US 2015019628

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2015/0196283 Al
YAMAMOTO

Al

b
3

(43) Pub. Date: Jul. 16, 2015

(54) ULTRASOUND DIAGNOSTIC APPARATUS,
SOUND VELOCITY DETERMINING
METHOD, AND RECORDING MEDIUM

(71)  Applicant:

(72) Inventor:

(73) Assignee:
(21) Appl. No.:

(22) Filed:

FUJIFILM Corporation, Tokyo (IP)

Hiroaki YAMAMOTO,
Ashigara-kami-gun (JP)

FUJIFILM Corporation, Tokyo (JP)

14/669,646

Mar. 26,2015

Related U.S. Application Data

(63) Continuation of application No. PCT/IP2013/075485,
filed on Sep. 20, 2013.

Publication Classification

(51) Int.CL

AGIB 8/08 (2006.01)
AGIB 8/00 (2006.01)
AGIB 8/14 (2006.01)
(52) US.CL
CPC oo AGIB 8/5269 (2013.01); A6IB 8/14
(2013.01); A61B 8/4488 (2013.01); A61B
8/5207 (2013.01)
(57) ABSTRACT

In the ultrasound diagnostic apparatus, the method of deter-
mining the sound velocity, and the program recorded in a
recording medium, a probe is made transmit an ultrasonic
beam a plurality of times so as to form a predetermined
transmission focus point, an analog element signal output by
the probe is A/D converted into the first element data, the
second element data corresponding to any one ofa plurality of
the first element data is generated, and the second element

(30) Foreign Application Priority Data data is used to determine the sound velocity in an inspection
object, whereby the sound velocity of the ultrasonic waves in
Sep. 27,2012 (JP) .... 2012-215258 the inspection object can be accurately determined without
Jul. 11,2013 (JP) e 2013-145442 decreasing the frame rate.
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ULTRASOUND DIAGNOSTIC APPARATUS,
SOUND VELOCITY DETERMINING
METHOD, AND RECORDING VMEDIUM

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2013/075485 filed on Sep. 20,
2013, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Application No. 2012-215258 filed on Sep. 27, 2012 and
Japanese Application No. 2013-145442 filed on Jul. 11,2013.
Each of the above application(s) is hereby expressly incorpo-
rated by reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

[0002] The invention relates to, in an ultrasound diagnosis,
anultrasound diagnostic apparatus having a function of deter-
mining a sound velocity inside an inspection object, a method
of determining a sound velocity inside an inspection object,
and a recording medium a program determining a sound
velocity of an inspection object is recorded.

[0003] Conventionally, ultrasound diagnostic apparatuses
such as ultrasound image diagnostic apparatuses using ultra-
sound images are put to practical use in the medical field.

[0004] Generally, this type of ultrasound diagnostic appa-
ratus has an ultrasound probe (hereinafter, referred to as
“probe”) with a plurality of built-in elements (ultrasound
transducers) and an apparatus main body connected with the
probe. In the ultrasound diagnostic apparatus, an ultrasonic
beam is transmitted toward a subject (an inspection object) so
as to form a predetermined focus point (transmission focus)
from the plurality of elements of the probe, an ultrasonic echo
from the subject is received in the probe, and an ultrasound
image is generated by electrically processing the reception
signal of the received ultrasonic echo in the apparatus main
body.

[0005] Here, in the ultrasound diagnostic apparatus, an
ultrasonic echo from a subject according to the transmission
of a single ultrasonic beam is received by a plurality of ele-
ments. Accordingly, even with ultrasonic echoes reflected by
the same reflector, the reception time of the ultrasonic echoes
is delayed according to the position of each of the elements.

[0006] Therefore, in the ultrasound diagnostic apparatus,
an ultrasound image is generated using reception data gener-
ated by analog-to-digital (A/D) converting of the reception
signal of the ultrasonic echoes received in each of the ele-
ments into a digital reception signal (hereinafter, referred to
as element data), carrying out a reception focusing process,
that is, delay correction on the element data according to a
delay time of the reception signal, and performing phase
matching and phasing addition.

[0007] In conventional ultrasound diagnostic apparatuses,
the sound velocity of ultrasonic waves in the subject is
assumed to be constant, and the reception focusing process
was performed by fixing a sound velocity of the ultrasonic
waves to a predetermined certain value.

[0008] However, the sound velocity varies depending on
the type of tissues such as fatty layers, muscular layers in a
living body, and therefore the sound velocity of ultrasonic
waves is not uniform in the subject. In addition, the thick-
nesses of fatty layers and muscular layers are different in
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overweight subjects and slim subjects. In other words, the
sound velocity of ultrasonic waves varies from person to
person.

[0009] Accordingly, in a conventional ultrasound diagnos-
tic 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 for the ultrasonic
echoes to be reflected inside the subject and reach the ele-
ments does not match with a set delay time.

[0010] As a result, there is a problem in that proper phase
matching is not possible, reception focusing is not properly
performed, and the image quality of the obtained ultrasound
image deteriorates. In addition, there is also a problem in that
the obtained ultrasound image is distorted with respect to the
actual subject.

[0011] With respect to such problems, in the ultrasound
diagnostic apparatus, the sound velocity in the subject is
determined (calculated), and the reception focusing process
1s performed using this sound velocity.

[0012] For example, JP 2011-92686 A describes an ultra-
sound diagnostic apparatus which transmits and receives
ultrasonic waves after setting a region of interest where a
diagnosis regionin a subjectis divided in an ultrasound image
to be photographed, calculates a focus index for each of a
plurality of sound velocities (set sound velocities) set in
advance in each region of interest by performing a reception
focusing process with respect to obtained element data using
a plurality of sound velocities (set sound velocities) set as
appropriate, and uses the calculated focus indexes to deter-
mine the sound velocity (the ambient sound velocity) in each
region of interest.

[0013] Examples of the focus indexes include contrast,
brightness, and the like. For example, a set sound velocity
where the brightness set as the focus index was the highest
may be determined as the sound velocity in the region of
interest.

SUMMARY OF THE INVENTION

[0014] In the ultrasound diagnostic apparatus described in
JP 2011-92686 A, an ultrasound image is generated by per-
forming a reception focusing process by correcting or select-
ing a delay time or delay pattern according to the determined
sound velocity. Due to this, regardless of the differences in the
sound velocities depending on the location in the subject or
among the subjects, it is possible to stably output a proper
ultrasound image.

[0015] Here, with the method of determining the sound
velocity, is possible to determine an accurate sound velocity
in a location where a wavefront shape of ultrasonic echoes
(reflected waves) is clear. However, it is often not possible to
determine an accurate sound velocity at positions separated
from a focus point, or the like.

[0016] Therefore, depending on the position in the subject
(the ultrasound image), there are cases where it is not possible
to perform a proper reception focusing process even when
using the determined sound velocity and an ultrasound image
with a high image quality cannot be obtained.

[0017] On the other hand, in order to determine an accurate
sound velocity corresponding to every location in the subject,
the ultrasound transmission (transmission and reception)
may be performed corresponding to a large number of focus
points where the positions in the depth and azimuth direction
are different.



US 2015/0196283 A1l

[0018] However, when the ultrasound transmission and
reception is performed corresponding to a large number of
focus points, there is another problem in that the frame rate of
the ultrasound image decreases in accordance with the updat-
ing or the like of the sound velocities.

[0019] An object of the invention s to solve the problems of
the related art techniques and to provide an ultrasound diag-
nostic apparatus, a sound velocity determining method, and a
recording medium recording a program which are able to
accurately determine a sound velocity in all locations in an
inspection object in an ultrasound diagnosis even without
performing transmission and reception of ultrasonic waves
corresponding to a large number of focus points in the depth
direction.

[0020] In order to attain the object described above, the
invention provides an ultrasound diagnostic apparatus, which
inspects an inspection object using an ultrasonic beam, com-
prising:

[0021] a probe in which a plurality of elements are
arranged, which transmit the ultrasonic beam, receive ultra-
sonic echoes reflected by the inspection object, and output an
analog element signal according to the received ultrasonic
echoes;

[0022] a transmitter configured to make the probe perform
transmission of the ultrasonic beam a plurality of times so as
to each form a predetermined transmission focus point using
the plurality of elements;

[0023] a receiver configured to receive an analog element
signal output by the plurality of elements corresponding to
the individual transmission of the ultrasonic beam, and carry
out a predetermined process;

[0024] an analog-to-digital (A/D) converter configured to
analog-to-digital convert the analog element signal processed
by the receiver into first element data which is a digital ele-
ment signal;

[0025] a data processor configured to generate second ele-
ment data corresponding to any one of a plurality of the first
element data; and

[0026] asound velocity determiner configured to determine
a sound velocity in the inspection object using the second
element data.

[0027] Preferably, the transmitter makes the probe perform
transmission of the ultrasonic beam a plurality of times,
changing at least one of a center element and a transmission
direction of the ultrasonic beam.

[0028] Preferably, the data processor generates the second
element data using at least one of a plurality of the first
element data obtained by transmission of the ultrasonic beam
where the center element is different to each other and a
plurality of the first element data obtained by transmission of
the ultrasonic beam where the transmission direction is dif-
ferent to each other.

[0029] Preferably, the data processor generates the second
element data from a plurality of the first element data obtained
by transmission of the ultrasonic beam where transmission
regions overlap.

[0030] Preferably, the data processor generates the second
element data by superimposing a plurality of the first element
data according to a reception time at which the elements
received the ultrasonic echoes and positions of the elements.
[0031] Preferably, the ultrasound diagnostic apparatus fur-
ther comprises an assessment section configured to assess
precision of the determined sound velocity.
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[0032] Preferably, when the precision of the sound velocity
is less than a predetermined precision, the transmission focus
point is changed and the transmission of the ultrasonic beam
is performed again with respect to a position where the sound
velocity is less than the predetermined precision and the
sound velocity of this position is redetermined.

[0033] Preferably, the precision of the redetermined sound
velocity is assessed and the redetermining and assessment of
the sound velocity are repeated until the precision of the
sound velocity is the predetermined precision or more.
[0034] Preferably, he ultrasound diagnostic apparatus fur-
ther comprises: a storage configured to store the first element
data; and a position determiner configured to determine
whether or not a position inside the inspection object is in a
vicinity of a position of the transmission focus point, wherein
[0035] the first element data corresponding to determina-
tion of the sound velocity is stored in the storage,

[0036] the position determiner determines whether or not
the position at which the sound velocity is determined is in a
vicinity of the transmission focus point when the precision of
the sound velocity is less than the predetermined precision,
[0037] redetermination of the sound velocity is performed
using the first element data without performing transmission
of the ultrasonic beam when in the vicinity of the transmission
focus point, and

[0038] the transmission focus point is changed and the
transmission of the ultrasonic beam is performed again cor-
responding to a position where the precision of the sound
velocity is less than the predetermined precision and the
sound velocity of this position is redetermined when not in the
vicinity of the transmission focus point.

[0039] Preferably, when the precision of the redetermined
sound velocity is less than the predetermined precision, the
transmission focus point is changed and the transmission of
the ultrasonic beam is performed again with respect to a
position where the precision of the sound velocity is less than
the predetermined precision, and the sound velocity of this
position is redetermined, and the assessment of the precision
of the sound velocity is repeated again until the precision of
the sound velocity is the predetermined precision or more.
[0040] Preferably, the sound velocity is determined in a
plurality of positions inside the inspection object and the
precision of the sound velocity is assessed at each position.
[0041] Preferably, the assessment of the precision of the
sound velocity is performed using at least one of variation in
the sound velocity, standard deviation in the sound velocity, a
difference between a maximum value and a minimum value
of the sound velocity, and an average value of the sound
velocity.

[0042] Preferably, the ultrasound diagnostic apparatus fur-
ther comprises an element data storage configured to store all
of the first element data corresponding to at least one ultra-
sound image.

[0043] Preferably, an ultrasound image is formed using the
second element data.

[0044] Preferably, an ultrasound image is formed by per-
forming phasing addition for forming the ultrasound image
using the sound velocity determined by the sound velocity
determiner.

[0045] The invention provides a sound velocity determin-
ing method for ultrasound diagnosis using a probe in which a
plurality of elements are arranged, which transmit an ultra-
sonic beam, receive ultrasonic echoes reflected by an inspec-
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tion object, and output an analog element signal according to
the received ultrasonic echoes, the method comprising the
steps of:

[0046] making the probe perform transmission of the ultra-
sonic beam a plurality of times so as to each form a predeter-
mined transmission focus point using the plurality of ele-
ments when determining a sound velocity inside the
inspection object and outputting an analog element signal
from the plurality of elements corresponding to the individual
transmission of ultrasonic beams;

[0047] analog-to-digital converting the analog element sig-
nal into first element data which is a digital element signal;
[0048] generating second element data corresponding to
any one of a plurality of the first element data; and

[0049] determining the sound velocity inside the inspection
object using the second element data.

[0050] Preferably, the probe is made perform transmission
of the ultrasonic beam a plurality of times, changing at least
one of a center element and a transmission direction of the
ultrasonic beam.

