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

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of PCT Interna-
tional Application No. PCT/JP2013/075913 filed on Sep. 25,
2013, which claims priority under 35 U.S.C. §119(a) to Japa-
nese Application No.2012-214132 filed on Sep. 27,2012 and
Japanese Application No. 2012-216181 filed on Sep. 28,
2012. Each of the above application(s) is hereby expressly
incorporated by reference, in its entirety, into the present
application.

BACKGROUND OF THE INVENTION

[0002] The invention relates to an ultrasound inspection
apparatus for capturing animage of'aninspection object, such
as an organ in a living body, by transmitting/receiving an
ultrasonic beam to generate an ultrasound image used to
inspect and diagnose the inspection object, as well as to a
signal processing method for the ultrasound inspection appa-
ratus, and a recording medium having stored therein a pro-
gram for the ultrasound inspection apparatus.

[0003] Conventionally, ultrasound inspection apparatuses
such as ultrasound image diagnostic apparatuses using ultra-
sound images are put to practical use in the medical field.
Generally, this type of ultrasound inspection apparatus
includes an ultrasound probe provided with a plurality of
elements (ultrasound transducers) and an apparatus main
body connected to the ultrasound probe. Ultrasonic beams are
transmitted from the plurality of elements in the ultrasound
probe toward an inspection object (a subject), ultrasonic ech-
oes from the subject are received by the ultrasound probe, and
an ultrasound image is generated by electrically processing
the received ultrasonic echo signals in the apparatus main
body.

[0004] When an ultrasound inspection apparatus generates
an ultrasound image, the plurality of elements in the probe
focuses and transmits ultrasonic beams onto an inspection
target region of a subject, for example, an organ in a living
body, a lesion on the organ, or the like, and ultrasonic echoes
are received via the plurality of elements from a surface or
border of a reflecting body in the inspection target region,
such as the organ, lesion, or the like. However, ultrasonic
echoes reflected by the same reflecting body are received by
the plurality of elements, and thus, with respect to an ultra-
sonic echo signal received by a transmitting element after
being reflected by a reflecting body located at a focal position
of the ultrasonic beam transmitted by that transmitting ele-
ment, an ultrasonic echo signal reflected by the same reflect-
ing body but received by a different element will be delayed.
As such, after element data is obtained by A/D (analog/digi-
tal) converting of the ultrasonic echo signals received by the
plurality of elements, a sound ray signal is generated by
performing a reception focusing process on the element data,
or in other words, aligning the phase of the element data by
correcting the delay and performing phasing-addition. The
ultrasound image is then generated based on the sound ray
signal thus obtained.

[0005] In the meantime, when generating an ultrasound
image, the ultrasound inspection apparatus generates the
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ultrasound image assuming that the sound velocity in a living
body having the subject is constant. However, a sound veloc-
ity value in an actual living body changes depending on the
properties of tissue in the living body, and there is a resulting
variation in the sound velocity value. This variation has
caused degradation in the quality of ultrasound images, such
as spatial distortion, and a drop in contrast or spatial resolu-
tion.

[0006] To deal with it, in order to more accurately diagnose
a diagnosis region in a subject, image qualities are recently
being improved by optimizing the sound velocity values at
desired diagnosis regions and reducing such image distortion,
drops in spatial resolution, and the like.

[0007] For example, JP 2011-92686 A discloses an ultra-
sound diagnostic apparatus including a region of interest
setting unit for setting a region of interest, a transmission
focus instruction unit for causing an ultrasound probe to focus
the transmission of ultrasonic waves onto the region of inter-
est, a set sound velocity designating unit for designating a
plurality of set sound velocities for reception focusing on an
ultrasonic detection signal from the region of interest, a focus
index calculating unit for performing reception focusing for
each of the plurality of set sound velocities and calculating a
focus index for the ultrasonic detection signal, and an ambient
sound velocity determining unit for determining an ambient
sound velocity of the region of interest based on the focus
index for each of the plurality of set sound velocities.

[0008] JP 2011-92686 A discloses constructing a highly-
accurate ultrasound image by correctly determining the ambi-
ent sound velocity for each of pixels or line images that
constitute the ultrasound image, based on the focus index.
[0009] However, according to the technique disclosed in JP
2011-92686 A, although an image having a higher quality
than conventional techniques can be obtained, there is a prob-
lem in that it takes time to find the ambient sound velocities
for all of the pixels (lines) because the focus index is obtained
in an exhaustive manner based on a plurality of set sound
velocities for each of pixels or line images and the set sound
velocity at which the focus index is best is taken as the optimal
sound velocity (ambient sound velocity). Consequently, there
is a further problem in that this causes a drop in the frame rate.
[0010] While solving the problems with the aforemen-
tioned conventional techniques, an object of the invention is
to provide anultrasound inspection apparatus capable of find-
ing an optimal sound velocity value for each of regions in an
image in a short amount of time and constructing a highly-
accurate ultrasound image without causing a drop in a frame
rate, and to provide a signal processing method for the ultra-
sound inspection apparatus, and a recording medium having
stored therein a program for the ultrasound inspection appa-
ratus.

