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ULTRASOUND DIAGNOSTIC APPARATUS
AND DATA PROCESSING METHOD

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation application of
International Application No. PCT/IP2013/064458 filed on
May 24, 2013, which claims priority under 35 U.S.C. 119(a)
to Patent Application No. 2012-120009 filed in Japan on May
25, 2012, all of which are hereby expressly incorporated by
reference into the present application.

BACKGROUND OF THE INVENTION

[0002] The present invention relates to an ultrasound diag-
nostic apparatus and a method for processing data of ultra-
sonic echoes, particularly to an ultrasound diagnostic appa-
ratus and data processing method capable of obtaining high-
quality image regardless of the difference in sound velocity in
a subject’s body.

[0003] Ultrasound diagnostic apparatuses using ultrasound
images are put to practical use in the medical field.

[0004] Generally, an ultrasound diagnostic apparatus of
this type comprises an ultrasound probe (hereinafter called
“probe”) and a diagnostic apparatus body. In such an ultra-
sound diagnostic apparatus, a probe transmits an ultrasonic
wave toward a subject’s body, the ultrasonic echo from the
subject is received by the probe, and the resulting reception
signals are electrically processed by a diagnostic apparatus
body to generate an ultrasound image.

[0005] In conventional ultrasound diagnostic apparatuses,
the sound velocity of ultrasonic waves is assumed to be con-
stant in a living body of a subject, and a sound velocity value
of ultrasonic waves is fixed to a certain value.

[0006] However, the sound velocity varies depending on
the type of tissues of a fatty layer, a muscular layer and the
like, and therefore the sound velocity of ultrasonic waves is
not constant in a subject. Further, fat people and slim people
are different in thickness of a fatty layer and a muscular layer.
In other words, the sound velocity varies from person to
person.

[0007] Accordingly, in the case of a conventional ultra-
sound diagnostic apparatus in which the sound velocity of
ultrasonic waves is fixed, when the actual sound velocity in a
subject differs from a set sound velocity, the arrival time of an
ultrasonic echo reflected inside the subject does not match
with a set delay time.

[0008] This hinders appropriate phase matching, and
reception focusing is not properly performed, so that the
image quality of the resulting ultrasound image deteriorates.
In addition, there is a problem in that the resulting ultrasound
image is distorted relative to the actual subject.

[0009] To cope with such a problem, JP 2011-92686 A
describes an ultrasound diagnostic apparatus that sets a
region of interest, transmits and receives ultrasonic waves,
calculates a focus index, which is brightness for instance, for
each of plural, appropriately set sound velocities by perform-
ing reception focusing on an acquired reception signal with
the use of the sound velocities, and determines a sound veloc-
ity at the region of interest using the calculated focus index,
for instance, determines a set sound velocity with the highest
brightness, which is the focus index, as the sound velocity at
the region of interest.
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[0010] In the ultrasound diagnostic apparatus described in
JP 2011-92686 A, as an example, the delay time and delay
pattern is adjusted based on the determined sound velocity
before the reception focusing is performed and an ultrasound
imageis generated. Thus, the ultrasound diagnostic apparatus
is capable of steadily outputting an appropriate ultrasound
image regardless of the difference in sound velocity inside a
subject or among subjects.

[0011] TP 2009-100997 A describes an ultrasound diagnos-
tic apparatus that uses the facts that the intensity of areception
signal (echo intensity) reflects the hardness of tissue at a
reflection point in a subject and that a sonic speed varies
depending on the hardness of tissue, thereby preventing the
image quality from deteriorating due to the difference in sonic
speed inside a subject.

[0012] When this ultrasound diagnostic apparatus is used,
on the basis of the facts that the intensity of a reception signal
can be an index of hardness of tissue and that the hardness of
tissue and the sonic speed are correlated with each other to
some extent, a ratio table indicative of the relation between
the intensity of a reception signal and a sonic speed ratio,
which is a variation of sonic speed relative to a set sonic
speed, is prepared in advance. Thereafter, the sonic speed
ratio is detected using the intensity of reception based on the
ratio table, and pixel positions in an ultrasound image are
rearranged using the sonic speed ratio to thereby perform
sonic speed correction.

SUMMARY OF THE INVENTION

[0013] However, only by determining the sound velocity in
a subject and performing the reception focusing based on the
determined sound velocity as described in JP 2011-92686 A,
the deterioration in image quality of ultrasound images
caused by, for example, the sound velocity that varies in a
subject is not sufficiently prevented.

[0014] Besides, the intensity of a reception signal and the
hardness of tissue do not necessarily have a certain correla-
tion. Hence, appropriate sonic speed correction may occa-
sionally not be implemented through the processing
described in JP 2009-100997 A, possibly resulting in a dis-
torted ultrasound image.

[0015] An object of the present invention is to solve the
foregoing problems of the prior art and to provide an ultra-
sound diagnostic apparatus and data processing method
capable of generating a high-quality ultrasound image which
is not adversely affected in terms of image quality by the
difference in sound velocity inside a subject.

[0016] Inorder to attain the above object, the present inven-
tion provides an ultrasound diagnostic apparatus, compris-
ing: an ultrasound probe having ultrasound transducers each
adapted to transmit an ultrasonic wave, receive an ultrasonic
echo reflected by a subject and output an analog reception
signal in accordance with the ultrasonic echo as received; an
analog-to-digital converter adapted to analog-to-digital con-
vert the analog reception signal output by each of the ultra-
sound transducers into a digital reception signal; a storage
adapted to store the digital reception signal; a sound velocity
determiner adapted to determine a sound velocity at each of
plural points in the subject by using the digital reception
signal converted from the analog reception signal by the
analog-to-digital converter or the digital reception signal read
out from the storage; a signal processor adapted to generate a
brightness image of the subject by at least performing recep-
tion focusing processing on the digital reception signal con-
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verted from the analog reception signal by the analog-to-
digital converter or the digital reception signal read out from
the storage; and a coordinate transformer adapted to perform
coordinate transformation on the brightness image generated
by the signal processor based on the sound velocity deter-
mined by the sound velocity determiner.

[0017] In the ultrasound diagnostic apparatus of the inven-
tion, preferably, the coordinate transformation performed by
the coordinate transformer allows time-distance conversion.
[0018] Preferably, the coordinate transformer performs
interpolation on pixels in a brightness image having under-
gone the coordinate transformation to thereby generate a
corrected image having pixel positions corresponding to
those of a brightness image not yet undergoing the coordinate
transformation.

[0019] Preferably, the ultrasound diagnostic apparatus fur-
ther comprises a region-of-concern setter adapted to set at
least one region of concern; and a transmission and reception
controller adapted to cause the ultrasound probe to transmit
and receive ultrasonic waves such that the ultrasonic waves
correspond to the region of concern as set, wherein the sound
velocity determiner includes a set sound velocity specifying
section adapted to set a plurality of set sound velocities foruse
in performing reception focusing on a digital reception signal
the region of concern; and a focus index calculating section
adapted to calculate a focus index of a brightness image at the
region of concern by performing the reception focusing on a
digital reception signal of the region of concern for each of the
plurality of set sound velocities, and determines a sound
velocity at the region of concern using the focus index.
[0020] Preferably, the signal processor performs the recep-
tion focusing processing using the sound velocity calculated
by the sound velocity determiner.