[0051] Preferably, the second element data is generated
using at least one of a plurality of the first element data
obtained by transmission of the ultrasonic beam where the
center element is different to each other and a plurality of the
first element data obtained by transmission of the ultrasonic
beams where the transmission direction is different to each
other.

[0052] Preferably, the second element data is generated
from a plurality of the first element data obtained by trans-
mission of the ultrasonic beam where transmission regions
overlap.

[0053] Preferably, the second element data is generated by
superimposing a plurality of the first element data according
to a reception time at which the elements received the ultra-
sonic echoes and positions of the elements.

[0054] Preferably, the sound velocity determining method
further comprises assessing precision of the determined
sound velocity.

[0055] Preferably, when the precision of the sound velocity
is less than a predetermined precision, the transmission focus
point is changed and the transmission of the ultrasonic beam
is performed again with respect to a position where the pre-
cision of the sound velocity is less than the predetermined
precision, and the sound velocity of the position is redeter-
mined.

[0056] Preferably, the precision of the redetermined sound
velocity is assessed and the redetermining and assessment of
the sound velocity are repeated until the precision of the
sound velocity is the predetermined precision or more.
[0057] Preferably, the first element data corresponding to
the determining of the sound velocity is stored in advance,
[0058] a position at which the sound velocity is determined
is determined to be in a vicinity of the transmission focus
point or not when the precision of the sound velocity is less
than a predetermined precision,

[0059] redetermination of the sound velocity is performed
using the first element data without performing transmission
of the ultrasonic beam when in the vicinity of the transmission
focus point, and

[0060] the transmission focus point is changed and the
transmission of the ultrasonic beam is performed again cor-
responding to a position where the precision of the sound
velocity is less than the predetermined precision and the
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sound velocity of this position is redetermined when not inthe
vicinity of the transmission focus point.

[0061] Preferably, the precision of the redetermined sound
velocity is assessed, the transmission focus point is changed
and the transmission of the ultrasonic beam is performed
again with respect to a position where the precision of the
sound velocity is less than the predetermined precision when
the precision of the redetermined sound velocity is less than a
predetermined precision, and the sound velocity of this posi-
tion 1s redetermined, and the assessment of the precision of
the sound velocity is repeated again until the precision of the
sound velocity is the predetermined precision or more.
[0062] Preferably, the sound velocity is determined at a
plurality of positions inside the inspection object and the
precision of the sound velocity is assessed for each position.
[0063] Preferably, the assessment of the precision of the
sound velocity is performed using at least one of variation in
the sound velocity, standard deviation in the sound velocity, a
difference between a maximum value and a minimum value
of the sound velocity, and an average value of the sound
velocity.

[0064] The invention further provides a computer-readable
recording medium that records a program making a computer
execute the steps of: making a probe, in which a plurality of
elements are arranged and which transmit an ultrasonic beam,
receive ultrasonic echoes reflected by an inspection object,
and output an analog element signal according to the received
ultrasonic echoes, perform transmission of the ultrasonic
beam a plurality of times so as to each form a predetermined
transmission focus point using the plurality of elements and
outputting of an analog element signal from the plurality of
elements corresponding to the individual transmission of the
ultrasonic beam;

[0065] analog-to-digital converting the analog element sig-
nal into first element data which is a digital element signal;
[0066] generating second element data corresponding to
any one of a plurality of the first element data; and determin-
ing the sound velocity inside the inspection object using the
second element data.

[0067] In the computer-readable recording medium that
records the program, preferably, in the outputting of the ana-
log element signal from the plurality of elements, the probe is
made perform transmission of the ultrasonic beam a plurality
of times, changing at least one of a center element and a
transmission direction of the ultrasonic beam.

[0068] Preferably, in the generating of the second element
data, the second element data is generated using at least one of
a plurality of the first element data obtained by transmission
ofthe ultrasonic beam where the center element is different to
each other and a plurality of the first element data obtained by
transmission of the ultrasonic beam where the transmission
direction is different to each other.

[0069] Preferably, in the generating of the second element
data, the second element data is generated from a plurality of
the first element data obtained by transmission of the ultra-
sonic beam where transmission regions overlap.

[0070] Preferably, in the generating of the second element
data, the second element data is generated by superimposing
a plurality of the first element data according to a reception
time at which the elements received the ultrasonic echoes and
positions of the elements.

[0071] According to the invention, it is possible to accu-
rately determine the sound velocity in all locations in an
inspection object in an ultrasound diagnosis even without
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performing transmission and reception of ultrasonic waves
corresponding to a large number of focus points in the depth
direction. Therefore, according to the invention, it is possible
to generate an ultrasound image with high image quality on
which a proper reception focusing process is performed using
an accurate sound velocity without decreasing the frame rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] FIG. 1 is a block diagram conceptually illustrating
an example of a configuration of an ultrasound diagnostic
apparatus of the invention.

[0073] FIG. 2 is a conceptual diagram for describing an
example of a reception focusing process in the ultrasound
diagnostic apparatus depicted in FIG. 1.

[0074] FIG. 3 is a block diagram conceptually illustrating
an example of a configuration of an element data processor of
the ultrasound diagnostic apparatus depicted in FIG. 1.

[0075] FIG. 4A and FIG. 4C are conceptual diagrams for
describing transmission and reception of ultrasonic waves
using an ideal ultrasonic beam, and FIG. 4B and FIG. 4D are
respective conceptual diagrams illustrating element data
obtained by the transmission and reception of ultrasonic
waves.

[0076] FIG. 5A and FIG. 5C are conceptual diagrams for
describing the ultrasound transmission and reception accord-
ing to an actual ultrasonic beam, and FIG. 5B and FIG. 5D are
respective conceptual diagrams illustrating element data
obtained by the transmission and reception of ultrasonic
waves.

[0077] FIG. 6A and FIG. 6B are conceptual diagrams for
describing a path of a sound wave in a case where the trans-
mission and reception of ultrasonic waves is performed with
respect to the same reflection point using center elements
which are different from each other, FIG. 6C is a conceptual
diagram for describing element data obtained by a plurality of
elements, and FIG. 6D is a conceptual diagram for describing
each of the delay times of the element data depicted in FIG.
6C.

[0078] FIGS.7A to 7C and FIGS. 7D to 7F are conceptual
diagrams for describing element data of a true signal and
ghost element data respectively, the delay times thereof, and
states where the element data are superimposed, FIG. 7G is a
conceptual diagram for describing states where element data
corresponding to a plurality of elements are superimposed,
and FIG. 7H is a conceptual diagram for describing the results
of superimposing the element data in FIG. 7G.

[0079] FIG. 8 is a block diagram conceptually illustrating
an example of a configuration of a sound velocity determiner
of the ultrasound diagnostic apparatus depicted in FIG. 1.
[0080] FIG.9isa flow chart for describing an example of a
sound velocity determining process of the ultrasound diag-
nostic apparatus depicted in FIG. 1.

[0081] FIG.10is aflow chart for describing a sound veloc-
ity determining method in the flow chart of FIG. 9.

[0082] FIG. 11 is a flow chart for describing another
example of a sound velocity determining method of the ultra-
sound diagnostic apparatus depicted in FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0083] Below, detailed description will be given of the
ultrasound diagnostic apparatus, the sound velocity deter-
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mining method, and the recording medium of the invention
based on suitable embodiments illustrated in the accompany-
ing drawings.

[0084] FIG. 1is a block diagram conceptually illustrating
an example of an ultrasound diagnostic apparatus of the
invention which implements a sound velocity determining
method of the invention.

[0085] As illustrated in FIG. 1, an ultrasound diagnostic
apparatus 10 has an ultrasound probe 12, a transmission sec-
tion 14 and a receiving section 16 connected with the ultra-
sound probe 12, an analog-to-digital (A/D) converter 18, an
element data storage 20, an element data processor 22, a
sound velocity determiner 23, an image generator 24, a dis-
play controller 26, a monitor 28, a controller 30, an operating
section 32, and a storage 34.

[0086] In the example in the diagram, the transmission
section 14, the receiving section 16, the A/D converter 18, the
element data storage 20, the element data processor 22, the
sound velocity determiner 23, the image generator 24, the
display controller 26, the monitor 28, the controller 30, the
operating section 32, and the storage 34 configure the appa-
ratus main body of the ultrasound diagnostic apparatus 10.
[0087] The ultrasound probe 12 is a known ultrasound
probe used in a normal ultrasound diagnostic apparatus.
[0088] The ultrasound probe 12 (hereinafter, referred to as
the probe 12) has a transducer array 36 in which ultrasound
transducers are one-dimensionally or two-dimensionally
arranged.

[0089] When taking an ultrasound image of an inspection
object (hereinafter, referred to as a subject), the ultrasound
transducers each transmit ultrasonic beams to the subject in
accordance with a driving signal supplied from the transmis-
sion section 14, receive ultrasonic echoes reflected by the
subject, and output a reception signal according to the
strength of the received ultrasonic waves.

[0090] Each ultrasound transducer is configured by an
oscillator where electrodes are formed at both ends of a piezo-
electric body formed of, for example, a piezoelectric ceramic
represented by lead zirconate titanate (PZT), a polymer
piezoelectric element represented by polyvinylidene fluoride
(PVDF), a piezoelectric single crystal represented by lead
magnesium niobate-lead titanate solid solution (PMN-PT), or
the like.

[0091] When a pulsed or continuous wave voltage is
applied to the electrodes of the oscillator, the piezoelectric
body expands and contracts according to the applied voltage
and pulsed or continuous ultrasonic waves are generated from
each oscillator. In addition, the ultrasonic waves generated
from each of the oscillators converge to be combined (that is,
transmission focusing is performed on the ultrasonic waves)
at set focus points according to a driving delay of each of the
oscillators, thereby forming an ultrasonic beam.

[0092] In addition, the oscillators expand and contract due
to ultrasonic echoes reflected inside the subject being incident
thereto and electric signals are generated according to the size
of the expansion and contraction. The electric signals are
output to the receiving section 16 as the reception signal.
[0093] The transmission section 14 has, for example, a
plurality of pulsars and supplies a driving signal (applies a
driving voltage) to each of the ultrasound transducers (oscil-
lators) of the probe 12.

[0094] Based on a transmission delay pattern selected by
the controller 30, the transmission section 14 performs trans-
mission focusing for adjusting a delay amount (an application
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timing of a driving voltage) of a driving signal so as to form an
ultrasonic beam with an object of converging ultrasonic
waves transmitted by a predetermined number (a plurality) of
ultrasound transducers at set focus points, and supplies the
driving signal to the ultrasound transducers. Here, the trans-
mission delay pattern may be corrected according to an ambi-
ent sound velocity to be described below.

[0095] Due to this, the ultrasonic beam which is the object
is transmitted from the probe 12 (the transducer array 36) to
the subject.

[0096] According to a control signal from the controller 30,
the receiving section 16 receives reception signals output by
a predetermined number (a plurality) of ultrasound transduc-
ers corresponding to a single ultrasonic beam transmission,
and supplies the result to the A/D converter 18 after carrying
out a predetermined process such as amplification.

[0097] Here, the method of transmitting and receiving the
ultrasonic waves in the ultrasound diagnostic apparatus 10 of
the invention is basically the same as for a known ultrasound
diagnostic apparatus.

[0098] Accordingly, in a single transmission and reception
of ultrasonic waves (the transmission of one ultrasonic beam
and the reception of ultrasound echoes corresponding to this
transmission), neither the number (the number of transmis-
sion openings) of ultrasound transducers which generate the
ultrasonic waves nor the number (the number of reception
openings) of ultrasound transducers (where the receiving sec-
tion 16 receives the reception signal) which receive the ultra-
sonic waves is limited as long as there is more than one of
each. In addition, in a single transmission and reception, the
number of openings may be the same or different in the
transmission and the reception.

[0099] In addition, with ultrasonic beams adjacent in at
least the azimuth direction (the arrangement direction of the
ultrasound transducers), when transmission regions overlap,
neither the number of times (number of sound rays) of the
transmission and reception of the ultrasonic waves for form-
ing one ultrasound image nor the intervals (that is, the density
of the scanning lines/sound rays) of the ultrasound transduc-
ers (center elements) in the center of the transmission and
reception is limited. Accordingly, the transmission and recep-
tion of the ultrasonic waves may be performed with all of the
ultrasound transducers corresponding to the region scanned
with ultrasonic waves as the center elements, or the transmis-
sion and reception of the ultrasonic waves may be performed
with ultrasound transducers at predetermined intervals, such
as every two transducers or every four transducers, as the
center elements.

[0100] The A/D converter 18 A/D converts the analog
reception signal supplied from the receiving section 16 into
element data (first element data) which is a digital reception
signal.

[0101] The A/D converter 18 supplies the A/D converted
element data to the element data storage 20.

[0102] The element data storage 20 sequentially stores the
element data supplied from the A/D converter 18. In addition,
the element data storage 20 stores information (for example,
the depth of the reflection position of the ultrasonic waves, the
density of the scanning lines, or a parameter indicating a
visual field width) relating to the frame rate input from the
controller 30 in association with each of the element data.
[0103] Preferably, the element data storage 20 stores all of
the element data corresponding to at least one ultrasound
image (an ultrasound image of one frame) and does not erase

Jul. 16, 2015

the element data of the ultrasound image before display or
during display at least until the display of the ultrasound
image is finished.