SUMMARY OF THE INVENTION

[0011] In order to attain the objects above, the present
invention provides an ultrasound inspection apparatus for
inspecting an inspection object using an ultrasonic beam, the
apparatus comprising a region setting section configured to
set a plurality of regions within the inspection object; a sound
velocity calculator configured to calculate a sound velocity of
each of the plurality of regions; a sound velocity obtainer
configured to take one of the plurality of regions as a region of
interest and obtain a preliminary sound velocity of the region
of interest; and an image quality determiner configured to
determine an image quality of the region of interest based on
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the preliminary sound velocity obtained by the sound velocity
obtainer, wherein the sound velocity obtainer obtains the
preliminary sound velocity based on a sound velocity of at
least one of the plurality of regions within a predetermined
range from the region of interest, and wherein the preliminary
sound velocity obtained by the sound velocity obtainer is
employed as a sound velocity of the region of interest when a
determination result made by the image quality determiner is
positive, and the sound velocity of the region of interest is
calculated by the sound velocity calculator when the deter-
mination result is negative.

[0012] Preferably, the sound velocity obtainer obtains the
preliminary sound velocity based on the sound velocity of at
least one of the plurality of regions temporally and/or spa-
tially within a predetermined range from the region of inter-
est.

[0013] Preferably, the one of the plurality of regions spa-
tially within the predetermined range is a region near the
region of interest in a same image.

[0014] Preferably, the one of the plurality of regions spa-
tially within the predetermined range is a region in a same
partial image when an image is regionally divided into a
plurality of partial images.

[0015] Preferably, the one of the plurality of regions tem-
porally within the predetermined range is a region corre-
sponding to the region of interest in an image of a frame a
predetermined number of frames before.

[0016] Preferably, the one of the plurality of regions tem-
porally within the predetermined range is a region corre-
sponding to the region of interest in at least one of images
obtained by performing a predetermined process on images
of a plurality of frames up to a predetermined number of
frames before or a region corresponding to the region of
interest in at least one of the images of the plurality of frames
up to the predetermined number of frames before, the sound
velocity of at least one of the plurality of regions being a
sound velocity obtained by performing a predetermined pro-
cess on sound velocities of the plurality of frames up to the
predetermined number of frames before.

[0017] Preferably, the predetermined process on sound
velocities is a process for obtaining one of an average value
and a median value of the sound velocities of the plurality of
frames up to the predetermined number of frames before.
[0018] In order to attain the objects above, the present
invention provides an ultrasound inspection apparatus for
inspecting an inspection object using an ultrasonic beam, the
apparatus comprising a region setting section configured to
set a plurality of regions within the inspection object; a sound
velocity calculator configured to calculate a sound velocity of
each of the plurality of regions; a sound velocity obtainer
configured to take one of the plurality of regions as a region of
interest and obtain a preliminary sound velocity of the region
of interest; an initial sound velocity storage configured to
store a pre-set initial sound velocity; and an image quality
determiner configured to determine an image quality of the
region of interest based on the preliminary sound velocity
obtained by the sound velocity obtainer, wherein the sound
velocity obtainer obtains the initial sound velocity stored in
the initial sound velocity storage as the preliminary sound
velocity, and wherein for each of the plurality of regions, the
preliminary sound velocity obtained by the sound velocity
obtainer is employed as a sound velocity of a region in ques-
tion when a determination result made by the image quality
determiner is positive, and the sound velocity of the region in
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question is calculated by the sound velocity calculator when
the determination result is negative.

[0019] Preferably, the initial sound velocity storage stores a
plurality of the initial sound velocities, and the initial sound
velocity used in an image quality determination performed by
the image quality determiner is selected based on an input
from an operating section.

[0020] Preferably, the initial sound velocity stored in the
initial sound velocity storage is a value near a sound velocity
in a living body.

[0021] Preferably, the value near the sound velocity in the
living body is a value from 1400 to 1700 m/s.

[0022] Preferably, the value near the sound velocity in the
living body is a value from 1450 to 1550 m/s.

[0023] Preferably, the initial sound velocity stored in the
initial sound velocity storage is set again based on a determi-
nation result made by the image quality determiner.

[0024] Preferably, the image quality determiner determines
the image quality based on one of a sharpness, a brightness, a
contrast, and a frequency of an image of the region of interest
generated based on the preliminary sound velocity.

[0025] Preferably, the image quality determiner determines
the image quality by comparing the image of the region of
interest generated based on the preliminary sound velocity
with an image of a same region in a previous image.