[0021] Preferably, the region-of-concern setter sets regions
of concern at least either at two or more points in a depth
direction or at two or more points in an azimuth direction.
[0022] Preferably, the region-of-concern setter sets two or
more regions of concern, and the sound velocity determiner
determines a sound velocity at each of two or more of the
regions of concern set by the region-of-concern setter.
[0023] Preferably, the sound velocity determiner deter-
mines a sound velocity corresponding to each of all pixels of
the brightness image generated by the signal processor
[0024] The present invention further provides a data pro-
cessing method, comprising: a step of obtaining an analog
reception signal corresponding to an ultrasonic echo reflected
by a subject by transmitting an ultrasonic wave to the subject;
a step of analog-to-digital converting the analog reception
signal into a digital reception signal; a step of storing the
digital reception signal; a step of determining a sound veloc-
ity at each of plural points in the subject by using the digital
reception signal as analog-to-digital converted or the digital
reception signal as stored; a step of generating a brightness
image of the subject by at least performing reception focusing
processing on the digital reception signal as analog-to-digital
converted or the digital reception signal as stored; and a step
of performing coordinate transformation on the brightness
image as generated based on the sound velocity as deter-
mined.

[0025] Inthe data processing method of the invention, pref-
erably, the coordinate transformation allows time-distance
conversion.

[0026] Preferably, the data processing method includes a
step of generating a corrected image having pixel position
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corresponding to a brightness image not yet undergoing the
coordinate transformation by performing interpolation on
pixels in a brightness image having undergone the coordinate
transformation.

[0027] Preferably, the data processing method includes a
step of setting at least one region of concern and transmitting
and receiving ultrasonic waves such that the ultrasonic waves
correspond to the region of concern as set, wherein in the step
of determining a sound velocity, a plurality of set sound
velocities are set for use in performing reception focusing on
a digital reception signal of the region of concern, a focus
index of a brightness image at the region of concern is calcu-
lated by performing the reception focusing on a digital recep-
tion signal of the region of concern for each of the plurality of
set sound velocities, and a sound velocity at the region of
concern is determined using the focus index.

[0028] Preferably, in the step of generating a brightness
image of the subject, the reception focusing processing is
performed using the sound velocity as determined.

[0029] Preferably, inthe step of setting at least one region of
concern, regions of concern are set at least either at two or
more points in a depth direction or at two or more points in an
azimuth direction.

[0030] Preferably, inthe step of setting at least one region of
concern, two or more regions of concern are set, and in the
step of determining a sound velocity, a sound velocity is
determined at each of two or more of the regions of concern as
set.

[0031] Preferably,in the step of determining a sound veloc-
ity, a sound velocity corresponding to each of all pixels of the
brightness image as generated is determined.

[0032] According to the present invention, sound velocities
are determined at two or more points in a subject, and coor-
dinate transformation of an ultrasound image generated from
reception signals is performed using the sound velocities,
whereby it is possible to generate a high-quality ultrasound
image in which distortion of the image caused by the differ-
ence in sound velocity in the subject, i.e., a sound velocity
distribution in the subject, has been corrected.

[0033] In addition, since a reception signal which is
obtained by A/D converting an analog reception signal output
by an ultrasound probe (ultrasound transducer) and is not yet
subjected to reception focusing (phase matching addition) is
stored, the reception signal can be used to accurately deter-
mine a sound velocity.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1is ablock diagram showing the configuration
of an embodiment of an ultrasound diagnostic apparatus of
the invention that implements a data processing method of the
invention.

[0035] FIG. 2 is a conceptual diagram for explaining a
method of correcting a delay time of reception data based on
an ambient sound velocity.

[0036] FIG. 3is a block diagram conceptually showing the
configuration of a region-of-concern calculator shown in
FIG. 1.

[0037] FIG. 4 is a flowchart showing the sequence of pro-
cessing by the region-of-concern calculator shown in FIG. 3.
[0038] FIG. 5 is a diagtam showing the state where recep-
tion focusing is performed on reception data from a point
reflection.

[0039] FIG. 6 is a diagram showing the state of countless
scattering points in a speckle region.
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[0040] FIG. 7 is a diagram showing the state where a
pseudo point reflection is formed by performing transmission
focusing on countless scattering points in the speckle region.
[0041] FIG. 8 is a graph showing focus indexes for respec-
tive set sound velocities.

[0042] FIG. 9 is a flowchart showing the sequence of pro-
cessing by the ultrasound diagnostic apparatus shown in FIG.
1 in a live mode.

[0043] FIGS. 10A to 10C are conceptual diagrams for
explaining distortion correction in the ultrasound diagnostic
apparatus shown in FIG. 1.

[0044] FIGS. 11A to 11C are conceptual diagrams for
explaining generation of a B-mode image in a general ultra-
sound diagnostic apparatus.

DETAILED DESCRIPTION OF THE INVENTION

[0045] An ultrasound diagnostic apparatus and data pro-
cessing method of the present invention are described in
detail below with reference to a preferred embodiment shown
in the accompanying drawings.

[0046] FIG. 1 is a block diagram conceptually showing an
example of the ultrasound diagnostic apparatus of the inven-
tion thatimplements the data processing method of the inven-
tion.

[0047] An ultrasound diagnostic apparatus 10 shown in
FIG. 1 includes an ultrasound probe 12 and a diagnostic
apparatus body 13 connected to the ultrasound probe 12 as
with general ultrasound diagnostic apparatuses.

[0048] Inthe ultrasound diagnostic apparatus 10, the ultra-
sound probe 12 transmits an ultrasonic beam toward a subject
and outputs a reception signal, which has been generated
based on an ultrasonic echo reflected by the subject, to the
diagnostic apparatus body 13, while the diagnostic apparatus
body 13 processes the reception signal to generate and dis-
play an ultrasound image.

[0049] The vltrasound probe 12 is held in contact with the
subject in use and includes a transducer array 42 of type used
in general ultrasound diagnostic apparatuses.

[0050] Thetransducer array 42 includes a plurality of ultra-
sound transducers (ultrasound transmission and reception
elements) arranged one-dimensionally or two-dimensionally.
When an ultrasound image is taken, the ultrasound transduc-
ers transmit ultrasonic beams to the subject in accordance
with driving signals supplied from atransmission circuit 14 to
them, respectively, and output reception signals correspond-
ing to ultrasonic echoes which have been reflected by the
subject.

[0051] Each of the ultrasound transducers comprises an
oscillator composed of a piezoelectric body and electrodes
each provided on either end of the piezoelectric body. The
piezoelectric body is composed of, for example, a piezoelec-
tric ceramic represented by a PZT (lead zirconate titanate), a
piezoelectric polymer represented by PVDF (polyvinylidene
fluoride), or a piezoelectric monocrystal represented by
PMN-PT (lead magnesium niobate-lead titanate solid solu-
tion).

[0052] When a pulsed voltage or a continuous-wave volt-
age is applied across the electrodes of such an oscillator, the
piezoelectric body expands and contracts in response to the
applied voltage and the oscillator generates pulsed or con-
tinuous ultrasonic waves. Ultrasonic waves generated from
the oscillators are combined based on the delay of operation
of the individual oscillators, thereby forming an ultrasonic
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beam. In other words, transmission focusing is performed on
ultrasonic waves generated from the oscillators to form ah
ultrasonic beam.

[0053] When an ultrasonic echo having been reflected
inside the subject enters the oscillator, the oscillator expands
and contracts in response to the ultrasonic echo and generates
an electric signal corresponding to the magnitude of the
expansion and contraction. The electric signal is output as an
analog reception signal to a reception circuit 16 of the diag-
nostic apparatus body 13.