[0104] The element data processor 22 is a feature of the
invention and generates processed element data (second ele-
ment data) corresponding to each of the element data by
superimposing the element data.

[0105] Specifically, under the control of the controller 30,
the element data processor 22 superimposes the element data
out of the element data stored in the element data storage 20
and obtained by a predetermined number (a plurality) of
ultrasonic beam transmissions for which the ultrasound trans-
ducers in the center (the elements in the center (center ele-
ments)) are different and the transmission regions of the ultra-
sonic beams overlap, according to the time at which each of
the ultrasound transducers receives the ultrasonic echoes and
the positions of the ultrasound transducers, thereby generat-
ing processed element data corresponding to the element data
(element data of an element of interest to be described below).
[0106] The element data processor 22 sends the generated
processed element data to the sound velocity determiner 23
and the image generator 24.

[0107] The sound velocity determiner 23 determines the
sound velocity (the ambient sound velocity) of ultrasonic
waves in a subject using the processed element data generated
by the element data processor 22.

[0108] Detailed description will be given below of the ele-
ment data processor 22, the processed element data, the sound
velocity determiner 23, and the ambient sound velocity.
[0109] The image generator 24 generates reception data
(sound ray signal) from the processed element data supplied
from the element data processor 22 under the control of the
controller 30 and generates an ultrasound image from this
reception data.

[0110] The image generator 24 has a phasing addition sec-
tion 38, a detection processor 40, a DSC 42, an image pro-
cessor 44, and an image memory 46.

[0111] The phasing addition section 38 performs a recep-
tion focusing process by carrying out matching addition on
the processed element data generated by the element data
processor 22, and generates reception data.

[0112] As described above, in the transducer array 36 ofthe
probe 12, a plurality of elements (ultrasound transducers) is
one-dimensionally or two-dimensionally arranged. Accord-
ingly, the distance to one reflection point in the subject is
different for each of the ultrasound transducers. Therefore,
even with ultrasonic echoes reflected at the same reflection
point, the time for the ultrasonic echoes to arrive at each of the
ultrasound transducers is different. According to a reception
delay pattern selected by the controller 30, the phasing addi-
tion section 38 delays each of the processed element data by
an amount cotresponding to the difference (the delay time) in
the arrival time of the ultrasonic echoes for each of the ultra-
sound transducers, and carries out matching addition on the
processed element data to which the delay time is added,
thereby digitally performing a reception focusing process and
generating reception data.

[0113] The phasing addition section 38 supplies the gener-
ated reception data to the detection processor 40.

[0114] Here, in a case where the sound velocity (the ambi-
ent sound velocity) of the ultrasonic waves in the subject is
determined by the sound velocity determiner 23 and supplied
to the phasing addition section 38, the phasing addition sec-
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tion 38 performs the reception focusing process by correcting
the delay time, the reception delay pattern, or the like using
the ambient sound velocity.

[0115] Here, in a case where the ambient sound velocity is
not determined, the phasing addition section 38 performs the
reception focusing process with a known method in which a
reception delay pattern is used.

[0116] FIG. 2 illustrates an example of the reception focus-
ing process using the ambient sound velocity.

[0117] Here, FIG. 2 illustrates a case of a linear probe
where the plurality of ultrasound transducers of the probe 12
is arranged in a row in the left and right direction in the
diagram. However, the concept may be similarly applied even
in the case of a convex probe where only the probe shape is
different.

[0118] When the width of each of the ultrasound transduc-
ers in the azimuth direction is taken to be L, the distance up to
the n-th ultrasound transducer from the ultrasound transducer
in the center of the azimuth direction toward the end section
isnl.

[0119] As illustrated in the same diagram, when the reflec-
tion point of the ultrasonic waves is taken to be at a position at
a distance (depth) d, which is perpendicular to the arrange-
ment direction, from the center ultrasound transducer, the
distance (length) d,, between the n-th ultrasound transducer
and the reflection point is calculated using the formula (1).

&Ly M)

[0120] Accordingly, using the ambient sound velocity Va, a
time t,, for the ultrasonic echoes from the reflection point to
arrive at (be received by) the n-th ultrasound transducer is
calculated using the formula (2).

t,=d, Va=((nLY+d2) Y2/ Va o)

[0121] As described above, the distance between the ultra-
sound transducers and the reflection point is different for each
ultrasound transducer. Therefore, in the case of this example,
as illustrated in the graph at the top of the same diagram, the
arrival time t,, of the ultrasonic echoes is longer for the ultra-
sound transducers toward the end section sides in the arrange-
ment direction.

[0122] Specifically, when the time until the ultrasonic
waves are received by the center ultrasound transducer from
the reflection point is taken to be t,, the ultrasonic waves
received by the n-th ultrasound transducer are delayed by the
time At=t,~t, with respect to the ultrasonic waves received by
the center ultrasound transducer. In the present example, the
delay time At is a reception delay pattern.

[0123] The phasing addition section 38 performs phasing
addition for the reception data corresponding to each of the
ultrasound transducers using the delay time represented by
the time At described above and performs a reception focus-
ing process.

[0124] Here, in the invention, the reception focusing pro-
cess according to the ambient sound velocity is not limited to
this method and it is possible to use various known methods.
[0125] For example, the controller 30 may select a recep-
tion delay pattern according to the ambient sound velocity
and supply the control signal according thereto to the phasing
addition section 38. Alternatively, the controller 30 may cor-
rect the reception delay pattern according to the ambient
sound velocity and supply the control signal according to the
corrected reception delay pattern to the phasing addition sec-
tion 38. Alternatively, the phasing addition section 38 may
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correct the control signal supplied from the controller 30
according to the ambient sound velocity and perform the
reception focusing process.

[0126] After carrying out correction of the attenuation due
to the distance according to the depth of the reflection position
of the ultrasonic waves on the reception data generated by the
phasing addition section 38, the detection processor 40 gen-
erates B mode image data which is tomographic image infor-
mation (brightness image information) in the subject by car-
rying out an envelope detection process.

[0127] Thedigital scan converter (DSC) 42 converts (raster
converts) the B mode image data generated by the detection
processor 40 into image data corresponding to a normal tele-
vision signal scanning system.

[0128] The image processor 44 carries out various neces-
sary image processes such as a gradation process on the B
mode image data input from the DSC 42 to create B mode
image data for display. The image processor 44 outputs the
image processed B mode image data to the display controller
26 for display and/or stores the image processed B mode
image data in the image memory 46.

[0129] Theimage memory 46 is aknown storage (a storage
medium) which stores the B mode image data processed by
the image processor 44. The B mode image data stored in the
image memory 46 is read out to the display controller 26 for
display on the monitor 28 as necessary.

[0130] The display controller 26 uses the B mode image
data on which the predetermined image process is carried out
by the image processor 44 to display an ultrasound image on
the monitor 28.

[0131] The monitor 28, for example, includes a display
apparatus such as an LCD and displays an ultrasound image
under the control of the display controller 26.

[0132] The controller 30 controls each section of the ultra-
sound diagnostic apparatus 10 on the basis of instructions
input from the operating section 32 by an operator.

[0133] In addition, the controller 30 supplies various types
of information input by an operator using the operating sec-
tion 32 to necessary units. For example, in a case where
information necessary for calculating the delay time used in
the element data processor 22 and the phasing addition sec-
tion 38 of the image generator 24 and information necessary
for element data processing in the element data processor 22
are input by the operating section 32, the information is
supplied to each section such as the transmission section 14,
the receiving section 16, the element data storage 20, the
element data processor 22, the image generator 24, and the
display controller 26 as necessary.

[0134] The operating section 32 is for the operator to per-
form an input operation and can be formed of a keyboard, a
mouse, a trackball, a touch panel, or the like.

[0135] In addition, the operating section 32 is provided
with an input function for the operator to input various types
of information as necessary. For example, the operating sec-
tion 32 is provided with an input function for inputting infor-
mation of the probe 12 (the ultrasound transducer); informa-
tion relating to the generation of the processed element data
such as the transmission opening and the reception opening in
the probe 12 (the transducer array 36), the number of element
data to be superimposed, or the generation method; the focus
point position of the ultrasonic beam; and the like.
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[0136] The above are input, for example, by selecting the
photograph site (the examination site), selecting the image
quality, selecting the depth of the ultrasound image to be
photographed, and the like.

[0137] The storage 34 stores information necessary for the
controller 30 to operate and control the ultrasound diagnostic
apparatus such as information relating to an operation pro-
gram for the controller 30 to execute control of each section of
the ultrasound diagnostic apparatus 10, the transmission
delay pattern and the reception delay pattern, and the genera-
tion of processed element data; information on the probe 12
input from the operating section 32; information on the trans-
mission opening, the reception opening, and the focus point
position.

[0138] In the storage 34, it is possible to use a known
recording medium such as a hard disk, a flexible disk, an MO,
an MT, a RAM, a CD-ROM, or a DVD-ROM.

[0139] Here, in the ultrasound diagnostic apparatus 10, the
element data processor 22, the sound velocity determiner 23,
the phasing addition section 38, the detection processor 40,
the DSC 42, the image processor 44, the display controller 26,
and the like are configured by a CPU and an operation pro-
gram causing the CPU to execute various processes. How-
ever, in the invention, these units may be configured by a
digital circuit.

[0140] As described above, the element data processor 22
generates processed element data by superimposing element
data out of the element data (the unprocessed element data)
stored in the element data storage 20 and obtained by a pre-
determined number (a plurality) of ultrasonic beam transmis-
sions, for which the center ultrasound transducers (the center
elements) are different and the transmission regions of the
ultrasonic beams overlap, according to the time of being
received by each ultrasound transducer and the position of the
ultrasound transducers.

[0141] Here, in the following description, the ultrasound
transducers are also referred to simply as “elements”.
[0142] FIG. 3 is a block diagram conceptually illustrating
the configuration of the element data processor 22.

[0143] As illustrated in FIG. 3, the element data processor
22 has a delay time calculator 48 and a superimposition
processor 49.

[0144] The delay time calculator 48 acquires beforehand
necessary information input from the operating section 32 or
stored in the storage 34 after being input from the operating
section 32 relating to the probe 12 (the ultrasound transducer
(element)), focus point positions of the ultrasonic beams, the
transmission opening and the reception opening of the probe
12, and the like.

[0145] In addition, the delay time calculator 48 calculates
the delay time of the ultrasonic echoes received by the ele-
ments of the reception openings, that is, the element data,
based on the geometric positions of the elements of the trans-
mission openings which oscillate the ultrasonic waves in
order to transmit (generate) the ultrasonic beams and the
elements of the reception openings which receive the ultra-
sonic echoes from the subject.

[0146] Thesuperimposition processor 49 reads out element
data (element data obtained by ultrasonic beams for which the
center elements are different and the transmission regions
overlap (two or more element data generated for each of two
or more target regions)) to be superimposed from the element
data stored in the element data storage 20 based on informa-
tion relating to the number of element data to be superim-
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posed and the element data process such as a superimposition
process method input from the operating section 32 or stored
in the storage 34 after being input from the operating section
32.

[0147] Furthermore, based on the delay time corresponding
to each of the element data calculated by the delay time
calculator 48, the superimposition processor 49 superim-
poses two or more element data according to the reception
time, that is, by matching the time and by matching the
received absolute positions of the elements of the probe,
thereby generating the processed element data.

[0148] Below, detailed description will be given of the pro-
cessing of the element data performed by the element data
processor 22.

[0149] Firstly, description will be given of a relationship
between ultrasonic beams from the transmission elements
and element data obtained by the reception elements ina case
where, in the ultrasound probe 12, the ultrasonic beams are
transmitted to the subject from the transmission opening, that
1s, the element which sends out the ultrasonic waves in order
to transmit the ultrasonic beams (hereinafter, simply referred
to as the transmission element), and the element data is
obtained by receiving the ultrasonic echoes generated by
interaction with the subject in the reception opening, that is, in
the element which receives the ultrasonic echoes (hereinafter,
simply referred to as the reception element).

[0150] As an example, as illustrated in FIG. 4A, the ultra-
sonic beams are transmitted with three elements 52¢ to 52 as
transmission elements and the ultrasonic echoes are received
with seven elements 52a to 52g as reception elements. Next,
as 1llustrated in F1G. 4C, the ultrasonic beams are transmitted
with three elements 524 to 52f as transmission elements by
moving (hereinafter, also referred to as shifting) the elements
by one element in the azimuth direction and each of the
element data is acquired by receiving the ultrasonic echoes
with seven elements 525 to 52 / as the reception elements.

[0151] That is, the center element (the element in the cen-
ter) is the element 524 in the example illustrated in FIG. 4A
and the center element is the element 52¢ in the example
illustrated in FIG. 4C.

