity differences DvX
are greater than the predetermined threshold in all the tomo-
graphic planes, it is preferable that a lattice point with the
highest frequency, where an environmental sound velocity
value is amaximum value, be allowed to discriminate, so asto
display the results of the preliminary sound velocity measure-
ment.

[0171] In the illustrated example, a tomographic plane Hx
where a measured sound velocity difference DvX is the
smallest is selected as a tomographic plane where the main
sound velocity measurement should be performed. However,
the invention is not limited to this, and any tomographic plane
Hx may be selected as long as a tomographic plane Hx where
ameasured sound velocity difference DvX is smaller than the
predetermined threshold.

[0172] In addition, it is preferable that the tomographic
plane Hx where the measured sound velocity difference DvX
is the smallest be selected as a tomographic plane where the
main sound velocity measurement is performed. Thereby, a
tomographic plane where a measurement error due to the
influence of refraction is smaller can be selected.

[0173] In the illustrated example, the measured sound
velocity differences DvXin all the tomographic planes Hx are
obtained to decide the presence or the absence of a measure-
ment error in each tomographic planes Hx, and then, a tomo-
graphic plane Hx for the main sound velocity measurement is
selected from the tomographic planes Hx for which it is
decided that there is no measurement error. However the
invention is not limited to this. In the respective tomographic
planes Hx, the measurement of the environmental sound
velocity values, the calculation of the measured sound veloc-
ity differences DvX, and the comparison between the mea-
sured sound velocity differences DvX and the predetermined
threshold may be performed sequentially, and a tomographic
plane Hx where the measured sound velocity differences
DvX become equal to or lower than the predetermined thresh-
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old first may be selected as a tomographic plane Hx for the
main sound velocity measurement.

[0174] The configuration in which the measured sound
velocity differences DvX are obtained in all the tomographic
planes Hx to decide the presence or the absence of a measure-
ment error, and then a tomographic plane Hx for the main
sound velocity measurement is selected is preferable in that a
tomographic plane where a measurement error due to the
influence of refraction is smaller can be selected. On the other
hand, the configuration in which the presence or the absence
of a measurement error is performed sequentially, and a
tomographic plane Hx where the measured sound velocity
differences DvX become equal to or lower than the predeter-
mined threshold first is selected as a tomographic plane Hx
for the main sound velocity measurement is preferable in that
operation time can be reduced.

[0175] As mentioned above, the main measuring unit 64
calculates local sound velocity values in the set lattice points
Xgzor In the present example, the main measuring unit 64
calculates the local sound velocity values in a tomographic
plane where the preliminary measuring unit 104 has decided
that there is no measurement error due to the influence of
refraction.

[0176] The main measuring unit 64 has the environmental
sound velocity calculator 72 and the local sound velocity
calculator 74.

[0177] The environmental sound velocity calculator 72,
similarly to the above description, calculates environmental
sound velocity values in the respective lattice points Xz ;.
[0178] The environmental sound velocity calculator 72
supplies the obtained environmental sound velocity values in
the respective lattice points X, to the local sound velocity
calculator 74.

[0179] The local sound velocity calculator 74, similarly to
the above description, calculates local sound velocity values
in the respective lattice points X

[0180] Thelocal sound velocity calculator 74 associates the
local sound velocity values in the respective lattice points
X zorWith position information on the respective lattice points
X zorto produce a sound velocity map, and supplies the sound
velocity map to the DSC 48 of the image producer 18. The
information on the sound velocity map is converted into
image signals by the DSC 48 and is displayed on the display
unit 34.

[0181] The controller 36, similarly to the above descrip-
tion, controls respective parts of the ultrasound diagnostic
apparatus on the basis of instructions input from the operation
unit 38 by an operator.

[0182] The operation unit 38, similarly to the above
description, is provided to allow the operator to perform input
operation, and can be formed from a keyboard, a mouse, a
trackball, a touch panel, or the like.

[0183] The storage unit 40, similarly to the above descrip-
tion, stores an operation program or the like.