[0054] The diagnostic apparatus body 13 (hereinafter
called “apparatus body 13”) includes the transmission circuit
14, the reception circuit 16, an image generator 18, an ele-
ment data memory 22, a region-of-concern calculator 24, a
display controller 32, a monitor 34, a controller 36, an oper-
ating unit 38 and a storage 40.

[0055] The transmission circuit 14 has, for example, a plu-
rality of pulsers and supplies driving signals to the ultrasound
transducers of the transducer array 42 of the ultrasound probe
12. The supply of a driving signal means, for instance, the
application of a driving voltage.

[0056] The transmission circuit 14 performs the transmis-
sion focusing for modifying delay amounts of driving signals
(timings of application of driving voltages) based on a trans-
mission delay pattern selected by the controller 36 so that
ultrasonic waves transmitted by the ultrasound transducers
form a desired ultrasonic beam, and supplies the driving
signals to the ultrasound transducers. Consequently, the ultra-
sound probe 12 (transducer array 42) transmits a desired
ultrasonic beam to the subject.

[0057] The reception circuit 16 amplifies and analog-to-
digital (A/D) converts the analog reception signals transmit-
ted from the respective ultrasonic transducers of the trans-
ducer array 42 to generate digital reception signals (RF data).
Hereinafter, the digital reception signals generated by the
reception circuit 16 are also referred to as “element data.”
[0058] The reception circuit 16 supplies the generated ele-
ment data to the image generator 18 and the element data
memory 22.

[0059] As described above, the transmission of ultrasonic
waves is performed in accordance with the transmission delay
pattern. In addition, when an ambient sound velocity to be
described later has not been determined vet, the processing of
element data (reception signals), i.e., the generation of an
ultrasound image in a signal processor 46 to be described later
is performed in accordance with a reception delay pattern.
[0060] The transmission delay pattern is pattern data on
delay times to be given to driving signals for the purpose of
forming an ultrasonic beam in a desired direction with ultra-
sonic waves transmitted from the ultrasound transducers. On
the other hand, the reception delay pattern is pattern data on
delay times to be given to element data for the purpose of
extracting an ultrasonic echo coming from a desired direction
from ultrasonic waves received by the ultrasound transducers.
[0061] A plurality of transmission delay patterns and a
plurality of reception delay patterns are stored in the storage
40 in advance. The controller 36 selects a transmission delay
pattern and a reception delay pattern from among the trans-
mission delay patterns and reception delay patterns stored in
the storage 40 and outputs control signals to the transmission
circuit 14 and the signal processor 46 in accordance with the
selected transmission delay pattern and reception delay pat-
tern to thereby control the transmission and reception of
ultrasonic waves.
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[0062] The image generator 18 generates an ultrasound
image from the element data (reception signals) supplied
from the reception circuit 16.

[0063] AsshowninFIG. 1, the image generator 18 includes
the signal processor 46, a distortion corrector 47, a digital
scan converter (DSC) 48, animage processor 50 and an image
memory S2.

[0064] A distance between an ultrasonic wave reflection
source in the subject and each ultrasound transducer varies
among the ultrasound transducers. Therefore, even when
ultrasonic waves are reflected on the same reflection source,
the arrival time of an ultrasonic echo at each ultrasound trans-
ducer varies.

[0065] The signal processor 46 performs the reception
focusing processing by correcting the difference in arrival
time, i.e., delay time, of ultrasonic echoes in reception data
for a brightness image based on a control signal correspond-
ing to the reception delay pattern supplied from the controller
36 or an ambient sound velocity supplied from the region-of-
concern calculator 24 to be described later, and also performs
further predetermined processing to thereby generate an
ultrasound image (B-mode image signal).

[0066] In this embodiment, the signal processor 46 delays
each piece of reception data by an amount corresponding to
the delay time of an ultrasonic echo for each ultrasound
transducer and performs matching addition on the pieces of
reception data each provided with the delay time, thereby
digitally performing the reception focusing processing.

[0067] As an example, the ultrasound diagnostic apparatus
10 is configured to be able to select one of (switch between)
the reception focusing processing corresponding to reception
delay pattern and the reception focusing processing corre-
sponding to ambient sound velocity depending on, for
instance, the mode.

[0068] When the reception focusing processing corre-
sponding to ambient sound velocity is selected as a result of
the selection of the mode or the like, upon storage of element
data into the element data memory 22, the ultrasound diag-
nostic apparatus 10 reads out the element data from the ele-
ment data memory 22 to determine an ambient sound velocity
and corrects the delay time with the ambient sound velocity
by a method shown in FIG. 2, which will be described later, to
thereby perform the reception focusing processing. The
determination of the ambient sound velocity will be described
later in detail. When the reception focusing processing cor-
responding to ambient sound velocity is selected, the ultra-
sound diagnostic apparatus 10 also performs distortion cor-
rection through coordinate transformation using the ambient
sound velocity, which will be described later. In other words,
when a distortion correction mode to be described later is
selected, the ultrasound diagnostic apparatus 10 also per-
forms distortion correction through coordinate transforma-
tion using the ambient sound velocity, which will be
described later.

[0069] The present invention may be configured so that
whether to perform the distortion correction when the recep-
tion focusing processing corresponding to ambient sound
velocity is selected is also selectable depending on the mode
or the like.

[0070] On the other hand, when the reception focusing
processing corresponding to reception delay pattern is
selected as a result of the selection of the mode or the like, the
signal processor 46 performs the reception focusing process-
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ing in accordance with the reception delay pattern as with
known ultrasound diagnostic apparatuses.

[0071] In the present invention, however, the reception
focusing is not limited to the foregoing example and various
methods of the reception focusing are applicable.

[0072] For instance, the ultrasound diagnostic apparatus
may perform the reception focusing processing correspond-
ing to reception delay pattern before the operator sets a region
of interest (ROI) as with known ultrasound diagnostic appa-
ratuses, and once the ROl is set, determine the ambient sound
velocity and from then on, correct the delay time by the
method shown in FIG. 2 to be described later, thereby per-
forming the reception focusing processing.

[0073] Further, in the present invention, the reception
focusing processing corresponding to ambient sound velocity
is not limited to the foregoing method.

[0074] Forinstance, the controller 36 may select the recep-
tion delay pattern corresponding to ambient sound velocity
and supply to the signal processor 46 a control signal corre-
sponding to the selected reception delay pattern. Alterna-
tively, the controller 36 may correct the reception delay pat-
tern based on the ambient sound velocity and supply to the
signal processor 46 a control signal corresponding to the
corrected reception delay pattern. Still alternatively, the sig-
nal processor 46 may correct a control signal supplied from
the controller 36 in accordance with the ambient sound veloc-
ity to thereby perform the reception focusing processing.
[0075] When other ultrasonic wave reflection sources are
present at positions different from the position where the
above ultrasonic wave reflection source is present, since
reception signals from the other ultrasonic wave reflection
sources differ in arrival time, the signal processor 46 performs
an addition to cause phases of the reception signals from the
other ultrasonic wave reflection sources to cancel each other.
As aresult, areception signal from the ultrasonic wave reflec-
tion source is to be the largest, and the reception signal comes
into focus. This reception focusing processing yields recep-
tion data (sound ray signals)having the ultrasonic echoes well
focused.

[0076] As described above, the reception focusing process-
ing using the reception delay pattern may be performed as
with known ultrasound diagnostic apparatuses.