[0152] Now, an ideal case will be considered in which
ultrasonic beams 56 transmitted to the inspection object
region including a reflection point 54 are converged at a focus
point 58 and narrowed to the element intervals or less.
[0153] Asillustrated in FIG. 4A, when ultrasonic beams 56
are transmitted from the elements 52¢ to 52e which are trans-
mission elements with the element 524 directly above (on a
straight line linking the reflection point and the focus point)
the reflection point 54 as the center element and the element
data is acquired by receiving the ultrasonic echoes in the
elements 524 to 52g which are the reception elements, the
focus point 58 of the ultrasonic beam 56 is on a straight line
linking the element 524 which is the center element and the
reflection point 54. In such a case, since the ultrasonic beam
56 is transmitted up to the reflection point 54, the ultrasonic
echoes reflected from the reflection point 54 are generated.

[0154] The ultrasonic echoes from the reflection point 54
are received in the elements 52a to 52g which are the recep-
tion elements after passing through a receiving path 60
extending at a predetermined angle and the element data 52 as
illustrated in FIG. 4B is obtained by the elements 52a to 52¢.
Here, in F1G. 4B, the vertical axis represents the time and the
horizontal axis represents the position (the position of the
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elements) in the azimuth direction (the same applies to FIG.
4D) corresponding to FIG. 4A.

[0155] Incontrast, asshowninFIG. 4C, in a case where the
center element is shifted by the amount of one element, the
element 52¢ next to the element 524 directly above the reflec-
tion point 54 becomes the center element.

[0156] The ultrasonic beam 56 is transmitted from the ele-
ments 52d to 52f which are transmission elements with the
element 52¢ as the center element and the ultrasonic echoes
are received in the elements 525 to 52/ which are the recep-
tion elements. At this time, in the same manner, when the
ultrasonic beam 56 is ideal, the reflection point 54 is not
present in the transmission direction of the ultrasonic beam
56, that is, on a straight line linking the center element 52¢ and
the focus point 58. Accordingly, the ultrasonic beam 56 is not
transmitted to the reflection point 54.

[0157] Therefore, the ultrasonic echoes reflected from the
reflection point 54 are not generated and the elements 525 to
52/ which are reception elements do not receive the ultra-
sonic echoes, thus, as illustrated in FIG. 4D, the reflected
signal from the reflection point 54 is not obtained (the signal
strength of the element data is “0”).

[0158] However, since the actual ultrasonic beam is dif-
fused after being converged at the focus point 58 as in an
ultrasonic beam 64 illustrated in FIGS. 5A and 5C, the width
is wider than the element interval.

[0159] Here, similar to FIG. 4A, in a case where the ultra-
sonic beam 64 is transmitted with the elements 52¢ to 52¢ as
the transmission elements and the element 524 directly above
the reflection point 54 as the center element as in FIG. 5A,
even when the ultrasonic beam 64 is wide, the focus point 58
is on a straight line linking the element 524 and the reflection
point 54. Accordingly, the ultrasonic beam 64 is reflected at
the reflection point 54 and ultrasonic echoes are generated.
[0160] As a result, in the same manner as the case of FIG.
4A, the ultrasonic echoes from the reflection point 54 are
received in the elements 52a to 52g which are the reception
elements after passing through a receiving path 60 which
widens at a predetermined angle, and, similarly, true element
data 66 as illustrated in FIG. 5B is obtained.

[0161] Next, in the same manner as FIGS. 4A to 4D, as
illustrated in FIG. 5C, the ultrasonic beam 64 is transmitted
by shifting the center element by one element with the adja-
cent element 52e as the center element and the elements 524
to 52f as the transmission elements and the ultrasonic echoes
are received with the elements 52b to 52/ as the reception
elements. Even in such a case, since the ultrasonic beam 64 is
wide, even when the reflection point 54 is not present in the
transmission direction of the ultrasonic waves, that is, on a
straight line linking the element 52¢ which is the center ele-
ment and the focus point 58, the ultrasonic beam 64 is trans-
mitted to (arrives at) the reflection point 54.

[0162] Therefore, ultrasonic echoes which did not exist
originally or so-called ghost reflected echoes are generated in
the transmission direction of the ultrasonic beam from the
reflection point 54. The ghost reflected echoes from the
reflection point 54 are received in the elements 525 to 52k
which are reception elements after passing through the
receiving path 60 which widens at a predetermined angle as
illustrated in FIG. 5C. As a result, ghost element data 68 as
illustrated in FIG. 5D is obtained by the elements 525 to 52/.
[0163] In this manner, the ghost element data 68 is a cause
of the precision of the ultrasound image generated from the
element data decreasing.
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[0164] The element data processor 22 calculates the delay
time corresponding to the element data in the delay time
calculator 48 and the superimposition processor 49 superim-
poses two or more element data according to the delay time
and the absolute position of the elements, whereby processed
element data which is element data with high precision in
which the ghost element data is attenuated by emphasizing
the true element data is generated.

[0165] As described above, the delay time calculator 48
calculates the delay time of the element data received in each
of the elements of the reception elements (reception open-
ings).

[0166] That is, the propagation distance of the ultrasonic
beam 64 illustrated in FIG. 5C is the sum of the transmission
path where the ultrasonic beam 64 reaches the reflection point
54 from the element 52¢ which is the center element via the
focus point 58 and the receiving path where the ghost
reflected echoes from the reflection point 54 reach each of the
elements 52b to 52/ which are the reception elements.
[0167] The propagation distance of the ultrasonic beam 64
illustrated in FIG. 5C is longer than the propagation distance
of the ultrasonic beam 64 illustrated in FIG. 5A, that is, the
sum of the transmission path where the ultrasonic beam 64
reaches the reflection point 54 from the center element 524
via the focus point 58 and the receiving path where the true
reflected echoes from the reflection point 54 reach the ele-
ments 52a to 52g which are the reception elements.

[0168] Therefore, the ghost element data 68 as illustrated in
FIG. 5D is delayed with respect to the true element data 66 as
illustrated in FIG. 5B.

[0169] In the delay time calculator 48 of the element data
processor 22, the time difference between the true element
data and the ghost element data, that is, the delay time is
calculated from the sound velocity, the transmission ele-
ments, the focus point of the ultrasonic beam, the reflection
point of the subject, and the geometric arrangement of the
reception elements.

[0170] Accordingly, in the calculation of the delay time,
information such as the shape of the probe 12 (the element
interval, the probe being linear, convex, or the like), the sound
velocity, the position of the focus point, the transmission
opening, and the reception opening is necessary. In the delay
time calculator 48, the information input by the operating
section 32 or stored in the storage 34 is acquired to calculate
the delay time. Here, the sound velocity may use a fixed value
(for example, 1540 in/sec), may use a sound velocity (the
ambient sound velocity) determined by the sound velocity
determiner 23 to be described below, or may be input by the
operator.

[0171] Itis possible for the delay time to be calculated from
the difference in the propagation time calculated according to
the sound velocity and the total length (propagation distance)
of the transmission path of the ultrasonic beam from the
transmission element to the reflection point via the focus
point and the receiving path of true reflected ultrasonic echoes
or the ghost reflected signal from the reflection point up to the
reception elements, which is calculated from the geometric
arrangement of, for example, the transmission elements, the
focus point of the ultrasonic beam, the reflection point of the
subject, and the reception elements.

[0172] In the invention, for example, as illustrated in FIG.
6A and FIG. 6B, it is possible to determine the length of the
transmission path and the receiving path of the ultrasonic
beam in the case of the true ultrasonic echoes and the ghost
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reflected echoes. Here, in FIG. 6, the x direction is the azi-
muth direction and the y direction is the depth direction.
[0173] Inaddition, in FIG. 6A, the transmission and recep-
tion of the ultrasonic waves is performed in the same manner
asin FIG. 5A and, in FIG. 6B, the transmission and reception
of the ultrasonic waves is performed in the same manner as in
FIG. 5C.

[0174] In the case of the true ultrasonic echoes, as illus-
trated in FIG. 6A (FIG. 5A), the element 524 which is the
center element, the focus point 58, and the reflection point 54
are positioned on a straight line (the positions are matched in
the azimuth direction). That is, the focus point 58 and the
reflection point 54 are positioned directly below the center
element 524.

[0175] Accordingly, when the position of the element 524
which is the center element is taken to be coordinates (x0, 0)
which are two dimensional x-y coordinates, the x coordinate
of the focus point 58 and the reflection point 54 is also “x0”.
Below, the position of the focus point 58 in the transmission
is taken to be coordinates (x0, df), the position of the reflec-
tion point 54 is taken to be coordinates (x0, z), and the interval
of the elements is taken to be Le.

[0176] At this time, it is possible for the length (transmis-
sion path distance) Lta of a transmission path 61 of the ultra-
sonic beam from the element 524 which is the center element
to the reflection point 54 via the focus point 58 and the length
(the receiving path distance) Lra of the receiving path 60 of
the true reflecting ultrasonic echoes from the reflection point
54 to the element 52d to be calculated using Lta=Lra=z.

[0177] Accordingly, in the case of the true ultrasonic ech-
oes, the propagation distance Lua of the ultrasonic echoes is
Lua=Lta+Lra=2z.

[0178] Next, as illustrated in FIG. 6B, by shifting (shifting
in the direction to the right in the diagram) the transmitting
element and the reception element by one element in the x
direction (the azimuth direction), transmission and reception
are performed with the element 52e as the center element. As
illustrated in FIG. 5C, in this case, the echoes reflected at the
reflection point 54 are the ghost reflected echoes.

[0179] The reflection point 54 is positioned directly below
(at the same position in the azimuth direction) the element
52d. Accordingly, as illustrated in FIG. 6B, in the transmis-
sion and the reception, the positions of the element 52e which
is the center element and the reflection point 54 in the x
direction are shifted in the x direction by one element, that is,
by Le.

[0180] Since the coordinates of the element 524 whose
position matches the reflection point 54 in the x direction are
(x0, 0), the coordinates of the element 52¢ which is the center
element become (x0+Le, 0) and the coordinates of the focus
point 58 in the transmission become (x0+Le, df). Here, as
described above, the coordinates of the reflection point 54 are
(%0, 7).

[0181] Accordingly, it is possible for the length (the trans-
mission path distance) Ltb of the transmission path 61 of the
ultrasonic beam from the element 52¢ which is the center
element to the reflection point 54 via the focus point 58 to be
calculated by Lth df+V{(z—df)’+Le*}. On the other hand, it is
possible for the length (the receiving path distance) Lrb of the
receiving path 60 of the ghost reflected signal from the reflec-
tion point 54 to the element 524 directly below (at the same
position in the x direction=azimuth direction) to be calculated
using the Lrb=z.
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[0182] Accordingly, the propagation distance Lub of the
ultrasonic waves in the case of the ghost reflected echoes is
Lub=Ltb+Lrb=df+V{(z-df)*+Le*} +z.

[0183] In this manner, a value where the propagation dis-
tance Lua of the ultrasonic waves which is the total of the
distance Lta of the transmission path 61 and the distance Lra
ofthe receiving path 60 determined by the geometric arrange-
ment illustrated in FIG. 6A is divided by the sound velocity is
the propagation time of the true ultrasonic echoes. In addi-
tion, a value where the propagation distance Lub of the ultra-
sonic waves which is the total of the distance Ltb of the
transmission path 61 and the distance Lrb of the receiving
path 60 determined by the geometric arrangement illustrated
in FIG. 6B is divided by the sound velocity is the propagation
time of the ghost reflected echoes.

[0184] The delay time is determined from the difference
between the propagation time of the true ultrasonic echoes
when the x coordinates of the reflection point 54 and the
center element are matched and the propagation time of the
ghost reflected echoes when the x coordinates of the reflec-
tion point 54 and the center element are shifted by a single
element interval at a time.

[0185] Here, the geometric model of FIG. 6A and FIG. 6B
is a model where the transmission path 61 goes via the focus
point 58; however, the invention is not limited thereto, and,
for example, may be a path arriving directly at the reflection
point 54 without going via the focus point 58.

[0186] In addition, the geometric model of FIG. 6A and
FIG. 6B is for the case of a linear probe; however, without
being limited thereto, it is possible to perform the geometric
calculation in the same manner from the shape of the probe
even with other probes.

[0187] For example, in the case of a convex probe, it is
possible to carry out the calculation in the same manner by
setting the geometric model using the radius of the probe and
angle of the element interval.

[0188] Inaddition, in the case of a steering transmission, it
1s possible to calculate the delay time of the true element data
and the ghost element data of the surroundings thereof from
the positional relationship between the transmission elements
and the reflection points using a geometric model taking
information such as the transmission angle into consider-
ation.

[0189] Furthermore, without being limited to a method of
calculating the delay time according to a geometric model, by
determining the delay time for every measuring condition
from the measuring results of measuring the high brightness
reflection point in accordance with the measuring conditions
of the apparatus in advance and storing the delay times in the
apparatus, the delay time for the same measuring conditions
may be read out.

[0190] FIG. 6C illustrates the true element data 66 and the
ghost element data 68.

[0191] InFIG. 6C, the center in the azimuth direction is the
true element data 66, that is, element data (element data where
the element 524 is taken to be the center element in the
example in the diagram) obtained by transmission and recep-
tion where the positions of the center element and the reflec-
tion point 54 match in the x direction. In addition, both sides
of the center are ghost element data, that is, element data
(element data where the element data 52¢ or the element 52¢
is taken to be the center element in the example in the dia-
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gram)obtained by transmission and reception where the posi-
tions of the center element and the reflection point 54 do not
match in the x direction.

