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ULTRASOUND INSPECTION APPARATUS,
SIGNAL PROCESSING METHOD FOR
ULTRASOUND INSPECTION APPARATUS,
AND RECORDING MEDIUM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound
inspection apparatus which images an inspection object, such
as an organ in a living body, through transmission and recep-
tion of an ultrasonic beam to produce an ultrasound image for
inspection or diagnosis of the inspection object, a signal
processing method for an ultrasound inspection apparatus,
and a recording medium having a program recorded thereon.
[0002] An ultrasound inspection apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine. In general, this type of ultrasound inspec-
tion apparatus has an ultrasound probe equipped with a trans-
ducer array and an apparatus body connected to the ultra-
sound probe. An ultrasonic beam is transmitted from the
ultrasound probe toward a subject, an ultrasonic echo from
the subject is received by the ultrasound probe, and a recep-
tion signal corresponding to the reception of the ultrasonic
echo is electrically processed by the apparatus body to pro-
duce an ultrasound image.

[0003] In the ultrasound inspection apparatus, when pro-
ducing an ultrasound image, a reception signal (element data)
received from each transducer of the ultrasound probe is
subjected to delay time correction and signal synthesis (phas-
ing and adding) to produce a sound ray signal, on the assump-
tion that a sound speed in a living body of the subject is
constant. Further, an ultrasound image is produced from the
produced sound ray signal. However, there is variation in
sound speed value in an actual living body, and due to the
variation, spatial distortion arises in the ultrasound image.
[0004] Meanwhile, in recent years, in order to more accu-
rately diagnose a region to be diagnosed in the subject, an
imaging region is divided into a plurality of subregions, an
appropriate sound speed value is measured for each subre-
gion, and the distortion of image is corrected by producing an
ultrasound image using the sound speed values measured (JP
2010-99452 A).

[0005] Moreover, it is conceived that, in the ultrasound
inspection apparatus, data before producing an ultrasound
image is stored, and after imaging for the ultrasound image
ends, tissue characterization, improvement in image quality
or the like is performed using the stored data.

[0006] For example, JP 2006-325955 A describes that
RAW data which is data before scan conversion to image data
is stored along with the image data, and after an ultrasound
imaging ends, desired RAW data is searched for and used in
order to obtain analysis data for diagnosis from such analyses
as analysis for a speed image, analysis for a slope of speed
change, distortion analysis, analysis for a displacement
image, and the like.

[0007] The measurement of the sound speed value
described in JP 2010-99452 A is performed at a predeter-
mined timing, for example, for every several frames. If the
measurement frequency is high, while the definition of the
ultrasound image is improved, a required time for sound
speed value calculation increases. For this reason, there is a
problem in that real-time property of display of the ultrasound
image is deteriorated. Moreover, in the measurement of the
sound speed value, the more a region for measuring the sound
speed value is segmentalized, the more the accuracy of cor-
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rection is improved. Even in this case, however, a required
time for sound speed value calculation increases, and accord-
ingly, there is a problem in that real-time property is deterio-
rated.

[0008] Accordingly, as described in JP2006-325955 A, itis
thinkable to store data before image production so as to mini-
mize the correction during ultrasound imaging and ensure the
real-time property, and so as to perform detailed correction on
the stored data or perform data analysis using the stored data
after the ultrasound imaging ends.

[0009] However, the RAW data which is described in JP
2006-325955 A as data to be stored is data after phasing and
adding the reception signal received from the ultrasound
probe. For this reason, it is not possible to correct the sound
speed value used in the phasing and adding of the reception
signal, and to perform analysis for a sound speed value,
distortion or the like with high accuracy.

[0010] Ifthereception signal (element data) before phasing
and adding is stored, it is possible to perform correction of a
sound speed value used in the phasing and adding of the
reception signal or analysis for a sound speed value, distor-
tion or the like with high accuracy. However, the amount of
element data which is not subjected to processing such as
phasing and adding is enormous. For this reason, in the con-
ventional ultrasound inspection apparatus, element data
received from the ultrasound probe is only stored temporarily,
and the element data after being subjected to processing such
as phasing and adding is sequentially deleted.

SUMMARY OF THE INVENTION

[0011] The present invention was accomplished in order to
solve the above problems with the prior art, and an object
thereof is to provide an ultrasound inspection apparatus, a
signal processing method for an ultrasound inspection appa-
ratus, and a recording medium capable of ensuring real-time
property during ultrasound imaging, reducing the amount of
data to be stored, performing correction of a sound speed
value after the ultrasound imaging ends and thus improving
image quality, and performing tissue characterization or the
like with high accuracy.

[0012] In order to achieve the above-described objects, the
present invention provides an ultrasound inspection appara-
tus which inspects an inspection object using an ultrasonic
beam, the ultrasound inspection apparatus comprising: a
transducer array having elements arranged therein that trans-
mits the ultrasonic beam and receives an ultrasonic echo
reflected by the inspection object to output an element signal
according to the ultrasonic echo as received; a transmitter
adapted to cause the transducer array to transmit the ultra-
sonic beam with the two or more elements serving as trans-
mission apertures; a receptor adapted to perform specified
processing on two or more element signals which are output
from the transducer array having received ultrasonic echos
with the two or more elements serving as reception apertures,
so as to output resulting signals as one piece of element data;
a first reception signal memory which stores a plurality of
pieces of element data output from the receptor as a result of
repeating ultrasonic transmission and reception through the
transmitter and the receptor multiple times; an image pro-
ducer adapted to perform phasing and adding individually on
one or more pieces of element data based on aspecified sound
speed value to produce one or more sound ray signals, and
produce ultrasound image data from the one or more sound
ray signals; a sound speed determiner adapted to determine an
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optimum sound speed value from a plurality of pieces of
ultrasound image data which are individually produced by the
image producerbased on a plurality of specified and set sound
speeds and using one or more pieces of element data; a stor-
age necessity determiner adapted to determine each piece of
element data stored in the first reception signal memory
whether or not to satisfy a specified condition; and a second
reception signal memory which stores a piece of element data
determined by the storage necessity determiner to satisfy the
specified condition.

[0013] Preferably, the sound speed determiner determines
the optimum sound speed value from a plurality of pieces of
ultrasound image data which are individually produced by the
image producerbased on a plurality of specified and set sound
speeds and using the one or more pieces of element data
stored in the second reception signal memory; and the image
producer produces ultrasound image data based on an initial
sound speed value set in advance when producing ultrasound
image data from the plurality of pieces of element data stored
in the first reception signal memory, and produces ultrasound
image data based on the optimum sound speed value calcu-
lated by the sound speed determiner when producing ultra-
sound image data from the one or more pieces of element data
stored in the second reception signal memory.

[0014] Preferably, the second reception signal memory
associates the piece of element data determined by the storage
necessity determiner to satisfy the specified condition with a
piece of ultrasound image data corresponding to the piece of
element data so as to store them as such.

[0015] Further comprising an image memory which stores
ultrasound image data produced by the image producer,
wherein: the image memory stores ultrasound image data of
all frames; and the second reception signal memory stores
pieces of element data at specified frame intervals.