[0077] On the other hand, the reception focusing process-
ing corresponding to ambient sound velocity is performed by
correcting the delay time of element data (reception signals)
in accordance with the ambient sound velocity. The correc-
tion on the delay time of element reception data by the signal
processor 46 is described below.

[0078] FIG. 2 is a conceptual diagram showing the correc-
tion on the delay time of element data based on the ambient
sound velocity. In this example, as shown in FIG. 2, the
ultrasound transducers (ultrasound transmission and recep-
tion elements) in the ultrasound probe 12 are arranged in a
single line in the lateral direction in the drawing.

[0079] The width of each of the ultrasound transducers is
assumed to be L in the direction in which the ultrasound
transducers are arranged (azimuth direction). Therefore, the
distance from the middle ultrasound transducer to the n-th
ultrasound transducer toward either end in the arrangement
direction is to be nL.

[0080] As shown in the drawing, a reflection point of an
ultrasonic wave is assumed to be positioned at a distance
(depth) d from the middle ultrasound transducer as measured
in a direction perpendicular to the arrangement direction. In
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this case, the distance (length) d,, between the n-th ultrasound
transducer and the reflection point is calculated by Equation

(0.
d (LY ) M

[0081] Accordingly, the time t, taken for an ultrasonic wave
to travel from the reflection point to the n-th ultrasound trans-
ducer is calculated using an ambient sound velocity V by
Equation (2).

t=d V=((,L)*+d) /v o)

[0082] Thus, the distance between each ultrasound trans-
ducer and the reflection point varies among the ultrasound
transducers. In this example, the time t, increases as an ultra-
sound transducer is positioned closer to either end in the
arrangement direction, as can be seen from the graph at the
top of the drawing.

[0083] To be more specific, in the case of an ultrasonic
wave received by the n-th ultrasound transducer, when the
time taken for an ultrasonic wave to travel from the reflection
point to the middle ultrasound transducer is assumed to be t1,
the arrival time of the ultrasound wave at the n-th ultrasound
transducer is delayed by the time At=t ~t, compared to the
ultrasonic wave received by the middle ultrasonic transducer.
The signal processor 46 corrects the delay time expressed by
the time At as above for respective pieces of reception data
corresponding to the individual ultrasound transducers. This
delay time At is called “receptiondelay pattern.” As described
above, the delay time At of each piece of reception data is
calculated from the distance and ambient sound velocity
which are determined from geometric arrangement of the
reflection point and each ultrasound transducer.

[0084] Whilethe ultrasound probe 12 is alinear probe in the
foregoing example, the same concept can be applied to a
convex probe because there is a difference only in probe
shape.

[0085] Furthermore, the signal processor 46 performs pre-
determined data processing on the element data having under-
gone the reception focusing processing.

[0086] In this embodiment, the signal processor 46 per-
forms correction for the attenuation, which is caused due to
distance, based on the depth at which the ultrasonic waves are
reflected and then performs an envelope detection process to
thereby generate a B-mode image (B-mode image signal) that
is tomographic image information related to tissue in the
subject. As is known, the B-mode image is a brightness image
(image signal) showing the amplitude of ultrasonic echoes
using the brightness of points.

[0087] The distortion corrector 47 corrects distortion in the
B-mode image generated by the signal processor 46 in accor-
dance with the ambient sound velocity supplied from the
region-of-concern calculator 24.

[0088] As described above, once the ambient sound veloc-
ity is determined, the signal processor 46 performs the recep-
tion focusing processing corresponding to ambient sound
velocity to generate a B-mode image. However, the ambient
sound velocity often varies depending on the position inside
the subject. In other words, the subject has in its inside a
sound velocity distribution. More specifically, the arrival time
of an ultrasonic echo from the reflection point to an ultra-
sound transducer varies depending on the ambient sound
velocity at a position in the subject.

[0089] Therefore, even when the reception focusing pro-
cessing corresponding to ambient sound velocity is per-
formed, the position of each pixel ofa B-mode image does not
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match the actual position in the subject. That is, the sound
velocity distribution in the subject causes the resulting image
to have distortion.

[0090] To deal with it, in the present invention, the distor-
tion corrector 47 performs coordinate transformation based
on the ambient sound velocity in the subject, thereby achiev-
ing the generation of a B-mode image with no distortion.
[0091] Thedistortion corrector 47 first performs coordinate
transformation on the B-mode image generated by the signal
processor 46 in accordance with ambient sound velocities at
two or more points in the subject that have been determined
by the region-of-concern calculator 24. Specifically, in this
embodiment, the distortion corrector 47 rearranges pixels of
the B-mode image generated by the signal processor 46 in
accordance with ambient sound velocities at two or more
regions of concern among regions of concern to be described
later.

[0092] Subsequently. the distortion corrector 47 generates
a pixel signal of a predetermined pixel position by interpola-
tion, generates a B-mode image having undergone the distor-
tion correction and supplies the B-mode image to the DSC 48.

[0093] The distortion corrector 47 will be described later in
detail.
[0094] As will be detailed later, in this embodiment, the

ambient sound velocity is determined after a region of con-
cern to be described later is set.

[0095] Therefore, the signal processor 46 performs the
reception focusing processing not based on the ambient
sound velocity but based on a control signal corresponding to
the reception delay pattern until a region of concern is set, i.e.,
the ambient sound velocity is determined. Besides, the dis-
tortion corrector 47 to be described later does not perform the
distortion correction on a B-mode image (ultrasound image)
until aregion of concern is set, i.e., the ambient sound velocity
is determined.

[0096] The B-mode image generated by the signal proces-
sor 46 and having undergone the distortion correction per-
formed by the distortion corrector 47 is an image obtained
through a scanning method different from a general television
signal scanning method.

[0097] Accordingly, the DSC 48 converts the B-mode
image signal generated by the signal processor 46 into a
general image signal under the control ofthe controller 36. As
an example, the DSC 48 converts the B-mode image signal
into an image signal compatible with a television signal scan-
ning mode (raster conversion). The television signal scanning
mode is, for instance, a National Television System Commit-
tee (NTSC) method.

[0098] The image processor 50 performs various types of
necessary image processing including gradation processing
on the B-mode image signal entered from the DSC 48, and
then outputs the B-mode image signal having undergone such
image processing to the display controller 32 while storing
the B-mode image signal in the image memory 52.

[0099] The display controller 32 causes the monitor 34 to
display an ultrasound diagnostic image based on the B-mode
image signal having undergone image processing performed
by the image processor 50.

[0100] The monitor 34 comprises a display device such as
an LCD, for example, and displays an ultrasound diagnostic
image (moving image/ still image), various setting screens
and the like under the control of the display controller 32.
[0101] Theelement data memory 22 sequentially stores the
element data (digital reception signals) supplied from the
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reception circuit 16. The element data memory 22 also stores
information on a frame rate entered from the controller 36 in
association with the above element data. The information on
a frame rate includes, for example, the depth of a position at
which an ultrasonic wave is reflected, the density of scanning
lines, and a parameter representing the range of visual field.
[0102] The element data and the information on a frame
rate stored in the element data memory 22 are supplied to the
signal processor 46 and the region-of-concern calculator 24.
[0103] The region-of-concern calculator 24 analyzes the
element data to calculate ambient sound velocities at two or
more points in the subject. Preferably, the region-of-concern
calculator 24 calculates ambient sound velocities at two or
more regions of concern to be described later.

[0104] In this embodiment, the region-of-concern calcula-
tor 24 sets at least one region of concern and reads out the
element data (digital reception signals) of the set region of
concern from the element data memory 22, which will be
described later. Furthermore, the region-of-concern calcula-
tor 24 performs the reception focusing processing on the
element data to calculate a focus index and determines an
ambient sound velocity at the region of concern using the
focus index.