[0192] In addition, FIG. 6D illustrates an example of the
delay time of the ghost element data 68 with respect to the true
element data 66 obtained by the geometric calculation
described above. Centering on the true element data 66, the
element data 68 of the ghost signal indicates that the time is
symmetrically delayed in the x direction, that is, the azimuth
direction.

[0193] Here, in this manner, it is also possible for the delay
time calculated in the delay time calculator 48 of the element
data processor 22 to be used in the delay correction in the
phasing addition section 38.

[0194] As will be described in detail below, in the inven-
tion, by superimposing element data, which is obtained by the
transmission of the ultrasonic beam where at least a part of the
ultrasonic beam overlap and for which the center element is
different, on element data, which is obtained by the transmis-
sion (the transmission and reception of the element of inter-
est) of an ultrasonic beam where a certain element of interest
is the center element, by matching the reception time of the
ultrasonic echoes and the position of the elements, the pro-
cessed element data (second element data) of the element of
interest is generated (the element data of the element of inter-
est is rebuilt).

[0195] InFIGS. 6A to 6D, the reflection point 54 indicates
the position (the output position of the element data) of a
certain sampling point positioned directly below the element
of interest (at the same position in the azimuth direction or on
a straight line linking the element of interest and the focus
point). In the invention, the transmission and reception path to
the sampling point in the transmission and reception of the
element of interest is regarded as the transmission and recep-
tion path of the true element data and the transmission and
reception path to the same sampling point in the transmission
and reception (the transmission and reception from the sur-
rounding elements) of the ultrasonic waves where the center
element is different is regarded as the ghost transmission and
reception path. The superimposition is performed by calcu-
lating the delay time from the difference between both trans-
mission paths and matching the time of the element data using
the delay time. In other words, the delay time is calculated and
the superimposition of the element data is performed assum-
ing that element data obtained by the transmission and recep-
tion of the element of interest is the true element data and
element data obtained by the transmission and reception
where the center element is different is the ghost element data.
[0196] Inthe invention, the superimposition of the element
data is performed by calculating the delay time with the same
concept corresponding to all of the sampling points (the out-
putposition of all the element data) and the processed element
data of each of the elements is generated.

[0197] Here, in fact, even when the positions of the sam-
pling points (reflection points) are shifted in the azimuth
direction (the x direction), the length of the receiving path (the
receiving path distance Lrb) does not change. Accordingly, in
relation to each of the elements of interest, the calculation of
the delay times of the element data according to transmission
and reception for which the center elements are different may
be performed for every sampling point in the depth direction
(the y direction).

[0198] In addition, it is not necessary to know which ele-
ment data the true element data is in the superimposition
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process. Thatis, although described in detail with reference to
FIGS. 7A to 7H below, in the superimposition process, the
element data of the element of interest is automatically
emphasized and remains when the element data is the true
element data and the element data is cancelled when the
element data is ghost element data. That is, in a case where the
element data of the element of interest is the true element data,
the signal is emphasized by matching the process according
to the delay time and, in a case where the element data of the
element of interest is the ghost element data, the signal is
cancelled without matching the process according to the
delay time.

[0199] Next, in the superimposition processor 49 of the
element data processor 22 of the invention, the superimposi-
tion process of the element data is performed using the delay
time calculated in the delay time calculator 48 in this manner.

[0200] Here, in the superimposition process in the super-
imposition processor 49, information on the superimposition
processing method and the number of superimposition ele-
ment data at the time of the superimposition is necessary;
however, this information may be input using the operating
section 32 in advance, or may be stored in the storage 34 in
advance.

[0201] FIGS. 7A to TH illustrate an example of the super-
imposition process performed in the superimposition proces-
sor 49. Here, the example illustrated in FIGS. 7A to 7H is of
a case where the number of element data is five and the
number of superimposition element data is three.

[0202] FIG. 7A displays five element data obtained by car-
rying out the transmission and reception of the ultrasonic
waves five times lined up side by side. In addition, FIG. 7A
represents a state where ultrasonic echoes are received after
the ultrasonic beams are transmitted for each element data.
The horizontal axis of each element data represents a recep-
tion element and displays the center element in the center in
the transmission and reception of the ultrasonic beam in each
of the element data. The vertical axis represents the reception
time. In this example, transmission and reception of the ultra-
sonic waves is performed five times by shifting the center
element by one element at a time, for example, in the above-
described elements 525 to 52f or the like.

[0203] FIGS. 7A to 7H illustrate a state where one reflec-
tion point is present only directly below the center element in
the center element data. That is, out of the five element data,
the true ultrasonic echoes are received in the element data in
the middle from the reflection point in the transmission and
reception of the ultrasonic waves. That is, the element data in
the middle is the true element data.

[0204] Regarding the two element data on both sides other
than the element data in the middle, the reflection point is not
present directly below the center element in the transmission
and reception of the ultrasonic waves. However, due to the
ultrasonic beam hitting the reflection point which is present
directly below the transmission element of the element data in
the middle according to the spread of the transmitted ultra-
sonic beam, the generated reflected echo element data, that is,
the ghost element data bleeds through.

[0205] The further the ghost element data is separated from
the true element data, the longer the propagation time of the
ultrasonic waves up to the reflection point, thus the reception
time for the ghost element data is longer than for the true
element data. In addition, the position of the reception ele-
ment where the ultrasonic echoes from the reflection point are



US 2015/0196283 A1l

first received is directly above the reflection point (an element
whose position in the azimuth direction matches the reflec-
tion point).

[0206] Here, the horizontal axis of each of the element data
in FIGS. 7A to 7H sets the center element during the trans-
mission of the ultrasonic beam in the center. Accordingly, in
the example illustrated in FIG. 7, since transmission is carried
out by shifting the center element by one element for each of
the element data, the absolute position of the elements in the
azimuth direction in each element data is shifted by one
element at a time. In other words, in the element data in the
middle, the reception element which first receives the
reflected signal from the reflection point is the center element;
however, in both adjacent element data, the reception element
is shifted by one element from the element data in the middle,
the element data on the right side is shifted by one element to
the left, and the element data on the left side is shifted one
element to the right. Furthermore, the element data on both
ends is shifted by two elements from the element data in the
middle, the element data at the right end is shifted by two
elements to the left, and the element data at the left end is
shifted by two elements to the right. In this manner, not only
is the reception time longer for the ghost signal than for the
true signal, but shifting is also generated with respect to the
direction of the reception elements.

[0207] FIG. 7B illustrates an example of the delay time of
the reception time with respect to the element data in the
middle of the five element data illustrated in FIG. 7A.

[0208] Inthe superimposition processor 49, in a case where
the element data in the middle is set as the element data of the
element of interest, the delay time correction is performed
according to the number of element data to be superimposed
(three elements in the example in the diagram) centering on
the element data of the element of interest using the delay
time illustrated in FIG. 7B. Also, by shifting each element
data by one element in the azimuth direction at both sides in
the example in the diagram according to the difference of the
element position on the element of interest (difference with
the position of the center element), that is, by matching the
phases, unprocessed element data for three elements are
superimposed and determined as one superimposition pro-
cessed element data for the element data of the element of
interest.

[0209] That is, in the present example, the processed ele-
ment data of the element data of the element of interest is
generated by superimposing the element data (hereinafter,
also referred to as the element data of the adjacent element)
obtained by transmission and reception of the ultrasonic
waves where the element adjacent to the element of interest is
the center element on the element data (hereinafter, also
referred to as element data ofthe element of interest) obtained
by the transmission and reception of the ultrasonic waves
where the element of interest is the center element.

[0210] The superimposition processed element data of the
element data of the element of interest obtained in this manner
1s illustrated in FIG. 7C.

[0211] As described above, the element data of the element
of interest illustrated in FIG. 7A is true element data in which
the reflection point is present directly below the center ele-
ment (that is, the element of interest). In addition, the element
data obtained by the transmission and reception of ultrasonic
waves where an element adjacent to the element of interest is
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the center element is also ultrasonic echo data where the
ultrasonic waves are incident on the reflection point and
reflected.

[0212] Accordingly, when performing the phase matching
by carrying out delay time correction and azimuth direction
shifting on the element data of the elements adjacent at both
sides of the element of interest, the element data of the adja-
cent element and the element data of the element of interest
overlap at ahigh brightness position since the phases match as
illustrated in FIG. 7C. Therefore, for example, when the ele-
ment data are added, the element data value indicates a large
value (high brightness value). For instance, the element data
indicates an emphasized value (high brightness value) even
when an average value is determined by averaging.

[0213] Incontrast, FIG. 7D illustrates an example of a case
with the same element data as FIG. 7A; however, the element
data adjacent to the left of the element data in the middle is the
element data of the element of interest. That is, this example
illustrates a case of the transmission and reception of ultra-
sonic waves where an element for which the reflection point
is not present directly below is the center element, in which
the center element is the element of interest. Accordingly, the
element data where the element is the center element is ghost
element data.

[0214] FIG. 7E is the same as FIG. 7B and illustrates an
example of the delay time of the reception time with respect
to the element data of the element of interest of the five
element data illustrated in FIG. 7A. That is, since FIG. 7A and
FIG. 7D are of the same element data, the delay time of the
reception time with respect to the element data of the element
of interest of the five element data illustrated in FIG. 7D is
also the same.

[0215] In the superimposition processor 49, the delay time
correction is performed according to the number of element
data to be superimposed (three elements in the example in the
diagram) centering on the element data of the element of
interest using the delay time illustrated in FIG. 7E (that is, the
same as FIG. 7B). Also, by shifting each element data by one
element in the azimuth direction at both sides in the example
in the diagram according to the difference of the element
position with the element of interest (difference with the
position of the center element), three unprocessed element
data are superimposed and determined as one superimposi-
tion processed element data for the element data of the ele-
ment of interest.

[0216] The superimposition processed element data of the
element data of the element of interest obtained in this manner
is illustrated in F1G. 7F.

[0217] The element data of the element of interest illus-
trated in FIG. 7D is ghost element data. Therefore, even when
phase matching is performed by performing delay time cor-
rection and azimuth direction shifting on the unprocessed
element data of the adjacent element data on both sides of the
element data of the element of interest, as illustrated in FIG.
7F, each element data of the adjacent element data and the
element data of the element of interest do not overlap because
the phases are not mutually matched. For this reason, since
the phases do not match even when, for example, three ele-
ment data are added, signals or the like where the phases are
inverted cancel each other out, thus the added value is not
large and, for example, a small value is indicated when the
average value is determined by averaging.

[0218] In relation to the other element data, FIG. 7G illus-
trates an overlapping state of three adjacent element data for
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each of five element data in the example in the diagram as a
result of performing the same delay time correction and azi-
muth direction shifting as for the element data of the element
of interest. With respect to these, FIG. 7H illustrates the
results after, for example, an addition process or an averaging
process is carried out as the superimposition process.

[0219] As illustrated in FIG. 7H, in a case of element data
where a center element where the reflection point is present
directly below illustrated in FIG. 7A is the element of interest,
the element data of the true signal is determined as superim-
position processed element data having a high brightness
value. In contrast, in all four element data of each of the two
element data on both sides thereof, for the ghost element data,
the element data where the phases do not match each other are
added or averaged. Therefore, since the element data cancel
each other out, the value of the ghost superimposition pro-
cessed element data is lower than that of the superimposition
processed element data having a high brightness value which
is element data of a true signal, and it is possible to reduce the
influence of the ghost element data on the true element data,
oritispossible to reduce the influence thereof to a level which
may be ignored.

[0220] That is, one or more of the element data which is
obtained by transmission and reception of the ultrasonic
waves for which the transmission regions of the ultrasonic
beam overlap and for which the center elements are different
are superimposed on element data (element data of the ele-
ment of interest) where a certain element is set as the element
of interest and which is obtained by transmission of an ultra-
sonic beam where this element of interest is the center ele-
ment by carrying out time and azimuth direction position
matching, and processed element data corresponding to the
element data of the element of interest is generated. Due to
this (in other words, by performing rebuilding (correction) of
the element data of the element of interest using element data
according to transmission and reception where at least a por-
tion of the ultrasonic beam overlap and the center element is
different), the brightness level of the true element data is
increased and it is possible to decrease the ghost element data.

[0221] Therefore, as will be described below, according to
the invention which performs determination of the sound
velocity using the processed element data, it is possible to
determine the sound velocity in the subject with high preci-
sion by eliminating the influence of the ghost and using equal
element data in such a case that the focus points are linked at
a large number of points on the sound ray to be transmitted,
that is, element data (the reception data (ultrasound image
data)) obtained by the transmission of the ultrasonic waves at
multiple virtual focus points.

[0222] Inaddition, similarly. since it is possible to generate
the ultrasound image with element data in such a case that the
influence of the ghost is eliminated, that is, the focus points at
all points on the sound ray are linked by performing phasing
addition or a detection process on the processed element data,
generating the reception data, and generating the ultrasound
image, it is possible to generate an ultrasound image with
high image quality, high brightness, and excellent sharpness.

[0223] Here, the generation of the processed element data is
also referred to as a multiline process in the following
description.