[0184] Next, the operation of the ultrasound diagnostic
apparatus 10 will be described with reference to the flowchart
of FIG. 15.

[0185] First, the imaging of a B-mode image is performed
in an arbitrary tomographic plane.

[0186] Specifically, if an operator brings the ultrasound
probe 112 into contact with the surface of a subject and starts
measurement, in an arbitrary tomographic plane, ultrasonic
beams are transmitted from the transducer array 42 according
to actuation signals supplied from the transmission circuit 14,
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and the transducer array 42 receives ultrasonic echoes from a
subject and outputs reception signals.

[0187] The reception circuit 16 produces reception data
from the reception signals and supplies the reception data to
the image producer 18. The signal processor 46 of the image
producer 18 processes the reception data to produce B-mode
image signals. The DSC 48 raster-converts the B-mode image
signals, and the image processor 50 performs image process-
ing to produce an ultrasound image. The produced ultrasound
image is stored in the image memory 52 and also displayed on
the display unit 34 by the display controller 32 (S100).
[0188] Next, the operator operates the operation unit 38 to
input a setting instruction for the region-of-interest ROI, with
reference to the displayed ultrasound image. According to the
instruction from the operation unit 38, the region-of-interest
setter 60 sets a region-of-interest ROI in all the tomographic
planes Hx and also sets a plurality of lattice points X, that
are arranged two-dimensionally (S102).

[0189] When the region-of-interest ROI and the lattice
points X, are set, the preliminary measuring unit 104 mea-
sures environmental sound velocity values regarding several
lattice points for preliminary measurement that are fewer than
lattice points used for main sound velocity measurement in all
the tomographic planes Hx (S103), and decides whether or
not the measured sound velocity difference DvX is equal to or
lower than the predetermined threshold in each tomographic
plane Hx (S105).

[0190] When there are tomographic planes Hx where the
measured sound velocity differences DvX are equal to or
lower than the predetermined threshold, a tomographic plane
Hx used for the main sound velocity measurement is selected
from the tomographic planes Hx where the measured sound
velocity differences DvX are equal to or lower than the pre-
determined threshold (S107). When the tomographic plane
Hx for the main sound velocity measurement is selected,
imaging of a B-mode image (ultrasound image) is performed
in the selected tomographic plane Hx, and the main measur-
ing unit 64 performs the main sound velocity measurement in
the selected tomographic plane Hx (S108), display the ultra-
sound image and the measurement results of the sound veloc-
ity values on the display unit 34 (S110), and ends the mea-
surement.

[0191] On the other hand, when the measured sound veloc-
ity difference DvX is higher than the predetermined threshold
in all the tomographic planes, a notice showing the presence
of measurement error is displayed on the monitor 34 as a
result of the preliminary sound velocity measurement (S112),
and a notice as to whether re-measurement is requested or not
is displayed on the display unit 34 (S114). When re-measure-
ment is performed, it is started from the imaging of a B-mode
image used for setting of ROI (S100). On the other hand,
when re-measurement is not performed, the measurement is
ended.

[0192] As mentioned above, in the configuration in which
information on a plurality of two-dimensional tomographic
planes can be acquired in the direction orthogonal to the
tomographic planes using the two-dimensional transducer
array, the ultrasound diagnostic apparatus 100 that imple-
ments the ultrasound image producing method of the inven-
tion measures the environmental sound velocity values of
lattice points which are fewer than lattice points to be used in
the main sound velocity measurement and have different
positions in the azimuth direction, in the plurality of tomo-
graphic planes, respectively, as preliminary sound velocity
measurement before the measurement (main sound velocity
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measurement) of the local sound velocity values of the set
lattice points X, and decides the presence or the absence of
a measurement error due to the influence of refraction. Then,
the main sound velocity measurement is performed in tomo-
graphic planes for which it is decided that there is no mea-
surement error, and when it is decided that there is a measure-
ment error in all the tomographic planes, the main sound
velocity measurement is not performed. Thus, the presence or
absence of the influence of refraction can be quickly grasped,
and the decision can be made before the main sound velocity
measurement is performed even when there is a measurement
error and re-measurement is required. Accordingly, the time
taken for measurement and calculation can be shortened.
Moreover, since the presence or the absence of the influence
of refraction is decided in respective tomographic planes, a
tomographic plane for which it is decided that there is no
measurement error is selected, and the main sound velocity
measurement is performed for the selected tomographic
plane, when the main sound velocity measurement is per-
formed, measurement or calculation with a small error can be
performed thereby obtaining accurate local sound velocity
values.