[0016] Further comprising a region-of-interest setter
adapted to set a region of interest in an imaging region,
wherein the storage necessity determiner determines a piece
of element data corresponding to the region of interest to
satisfy the specified condition.

[0017] Further comprising a region-of-interest setter
adapted to set a region of interest in an imaging region,
wherein, when an operation to set the region of interest has
been detected, the storage necessity determiner determines
pieces of element data corresponding to subsequent frames to
satisfy the specified condition.

[0018] Further comprising a movement detector adapted to
detect movement and standstill of a probe equipped with the
transducer array, wherein, when the movement detector has
detected standstill of the probe, the storage necessity detet-
miner determines a piece of element data of a frame corre-
sponding to the standstill of the probe to satisfy the specified
condition.

[0019] Preferably, when a specified mode has been
selected, the storage necessity determiner determines pieces
of element data corresponding to subsequent frames to satisfy
the specified condition.

[0020] Preferably, the storage necessity determiner deter-
mines a piece of element data which is obtained by transmit-
ting an ultrasonic beam at a specified transmit frequency to
satisfy the specified condition.

[0021] Preferably, the storage necessity determiner deter-
mines a piece of element data which is obtained by transmit-
ting an ultrasonic beam having a specified amplitude to sat-
isfy the specified condition.
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[0022] Further comprising an image memory which stores
ultrasound image data produced by the image producer,
wherein: the sound speed determiner determines the optimum
sound speed value from a plurality of pieces of ultrasound
image data which are individually produced by the image
producer based on a plurality of specified and set sound
speeds and using the pieces of element data stored in the first
reception signal memory; the image memory stores ultra-
sound image data of all frames; and the second reception
signal memory stores pieces of element data at specified
frame intervals, and stores the optimum sound speed value for
a frame whose element data is not stored.

[0023] In order to achieve the above-described objects, the
present invention also provides a signal processing method
for an ultrasound inspection apparatus provided with a trans-
ducer array having elements arranged therein that transmits
an ultrasonic beam and receives an ultrasonic echo reflected
inside an inspection object to output an element signal
according to the ultrasonic echo as received, which apparatus
generates an ultrasonic beam by the transducer array to
inspect the inspection object and produce ultrasound image
data, the signal processing method comprising: a transmis-
sion step of causing the transducer array to transmit the ultra-
sonic beam with the two or more elements serving as trans-
mission apertures; a reception step of performing specified
processing on two or more element signals which are output
from the transducer array having received ultrasonic echos
with the two or more elements serving as reception apertures,
so as to output resulting signals as one piece of element data;
a first signal storage step of storing a plurality of pieces of
element data output in the reception step as a result of repeat-
ing the transmission step and the reception step multiple
times; an image production step of performing phasing and
adding individually on one or more pieces of element data
based on a specified sound speed value to produce one or
more sound ray signals, and producing ultrasound image data
from the one or more sound ray signals; a sound speed deter-
mination step of determining an optimum sound speed value
from a plurality of pieces of ultrasound image data which are
individually produced in the image production step based on
a plurality of specified and set sound speeds and using one or
more pieces of element data; a storage necessity determina-
tion step of determining each piece of element data stored in
the first signal storage step whether or not to satisfy a speci-
fied condition; and a second signal storage step of storing a
piece of element data determined in the storage necessity
determination step to satisfy the specified condition. In order
to achieve the above-described objects, the present invention
also provides a computer-readable recording medium having
a signal processing program for an ultrasound inspection
apparatus recorded thereon, wherein the signal processing
program causes a computer to execute a signal processing
method for an ultrasound inspection apparatus provided with
a transducer array having elements arranged therein that
transmits an ultrasonic beam and receives an ultrasonic echo
reflected inside an inspection object to output an element
signal according to the ultrasonic echo as received, which
apparatus generates an ultrasonic beam by the transducer
array to inspect the inspection object and produce ultrasound
image data, the signal processing method comprising: atrans-
mission step of causing the transducer array to transmit the
ultrasonic beam with the two or more elements serving as
transmission apertures; a reception step of performing speci-
fied processing on two or more element signals which are
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output from the transducer array having received ultrasonic
echos with the two or more elements serving as reception
apertures, so as to output resulting signals as one piece of
element data; a first signal storage step of storing a plurality of
pieces of element data output in the reception step as a result
of repeating the transmission step and the reception step
multiple times; an image production step of performing phas-
ing and adding individually on one or more pieces of element
data based on a specified sound speed value to produce one or
more sound ray signals, and producing ultrasound image data
from the one or more sound ray signals; a sound speed deter-
mination step of determining an optimum sound speed value
from a plurality of pieces of ultrasound image data which are
individually produced in the image production step based on
aplurality of specified and set sound speeds and using one or
more pieces of element data; a storage necessity determina-
tion step of determining each piece of element data stored in
the first signal storage step whether or not to satisfy a speci-
fied condition; and a second signal storage step of storing a
piece of element data determined in the storage necessity
determination step to satisfy the specified condition.

[0024] According to the invention, the necessity of storing
element data is determined on the basis of a predetermined
condition, and element data before phasing and adding which
satisfies the predetermined condition is stored. Accordingly,
it is possible to reduce the amount of data to be stored, to
ensure real-time property during ultrasound imaging, to per-
form correction of a sound speed value or the like after the
ultrasound imaging ends and thus to improve image quality,
and to perform tissue characterization or the like with high
accuracy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1isablock diagram conceptually showing the
configuration of an ultrasound inspection apparatus accord-
ing to the invention.

[0026] FIG.2isa diagram conceptually showing the result
of determination by a storage necessity determiner.

[0027] FIG. 3 is a diagram conceptually showing another
example of data to be stored.

[0028] FIG. 41s a block diagram conceptually showing the
configuration of another example of an ultrasound inspection
apparatus according to the invention.

[0029] FIG. 5 is a diagram conceptually showing an image
in which a region of interest is set.

[0030] FIGS. 6A to 6C are diagrams conceptually showing
element data which is stored in the ultrasound inspection
apparatus shown in FIG. 4.

[0031] FIG. 7is a block diagram conceptually showing the
configuration of yet another example of an ultrasound inspec-
tion apparatus according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Hereinafter, an ultrasound inspection apparatus, a
signal processing method for an ultrasound inspection appa-
ratus, and a recording medium having a program recorded
thereon according to the invention will be described in detail
on the basis of the preferred embodiments as shown in the
accompanying drawings.

[0033] FIG. 1 shows the configuration of an ultrasound
inspection apparatus according to Embodiment 1 of the
invention. Anultrasound inspection apparatus 10 has an ultra-
sound probe 12 equipped with a transducer array 42, and a
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transmission circuit 14 and a reception circuit 16 are con-
nected to the transducer array 42. A phasing adder 44, a
detection processor 46, a digital scan converter (DSC) 48, and
an image processor 50 of an image producer 18, a display
controller 32, and a display unit 34 are sequentially connected
to the reception circuit 16, and an image memory 52 is con-
nected to the image processor 50.

[0034] A first reception signal memory 22 is connected to
the reception circuit 16 and the phasing adder 44, and a sound
speed determiner 24 is connected to the phasing adder 44 and
the image memory 52. In addition, a storage necessity deter-
miner 26 is connected to the first reception signal memory 22,
and a second reception signal memory 28 is connected to the
first reception signal memory 22, the storage necessity deter-
miner 26, and the phasing adder 44.