[0105] Theregion-of-concern calculator 24 outputs the cal-
culated ambient sound velocity to the signal processor 46 and
the distortion corrector 47.

[0106] In the present invention, a region of concern is not
limited to the one set by the region-of-concern calculator 24.
Plural positions (regions) set in advance, plural positions
input by the operator as desired or the like may be processed
as regions of concern in the same manner as a region of
concern to be described later.

[0107] The region-of-concern calculator 24 sets preferably
two or more regions of concern, and more preferably two or
more regions of concern in the depth direction (transmission
and reception direction of ultrasonic waves) and/or two or
more regions of concern in the azimuth direction.

[0108] Furthermore, the region-of-concern calculator 24
determines sound velocities preferably at two or more regions
of concern among the set regions of concern, more preferably
at two or more regions of concern in the depth direction
and/or two or more regions of concern in the azimuth direc-
tion, and still more preferably at each of the regions of con-
cern. Most preferably, the region-of-concern calculator 24
sets regions of concern so that the regions of concern respec-
tively correspond to all pixels of a B-mode image and deter-
mines sound velocities corresponding to all the respective
pixels of the B-mode image.

[0109] The controller 36 controls the components in the
ultrasound diagnostic apparatus 10 in accordance with
instructions entered through the operating unit 38 by the
operator such as a medical doctor. The controller 36 selects a
transmission delay pattern and reception delay pattern from
among the transmission delay patterns and reception delay
patterns stored in the storage 40 and outputs control signals to
the transmission circuit 14 and the signal processor 46 in
accordance with the selected patterns to thereby control the
transmission and reception of ultrasonic waves.

[0110] Theoperating unit 38is aninput device used to enter
instructions from the operator and may be composed of, for
example, a keyboard, a mouse, a track ball, and/or a touch
panel.

[0111] The storage 40 stores operation programs for the
controller 36 to control the components in the ultrasound
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diagnostic apparatus 10, the transmission delay patterns, the
reception delay patterns and the like, and may be constituted
by a recording medium such as a hard disk, a flexible disk, an
MO, an MT, a RAM, a CD-ROM and a DVD-ROM.

[0112] The signal processor 46, the DSC 48, the image
processor 50, the display controller 32 and the region-of-
concern calculator 24 are constituted by a CPU (computer)
and operation programs for causing the CPU to perform vari-
ous kinds of processing, but they may be constituted by a
digital circuitry.

[0113] Next, the region-of-concern calculator 24 is
described in detail.

[0114] FIG. 3is ablock diagram showing the configuration
of the region-of-concern calculator shown in FIG. 1.

[0115] As shown in FIG. 3, the region-of-concern calcula-
tor 24 includes a region-of-concern setting section 60, a trans-
mission focusing control section 62, a set sound velocity
specifying section 64, a focus index calculating section 66
and an ambient sound velocity determining section 68.
[0116] The region-of-concern setting section 60 sets a
region of concern on a B-mode image (ultrasound image) in
accordance with an instruction from the controller 36.
[0117] In this embodiment, the region-of-concern setting
section 60 divides the whole display of the B-mode image
into a grid pattern and set each of the resulting segments as a
region of concern. The number of the segments resulting from
the division may be set in advance as a default value, or may
be set to any value in the azimuth direction and/or depth
direction by the operator. In the case where the number of the
segments is set by default, a set value may vary depending on
the image size or the site to be observed. Several options of the
number of the segments may be set in advance so that the
operator can choose.

[0118] Alternatively, not the whole display but a part
thereof which has been set in advance or chosen from plural
options may be divided in a grid pattern and each of the
resulting segments may be set as a region of concern. Still
alternatively, regions of concern may be set not for the whole
display but for the ROI set by the operator. Even when regions
of concern are set for a part of the display or the ROI, the
division may be carried out in the same manner as that for the
whole display. The operator may choose whether to set
regions of concern for the whole display or the ROL

[0119] Thedivisionis not necessarily carried out to result in
a grid pattern. When a B-mode image has a fan-like shape as
in an ultrasound image generated with a convex probe, the
B-mode image may be divided into segments of fan-like
shape accordingly. Also in this case, it is preferable to set not
one but two or more regions of concern.

[0120] In any case, it is preferable to set two or more
regions of concern, and more preferable to set two or more
regions of concern in the depth direction and/or two or more
regions of concern in the azimuth direction, as described
above.

[0121] In the case where an image greatly varies or where
an observation condition such as observation magnification
and observation depth is modified, or in other cases, a region
of concern may be changed or updated, and such change or
update of aregion of concern may be carried out as instructed
by the operator. The case where an image greatly varies
described above refers to the case where a variation in the
amount of image characteristics exceeds a threshold value.
[0122] Thetransmission focusing control section 62 gives a
transmission focusing instruction to the controller 36 so that
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the transmission circuit 14 performs the transmission focus-
ing for the set region of concern.

[0123] The set sound velocity specifying section 64 speci-
fies set sound velocities for use in the reception focusing on
reception data in determining an ambient sound velocity
under the control of the controller 36.

[0124] The focus index calculating section 66 reads out
reception data of a region of concern from the element data
memory 22 and performs the reception focusing on the recep-
tion data for each of the plural set sound velocities specified
by the set sound velocity specifying section 64 to thereby
calculate a focus index of the reception data.

[0125] The ambient sound velocity determining section 68
determines the ambient sound velocity of a region of concern
based on the focus index for each of the plural set sound
velocities.

[0126] As described above, in the present invention, it is
preferable to determine sound velocities at two or more
regions of concern among the set regions of concern, and
more preferable to determine sound velocities at two or more
regions of concern in the depth direction and/or two or more
regions of concern in the azimuth direction. In this embodi-
ment, it is particularly preferable to determine ambient sound
velocities for each of the set regions of concern.

[0127] Next, the operation of the region-of-concern calcu-
lator 24 will be described with reference to the flowchart of
FIG. 4. FIG. 4 is a flowchart showing the sequence of pro-
cessing by the region-of-concern calculator 24 shown in FIG.
3.

[0128] As shown in FIG. 4, in the region-of-concern calcu-
lator 24, the region-of-concern setting section 60 sets a region
of concern in accordance with the instruction from the con-
troller 36 (Step S10).

[0129] In response to the setting of the region of concern,
the transmission focusing control section 62 gives a transmis-
sion focusing instruction to the controller 36 so that the trans-
mission circuit 14 performs the transmission focusing for the
set region of concern.

[0130] Next, in the region-of-concern calculator 24, the set
sound velocity specifying section 64 sets a start sound veloc-
ity Vst and end sound velocity Vend of a set sound velocity Vs
(Step S20) and sets the start sound velocity Vst to the set
sound velocity Vs (Step S30).

[0131] Set sound velocities Vs including the start sound
velocity Vst and the end sound velocity Vend may be set in
advance as default values. Alternatively, only the start sound
velocity Vst and the end sound velocity Vend may be input by
the operator as desired, while only the interval width therebe-
tween (predetermined step sound velocity amount AV) may
be set as a default value. Still alternatively, the operator may
input the start sound velocity Vst, the end sound velocity Vend
and the interval width as desired. When the set sound veloci-
ties Vs and the interval width are set as default values, various
set sound velocities Vs may be set depending on the site to be
observed, the sex or the like so that the operator can select an
appropriate value.