[0224] Inthe invention, the center element is the element in
the center in the azimuth direction in a case where the number
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of openings of the transmission (the number of elements
which perform the transmission of the ultrasonic waves) is an
odd number.

[0225] On the other hand, in a case where the number of
openings is an even number, any one of the elements in the
center in the azimuth direction is set as the center element, or,
assuming that there is an element in the middle of the azimuth
direction, this element is set to be the center element. That is,
in a case where the number of openings is an even number, the
calculation may be performed by having a focus point on a
line in the middle of the opening.

[0226] Here, as the superimposition processing method in
the superimposition processor 49, an average value or a
median value may be taken instead of only adding, oraddition
may be carried out after multiplication with a coefficient.
Here, taking the average value or the median value may be
considered equivalent to applying an averaging filter or a
median filter at the element data level, however, an inverse
filter or the like which performs a normal image process may
also be applied instead of the averaging filter or the median
filter.

[0227] Alternatively, when each of the element data to be
superimposed is compared, the value is the maximum in a
case where the element data are similar, the value is average
in a case where the element data are not similar, and the value
1s intermediate in a case where the distribution is biased, but
the superimposition process may be changed based on the
feature amount of each of the element data to be superim-
posed without being limited thereto.

[0228] Inaddition, the number of element data to be super-
imposed on the element data of the element of interest is not
limited to two in the example in the diagram and may be one
or may be three or more. That is, the number of the element
data to be superimposed on the element data of the element of
interest may be appropriately set according to the required
processing speed (the frame rate or the like), image quality, or
the like.

[0229] Here, it is desirable that the number of element data
to be superimposed on the element data of the element of
interest match the extent of the spread of the beam width of
the ultrasonic beam. Accordingly, in a case where the beam
width changes according to the depth, the number of the
element data to be superimposed may also be changed
according to the depth.

[0230] In addition, since the beam width depends on the
number of transmission openings, the number of element data
to be superimposed may be changed according to the number
of the transmission openings. Alternatively, the number of
element data to be superimposed may be changed based on
the feature amount such as the brightness value of the image
or the like or the optimum number of element data to be
superimposed may be selected from an image created by
changing the number of element data to be superimposed into
a plurality of patterns.

[0231] Here, in the multiline process above, the processed
element data of the element data of the element of interest is
generated by superimposing the element data where the cen-
ter elements are different and which is obtained by a trans-
mission of a plurality of ultrasonic beams for which the trans-
mission direction of the ultrasonic beams is parallel (the
angles are the same); however, the invention is not limited
thereto.

[0232] For example, the processed element data may be
generated by superimposing the element data where the cen-
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ter elements are the same and which is obtained by the trans-
mission of a plurality of ultrasonic beams where the trans-
mission directions (angles) are different. At this time,
whether to generate the processed element data of the element
data obtained by the transmission of any ultrasonic beam (that
is, whether to generate the processed element data of the
sound ray in any direction) may be set by default according to
the examination site, the type of probe, or the like, or may be
selected by the operator.

[0233] Inaddition, the processed element data may be gen-
erated using both of the element data where the center ele-
ments are different and which is obtained by the transmission
of parallel ultrasonic beams and the element data where the
center elements are the same and which is obtained by the
transmission of ultrasonic beams with different transmission
directions.

[0234] As described above, the element data processor 22
sends the generated processed element data to the image
generator 24 (the phasing addition section 38). In addition,
when determining (updating) the sound velocity of the sub-
ject, the element data processor 22 sends the generated pro-
cessed element data to the sound velocity determiner 23 or the
image generator 24.

[0235] In the image generator 24 to which the processed
element data is supplied, as described above, the reception
data is generated by performing a reception focusing process
by the phasing addition section 38 carrying out phasing addi-
tion on the processed element data and the detection proces-
sor 40 generates B mode image data by carrying out attenu-
ation correction and an envelope detection process on the
reception data.

[0236] In addition, in the image generator 24, the DSC 48
raster converts the B mode image data into image data corre-
sponding to a normal television signal scanning method and
carries out a predetermined process such as a gradation pro-
cess in the image processor 44.

[0237] The image processor 44 stores the generated B
mode image data in the image memory 46 and/or sends the
generated B mode image data to the display controller 26 to
display a B mode image of the subject on the monitor 28.
[0238] On the other hand, the sound velocity determiner 23
determines the sound velocity (calculates the sound velocity)
of the ultrasonic waves in the subject using the supplied
processed element data.

[0239] FIG. 8 is a block diagram conceptually illustrating
the configuration of the sound velocity determiner 23.
[0240] As illustrated in FIG. 8, the sound velocity deter-
miner 23 has a region-of-interest setting section 70, a trans-
mission focus controller 72, a set sound velocity specifying
section 74, a focus index calculator 76, an ambient sound
velocity determiner 78, and a precision assessment section
80.

[0241] The region-of-interest setting section 70 sets the
region-of-interest in the B mode image (in the ultrasound
image) according to instructions from the controller 30.
[0242] In the sound velocity determiner 23, the sound
velocity of the subject is determined for every region of
interest.

[0243] In the present embodiment, the region-of-interest
setting section 70 divides the entire screen of the B mode
image into a grid pattern and set each of the resulting seg-
ments as a region of interest.

[0244] The number of divisions (the number in the grid)
may be set in advance by default or it may be possible for the
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operator to optionally set the number in the azimuth direction
and/or the depth direction. In a case where the number of
divisions is set by default, there may be different settings for
each image size or observation site. Furthermore, it may be
possible for the operator to select from a plurality of divisions
set in advance.

[0245] Here, in the invention, the region of interest is not
limited to each region of the grid into which the B mode image
is divided.

[0246] For example, all of the pixels (the positions (re-
gions) corresponding to all of the pixels) generating the
reception data (B mode image data) may be set as regions of
interest. In other words, in an aspect where the screen is
divided as described above, the screen may be divided into a
grid corresponding to all of the pixels generating the recep-
tion data.

[0247] Alternatively, instead of the entire screen, a part of
the screen which is set in advance or selected from a plurality
of choices may be divided into a grid and parts thereof indi-
vidually set as regions of interest. In addition, instead of the
entire screen, the region of interest may be set in correspon-
dence with an ROI set by the operator. Here, even in a case
where the region of interest is set in a part of the screen or in
the ROI, the division may be performed in the same manner as
for the entire screen. In addition, it may be possible for the
setting of the region of interest in the entire screen and the
setting of the region of interest in the ROI to be selected by the
operator.

[0248] In addition, the form of the division is not limited to
a grid, for example, in the case of a B mode image with a fan
shape such as an ultrasound image according to a convex
probe, the form of the division may also be set to a fan shape
according to this. In such a case, it is also possible to use each
aspect described above.

[0249] Here, the region of interest may be changed or
updated in a case where the image is greatly changed (in a
case such as where the change value in the image feature
amount exceeds a threshold), a case where the observation
conditions are changed such as changes in the observation
magnification or changes in the observation depth, or the like,
and it may be possible for the operator to give an instruction
for the changing or updating of the region of interest.

[0250] The region-of-interest setting section 70 also sets a
focus point (the position of the focus point) in order to trans-
mit (transmission focus) the ultrasonic waves corresponding
to the determination of the sound velocity with respect to a set
region of interest.

[0251] The focus point may be set by default in advance
according to the observation site, the number of sound rays,
the number of transmission and reception openings, the type
of the probe 12, or the like, the operator may select or input
instructions, or it may be possible to select between the
default setting and operator instructions.

[0252] Here, as described above, with the invention which
performs determination of the sound velocity using the pro-
cessed element data where the superimposition of the element
data is performed., it is possible to perform the transmission
using multiple virtual focus points. Therefore, a plurality of
positions of the focus points may be set with respect to one
sound ray (the transmission and reception of ultrasonic waves
in the same direction corresponding to one center element/
one scanning line); however, one focus point is basically
sufficient for one sound ray. Thus, according to the invention,
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it is possible to perform the determination of the sound veloc-
ity without reducing the frame rate.

[0253] In addition, the position of the focus points may be
the same for all of the sound rays or sound rays with different
focus points may be mixed in.

[0254] The region-of-interest setting section 70 sends the
information on the set region of interest and the focus point
(the position of the focus point) to the transmission focus
controller 72.

[0255] The transmission focus controller 72 sends a trans-
mission focus instruction to the controller 30 for the trans-
mission section 14 to perform the transmission focus accord-
ing to the region of interest and the focus point set by the
region-of-interest setting section 70.

[0256] The set sound velocity specifying section 74 speci-
fies a set sound velocity in order to perform reception focus-
ing with respect to the reception data in the determination of
the ambient sound velocity under the control of the controller
30.

[0257] The focus index calculator 76 calculates the focus
index of the reception data by performing reception focusing
with respect to the reception data for each of a plurality of set
sound velocities specified by the set sound velocity specify-
ing section 74 using the processed element data generated by
the element data processor 22.

[0258] The ambient sound velocity determiner 78 deter-
mines the ambient sound velocity of the region of interest
based on the focus index for each of a plurality of set sound
velocities.

[0259] The precision assessment section 80 determines the
precision of the sound velocity determined by the ambient
sound velocity determiner 78.

[0260] Inacase where the determined sound velocity has a
predetermined precision or more, the precision determiner
sends out an instruction to the ambient sound velocity deter-
miner 78 to supply the determined sound velocity to the
image generator 24 (phasing addition section 38). In contrast,
in a case where the determined sound velocity does not satisfy
a predetermined precision, an instruction is sent out to the
region-of-interest setting section 70 to perform resetting of
the focus points.

[0261] The precisionassessment section 80 is provided as a
preferable aspect of the invention.

[0262] Below, with reference to the flow chart illustrated in
FIG. 9, detailed description will be given of the method of
determining the sound velocity in the ultrasound diagnostic
apparatus 10 (the sound velocity determining method of the
invention).

[0263] The computer-readable recording medium of the
invention is a recording medium recording the program
which makes a computer execute the following sound veloc-
ity determining method in the ultrasound diagnostic appara-
tus 10.

[0264] In the ultrasound diagnostic apparatus 10, when
determining the ambient sound velocity, first, the region-of-
interest setting section 70 sets the region of interest and the
focus point according to instructions from the controller 30 as
described above.

[0265] Here, in the invention, the timing at which the ambi-
ent sound velocity is determined (the update timing of the
ambient sound velocity) is not particularly limited and may be
the same as for a known ultrasound diagnostic apparatus. For
example, the determination of the ambient sound velocity
may be performed only one time according to the measure-

Jul. 16, 2015

ment start instructions, the determination of the ambient
sound velocity may be petformed in a case where the image is
greatly changed (in a case where a change value of a feature
amount of the image exceeds a threshold, or the like), the
determination of the ambient sound velocity may be per-
formed every predetermined number of frames determined as
appropriate or every time a predetermined time passes, the
determination of the ambient sound velocity may be pet-
formed according to the input instructions of the operator, and
it may be possible to appropriately select two or more timings
for the sound velocity determination.

[0266] Regardless ofthe timing at which the ambient sound
velocity is determined, since the transmission may basically
be performed with one focus point with respect to one sound
ray according to the invention which performs the multiline
process, it is possible to avoid a decrease in the frame rate
caused by the determination of the sound velocity, in contrast
to the related art.

[0267] According to the setting of the region of interest, the
transmission focus controller 72 sends a transmission focus
instruction to the controller 30 so that the transmission sec-
tion 14 executes the transmission focus to transmit the desired
ultrasonic beam to the set region of interest and focus point.

[0268] Accordingly, the transmission section 14 transmits
the ultrasonic beam to the subject by driving the probe 12 (the
ultrasound transducers (elements) corresponding to the trans-
ducerarray 36), the ultrasonic echoes reflected by the subject
are received by the ultrasound transducers (elements), and an
analog reception signal is output to the receiving section 16.

[0269] Thereceiving section 16 carries out a predetermined
process such as amplification on the analog reception signal
and supplies the result to the A/D converter 18.

[0270] The A/D converter 18 A/D converts the analog
reception signal supplied from the receiving section 16 and
sets the signal as element data which is a digital reception
signal.

[0271] The element data is stored in the element data stor-
age 20.
[0272] When the element data is stored in the element data

storage, the element data processor 22 generates the pro-
cessed element data by performing the multiline process
described above.

[0273] Thatis, as illustrated in FIGS. 7A to 7H, with regard
to, for example, the element of interest and both adjacent
elements, the element data processor 22 calculates the delay
time of the element data of both adjacent elements with
respect to the element data of the element of interest, pet-
forms delay time correction and azimuth direction shifting on
the element data of the adjacent element, and generates the
processed element data of the element of interest by super-
imposing the element data of the adjacent elements on both
sides on the element data of the element of interest.

[0274] The element data processor 22 supplies the gener-
ated processed element data to the sound velocity determiner
23 (the focus index calculator 76). Here, the element data
processor 22 also supplies the generated processed element
data for sound velocity determination to the image generator
24 and the image generator 24 may generate an ultrasound
image (B mode image data) using the processed element data.
In addition, the processed element data (the element data)
generated for the sound velocity determination may be used
only in the sound velocity determination.
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[0275] The sound velocity determiner 23 determines the
sound velocity of the ultrasonic waves in the subject using the
supplied processed element data.