[0035] Further, a controller 36 is connected to the transmis-
sion circuit 14, the reception circuit 16, the image producer
18, the display controller 32, the first reception signal
memory 22, the storage necessity determiner 26, the second
reception signal memory 28, and the sound speed determiner
24, and an operating unit 38 and a storage unit 40 are each
connected to the controller 36.

[0036] The ultrasound probe 12 has a transducer array 42
which is used in a normal ultrasound inspection apparatus.

[0037] Thetransducer array 42 has a plurality of ultrasound
transducers arranged in a one-dimensional or two-dimen-
sional manner. Each ultrasound transducer transmits an ultra-
sonic wave according to a driving signal supplied from the
transmission circuit 14 and receives an ultrasonic echo from
a subject to output a reception signal. Each ultrasound trans-
ducer is constituted by a vibrator in which electrodes are
formed at both ends of a piezoelectric body made of a piezo-
electric ceramic represented by lead zirconate titanate (PZT),
a piezoelectric polymer represented by polyvinylidene dif-
luoride (PVDF), a piezoelectric single crystal represented by
alead magnesium niobate-lead titanate (PMN-PT) solid solu-
tion, or the like.

[0038] When a pulsed or continuous-wave voltage is
applied across the electrodes of each vibrator, the piezoelec-
tric body expands and contracts, whereby ultrasonic waves in
pulsed or continuous wave form are generated from the vibra-
tors, and an ultrasonic beam is formed by synthesizing the
ultrasonic waves. When receiving the propagating ultrasonic
waves, the respective vibrators expand and contract to gener-
ate electrical signals, and the electrical signals are output as
the reception signals (analog element signals) of the ultra-
sonic waves.

[0039] The transmission circuit 14 includes, for example, a
plurality of pulse generators, and adjusts the delay amount of
each of driving signals for the ultrasound transducers of the
transducer array 42, which serve as transmission apertures,
on the basis of a transmission delay pattern selected accord-
ing to a control signal from the controller 36 such that the
ultrasonic waves as transmitted from the ultrasound transduc-
ers form an ultrasonic beam, then supplies the driving signals
to the ultrasound transducers.

[0040] The reception circuit 16 acts according to a control
signal from the controller 36 so as to amplify the signals
which are output from the ultrasound transducers each serv-
ing as a reception aperture and having received an ultrasonic
echo generated by the interaction between the ultrasonic
beam as transmitted from the transducer array 42 and the
subject, that is to say, analog element signals each from an
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ultrasound element and conduct analog-to-digital conversion
on the amplified signals to thereby produce and output digi-
tized element data.

[0041] Specifically, the reception circuit 16 amplifies a plu-
rality of analog element signals received from a plurality of
ultrasound elements and conducts analog-to-digital conver-
sion on the amplified signals in response to a single transmis-
sion of an ultrasonic beam so as to produce and output one
piece of digital element data including information on the
ultrasound elements from which the analog element signals
were received and information of reception time.

[0042] In addition, for every single transmission of the
ultrasonic beam by the transmission circuit 14, the reception
circuit 16 outputs one piece of element data based on the
reception of ultrasonic echos. Accordingly, in response to
multiple times of transmission of the ultrasonic beam for
every frame by the transmission circuit 14, the reception
circuit 16 outputs a plurality of pieces of element data corre-
sponding to the respective transmissions.

[0043] Thereception circuit 16 supplies the output element
data to the phasing adder 44 ofthe image producer 18 and the
first reception signal memory 22.

[0044] The first reception signal memory 22 sequentially
stores element data output from the reception circuit 16. The
first reception signal memory 22 associates information relat-
ing to a frame rate (for example, parameters representing the
depth of the reflection position of the ultrasonic wave, the
density of the scan lines, and the width of the field of vision)
input from the controller 36 with the element data and stores
the information.

[0045] The image producer 18 produces a sound ray signal
from element data supplied from any one of the reception
circuit 16, the first reception signal memory 22, and the sec-
ond reception signal memory 28 under the control of the
controller 36, and produces an ultrasound image from the
sound ray signal.

[0046] Theimage producer 18 has the phasing adder 44, the
detection processor 46, the DSC 48, the image processor 50,
and the image memory 52.

[0047] The phasing adder 44 performs a reception focusing
processing by subjecting each element signal of the element
data produced by the receptioncircuit 16 to the corresponding
delay correction according to a sound speed value set in
advance or a sound speed value input from the sound speed
determiner 24 described later (set sound speed and optimum
sound speed) to produce delay-corrected data, and adding
delay-corrected data. With this reception focusing process-
ing, the focus of an ultrasonic echo is narrowed to produce
reception data (sound ray signal).

[0048] When the element data stored in the first reception
signal memory 22 is read out and a phasing and adding
processing is performed thereon, the phasing adder 44 per-
forms the reception focusing processing on the basis of an
initial sound speed value set in advance. When determination
of sound speed by the sound speed determiner 24 described
later is performed, the phasing adder 44 reads out the element
data stored in the second reception signal memory 28 and
performs the reception focusing processing on the basis of a
set sound speed V supplied from the sound speed determiner
24. When the element data stored in the second reception
signal memory 28 is read out and the phasing and adding
processing is performed thereon, the phasing adder 44 per-

Jul. 3,2014

forms the reception focusing processing on the basis of an
optimum sound speed supplied from the sound speed detet-
miner 24.

[0049] This point will be described later in detail.

[0050] The phasing adder 44 supplies reception data to the
detection processor 46.

[0051] The detection processor 46 corrects attenuation
depending on the distance in accordance with the depth of the
reflection position of the ultrasonic wave for the reception
data produced by the phasing adder 44 and then performs an
envelope detection processing on the reception data to pro-
duce B-mode image data which is tomographic image infor-
mation relating to a tissue in the subject.

[0052] The digital scan converter (DSC) 48 subjects the
B-mode image data produced by the detection processor 46 to
a conversion (raster conversion) to image data based on a
normal television signal scan system.

[0053] Theimage processor 50 performs various necessary
image processings, such as a gradation processing, on the
B-mode image data input from the DSC 48 to create B-mode
image data available for inspection or display, and outputs the
created B-mode image data for inspection or display to the
display controller 32 for the sake of display or stores it in the
image memory 52.

[0054] The image memory 52 temporarily stores the
B-mode image data for inspection created by the image pro-
cessor 50. The B-mode image data forinspection stored in the
image memory 52 is read out and sent to the display controller
32 for display on the display unit 34 as necessary. Also, the
B-mode image data stored in the image memory 52 is read out
and sent to the sound speed determiner 24 for determination
of the optimum sound speed value as necessary.

[0055] Itis preferable that the image memory 52 stores all
pieces of B-mode image data as imaged.

[0056] The display controller 32 causes the display unit 34
to display the ultrasound image on the basis of the B-mode
image data subjected to the image processing by the image
processor 50.

[0057] The display unit 34 includes, for example, a display
device, such as an LCD, and displays the ultrasound image
under the control of the display controller 32.

[0058] The storage necessity determiner 26 determines
whether or not the element data which is temporarily stored in
the first reception signal memory 22 satisfies a predetermined
condition, and determines whether or not to store the element
data in the second reception signal memory 28.