[0193] In the illustrated example, the preliminary measur-
ing unit 104 selects the lattice points P1 to P3 for preliminary
measurement in one row of the same depth, and performs
comparison of the environmental sound velocity values to
decide the presence or the absence of the influence of refrac-
tion. However, the invention is not limited to this, and lattice
points for preliminary measurement may be selected in two or
more rows of different depths, and comparison of environ-
mental sound velocity values may be performed in the respec-
tive rows.

[0194] FIG. 16 is a view conceptually illustrating lattice
points for preliminary measurement.

[0195] As shown in FIG. 16, the lattice point selector 66
selects lattice points P1 and P3 located at both ends of the
region-of-interest ROI in the azimuth direction and a lattice
point P2 located at the center between P1 and P3 as lattice
points for preliminary measurement, at the shallowest posi-
tion of the region-of-interest ROI, and selects lattice points
Q1 and Q3 located at both ends of the region-of-interest ROI
in the azimuth direction and a lattice point Q2 located at the
center between Q1 and Q3 as lattice points for preliminary
measurement, at the deepest position of the region-of-interest
ROL

[0196] When the lattice points for preliminary measure-
ment are selected at a plurality of depths in this way, the
environmental sound velocity comparator 70 obtains the dif-
ference between the maximum value and the minimum value
in the environmental sound velocity values in the lattice
points P1 to P3 for preliminary measurement in each tomo-
graphic plane and performs comparison of the difference with
a predetermined threshold, and also obtains the difference
between the maximum value and the minimum value in the
environmental sound velocity values in the lattice points Q1
to Q3 for preliminary measurement and performs comparison
of the difference with the predetermined threshold. As result
of the comparison, when both of the differences are equal to
or lower than the predetermined threshold, it is decided to be
a tomographic plane having no measurement error due to the
influence of refraction.

[0197] The invention is basically as above.

[0198] Although the invention has been described above in
detail, the invention is not limited to the above embodiment,
and various improvements and modifications may be made
without departing from the scope of the invention.
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What is claimed is:
1. An ultrasound image producing method comprising:

an image producing step for transmitting ultrasonic waves
and receiving ultrasonic echoes reflected by a subject to
output reception signals according to the received ultra-
sonic waves, by a transducer array, and performing sig-
nal processing of the reception signals to produce a
B-mode image by an image producer;

a lattice setting step for setting a region-of-interest on the
produced B-mode image and setting a lattice on the set
region-of-interest;

a preliminary sound velocity measuring step for measuring
environmental sound velocity values of two or more
lattice points of the lattice located at different positions
in a scanning direction of the ultrasonic waves;

a detecting step for detecting whether or not a measured
sound velocity difference that is a difference between a
maximum value and a minimum value in environmental
sound velocity values measured in the preliminary
sound velocity measuring step is equal to or lower than
a predetermined threshold; and

a main sound velocity measuring step for calculating local
sound velocity values in lattice points of the lattice when
the measured sound velocity difference is equal to or
lower than the predetermined threshold.

2. The ultrasound image producing method according to
claim 1,

wherein environmental sound velocity values of two or
more lattice points in the scanning direction of the ultra-
sonic waves are further measured at different depths in
the preliminary sound velocity measuring step, and

wherein whether or not measured sound velocity differ-
ences are equal to or lower than predetermined threshold
at all the depths is detected in the detecting step, and the
main sound velocity measuring step is performed when
the measured sound velocity differences are equal to or
lower than the predetermined threshold at all the depths.