[0132] In this example, it is assumed that the start sound
velocity Vst is set to 1410 m/sec and the end sound velocity
Vend is set to 1570 m/sec, and that based on the start sound
velocity Vst and the end sound velocity Vend, the set sound
velocity Vs is set at intervals of 40 m/sec which is the value of
a predetermined interval width, for instance.

[0133] As shown in FIG. 5, in the case of reception data
from a point reflection, reception data which allows the analy-
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sis of intensity or sharpness can be obtained by performing
the reception focusing. On the other hand, as shown in FIG. 6,
in the case of countless scattering points in a speckle region,
a peak value and a spatial frequency in the azimuth direction
are disordered due to interference, so that it is difficult to
obtain reception data which allows the analysis of intensity or
sharpness in performing the reception focusing.

[0134] To deal with it, as shown in FIG. 7, the region-of-
concern calculator 24 forms a pseudo point reflection by
performing the transmission focusing for the countless scat-
tering points in the speckle region, performs the reception
focusing on obtained reception data corresponding to an
ultrasound transducer position, and determines an ambient
sound velocity also in the speckle region in the same manner
as the case of a point reflection which allows the analysis of
intensity or sharpness.

[0135] In other words, in the region-of-concern calculator
24, the transmission focusing control section 62 gives a trans-
mission focusing instruction to the controller 36 so that the
transmission circuit 14 performs the transmission focusing
for the region of concern set by the region-of-concern setting
section 60, and defines a transmission focusing positionas the
pseudo point reflection (Step S40).

[0136] Thefocusindex calculating section 66 ofthe region-
of-concern calculator 24 reads out element data correspond-
ing to a position whose ambient sound velocity is to be deter-
mined, i.e., a region of concern, from the element data
memory 22 and performs the reception focusing on the ele-
ment data for each of the plural set sound velocities Vs speci-
fied by the set sound velocity specifying section 64 to thereby
calculate a focus index of the element data (Step S50).
[0137] The calculation of the focus index may be carried
out by obtaining at least a part of element data directly from
the reception circuit 16.

[0138] While in the case of element data corresponding to
the point reflection shown in FIG. 5, a tendency of variation
depending on the set sound velocity Vs is observed in the peak
value and the spatial frequency in the azimuth direction (lat-
eral position) as shown in FIG. 8, the tendency shown in FIG.
8 is also observed in the case of element data acquired when
a pseudo point reflection is formed by performing the trans-
mission focusing as shown in FIG. 7.

[0139] Accordingly, the focus index calculating section 66
of the region-of-concern calculator 24 calculates an integra-
tion value, a square integration value, a peak value, a contrast
value, a half width, a frequency spectral integration value, a
frequency-spectral integration value or square integration
value as normalized with its maximum value or a direct cur-
rent component, an autocorrelation value and the like as focus
indexes. For instance, in the case of FIG. 8, the focus index is
the maximum at a set sound velocity of Amp 1490 m/sec.
[0140] Next, the set sound velocity specifying section 64 of
the region-of-concern calculator 24 determines whether the
set sound velocity Vs has reached the end sound velocity Vend
(Step S60). As a result of the determination, when the set
sound velocity Vs is lower than the end sound velocity Vend
(“No” in Step S60), the set sound velocity specifying section
64 adds the predetermined step sound velocity amount AV,
i.e., 40 m/sec in this example, to the set sound velocity Vs
(Step S70), and the program returns to Step S40.

[0141] This routine is repeated and when the set sound
velocity Vs is determined to have reached the end sound
velocity Vend (“Yes” in Step S60), the procedure proceeds to
Step S80.
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[0142] InStep S80,the ambient sound velocity determining
section 68 of the region-of-concern calculator 24 determines
the ambient sound velocity at the region of concern based on
the focus indexes of the plural set sound velocities Vs, for
instance, by defining the set sound velocity with the highest
focus index as the ambient sound velocity of the region of
concern, and outputs the determined ambient sound velocity
to the signal processor 46 and the distortion corrector 47. For
instance, in the case of FIG. 8, the set sound velocity of Amp
1490 m/sec with the highest focus index is to be the ambient
sound velocity.

[0143] In other words, the ambient sound velocity refers to
an average sound velocity in a range between the ultrasound
probe 12 (transducer array 42 (ultrasound transducers)) and a
certain objective point when the sound velocity is assumed to
be constant from the ultrasound probe 12 to the objective
point.

[0144] As described above, the region-of-concern calcula-
tor 24 determines the ambient sound velocity for each of the
set regions of concern.

[0145] Thus, the ultrasound diagnostic apparatus 10 per-
forms the transmission focusing on the countless scattering
points in the speckle region to form the pseudo point reflec-
tion, generates a focus index of each of the plural set sound
velocities Vs and determines the ambient sound velocity of a
region of concern based on the focus index of each of the
plural set sound velocities Vs. Therefore, it is possible to
properly determine the ambient sound velocity of a region of
concern including the speckle region at the level of point
reflection and thereby make a high-definition ultrasound
image.

[0146] The method of determining the ambient sound
velocity is not limited to the foregoing method and various
known methods are suitable for use.

[0147] Next, the operation of the ultrasound diagnostic
apparatus 10 will be explained to describe the distortion cor-
rector 47 as well as the ultrasound diagnostic apparatus and
data processing method of the present invention in detail.
[0148] The ultrasound diagnostic apparatus 10 has two
operation modes of a live mode and an element data memory
reproduction mode.

[0149] The operation of the ultrasound diagnostic appara-
tus 10 in the live mode is first explained with reference to a
flowchart shown in FIG. 9. FIG. 9 shows the flowchart of the
sequence of processing by the ultrasound diagnostic appara-
tus shown in FIG. 1 in the live mode.

[0150] The live mode is a mode in which an ultrasound
image (moving image) is obtained by transmitting and receiv-
ing ultrasonic waves with the ultrasound probe 12 being held
in contact with a subject and the thus obtained image is
displayed.

[0151] In the live mode, when the ultrasound probe 12 is
caused to contact the subject and the operator inputs an
instruction through the operating unit 38, the ultrasound
examination starts.

[0152] When the ultrasound examination starts, the con-
troller 36 sets transmission conditions and the like in accor-
dance with the instruction input by the operator through the
operating unit 38. Specifically, the controller 36 sets a trans-
mitting direction of an ultrasonic beam and a receiving direc-
tion of an ultrasonic echo for each ultrasound transducer,
selects a transmission delay pattern corresponding to the
transmitting direction of an ultrasonic beam, selects a recep-
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tion delay pattern corresponding to the receiving direction of
an ultrasonic echo, and performs other operations (Step
S100).

[0153] Furthermore, the controller 36 checks which has
been selected, the reception focusing processing correspond-
ing to ambient sound velocity (distortion correcting mode) or
the reception focusing processing corresponding to reception
delay pattern (Step S200). When the reception focusing pro-
cessing corresponding to ambient sound velocity has been
selected (“Yes” in Step S200), the controller 36 sends the set
transmission conditions to the region-of-concern setting sec-
tion 60 of the region-of-concern calculator 24. The region-
of-concern setting section 60 sets regions of concern in accor-
dance with the transmission conditions by dividing the whole
extent of a B-mode image to be generated in a grid pattern as
described above (Step S110). The transmission conditions
include, for instance, a transmission interval of ultrasonic
beams and the number of ultrasound transducers that perform
transmission.