[0276] FIG. 10 illustrates a flow chart of an example of the
sound velocity determining method in the sound velocity
determiner 23. Here, in the invention, the sound velocity
determining method in the sound velocity determiner 23 is
not limited to this method and it is possible to use various
sound velocity determining methods (methods of calculating
the sound velocity) performed in the ultrasound diagnostic
apparatus.

[0277] When the processed element data is supplied, the
processed element data is stored in a predetermined site in the
sound velocity determiner 23 if necessary. Also, first, the set
sound velocity specifying section 74 sets the starting sound
velocity Vst and the finishing sound velocity Vend of the set
sound velocity V and further sets the starting sound velocity
Vst of the set sound velocity V.

[0278] Set sound velocities including the start sound veloc-
ity Vst and the finishing sound velocity Vend may be set in
advance as default values. Alternatively, only the start sound
velocity Vst and the finishing sound velocity Vend may be
input by the operator as desired, while only the step width
therebetween (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 finishing
soundvelocity Vend and the step width as desired. In addition,
in a case where the set sound velocity or the step width is set
by default, a plurality of types of set sound velocities are set
according to the observation site, the gender of the subject, or
the like, and can be selected as appropriate by the operator.
[0279] Inthe present example, as an example, 1410 m/sec is
set as the starting sound velocity Vst and 1570 my/sec is set as
the finishing sound velocity Vend and, accordingly, the set
sound velocity is set at intervals of 40 m/sec as the predeter-
mined step width.

[0280] Next, the focus index calculator 76 calculates the
focus index of the reception data by carrying out reception
focusing with respect to the processed element data for each
of a plurality of set sound velocities specified by the set sound
velocity specifying section 74 corresponding to each of the
regions of interest.

[0281] Specifically, for the reception data (the ultrasound
image data/ultrasound image) in the region of interest, the
focus index calculator 76 calculates the integrated value, a
squared integral value, a peak value, a degree of sharpness
(sharpness), a contrast, a brightness value, a half-width, a
frequency spectrum integration, a maximum value, a fre-
quency spectrum integral value or squared integral value nor-
malized by a DC component, an autocorrelation value, or the
like as the focus index.

[0282] Next, the sound velocity determiner 23 determines
whether or not the set sound velocity V reached the finishing
sound velocity Vend in the set sound velocity specifying
section 74, and, if the set sound velocity V is less than the
finishing sound velocity Vend (No), the focus index of the
region of interest is calculated by adding the predetermined
step sound velocity amount AV, thatis, 40 m/sec in the present
example to the set sound velocity V.

[0283] This routine is repeated and when it is determined
that the set sound velocity V has reached the finishing sound
velocity Vend (Yes), the ambient sound velocity of the region
of interest is determined by the ambient sound velocity deter-
miner 78 based on the focus index for each of the plurality of
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set sound velocities by setting the set sound velocity with the
highest focus index as the ambient sound velocity of the
region of interest, or the like. For example, by setting the
brightness of the ultrasound image as the focus index, the
sound velocity obtained by the ultrasound image with the
highest brightness in the region of interest is set as the ambi-
ent sound velocity of the region of interest.

[0284] That is, the ambient sound velocity in the present
example is the average sound velocity of a region between the
ultrasound probe 12 and the region of interest when the sound
velocity from the probe 12 (the transducer array 36 (ultra-
sound transducers)) to a certain region of interest is assumed
to be constant. As described above, the sound velocity deter-
miner 23 performs the determination of the ambient sound
velocity in this manner in all of the set regions of interest.

[0285] As described above, the processed element data
generated in the multiline process is element data in such a
case that the focus points are linked at a large number of
points on the sound ray to be transmitted by eliminating the
influence of the ghost, that is, element data obtained by the
transmission of the ultrasonic waves at multiple virtual focus
points.

[0286] Therefore, according to the invention which per-
forms the determination of the sound rays using the processed
element data, even with the transmission of ultrasonic waves
atone focus point on one sound ray, it is possible to determine
the sound velocity with high precision equal to or higher than
in a case where the transmission of the ultrasound is per-
formed at many focus points on one sound ray. In addition,
since 1t is possible to determine the sound velocity with high
precision in the transmission of ultrasonic waves at one focus
point for one sound ray, it is also possible to prevent a
decrease in the frame rate which accompanies the determina-
tion of the sound velocity (the updating of the sound velocity).

[0287] Here, when the ambient sound velocity of the region
of interest is determined, the ambient sound velocity deter-
miner 78 sends the determined ambient sound velocity to the
precision assessment section 80.

[0288] As described above, even with the transmission of
ultrasonic waves at one focus point, the processed element
data obtained by the multiline process is element data for
which ghosting is greatly attenuated and which is obtained by
the transmission of ultrasonic waves at multiple virtual focus
points. Therefore, determination of the sound velocity with
high precision is possible at the same level as for the sound
velocity determined by transmission of ultrasonic waves at
multiple focus points.

[0289] However, even using the processed element data,
the possibility of determining an improper sound velocity is
not zero (for example, in the vicinity of the focus point of the
transmission to be described below or the like).

[0290] With respect to this, as a preferable aspect, the pre-
cision assessment section 80 is provided in the ultrasound
diagnostic apparatus 10 in the example in the diagram and
assesses the precision of the determined ambient sound
velocity.

[0291] As a result, in a case where the precision of the
ambient sound velocity is a predetermined precision or more
(hereinafter, also referred to as “satisfactory” or “satisfactory
sound velocity™), the precision assessment section 80 sends
out aninstruction to the ambient sound velocity determiner 78
to send the ambient sound velocity of the region of interest to
the image generator 24 (end).
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[0292] 1In contrast, in a case where the precision of the
ambient sound velocity is less than a predetermined precision
(hereinafter, also referred to as “unsatisfactory” or “unsatis-
factory sound velocity”), the precision assessment section 80
sends out an instruction to the region-of-interest setting sec-
tion 70 to set a focus point which is different to the previous
focus point for the region of interest with the unsatisfactory
sound velocity, redetermines the ambient sound velocity by
returning to the step of “setting the region of interest and
focus point”, changing the focus point and performing trans-
mission and reception of the ultrasonic waves again, and
assesses the precision of the ambient sound velocity.

[0293] In the ultrasound diagnostic apparatus 10, the rede-
termination of the ambient sound velocity is repeatedly per-
formed until the sound velocity is satisfactory in the corre-
sponding region of interest and the sound velocity is set to be
satisfactory in all the regions of interest.

[0294] Due to this, by using the multiline process, it is
possible to determine the sound velocity with equal or higher
precision while avoiding a decrease in the frame rate to be
lower than in the sound velocity determination of the related
art.

[0295] The precision assessment method of the ambient
sound velocity is not particularly limited and it is possible to
use various known assessment methods.

[0296] As an example, there is a method where, after divid-
ing an image into predetermined regions formed of a plurality
of regions of interest (for example, a square grid shape if the
probe is a linear type, a fan shaped grid shape if the probe is
aconvex type, or the like) and calculating the standard devia-
tion of the ambient sound velocity in the predetermined
regions, the region of interest of the predetermined region is
assessed as unsatisfactory sound velocity in a case where the
standard deviation does not satisfy a threshold set in advance.

[0297] Inaddition, itis also possible to use a method where
in a similar predetermined region, in a case where the maxi-
mum value and the minimum value of the ambient sound
velocity are detected and the difference therebetween exceeds
a predetermined threshold, the sound velocity is assessed to
be unsatisfactory for the region of interest of the predeter-
mined region. In addition, it is also possible to use a method
where, in a similar predetermined region, in a case where the
average value of the ambient sound velocity is calculated and
the average value is outside a predetermined range, the sound
velocity is assessed to be unsatisfactory for the region of
interest of the predetermined region. In addition, it is also
possible to use a method where, in a similar predetermined
region, in a case where the frequency distribution of the
ambient sound velocity is calculated and the variation in the
distribution exceeds a predetermined threshold, the sound
velocity is assessed to be unsatisfactory for the region of
interest of the predetermined region.

[0298] Alternatively, it is also possible to use a method
where, in a similar predetermined region, the average value of
the ambient sound velocity is calculated and, for a region of
interest where the difference between the average values
exceeds a predetermined threshold, the sound velocity is
assessed to be unsatisfactory.

[0299] Furthermore, for the ambient sound velocity of the
predetermined region, satisfactory sound velocity and unsat-
isfactory sound velocity may be decided using an integrated
value, a squared integral value, a peak value, a contrast, a
frequency spectrum integration, a frequency spectrum inte-
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gral value or a squared integral value normalized by a maxi-
mum value or a DC component, an autocorrelation value, or
the like.

[0300] Here, when assessing the precision of the ambient
sound velocity in this manner, the determination (redetermi-
nation) of the ambient sound velocity of each region of inter-
est may of course be performed at the same time.

[0301] As long as the transmission of ultrasonic waves
where the focus points are changed corresponding to the
region of interest for which the redetermination is performed
is performed, the redetermination of the ambient sound veloc-
ity may be performed using the same method as the previous
sound velocity determination, or using a different method.
[0302] The ambient sound velocity may be re-determined
using the processed element data obtained by performing the
same multiline process after performing the transmission of
the ultrasonic waves with the focus point changed corre-
sponding to the region of interest where the ambient sound
velocity has not reached a predetermined precision. Alterna-
tively, the sound velocity may be determined using the normal
element data on which the multiline process is not performed
by performing transmission of the ultrasonic waves where the
focus points are matched in the region of interest where the
redetermination of the ambient sound velocity is performed.
In addition, the method for calculating the ambient sound
velocity determination may be changed, for instance, chang-
ing the focus guide. Altematively, the redetermination of the
ambient sound velocity may be performed by selecting from
these methods.

[0303] As described above, since it is possible to perform
the transmission of the ultrasonic waves as with the multiple
virtual focus points when the multiline process is performed,
it is possible to perform the determination of the ambient
sound velocity with high precision at the same level or higher
as the transmission with multiple focus points, even with the
transmission of ultrasonic waves at one focus point with
respect to one sound ray.

[0304] Here, as can be understood from the calculation
method of the delay time described above, the processing of
the element data in the multiline process is performed regard-
ing the focus points as ideal point sound sources. Therefore,
in cases where the focus points cannot be regarded as the ideal
point sound sources, there are also cases where it is not
possible to determine the ambient sound velocity with suffi-
cient precision in the vicinity of the focus points.

[0305] According to this, in the ultrasound diagnostic appa-
ratus 10, as illustrated in the flow chart in FIG. 11, in a case
where the precision of the ambient sound velocity is assessed
and the ambient sound velocity of the region of interest is less
than a predetermined precision (unsatisfactory sound veloc-
ity), whether or not the region of interest is in the vicinity of
the focus point (including the focus point) is determined, and
the processing method of the redetermination of the ambient
sound velocity may be changed thereafter according to the
determination result.

[0306] In the determination of the ambient sound velocity
illustrated in the flow chart in FIG. 11, the process is per-
formed in the same manner as the determination of the ambi-
ent sound velocity illustrated in FIG. 9 described above from
the start of the sound velocity determination up to the preci-
sion assessment of the ambient sound velocity.

[0307] In a case where the result of the precision assess-
ment of the ambient sound velocity is satisfactory sound
velocity, as before, the precision assessment section 80 sends
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outan instruction to the ambient sound velocity determiner 78
to send the ambient sound velocity of the region of interest to
the image generator 24 (end).

[0308] In contrast, in a case where the result is unsatisfac-
tory sound velocity, the precision assessment section 80
determines whether or not the region of interest is in the
vicinity of the focus point of the ultrasonic beam transmis-
sion.

[0309] Here, in the invention, as an example, the vicinity of
the focus point is a position within 10 mm from the position
of the focus point.

[0310] As a result, in a case where the region of interest
with unsatisfactory sound velocity is not in the vicinity of the
focus point (No), as before, an instruction is sent out to the
region-of-interest setting section 70 to set a different focus
point for the region of interest, the ambient sound velocity is
redetermined by returning to the step of “setting the region of
interest and focus point”, changing the focus point and per-
forming transmission and reception of the ultrasonic waves
again, and the precision is assessed.

[0311] In contrast, in a case where the region of interest
with unsatisfactory sound velocity is in the vicinity of the
focus point, an instruction is sent out to the ambient sound
velocity determiner 78 to read out the element data corre-
sponding to the region of interest from the element data
storage 20 and determine the ambient sound velocity using
the element data.

[0312] As described above, in a case where the ambient
sound velocity is determined using normal element data
instead of processed element data, it is possible to accurately
determine the ambient sound velocity in a region where the
wavefront shape of the reflected waves such as the focus point
is clear. Accordingly, in a case where the sound velocity is
unsatisfactory, it is determined whether or not the region of
interest is in the vicinity of the focus point. Then, in a case
where the region of interest is in the vicinity of the focus
point, by redetermining the ambient sound velocity using the
element data, it is possible to redetermine the ambient sound
velocity with high precision without performing transmission
and reception of ultrasonic waves again.