[0059] Specifically, in Embodiment 1, the storage necessity
determiner 26 makes determination on each piece of element
data on the basis of the information regarding ultrasonic
transmission and reception supplied from the controller 36 so
that the element data may be stored for every predetermined
number of frames.

[0060] FIG. 2 conceptually shows the result of determina-
tion by the storage necessity determiner 26.

[0061] InFIG.2,B, to B, represent B-mode image data of
four successive frames, respectively, and D, and D, represent
element data corresponding to B-mode image data B, and B,,,
respectively. As shown in FIG. 2, the storage necessity deter-
miner 26 determines for every predetermined number of
frames (for every three frames in the illustrated example) that
the element data on one image corresponding to the frame in
question is to be stored.

[0062] In the illustrated example, although the storage
necessity determiner 26 is configured such that it determines
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that element data is to be stored for every three frames, the
invention is not limited thereto. and element data may be
stored for every two frames or for every four or more frames.
Normally, when an operator brings the probe into contact
with a region that the operator wants to observe, it is consid-
ered that the probe is caused to stand still for several seconds.
Therefore, it is preferable to determine that element data is
stored, for example, for every one second. Accordingly, it is
preferable to determine that element data is stored at frame
intervals corresponding to one second (for example, 30
frames).

[0063] The storage necessity determiner 26 supplies the
result of the storage necessity determination to the first recep-
tion signal memory 22 and the second reception signal
memory 28.

[0064] The second reception signal memory 28 stores ele-
ment data which is determined to be stored as a result of the
determination by the storage necessity determiner 26. The
second reception signal memory 28 associates the element
data with corresponding B-mode image data and stores the
element data.

[0065] Basically, the above-described first reception signal
memory 22 sequentially stores element data output from the
reception circuit 16, and when the reception focusing pro-
cessing of element data by the phasing adder 44 is finished,
sequentially deletes the processed element data. Basically,
the first reception signal memory 22 temporarily stores all
pieces of element data.

[0066] In contrast, the second reception signal memory 28
continues to store only element data which is determined to be
stored by the storage necessity determiner 26 even afterimag-
ing ends.

[0067] Inresponseto the control from the controller 36, the
sound speed determiner 24 provides a plurality of set sound
speeds to the phasing adder 44, analyzes a plurality of pieces
of B-mode image data produced by the image producer 18
using the set sound speeds and stored in the image memory
52, and for each imaged region, determines a sound speed
value which gives the highest contrast or sharpness as an
optimum sound speed for the relevant region.

[0068] In the invention, the optimum sound speed for a
region denotes a sound speed from the ultrasound probe 12
(transducer array 42) to the region on the assumption that the
space between the region and the ultrasound probe 12 is filled
with a homogeneous substance. That is, the optimum sound
speed is an average sound speed between the region and the
ultrasound probe 12. The optimum sound speed is also
referred to as an ambient sound speed.

[0069] Specifically, the sound speed determiner 24 pro-
vides a plurality of predetermined and set sound speeds V
ranging from Vst to Vend with the pitches of AV to the
phasing adder 44 in response to an instruction input from the
operating unit 38 after imaging ends. Next, the sound speed
determiner 24 reads out a plurality of pieces of B-mode image
data from the image memory 52, which are produced on the
basis of the element data read out from the second reception
signal memory 28 and the respective set sound speeds V and
stored in the image memory 52 by the image producer 18. The
sound speed determiner 24 calculates contrast or sharpness of
the read out pieces of B-mode image data for each region set
in advance, and determines the set sound speed V which
vyields a piece of B-mode image data having the highest con-
trast or sharpness as the optimum sound speed for the relevant
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region. The sound speed determiner 24 stores the values of the
optimum sound speeds determined for respective regions as a
sound speed map.

[0070] Next, the sound speed determiner 24 supplies the
calculated sound speed map to the phasing adder 44.

[0071] As described above, in the conventional ultrasound
inspection apparatus, the optimum sound speed value is mea-
sured and sound speed correction is performed to correct
distortion in an image, thereby improving image quality.
[0072] However, in the case where the sound speed value is
measured during imaging of an ultrasound image, since the
real-time property of display of the ultrasound image may be
deteriorated, it is difficult to sufficiently improve the accuracy
of the sound speed measurement.

[0073] Moreover, it has been conceived that data before
image production is stored, and after imaging ends, detailed
correction is performed on the stored data or data analysis is
performed using the stored data. However, in the case where
data is stored after phasing and adding, there is a problem in
thatit is not possible to correct a sound speed value used in the
phasing and adding of the element data, and to perform analy-
sis for a sound speed value, distortion or the like with high
accuracy.

[0074] If element data which is a reception signal before
phasing and adding is stored, it is possible to perform correc-
tion of a sound speed value used in the phasing and adding of
the element data or analysis for a sound speed value, distor-
tion or the like with high accuracy. However, since the amount
of element data which is not subjected to processing such as
the phasing and adding is enormous, such element data is only
temporarily stored, and the element data after being subjected
to processing such as the phasing and adding is sequentially
deleted.

[0075] Incontrast, according to the invention, the necessity
for storage of element data is determined on the basis of a
predetermined condition, and element data which satisfies the
predetermined condition is stored. Accordingly, it is possible
to prevent an increase in the amount of data to be stored, and
to prevent real-time property of display of an ultrasound
image from being deteriorated during ultrasound imaging
without increasing a load due to sound speed calculation or
the like. In addition, after the imaging ends, it is possible to
perform calculation of the sound speed value or analysis for
distortion or the like with high accuracy using the stored
element data and thus to improve image quality, and to pet-
form tissue characterization or the like with high accuracy.
[0076] The set sound speeds V may be sought on condition
that the value Vst is 1400 m/s, the value Vend is 1700 m/s, and
the pitch AV is about 10 to 50 m/s.

[0077] The sound speed determiner 24 is adapted to divide
an image into a plurality of predetermined areas and deter-
mine the optimum sound speed for each area, although the
invention is not limited thereto. The optimum sound speed
may be determined for the entire image without dividing the
image into a plurality of areas.

[0078] The controller 36 controls various components of
the ultrasound inspection apparatus on the basis of instruc-
tions input from the operating unit 38 by the operator.
[0079] When the operator inputs various kinds of informa-
tion through the operating unit 38, in particular, inputs infor-
mation necessary for the determination by the storage neces-
sity determiner 26 whether or not to store element data and
information necessary for the determination of the optimum
sound speed value by the sound speed determiner 24, the
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controller 36 supplies the information input from the operat-
ing unit 38 to such components as the transmission circuit 14,
the reception circuit 16, the image producer 18, the first
reception signal memory 22, the sound speed determiner 24,
the storage necessity determiner 26, and the second reception
signal memory 28 as necessary.

[0080] The operating unit 38 is used when the operator
performs an input operation, and can be formed of a key-
board, a mouse, a trackball, a touch panel, or the like.
[0081] The storage unit 40 stores various kinds of informa-
tion input from the operating unit 38, information necessary
for processings or operations performed by various compo-
nents under the control of the controller 36. operating pro-
grams for causing various components to execute processings
or operations, and the like, and as the storage unit 40, a
recording medium such as a hard disk, a flexible disk, an MO,
an MT, aRAM, a CD-ROM, a DVD-ROM, an SD card, aCF
card and a USB memory or a server may be used.