[0154] Furthermore, the region-of-concern setting section
60 gives an instruction to the transmission focusing control
section 62 to perform the transmission focusing for the
regions of concern.

[0155] Thetransmission focusing control section 62 gives a
transmission focusing instruction to the controller 36 in
accordance with the received instruction so that the transmis-
sion circuit 14 performs the transmission focusing for the set
regions of concern.

[0156] The controller 36 outputs control signals to the
transmission circuit 14 and the signal processor 46 based on
the selected transmission delay patterns and reception delay
patterns and the set regions of concern to thereby control the
transmission and reception of ultrasonic waves.

[0157] When the reception focusing processing corre-
sponding to reception delay pattern has been selected (“No”
in Step S200), the controller 36 performs the transmission
focusing processing corresponding to the selected transmis-
sion delay pattern and the reception focusing processing cor-
responding to the selected reception delay pattern to generate
a B-mode image in the same manner as the generation of a
general B-mode image. Therefore, in this case, the determi-
nation of the ambient sound velocity and the distortion cor-
rection by the distortion corrector 47 are not carried out (Step
S210).

[0158] In accordance with the instruction on transmission
focusing for the regions of concern, the transmission circuit
14 performs the transmission focusing on driving signals for
the ultrasound transducers based on the selected transmission
delay patterns and the regions of concern so as to cause the
plural ultrasound transducers to transmit ultrasonic beams
toward the subject (Step S120).

[0159] Then, ultrasonic echoes from the subject (ultrasonic
wave reflection source) enter the plural ultrasound transduc-
ers. The ultrasound transducers output analog reception sig-
nals corresponding to the entered ultrasonic echoes to the
reception circuit 16. The reception circuit 16 amplifies and
A/D converts the analog reception signals supplied from the
respective ultrasonic transducers to generate element data
(digital reception signals) (Step S130).

[0160] The element data is supplied to the signal processor
46 of the image generator 18 and to the element data memory
22.
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[0161] The element data memory 22 stores the supplied
element data as well as information on a frame rate entered
from the controller 36 in association with the element data.
[0162] On the other hand, in the region-of-concern calcu-
lator 24 that has set the regions of concern, the set sound
velocity specifying section 64 sets the start sound velocity Vst
and the end sound velocity Vend in accordance with the
instruction from the controller 36 as described above, in par-
allel with the start of transmission of ultrasonic beams. Fur-
ther, upon storage of the element data into the element data
memory 22, the focus index calculating section 66 reads out
the element data of each region of concern from the element
data memory 22 and calculates the focus index, and subse-
quently, the ambient sound velocity determining section 68
determines the ambient sound velocity using the focus index
(Step S140).

[0163] The ambient sound velocity determining section 68
supplies the determined ambient sound velocity to the signal
processor 46 and the distortion corrector 47.

[0164] Inthe presentinvention, itis preferable to determine
sound velocities at two or more regions of concern among the
set regions of concern, and more preferable to determine
sound velocities at two or more regions of concern in the
depth direction and/or two or more regions of concern in the
azimuth direction.

[0165] As described above, in this embodiment, it is par-
ticularly preferable to determine ambient sound velocities for
each of the set regions of concern.

[0166] In the present invention, since the element data is
stored in the element data memory 22, the element data as
reception signals of ultrasonic echoes from the actual subject
is available for use, which makes it possible to determine
ambient sound velocities at such a large number of points.
[0167] The determination of the ambient sound velocity
described above may be performed only one time when a
region of concern is set (changed). Alternatively, the ambient
sound velocity may be updated when an image greatly varies.
Still alternatively, the ambient sound velocity may be updated
every predetermined number of frames as appropriately set.
[0168] Once the ambient sound velocity is determined
(Step S140) and supplied to the signal processor 46, the signal
processor 46 performs the reception focusing processing
using the ambient sound velocity as shown in FIG. 2, gener-
ates a B-mode image which has undergone the reception
focusing processing having subjected to ambient sound
velocity correction, and sends the B-mode image to the dis-
tortion corrector 47 (Step S150).

[0169] The distortion corrector 47 corrects distortion in the
supplied B-mode image based on the supplied ambient sound
velocities (Step S160).

[0170] For instance, in a B-mode image as conceptually
shown in FIG. 11A, element data of a line I extending in the
depth direction is data corresponding to times t;, t,, . . . as
conceptually shown in FIG. 11B.

[0171] The signal processor 46 performs the reception
focusing processing for each of times t1, 12, . . . with taking
ambient sound velocities V into account to thereby generate a
B-mode image. Since the unit of element data in terms of
position is expressed by time, the signal processor 46 uses the
ambient sound velocities V to convert time into distance
(position) like Vt,/2,V1,/2, . .. as conceptually shown in FIG.
11C to generate a B-mode image.

[0172] Ambient sound velocities at respective regions of
concern and other regions in a subject often differ from each
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other depending on the position. In other words, there is an
ambient sound velocity distribution in a subject. For example,
when a blood vessel is observed, tissue positioned shallower
than ablood vessel anterior wall, the inside of the blood vessel
anterior wall and a vascular lumen have different ambient
sound velocities.

[0173] Therefore, the arrival time of an ultrasonic echo
from a reflection point to an ultrasound transducer varies
depending on the ambient sound velocity at a position in the
subject.

[0174] Conventional ultrasound diagnostic apparatuses,
however, each generate a B-mode image solely using a single
ambient sound velocity V. and consequently, the B-mode
image is distorted relative to the actual subject.

[0175] In contrast, in the ultrasound diagnostic apparatus
10 of the invention, the image generator 18 has the distortion
corrector 47 that performs coordinate transformation based
on ambient sound velocities to thereby correct distortion in a
B-mode image caused due to a sound velocity distribution.
[0176] To be more specific, the distortion corrector 47 first
performs coordinate transformation with respect to each of
times t1, 12, respective pixels conceptually shown in FIG.
10A in a B-mode image generated by the signal processor 46
with the use of ambient sound velocities V1, V2 . . . at
respective regions of concern at which the respective pixels
(respective sampling points) are located correspondingly. For
instance, as conceptually shown in FIG. 10B, time t is con-
verted into distance like V t,/2, V,t,/2, . . . to thereby generate
a brightness image.

[0177] Atthistime, since there is an ambient sound velocity
distribution in the subject, pixels (sampling points) of the
generated brightness image are to be arranged at different
intervals as shown in FIG. 10B.

[0178] To deal with it, the distortion corrector 47 performs
interpolation to thereby generate a B-mode image having
undergone the distortion correction so that the pixels of the
B-mode image are arranged at constant intervals, as concep-
tually shown in FIG. 10C.

[0179] According to the present invention, therefore, it is
possible to generate a high-quality ultrasound image not hav-
ing distortion to be caused due to an ambient sound velocity
distribution in a subject and hence, more accurate diagnosis
can be carried out using ultrasound images.

[0180] The method of interpolation performed by the dis-
tortion corrector 47 is not particularly limited, and various
known interpolation methods including linear interpolation
and spline interpolation can be used.

[0181] When available ambient sound velocities are ones
corresponding to notall but a part of pixels ofa B-mode image
generated by the signal processor 46, the ambient sound
velocity of a pixel (sampling point) may be determined by
interpolating ambient sound velocities at peripheral pixels
(peripheral regions of concern). In this case, either of the
region-of-concern calculator 24 and the distortion corrector
47 may perform the determination of an ambient sound veloc-
ity by interpolation.