[0313] Here, the determining of the ambient sound velocity
using the element data may be performed using a known
method in the same manner as the determining of the ambient
sound velocity using the processed element data. In addition,
the determining of the ambient sound velocity using the ele-
ment data may be performed in the same manner as the
processed element data, or the ambient sound velocity may be
determined (calculated) using a different method.

[0314] In the example illustrated in FIG. 11, the redeter-
mining of the sound velocity and the precision assessment are
repeatedly performed until the sound velocity is satisfactory
in all of the regions of interest.

[0315] Inaddition, in a case where the redetermined sound
velocity in the vicinity of the focus point is unsatisfactory, the
redetermining of the sound velocity may be performed using
the element data by resetting the focus points inside the region
of interest with the unsatisfactory sound velocity and per-
forming the transmission and reception of the ultrasonic
waves. Alternatively, the redetermining of the sound velocity
may be performed using the processed element data on which
the multiline process is performed by resetting the position of
the focus point to a position separated from the region of
interest. Alternatively, it may be possible to select either of the
above.
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[0316] Alternatively, the ambient sound velocity of the
region of interest with the unsatisfactory sound velocity may
be calculated by interpolation using the ambient sound veloc-
ity where the sound velocity is satisfactory in the periphery, or
the ambient sound velocity where the sound velocity is satis-
factory in the periphery may be used as is as the ambient
sound velocity of the region of interest with the unsatisfactory
sound velocity.

[0317] The ultrasound diagnostic apparatus, the sound
velocity determining method, and the program of the inven-
tion have been described above; however, the invention is not
limited to the examples described above and various improve-
ments or modifications may be made within a range which
does not depart from the gist of the invention as a matter of
course.

[0318] Forexample, in the ultrasound diagnostic apparatus
10 of the example in the diagram, the image generator 24
generates an ultrasound image using processed element data
generated by a multiline process as a preferable embodiment;
however, the invention is not limited thereto.

[0319] That is, when the ultrasound diagnostic apparatus of
the invention performs the sound velocity determination of
the ultrasonic waves in the subject using the processed ele-
ment data generated using the multiline process, the genera-
tion of the ultrasound image may be performed using the
normal element data.

[0320] Inaddition, inorderto perform the multiline process
to be described below without having the element data stor-
age 20 which stores the element data for one image, the
transmission and reception of the ultrasonic waves may be
performed every time or a necessary number of times corre-
sponding to one element-of-interest.

[0321] In addition, in the ultrasound diagnostic apparatus
10 in the example in the diagram, the region-of-interest set-
ting section 70 is configured to divide the entire screen or a
part thereof into a lattice shape, set individual parts thereof as
regions of interest, and individually determine the optimum
sound velocity for each region; however, the invention is not
limited thereto and the entire screen may be set as one region
of interest. That is, as in the related art, as a configuration
where one optimum sound velocity is determined for the
entire screen, a configuration may be adopted which uses
processed element data when determining the optimum
sound velocity for the entire screen.

What is claimed is:

1. An ultrasound diagnostic apparatus, which inspects an

inspection object using an ultrasonic beam, comprising:

a probe in which a plurality of elements are arranged,
which transmit the ultrasonic beam, receive ultrasonic
echoes reflected by the inspection object, and output an
analog element signal according to the received ultra-
sonic echoes;

a transmitter configured to make the probe perform trans-
mission of the ultrasonic beam a plurality of times so as
to each form a predetermined transmission focus point
using the plurality of elements;

a receiver configured to receive an analog element signal
output by the plurality of elements corresponding to the
individual transmission of the ultrasonic beam, and
carry out a predetermined process;

an analog-to-digital converter configured to analog-to-
digital convert the analog element signal processed by
the receiver into first element data which is a digital
element signal,
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a data processor configured to generate second element
data corresponding to any one of a plurality of the first
element data; and

a sound velocity determiner configured to determine a
sound velocity in the inspection object using the second
element data.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the transmitter makes the probe perform transmis-
sion of the ultrasonic beam a plurality of times, changing at
least one of a center element and a transmission direction of
the ultrasonic beam.

3. The ultrasound diagnostic apparatus according to claim

2, wherein the data processor generates the second element
data using at least one of a plurality of the first element data
obtained by transmission of the ultrasonic beam where the
center element is different to each other and a plurality of the
first element data obtained by transmission of the ultrasonic
beam where the transmission direction is different to each
other.

4. The ultrasound diagnostic apparatus according to claim

1, wherein the data processor generates the second element
data from a plurality of the first element data obtained by
transmission of the ultrasonic beam where transmission
regions overlap.

5. The ultrasound diagnostic apparatus according to claim

1, wherein the data processor generates the second element
data by superimposing a plurality of the first element data
according to a reception time at which the elements received
the ultrasonic echoes and positions of the elements.

6. The ultrasound diagnostic apparatus according to claim

1, further comprising an assessment section configured to
assess precision of the determined sound velocity.

7. The ultrasound diagnostic apparatus according to claim

6, wherein, when the precision of the sound velocity is less
than a predetermined precision, the transmission focus point
is changed and the transmission of the ultrasonic beam is
performed again with respect to a position where the sound
velocity is less than the predetermined precision and the
sound velocity of this position is redetermined.

8. The ultrasound diagnostic apparatus according to claim

7, wherein the precision of the redetermined sound velocity is
assessed and the redetermining and assessment of the sound
velocity are repeated until the precision of the sound velocity
is the predetermined precision or more.

9. The ultrasound diagnostic apparatus according to claim

6, further comprising: a storage configured to store the first
element data; and a position determiner configured to deter-
mine whether or not a position inside the inspection object is
in a vicinity of a position of the transmission focus point,
wherein

the first element data corresponding to determination of the
sound velocity is stored in the storage,

the position determiner determines whether or not the posi-
tion at which the sound velocity is determined is in a
vicinity of the transmission focus point when the preci-
sion of the sound velocity is less than the predetermined
precision,

redetermination of the sound velocity is performed using
the first element data without performing transmission
of the ultrasonic beam when in the vicinity of the trans-
mission focus point, and

the transmission focus point is changed and the transmis-
sion of the ultrasonic beam is performed again corre-
sponding to a position where the precision of the sound
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velocity is less than the predetermined precision and the
sound velocity of this position is redetermined when not
in the vicinity of the transmission focus point.
10. The ultrasound diagnostic apparatus according to claim
9, wherein the precision of the redetermined sound velocity is
assessed, when the precision of the redetermined sound
velocity is less than the predetermined precision, the trans-
mission focus point is changed and the transmission of the
ultrasonic beam is performed again with respect to a position
where the precision of the sound velocity is less than the
predetermined precision, and the sound velocity of this posi-
tion is redetermined, and the assessment of the precision of
the sound velocity is repeated again until the precision of the
sound velocity is the predetermined precision or more.
11. The ultrasound diagnostic apparatus according to claim
6, wherein the sound velocity is determined in a plurality of
positions inside the inspection object and the precision of the
sound velocity is assessed at each position.
12. The ultrasound diagnostic apparatus according to claim
11, wherein the assessment of the precision of the sound
velocity is performed using at least one of variation in the
sound velocity, standard deviation in the sound velocity, a
difference between a maximum value and a minimum value
of the sound velocity, and an average value of the sound
velocity.
13. The ultrasound diagnostic apparatus according to claim
1, further comprising an element data storage configured to
store all of the first element data corresponding to at least one
ultrasound image.
14. The ultrasound diagnostic apparatus according to claim
1, wherein an ultrasound image is formed using the second
element data.
15. The ultrasound diagnostic apparatus according to claim
1, wherein an ultrasound image is formed by performing
phasing addition for forming the ultrasound image using the
sound velocity determined by the sound velocity determiner.
16. A sound velocity determining method for ultrasound
diagnosis using a probe in which a plurality of elements are
arranged, which transmit an ultrasonic beam, receive ultra-
sonic echoes reflected by an inspection object, and output an
analog element signal according to the received ultrasonic
echoes, the method comprising the steps of:
making the probe perform transmission of the ultrasonic
beam a plurality of times so as to each form a predeter-
mined transmission focus point using the plurality of
elements when determining a sound velocity inside the
inspection object and outputting analog element signals
from the plurality of elements corresponding to the indi-
vidual transmission of ultrasonic beams;

analog-to-digital converting the analog element signal into
first element data which is a digital element signal;

generating second element data corresponding to any one
of a plurality of the first element data; and

determining the sound velocity inside the inspection object

using the second element data.

17. The sound velocity determining method according to
claim 16, wherein the probe is made perform transmission of
the ultrasonic beam a plurality of times, changing at least one
of a center element and a transmission direction of the ultra-
sonic beam.

18. The sound velocity determining method according to
claim 17, wherein the second element data is generated using
at least one of a plurality of the first element data obtained by
transmission of the ultrasonic beam where the center element
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is different to each other and a plurality of the first element
data obtained by transmission of the ultrasonic beams where
the transmission direction is different to each other.

19. The sound velocity determining method according to
claim 16, wherein the second element data is generated from
a plurality of the first element data obtained by transmission
of the ultrasonic beam where transmission regions overlap.

20. The sound velocity determining method according to
claim 16, wherein the second element data is generated by
superimposing a plurality of the first element data according
to a reception time at which the elements received the ultra-
sonic echoes and positions of the elements.

21. The sound velocity determining method according to
claim 16, further comprising assessing precision of the deter-
mined sound velocity.

22. The sound velocity determining method according to
claim 21, wherein, when the precision of the sound velocity is
less than a predetermined precision, the transmission focus
point is changed and the transmission of the ultrasonic beam
is performed again with respect to a position where the pre-
cision of the sound velocity is less than the predetermined
precision, and the sound velocity of the position is redeter-
mined.

23. The sound velocity determining method according to
claim 22, wherein the precision of the redetermined sound
velocity is assessed and the redetermining and assessment of
the sound velocity are repeated until the precision of the
sound velocity is the predetermined precision or more.

24. The sound velocity determining method according to
claim 21, wherein the first element data corresponding to the
determining of the sound velocity is stored in advance, a
position at which the sound velocity is determined is deter-
mined to be in a vicinity of the transmission focus point ornot
when the precision of the sound velocity is less than a prede-
termined precision,

redetermination of the sound velocity is performed using

the first element data without performing transmission
of the ultrasonic beam when in the vicinity of the trans-
mission focus point, and

the transmission focus point is changed and the transmis-

sion of the ultrasonic beam is performed again corre-
sponding to a position where the precision of the sound
velocity is less than the predetermined precision and the
sound velocity of this position is redetermined when not
in the vicinity of the transmission focus point.

25. The sound velocity determining method according to
claim 24, wherein the precision of the redetermined sound
velocity is assessed, the transmission focus point is changed
and the transmission of the ultrasonic beam is performed
again with respect to a position where the precision of the
sound velocity is less than the predetermined precision when
the precision of the redetermined sound velocity is less than a
predetermined precision, and the sound velocity of this posi-
tion 1s redetermined, and the assessment of the precision of
the sound velocity is repeated again until the precision of the
sound velocity is the predetermined precision or more.
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26. The sound velocity determining method according to
claim 21, wherein the sound velocity is determined at a plu-
rality of positions inside the inspection object and the preci-
sion of the sound velocity is assessed for each position.

27. The sound velocity determining method according to
claim 26, wherein the assessment of the precision of the
sound velocity is performed using at least one of variation in
the sound velocity, standard deviation in the sound velocity, a
difference between a maximum value and a minimum value
of the sound velocity, and an average value of the sound
velocity.

28. A computer-readable recording medium that records a
program making a computer execute the steps of: making a
probe, in which a plurality of elements are arranged and
which transmit an ultrasonic beam, receive ultrasonic echoes
reflected by an inspection object, and output an analog ele-
ment signal according to the received ultrasonic echoes, per-
form transmission of the ultrasonic beam a plurality of times
so as to each form a predetermined transmission focus point
using the plurality of elements and outputting of an analog
element signal from the plurality of elements corresponding
to the individual transmission of the ultrasonic beam;

analog-to-digital converting the analog element signal into

first element data which is a digital element signal;
generating second element data corresponding to any one
of a plurality of the first element data; and

determining the sound velocity inside the inspection object

using the second element data.

29. The computer-readable recording medium that records
the program according to claim 28, wherein, in the outputting
of the analog element signal from the plurality of elements,
the probe is made perform transmission of the ultrasonic
beam a plurality of times, changing at least one of a center
element and a transmission direction of the ultrasonic beam.

30. The computer-readable recording medium that records
the program according to claim 29, wherein, in the generating
of the second element data, the second element data is gen-
erated using at least one of a plurality of the first element data
obtained by transmission of the ultrasonic beam where the
center element is different to each other and a plurality of the
first element data obtained by transmission of the ultrasonic
beam where the transmission direction is different to each
other.

31. The computer-readable recording medium that records
the program according to claim 28, wherein, in the generating
of the second element data, the second element data is gen-
erated from a plurality of the first element data obtained by
transmission of the ultrasonic beam where transmission
regions overlap.

32. The computer-readable recording medium that records
the program according to claim 28, wherein, in the generating
of the second element data, the second element data is gen-
erated by superimposing a plurality of the first element data
according to a reception time at which the elements received
the ultrasonic echoes and positions of the elements.
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