[0082] Although the phasing adder 44, the detection pro-
cessor 46, the DSC 48, the image processor 50, the display
controller 32, the storage necessity determiner 26, and the
sound speed determiner 24 are constituted by a CPU and
operating programs for causing the CPU to perform various
processings, these components may be constituted by digital
circuits.

[0083] Next, the operation of Embodiment 1 will be
described.
[0084] If the operator brings the ultrasound probe 12 into

contact with the surface of the subject and starts a measure-
ment, the ultrasonic waves are transmitted from the ultra-
sound transducers of the transducer array 42 in accordance
with the driving signals supplied from the transmission circuit
14. An analog element signal is output from each ultrasound
transducer, which receives an ultrasonic echo from the sub-
ject, to the reception circuit 16. Element data is produced by
the reception circuit 16 and stored in the first reception signal
memory 22. Ultrasonic transmission and reception are
repeated by switching between transmission apertures and
reception apertures, and a plurality of pieces of element data
produced are stored in the first reception signal memory 22.

[0085] The storage necessity determiner 26 determines the
necessity for storage ofthe element data temporarily stored in
the first reception signal memory 22 on the basis of informa-
tion relating to the frame rate of the element data such that the
element data is stored in the second reception signal memory
28 for every predetermined number of frames.

[0086] The second reception signal memory 28 stores the
element data which is determined to be stored as a result of the
determination by the storage necessity determiner 26.

[0087] The phasing adder 44 of the image producer 18
receives element data output from the reception circuit 16 or
reads out the element data as temporarily stored in the first
reception signal memory 22. The phasing adder 44 performs
the delay correction on the element data on the basis of the
sound speed value set in advance (initial sound speed value)
and adds element data to produce the sound ray signal. The
detection processor 46 of the image producer 18 performs the
attenuation correction and the envelope detection processing
on the sound ray signal to produce B-mode image data.

[0088] The B-mode image data is subjected to raster con-
version by the DSC 48, then to various image processings by
the image processor 50, supplied to the display controller 32,
and used for display on the display unit 34. Accordingly, the
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ultrasound image is displayed on the display unit 34 in real
time. The B-mode image data is stored in the image memory
52.

[0089] Next, the operation of the ultrasound inspection
apparatus 10 when sound speed correction is performed after
imaging ends will be described.

[0090] B-mode image data which is subjected to the sound
speed correction is selected from B-mode image data stored
in the image memory 52 in response to an input from the
operating unit 38. The phasing adder 44 of the image producer
18 reads out element data corresponding to the selected
B-mode image data from the second reception signal memory
28. The phasing adder 44 performs the reception focusing
processing on the element data on the basis of the predeter-
mined and set sound speed V supplied from the sound speed
determiner 24 to produce the sound ray signal. The image
producer 18 produces B-mode image data from the sound ray
signal and stores the B-mode image data in the image memory
52. The image producer 18 produces a plurality of pieces of
B-mode image data on the basis of a plurality of set sound
speeds V, respectively, and stores the pieces of B-mode image
data in the image memory 52.

[0091] The sound speed determiner 24 calculates contrast
or sharpness of a plurality of pieces of B-mode image data
produced on the basis of a plurality of set sound speeds V for
each predetermined region, determines a set sound speed V
which gives the highest contrast or sharpness as the optimum
sound speed for the relevant region, stores information
regarding the optimum sound speeds for the respective
regions as a sound speed map, and supplies the sound speed
map to the phasing adder 44.

[0092] The phasing adder 44 performs the reception focus-
ing processing on element data, which is read out from the
second reception signal memory 28 and which corresponds to
the selected B-mode image data, on the basis of the optimum
sound speed supplied from the sound speed determiner 24 to
produce the sound ray signal. The image producer 18 pro-
duces new B-mode image data from the sound ray signal and
supplies the new B-mode image data to the display controller
32 and the image memory 52.

[0093] The display controller 32 supplies the new B-mode
image data to the display unit 34.

[0094] In this way, according to the invention, since the
necessity for storage of element data is determined on the
basis of a predetermined condition, and element data which
satisfies the predetermined condition is stored, it is possible to
prevent an increase in the amount of data to be stored. In
addition, during imaging of the ultrasound image, it is pos-
sible to prevent real-time property of display of the ultrasound
image from being deteriorated, and after the imaging ends, it
is possible to calculate the optimum sound speed using the
stored element data and re-produce an image on the basis of
the optimum sound speed, thereby improving image quality.
[0095] Moreover, since element data is stored in the second
reception signal memory 28, in addition to correcting the
sound speed value to re-produce an image, tissue character-
ization may be performed on the basis of the stored element
data.

[0096] Alternatively, by using the element data stored in the
second reception signal memory 28, a plurality of pieces of
element data may be corrected in time and position on the
basis of information regarding the reception time and infor-
mation regarding geometric arrangement of the respective
elements of the transducer array 42, and then the corrected
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pieces of element data may be superimposed on one another
to reconstruct element data. By superimposing a plurality of
pieces of element data on one another to reconstruct element
data, it is possible to improve signal quality, and image qual-
ity accordingly.

[0097] While, in Embodiment 1 described above, the phas-
ing adder 44 performs the reception focusing processing dut-
ing imaging of the ultrasound image on the basis of the initial
sound speed value set in advance, the invention is not limited
thereto, and the reception focusing processing may be per-
formed using the optimum sound speed calculated just before
the reception focusing processing.

[0098] In Embodiment 1, the sound speed determiner 24
does not determine the optimum sound speed during imaging
of the ultrasound image but determines the optimum sound
speed in response to an instruction input from the operating
unit 38 after the imaging ends. The invention, however, is not
limited to such configuration, and the sound speed determiner
24 may determine the optimum sound speed also during the
imaging and determine a more detailed optimum sound speed
after the imaging ends.

[0099] Specifically, for example, the determination of the
optimum sound speed may be performed when imaging
starts, and an image may be produced on the basis of the
optimum sound speed during imaging. Alternatively, the
determination of the optimum sound speed during imaging
may be performed for every several frames, element data may
be stored in the second reception signal memory 28 at frame
intervals shorter than those at which the determination of the
optimum sound speed 1s performed, and after imaging ends,
the determination of the optimum sound speed may be pet-
formed using the stored element data. Alternatively, the deter-
mination of the optimum sound speed during imaging may be
performed for each of subregions defined by roughly dividing
the region to be imaged, and the determination of the opti-
mum sound speed after imaging may be performed for each of
smaller subregions.

[0100] Alternatively, the sound speed determiner 24 may
calculate the optimum sound speed for each region during
imaging and calculate a local sound speed value for each
region after imaging ends.

[0101] Here, the local sound speed value refers to a local
sound speed value at a position of each region in the subject.
The calculation of the local sound speed value may be pet-
formed by, for example, a method described in JP 2010-
99452 A owned by FUIIFILM Corporation.