[0182] Further, in the ultrasound diagnostic apparatus of
the invention, the signal processor 46 generating a B-mode
image may have the function of the distortion corrector 47.
[0183] Specifically, after ambient sound velocities are sup-
plied to the signal processor 46, the signal processor 46 may
calculate the distance of pixels (sampling points) using the
ambient sound velocities corresponding to the pixels at the
time of time-distance conversion in generating a B-mode
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image, thereby generating a brightness image, and perform
interpolation suitable for the pixels of the B-mode image, thus
generating a B-mode image.

[0184] The distortion corrector 47 supplies to the DSC 48
the B-mode image having undergone the distortion correction
performed based on the ambient sound velocities.

[0185] The DSC 48 converts the B-mode image into an
image signal of, for instance, television method and supplies
the image signal to the image processor 50. The image pro-
cessor 50 performs predetermined processing on the supplied
B-mode image.

[0186] The B-mode image processed by the image proces-
sor 50 is stored in the image memory 52 and also displayed on
the monitor 34 under the control of the display controller 32.
Thus, the B-mode image having undergone the distortion
correction is displayed on the monitor 34 (Step S170).
[0187] When a freeze button is pressed during display of a
B-mode image in the above-described live mode, a B-mode
image displayed at the time of pressing the freeze button is
displayed as a still image on the monitor 34.

[0188] This enables the operator to observe the B-mode
image in detail through the still image.

[0189] Next, the operation of the ultrasound diagnostic
apparatus 10 in the element data memory reproduction mode
is explained.

[0190] The element data memory reproduction mode is a
mode in which an ultrasound image is displayed based on
reception data stored in the element data memory 22.

[0191] Upon input of an instruction through the operating
unit 38, the controller 36 switches the operation mode of the
ultrasound diagnostic apparatus 10 into the element data
memory reproduction mode.

[0192] Intheelement data memory reproduction mode, the
controller 36 reads out reception data from the element data
memory 22 and transmits the reception data to the signal
processor 46 of the image generator 18. The subsequent
operation is the same as that in the live mode. As a result, an
ultrasound image (moving image or still image) based on the
reception data stored in the element data memory 22 is dis-
plaved on the monitor 34,

[0193] While the ultrasound diagnostic apparatus and data
processing method of the present invention have been
described above in detail, the invention is by no means limited
to the above embodiments, and various improvements and
modifications may be made without departing from the scope
and spirit of the invention.

What is claimed is:

1. An ultrasound diagnostic apparatus, comprising:

an ultrasound probe having ultrasound transducers each
adapted to transmit an ultrasonic wave, receive an ultra-
sonic echo reflected by a subject and output an analog
reception signal in accordance with the ultrasonic echo
as received;

an analog-to-digital converter adapted to analog-to-digital
convert the analog reception signal output by each of the
ultrasound transducers into a digital reception signal;

a storage adapted to store the digital reception signal;

a sound velocity determiner adapted to determine a sound
velocity at each of plural points in the subject by using
the digital reception signal converted from the analog
reception signal by the analog-to-digital converter or the
digital reception signal read out from the storage;

a signal processor adapted to generate a brightness image
of the subject by at least performing reception focusing
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processing on the digital reception signal converted
from the analog reception signal by the analog-to-digital
converter or the digital reception signal read out from the
storage; and

a coordinate transformer adapted to perform coordinate
transformation on the brightness image generated by the
signal processor based on the sound velocity determined
by the sound velocity determiner.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the coordinate transformation performed by the
coordinate transformer allows time-distance conversion.

3. The ultrasound diagnostic apparatus according to claim

1, wherein the coordinate transformer performs interpolation
on pixels in a brightness image having undergone the coor-
dinate transformation to thereby generate a corrected image
having pixel positions corresponding to those of a brightness
image not yet undergoing the coordinate transformation.

4. The ultrasound diagnostic apparatus according to claim

1, further comprising a region-of-concern setter adapted to set
at least one region of concern; and a transmission and recep-
tion controller adapted to cause the ultrasound probe to trans-
mit and receive ultrasonic waves such that the ultrasonic
waves correspond to the region of concern as set,

wherein the sound velocity determiner includes a set sound
velocity specifying section adapted to set a plurality of
set sound velocities for use in performing reception
focusing on a digital reception signal of the region of
concern; and a focus index calculating section adapted
to calculate a focus index of a brightness image at the
region of concern by performing the reception focusing
on a digital reception signal of the region of concern for
each of the plurality of set sound velocities, and deter-
mines a sound velocity at the region of concern using the
focus index.

5. The ultrasound diagnostic apparatus according to claim

1, wherein the signal processor performs the reception focus-
ing processing using the sound velocity calculated by the
sound velocity determiner.

6. The ultrasound diagnostic apparatus according to claim

4, wherein the region-of-concern setter sets regions of con-
cern at least either at two or more points in a depth direction
or at two or more points in an azimuth direction.

7. The ultrasound diagnostic apparatus according to claim

4, wherein the region-of-concern setter sets two or more
regions of concern, and

wherein the sound velocity determiner determines a sound
velocity at each of two or more of the regions of concern
set by the region-of-concern setter.

8. The ultrasound diagnostic apparatus according to claim

1, wherein the sound velocity determiner determines a sound
velocity corresponding to each of all pixels of the brightness
image generated by the signal processor.

9. A data processing method, comprising:

a step of obtaining an analog reception signal correspond-
ing to an ultrasonic echo reflected by a subject by trans-
mitting an ultrasonic wave to the subject;

a step of analog-to-digital converting the analog reception
signal into a digital reception signal;

a step of storing the digital reception signal;

a step of determining a sound velocity at each of plural
points in the subject by using the digital reception signal
as analog-to-digital converted or the digital reception
signal as stored,
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astep of generating a brightness image of the subject by at
least performing reception focusing processing on the
digital reception signal as analog-to-digital converted or
the digital reception signal as stored; and

a step of performing coordinate transformation on the

brightness image as generated based on the sound veloc-
ity as determined.

10. The data processing method according to claim 9,
wherein the coordinate transformation allows time-distance
conversion.

11. The data processing method according to claim 9,
including a step of generating a corrected image having pixel
position corresponding to a brightness image not yet under-
going the coordinate transformation by performing interpo-
lation on pixels in a brightness image having undergone the
coordinate transformation.

12. The data processing method according to claim 9,
including a step of setting at least one region of concern and
transmitting and receiving ultrasonic waves such that the
ultrasonic waves correspond to the region of concern as set,

wherein in the step of determining a sound velocity, a

plurality of set sound velocities are set for use in per-
forming reception focusing on a digital reception signal
of the region of concern, a focus index of a brightness
image at the region of concern is calculated by perform-

11

Apr. 23, 2015

ing the reception focusing on a digital reception signal of
the region of concern for each of the plurality of set
sound velocities, and a sound velocity at the region of
concern is determined using the focus index.

13. The data processing method according to claim 9,
wherein in the step of generating a brightness image of the
subject, the reception focusing processing is performed using
the sound velocity as determined.

14. The data processing method according to claim 12,
wherein in the step of setting at least one region of concern,
regions of concern are set at least either at two or more points
in a depth direction or at two or more points in an azimuth
direction.

15. The data processing method according to claim 12,

wherein in the step of setting at least one region of concern,

two or more regions of concern are set, and

wherein in the step of determining a sound velocity, a

sound velocity is determined at each of two or more of
the regions of concern as set.

16. The data processing method according to claim 9,
wherein in the step of determining a sound velocity, a sound
velocity corresponding to each of all pixels of the brightness
image as generated is determined.
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