3. The ultrasound image producing method according to
claim 1,
wherein a lattice with a size that exceeds the set region-of-
interest is set in the lattice setting step.
4. The ultrasound image producing method according to
claim 1,

wherein a number of lattice points where environmental
sound velocity values are to be measured in the prelimi-
nary sound velocity measuring step is smaller than a
number of lattice points where local sound velocity val-
ues are to be calculated in the main sound velocity mea-
suring step.

5. The ultrasound image producing method according to
claim 1, further comprising a step for comparing the environ-
mental sound velocity values measured in the preliminary
sound velocity measuring step and displaying a lattice point
showing a largest environmental sound velocity value in a
discriminative manner.

6. The ultrasound image producing method according to
claim 1, further comprising a step for displaying notice or
measurement results of environmental sound velocity values
when the difference between the maximum value and the
minimum value in the environmental sound velocity values
exceeds the predetermined threshold in the detecting step.
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7. The ultrasound image producing method according to
claim 1,

wherein measurement results of the local sound velocity

values in the main sound velocity measuring step are
superimposed and displayed on the B-mode image.

8. The ultrasound image producing method according to
claim 1,

wherein the transducer array is a two-dimensional trans-

ducer array having transducers that are arranged two-
dimensionally, and acquiring a plurality of information
on two-dimensional tomographic planes in a direction
orthogonal to the tomographic planes, according to an
arrangement of the transducers,

wherein the preliminary sound velocity measuring step and

the detecting step are performed in each of the plurality
of tomographic planes, and

wherein the main sound velocity measuring step is per-

formed in a tomographic plane where the measured
sound velocity difference is equal to or lower than the
predetermined threshold.

9. The ultrasound image producing method according to
claim 8, further comprising a step for selecting a tomographic
plane where the measured sound velocity difference is a
smallest,

wherein the main sound velocity measuring step is per-

formed in the selected tomographic plane.

10. The ultrasound image producing method according to
claim 8,

wherein the preliminary sound velocity measuring step and

the detecting step are performed sequentially in the plu-
rality of tomographic planes, and the main sound veloc-
ity measuring step is performed in a tomographic plane
where the measured sound velocity difference becomes
equal to or lower than the predetermined threshold first.
11. An ultrasound image diagnostic apparatus comprising:
a transducer array that transmits ultrasonic waves and
receives ultrasonic echoes reflected by a subject to out-
put reception signals according to the received ultra-
sonic waves;
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an image producer that produces an ultrasound image
based on the reception signals output from the trans-
ducer array;

a region-of-interest setter that sets a region-of-interest
within an imaging region, sets a lattice on the set region-
of-interest, and sets lattice points;

a preliminary sound velocity measuring unit that measures
environmental sound velocity values of two or more
lattice points of the lattice located at different positions
in a scanning direction of the ultrasonic waves, and that
calculates a measured sound velocity difference that is a
difference between a maximum value and a minimum
value in the measured environmental sound velocity
values; and

a main sound velocity measuring unit that calculates local
sound velocity values in lattice points of the lattice when
the measured sound velocity difference calculated by
the preliminary sound velocity measuring unit is equal
to or lower than the predetermined value.

12. The ultrasound image diagnostic apparatus according

to claim 11,

wherein the transducer array is a two-dimensional trans-
ducer array having transducers that are arranged two-
dimensionally, and acquiring a plurality of information
on two-dimensional tomographic planes in a direction
orthogonal to the tomographic planes, according to an
arrangement direction of the transducers,

wherein the preliminary sound velocity measuring unit
calculates the measured sound velocity differences in
each of the tomographic planes, and

wherein the main sound velocity measuring unit calculates
local sound velocity values in lattice points of the lattice,
in a tomographic plane where the measured sound
velocity difference calculated by the preliminary sound
velocity measuring unit is equal to or lower than the
predetermined threshold.
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