[0102] In Embodiment 1, the second reception signal
memory 28 is adapted to store element data at predetermined
frame intervals. In addition to this, as shown in FIG. 3, the
second reception signal memory 28 may store the optimum
sound speed calculated during imaging with the frame whose
element data is not stored. In FIG. 3, B, to B, represent
B-mode image data of four successive frames, respectively,
D, and D, represent element data corresponding to B-mode
image data B, and B,, respectively, and M, and M, represent
the optimum sound speeds (sound speed map) corresponding
to B-mode image data B, and B, respectively.

[0103] While the storage necessity determiner 26 in
Embodiment 1 is adapted to determine whether or not to store
element data at predetermined frame intervals, the invention
is not limited thereto, and the determination may be made on
the basis of whether or not element data corresponds to a
predetermined region in an image.
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[0104] FIG. 4 shows the configuration of an ultrasound
inspection apparatus 100 according to Embodiment 2 of the
invention.

[0105] The ultrasound inspection apparatus 100 shown in
FIG. 4 has the same configuration as the ultrasound inspec-
tion apparatus 10 shown in FIG. 1, except that a storage
necessity determiner 264 is provided instead of the storage
necessity determiner 26, and a region-of-interest setter 102 is
provided. Accordingly, the same constituents are denoted by
the same reference numerals, and detailed description
thereon will not be repeated.

[0106] The ultrasound inspection apparatus 100 has an
ultrasound probe 12, a transmission circuit 14 and a reception
circuit 16 both connected to the ultrasound probe 12, an
image producer 18, a first reception signal memory 22, a
sound speed determiner 24, the storage necessity determiner
26b, a second reception signal memory 28, a display control-
ler 32, a display unit 34, a controller 36, an operating unit 38,
a storage unit 40, and the region-of-interest setter 102.
[0107] The region-of-interest setter 102 sets a region of
interest ROT in response to an input from the operating unit 38
by the operator.

[0108] FIG. 5 is a diagram schematically showing an
example of an ultrasound image B in which a region of
interest ROI is set.

[0109] The region of interest ROI can be arbitrarily set by
the operator, and the region of interest ROI is so set as to
include a target region to be observed, such as a tissue (organ)
or a lesion.

[0110] The region-of-interest setter 102 supplies informa-
tion regarding the set region of interest ROI to the storage
necessity determiner 265.

[0111] The region-of-interest setter 102 is not limited to
one having a configuration in which the region of interest ROI
is set in response to an input from the operating unit 38, and
the region-of-interest setter 102 may have a configuration in
which the ultrasound image (B-mode image data) produced
by the image producer 18 is analyzed to set the region of
interest ROI.

[0112] For example, the region-of-interest setter 102 may
extract a structural region on the basis of the difference in
luminance value between adjacent pixels in the ultrasound
image produced by the image producer 18. Specifically, the
position (pixels) where the difference in luminance value
between adjacent pixels is equal to or greater than a predeter-
mined value may be determined as a margin (edge) of the
structural region (tissue or lesion), a region which is sur-
rounded by such edges or a region which includes many such
edges may be determined as the structural region, namely, the
target region and extracted, and a region which includes the
target region and has predetermined shape and size may be set
as the region of interest ROIL.

[0113] The storage necessity determiner 265 determines
whether or not to store element data in the second reception
signal memory 28 on the basis of information regarding the
region of interest ROI set by the region-of-interest setter 102.
[0114] Specifically, as shown in FIG. 6A, element data of a
plurality of lines corresponding to the region of interest ROI
is determined as element data Dy, to be stored among ele-
ment data D stored in the first reception signal memory 22.
[0115] The second reception signal memory 28 stores the
element data D, of the lines corresponding to the region of
interest ROI on the basis of the determination result of the
storage necessity determiner 264.
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[0116] After imaging ends, the sound speed determiner 24
analyzes a plurality of pieces of B-mode image data of the
region of interest ROI which are respectively produced by the
image producer 18 on the basis of a plurality of set sound
speeds V using the element data Dy, corresponding to the
region of interest ROI that is stored in the second reception
signal memory 28, and determines a sound speed value which
gives the highest image contrast or sharpness as the optimum
sound speed for the region of interest ROI.

[0117] The sound speed determiner 24 supplies the calcu-
lated optimum sound speed to the image producer 18.
[0118] The image producer 18 produces new B-mode
image data of the region of interest ROI from the element data
Dy orcorresponding to the region of interest ROI that is stored
in the second reception signal memory 28 on the basis of the
optimum sound speed. Further, out of the B-mode image data
in the same frame that is stored in the image memory 52, the
image data of the region of interest is substituted with the new
B-mode image data to reconstruct the B-mode image data.
[0119] The image producer 18 supplies the reconstructed
B-mode image data to the display controller 32, and a B-mode
image on the basis of the reconstructed B-mode image data is
displayed on the display unit 34.

[0120] In this way, since only element data Dy, of lines
corresponding to the region of interest ROI is stored, it is
possible to prevent an increase in the amount of data to be
stored. During imaging of the ultrasound image, itis possible
to prevent real-time property of display of the ultrasound
image from being deteriorated. After imaging ends, the opti-
mum sound speed is calculated using the stored element data
of the region of interest ROI, and the image of the region of
interest RO is re-produced on the basis of the optimum sound
speed, thereby improving image quality of the region of inter-
est ROL

[0121] In addition, for the region of interest ROI, tissue
characterization or the like may be performed using the stored
element data.

[0122] In Embodiment 2 described above, the storage
necessity determiner 265 determines element signals of lines
corresponding to the region of interest ROI as element data
Dyor 10 be stored, to which the invention is not limited. As
shown in FIG. 6B, element data at a position corresponding to
the region of interest ROI may be determined as element data
Dxortobe stored. Alternatively, as shown in FIG. 6C, element
data of the central line of the region of interest ROI and
several adjacent lines may be determined as element data
Dyorto be stored. In that case, the element data Dy, may be
element data of lines whose number allows the calculation of
the optimum sound speed for the region of interest ROL
[0123] In Embodiment 2, the sound speed determiner 24
determines the optimum sound speed value for the region of
interest ROI as a single region, although the invention is not
limited thereto. The region of interest ROI may be divided
into a plurality of subregions and the optimum sound speed
value may be determined for each subregion.

[0124] In Embodiment 2, element data corresponding to
the region of interest RO1 is stored in every frame, although
the invention is not limited thereto, and element data corre-
sponding to the region of interest ROI may be stored at pre-
determined frame intervals.

[0125] In Embodiment 2 described above, the storage
necessity determiner 265 determines to store element data
corresponding to the region of interest ROI, to which the
invention is not limited. The storage necessity determiner 265

Jul. 3,2014

may determine to store element data corresponding to a pre-
determined region, for example, element data corresponding
to aregion at the depth of visual field as designated by a depth
button.

[0126] InEmbodiment 1 described above, determination of
whether or not to store element data is made at predetermined
frame intervals, to which the invention is not limited. Deter-
mination of whether or not to store element data may be made
at a predetermined timing.

[0127] In an ultrasound inspection apparatus having a
region-of-interest setter according to Embodiment 3 of the
invention, a storage necessity determiner determines to store
element data of subsequent frames after the region of interest
ROl is set or after an operation to set the region of interest ROI
is detected.

[0128] In Embodiment 3, the storage necessity determiner
may determine to store all pieces of element data of subse-
quent frames after the region of interest ROI is set, or may
determine to store element data for a predetermined number
of frames after the region of interest ROI is set.

[0129] Moreover, the storage necessity determiner may
determine to store element data of the entire image of a frame
after the region of interest ROI is set, or may determine to
store element data corresponding to the region of interest ROI
after the region of interest ROI s set.

[0130] In Embodiment 1, the storage necessity determiner
26 determines whether or not to store element data at prede-
termined frame intervals, although the invention is not limited
thereto, and the determination may be made on the basis of the
operation of the probe.

[0131] FIG. 7 shows the configuration of an ultrasound
inspection apparatus 110 according to Embodiment 4 of the
invention.

[0132] The ultrasound inspection apparatus 110 shown in
FIG. 7 has the same configuration as the ultrasound inspec-
tion apparatus 10 shown in FIG. 1, except that a storage
necessity determiner 26¢ is provided instead of the storage
necessity determiner 26, and an ultrasound probe 125 having
an acceleration sensor 112 is provided instead of the ultra-
sound probe 12. Accordingly, the same constituents are
denoted by the same reference numerals, and detailed
description thereof will not be repeated.

[0133] The ultrasound inspection apparatus 110 has the
ultrasound probe 12, a transmission circuit 14 and a recep-
tion circuit 16 both connected to the ultrasound probe 125, an
image producer 18, a first reception signal memory 22, a
sound speed determiner 24, a storage necessity determiner
26¢, a second reception signal memory 28, a display control-
ler 32, a display unit 34, a controller 36, an operating unit 38,
and a storage unit 40.

[0134] The ultrasound probe 125 has a transducer array 42
and the acceleration sensor 112.

[0135] The acceleration sensor 112 is a sensor which mea-
sures acceleration to detect movement of the ultrasound probe
125, and various known acceleration sensors, such as a
piezoresistance type acceleration sensor and a capacitance
type acceleration sensor, may be used.

[0136] The acceleration sensor 112 supplies information
regarding the detected acceleration to the storage necessity
determiner 26c.

[0137] The storage necessity determiner 26¢ determines
from the information on acceleration as supplied from the
acceleration sensor 112 to store element data if the accelera-
tion in question is equal to or less than a predetermined
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threshold value. That is, the storage necessity determiner 26¢
determines to store element data acquired when the ultra-
sound probe 125 stands still.

[0138] According to the determination by the storage
necessity determiner 26c¢, the second reception signal
memory 28 stores element data acquired when the ultrasound
probe 125 is not moved.

[0139] During imaging of the ultrasound image, the opera-
tor appropriately moves the ultrasound probe 125 to search
for a region of interest in the subject. For this reason, during
imaging, the ultrasound probe 125 may repeatedly be caused
to move and stand still. Element data during movement of the
ultrasound probe 126 cannot be said to be accurate data, and
it is not possible to perform sufficient improvement of image
quality with such element data. In addition, an ultrasound
image obtained when the ultrasound probe 125 is not moved
appears to be an image that the operator wants to observe.
[0140] For this reason, as in Embodiment 4, the storage
necessity determiner 26¢ determines to store element data
acquired when the ultrasound probe 124 is not moved,
thereby preventing storage of unnecessary element data and
thus preventing an increase in the amount of data to be stored.
During imaging of the ultrasound image, it is possible to
prevent real-time property of display of the ultrasound image
from being deteriorated, and after imaging ends, the optimum
sound speed is calculated using the stored element data and an
image is re-produced on the basis of the optimum sound
speed, thereby improving image quality.

[0141] The storage necessity determiner 26¢ may deter-
mine to store all pieces of element data while it is considered
that the ultrasound probe 125 is not moved, or may determine
to store element data for a predetermined number of frames
while it is considered that the ultrasound probe 125 is not
moved.

[0142] Alternatively, the storage necessity determiner 26¢
may determine to store all pieces of element data while it is
considered that the ultrasound probe 125 is not moved, and
determine to store element data for a predetermined number
of frames while it is considered that the ultrasound probe 125
is moved.

[0143] Inthecasewhere the region of interest ROl is set, the
storage necessity determiner 26¢ may determine to store ele-
ment data corresponding to the region of interest ROI while it
is considered that the ultrasound probe 124 is not moved.
[0144] In Embodiment 4 described above, the acceleration
sensor 112 is provided in the ultrasound probe 125 to detect
movement and standstill of the ultrasound probe 124, to
which the invention is not limited. The movement and stand-
still of the ultrasound probe 125 may be detected from the
amount of change in B-mode image data between successive
frames. Specifically, the difference in luminance value
between the B-mode image data as just imaged and the
B-mode image data of the previous frame is found, and when
the difference is equal to or smaller than a predetermined
threshold value, it is considered that the ultrasound probe 126
stands still.

[0145] A determination method in the storage necessity
determiner is not limited to the configurations of Embodi-
ments 1 to 4 described above, and it may be determined to
store element data when the image mode is specified (to any
one of B mode, compound mode, and harmonic mode).
[0146] By storing element data when the image mode is
specified, element data can be used to improve image quality
in the specified image mode.
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[0147] Alternatively, a determination method in the storage
necessity determiner may be configured such that element
data obtained by receiving an ultrasonic echo of an ultrasonic
beam transmitted at a predetermined transmit frequency is
stored.

[0148] Ifelement data obtained by ultrasonic transmission
and reception ata predetermined transmit frequency is stored,
for example, at the time oftransmission at a low frequency, an
ultrasonic echo from a deep portion can be received, thereby
improving image quality for the deep portion.

[0149] Alternatively, a determination method in the storage
necessity determiner may be configured such that element
data obtained by receiving an ultrasonic echo of'an ultrasonic
beam transmitted with a predetermined amplitude (power) is
stored.

[0150] Ifelement data obtained by ultrasonic transmission
and reception with a predetermined amplitude is stored, for
example, at the time of transmission with high output power,
an ultrasonic echo from a deep portion can be received,
thereby improving image quality f the deep portion.

[0151] A signal processing program is not limited to one
being stored in a memory attached to the controller. The
signal processing program may be recorded in a memory
medium (removable medium), such as a CD-ROM, which is
removably loaded in the ultrasound inspection apparatus and
may be read into the apparatus through an interface corre-
sponding to the removable medium.

[0152] While the ultrasound inspection apparatus, the sig-
nal processing method for an ultrasound inspection appara-
tus, and the recording medium of the present invention have
been described in detail, the present invention is not limited to
the above embodiments but may be improved or modified in
various forms without departing from the gist of the present
invention.

What is claimed is:

1. An ultrasound inspection apparatus which inspects an
inspection object using an ultrasonic beam, the ultrasound
inspection apparatus comprising:

a transducer array having elements arranged therein that
transmits the ultrasonic beam and receives an ultrasonic
echo reflected by the inspection object to output an ele-
ment signal according to the ultrasonic echo as received;

a transmitter adapted to cause the transducer array to trans-
mit the ultrasonic beam with the two or more elements
serving as transmission apertures;

a receptor adapted to perform specified processing on two
or more element signals which are output from the trans-
ducer array having received ultrasonic echos with the
two or more elements serving as reception apertures, so
as to output resulting signals as one piece of element
data;

a first reception signal memory which stores a plurality of
pieces of element data output from the receptor as a
result of repeating ultrasonic transmission and reception
through the transmitter and the receptor multiple times;

an image producer adapted to perform phasing and adding
individually on one or more pieces of element data based
on a specified sound speed value to produce one or more
sound ray signals, and produce ultrasound image data
from the one or more sound ray signals;

a sound speed determiner adapted to determine an opti-
mum sound speed value from a plurality of pieces of
ultrasound image data which are individually produced
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by the image producer based on a plurality of specified
and set sound speeds and using one or more pieces of
element data;

a storage necessity determiner adapted to determine each
piece of element data stored in the first reception signal
memory whether or not to satisfy a specified condition;
and

a second reception signal memory which stores a piece of
element data determined by the storage necessity detet-
miner to satisfy the specified condition.

2. The ultrasound inspection apparatus according to claim

1, wherein:

the sound speed determiner determines the optimum sound
speed value from a plurality of pieces of ultrasound
image data which are individually produced by the
image producer based on a plurality of specified and set
sound speeds and using the one or more pieces of ele-
ment data stored in the second reception signal memory;
and

the image producer produces ultrasound image data based
on an initial sound speed value set in advance when
producing ultrasound image data from the plurality of
pieces of element data stored in the first reception signal
memory, and produces ultrasound image data based on
the optimum sound speed value calculated by the sound
speed determiner when producing ultrasound image
data from the one or more pieces of element data stored
in the second reception signal memory.

3. The ultrasound inspection apparatus according to claim

1, wherein the second reception signal memory associates the
piece of element data determined by the storage necessity
determiner to satisfy the specified condition with a piece of
ultrasound image data corresponding to the piece of element
data so as to store them as such.

4. The ultrasound inspection apparatus according to claim

1, further comprising an image memory which stores ultra-

sound image data produced by the image producer, wherein:

the image memory stores ultrasound image data of all
frames; and

the second reception signal memory stores pieces of ele-
ment data at specified frame intervals.

5. The ultrasound inspection apparatus according to claim

1, further comprising a region-of-interest setter adapted to set
a region of interest in an imaging region,

wherein the storage necessity determiner determines a
piece of element data corresponding to the region of
interest to satisfy the specified condition.

6. The ultrasound inspection apparatus according to claim

1, further comprising a region-of-interest setter adapted to set
a region of interest in an imaging region,

wherein, when an operation to set the region of interest has
been detected, the storage necessity determiner deter-
mines pieces of element data corresponding to subse-
quent frames to satisfy the specified condition.

7. The ultrasound inspection apparatus according to claim

1, further comprising a movement detector adapted to detect
movement and standstill of a probe equipped with the trans-
ducer array,

wherein, when the movement detector has detected stand-
still of the probe, the storage necessity determiner deter-
mines a piece of element data of a frame corresponding
to the standstill of the probe to satisfy the specified
condition.
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8. The ultrasound inspection apparatus according to claim
1, wherein, when a specified mode has been selected, the
storage necessity determiner determines pieces of element
data corresponding to subsequent frames to satisfy the speci-
fied condition.

9. The ultrasound inspection apparatus according to claim
1, wherein the storage necessity determiner determines a
piece of element data which is obtained by transmitting an
ultrasonic beam at a specified transmit frequency to satisfy
the specified condition.

10. The ultrasound inspection apparatus according to claim
1, wherein the storage necessity determiner determines a
piece of element data which is obtained by transmitting an
ultrasonic beam having a specified amplitude to satisfy the
specified condition.

11. The ultrasound inspection apparatus according to claim
1, further comprising an image memory which stores ultra-
sound image data produced by the image producer, wherein:

the sound speed determiner determines the optimum sound
speed value from a plurality of pieces of ultrasound
image data which are individually produced by the
image producer based on a plurality of specified and set
sound speeds and using the pieces of element data stored
in the first reception signal memory;

the image memory stores ultrasound image data of all
frames; and

the second reception signal memory stores pieces of ele-
ment data at specified frame intervals, and stores the
optimum sound speed value for a frame whose element
data is not stored.

12. A signal processing method for an ultrasound inspec-
tion apparatus provided with a transducer array having ele-
ments arranged therein that transmits an ultrasonic beam and
receives an ultrasonic echo reflected inside an inspection
object to output an element signal according to the ultrasonic
echo as received, which apparatus generates an ultrasonic
beam by the transducer array to inspect the inspection object
and produce ultrasound image data, the signal processing
method comprising:

atransmission step of causing the transducer array to trans-
mit the ultrasonic beam with the two or more elements
serving as transmission apertures;

areception step of performing specified processing on two
or more element signals which are output from the trans-
ducer array having received ultrasonic echos with the
two or more elements serving as reception apertures, so
as to output resulting signals as one piece of element
data;

a first signal storage step of storing a plurality of pieces of
element data output in the reception step as a result of
repeating the transmission step and the reception step
multiple times;

an image production step of performing phasing and add-
ing individually on one or more pieces of element data
based on a specified sound speed value to produce one or
more sound ray signals, and producing ultrasound image
data from the one or more sound ray signals;

a sound speed determination step of determining an opti-
mum sound speed value from a plurality of pieces of
ultrasound image data which are individually produced
in the image production step based on a plurality of
specified and set sound speeds and using one or more
pieces of element data;
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astorage necessity determination step of determining each
piece of element data stored in the first signal storage
step whether or not to satisfy a specified condition; and

a second signal storage step of storing a piece of element
data determined in the storage necessity determination
step to satisfy the specified condition.

13. A computer-readable recording medium having a sig-
nal processing program for an ultrasound inspection appara-
tus recorded thereon, wherein the signal processing program
causes a computer to execute a signal processing method for
an ultrasound inspection apparatus provided with a trans-
ducer array having elements arranged therein that transmits
an ultrasonic beam and receives an ultrasonic echo reflected
inside an inspection object to output an element signal
according to the ultrasonic echo as received, which apparatus
generates an ultrasonic beam by the transducer array to
inspect the inspection object and produce ultrasound image
data, the signal processing method comprising:

atransmission step of causing the transducer array to trans-
mit the ultrasonic beam with the two or more elements
serving as transmission apertures;

areception step of performing specified processing on two
or more element signals which are output from the trans-
ducer array having received ultrasonic echos with the
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two or more elements serving as reception apertures, so
as to output resulting signals as one piece of element
data;

a first signal storage step of storing a plurality of pieces of
element data output in the reception step as a result of
repeating the transmission step and the reception step
multiple times;

an image production step of performing phasing and add-
ing individually on one or more pieces of element data
based on a specified sound speed value to produce one or
more sound ray signals, and producing ultrasound image
data from the one or more sound ray signals;

a sound speed determination step of determining an opti-
mum sound speed value from a plurality of pieces of
ultrasound image data which are individually produced
in the image production step based on a plurality of
specified and set sound speeds and using one or more
pieces of element data;

a storage necessity determination step of determining each
piece of element data stored in the first signal storage
step whether or not to satisfy a specified condition; and

a second signal storage step of storing a piece of element
data determined in the storage necessity determination
step to satisfy the specified condition.
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