[0026] Preferably, the image quality determiner determines
the image quality by evaluating a similarity between refer-
ence data generated based on post-phasing addition reception
data of the region of interest generated based on the prelimi-
nary sound velocity, and pre-phasing addition reception data.
[0027] Tt is preferred to include an element data storage
configured to store element data which each of elements in a
transducer array outputs upon receiving an ultrasonic echo.
[0028] In order to attain the objects above, the present
invention provides a signal processing method for an ultra-
sound inspection apparatus for inspecting an inspection
object using an ultrasonic beam, the method comprising: a
region setting step of setting a plurality of regions within the
inspection object; a sound velocity calculating step of calcu-
lating a sound velocity of each of the plurality of regions; a
sound velocity obtaining step of taking one of the plurality of
regions as a region of interest and obtaining a preliminary
sound velocity of the region of interest; and an image quality
determining step of determining an image quality of the
region of interest based on the preliminary sound velocity
obtained in the sound velocity obtaining step. wherein the
sound velocity obtaining step obtains the preliminary sound
velocity based on a sound velocity of at least one of the
plurality of regions within a predetermined range from the
region of interest, and wherein the preliminary sound velocity
obtained in the sound velocity obtaining step is employed as
a sound velocity of the region of interest when a determina-
tion result made in the image quality determining step is
positive, and the sound velocity of the region of interest is
calculated in the sound velocity calculating step when the
determination result is negative

[0029] In order to attain the objects above, the present
invention provides a computer readable recording medium
having stored therein a program that causes a computer to
execute signal processing for an ultrasound inspection appa-
ratus for inspecting an inspection object using an ultrasonic
beam, the program comprising: aregion setting step of setting
a plurality of regions within the inspection object; a sound
velocity calculating step of calculating a sound velocity of
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each of the plurality of regions; a sound velocity obtaining
step of taking one of the plurality of regions as a region of
interest and obtaining a preliminary sound velocity of the
region of interest; and an image quality determining step of
determining an image quality of the region of interest based
on the preliminary sound velocity obtained in the sound
velocity obtaining step, wherein the sound velocity obtaining
step obtains the preliminary sound velocity based on a sound
velocity of at least one of the plurality of regions within a
predetermined range from the region of interest, and wherein
the preliminary sound velocity obtained in the sound velocity
obtaining step is employed as a sound velocity of the region of
interest when a determination result made in the image qual-
ity determining step is positive, and the sound velocity of the
region of interest is calculated in the sound velocity calculat-
ing step when the determination result is negative.

[0030] In order to attain the objects above, the present
invention provides a signal processing method for an ultra-
sound inspection apparatus for inspecting an inspection
object using an ultrasonic beam, the method comprising: a
region setting step of setting a plurality of regions within the
inspection object; a sound velocity calculating step of calcu-
lating a sound velocity of each of the plurality of regions; a
sound velocity obtaining step of taking one of the plurality of
regions as a region of interest and obtaining a preliminary
sound velocity of the region of interest; and an image quality
determining step of determining an image quality of the
region of interest based on the preliminary sound velocity
obtained in the sound velocity obtaining step, wherein the
sound velocity obtaining step obtains a pre-set initial sound
velocity as the preliminary sound velocity, and wherein for
each of the plurality of regions, the preliminary sound veloc-
ity obtained in the sound velocity obtaining step is employed
as a sound velocity of a region in question when a determi-
nation result made in the image quality determining step is
positive, and the sound velocity of the region in question is
calculated in the sound velocity calculating step when the
determination result is negative.

[0031] In order to attain the objects above, the present
invention provides a computer readable recording medium
having stored therein a program that causes a computer to
execute signal processing for an ultrasound inspection appa-
ratus for inspecting an inspection object using an ultrasonic
beam, the program comprising; aregion setting step of setting
a plurality of regions within the inspection object; a sound
velocity calculating step of calculating a sound velocity of
each of the plurality of regions; a sound velocity obtaining
step of taking one of the plurality of regions as a region of
interest and obtaining a preliminary sound velocity of the
region of interest; and an image quality determining step of
determining an image quality of the region of interest based
on the preliminary sound velocity obtained in the sound
velocity obtaining step, wherein the sound velocity obtaining
step obtains a pre-set initial sound velocity as the preliminary
sound velocity, and wherein for each of the plurality of
regions, the preliminary sound velocity obtained in the sound
velocity obtaining step is employed as a sound velocity of a
region in question when a determination result made in the
image quality determining step is positive, and the sound
velocity of the region in question is calculated in the sound
velocity calculating step when the determination result is
negative.

[0032] According to the invention, an optimal sound veloc-
ity value for each of regions can be found in a short amount of
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time, and thus a highly-accurate ultrasound image can be
constructed without causing a drop in a frame rate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a block diagram conceptually illustrating
an example of the configuration of a first embodiment of an
ultrasound inspection apparatus according to the invention.
[0034] FIG. 2 is a block diagram conceptually illustrating
an example of the configuration of a sound velocity deter-
miner in the ultrasound inspection apparatus illustrated in
FIG. 1.

[0035] FIG. 3isaschematic diagram illustrating a region of
interest and nearby regions.

[0036] FIG. 4isaschematic diagram illustrating a region of
interest and nearby regions.

[0037] FIG. 5 is a flowchart illustrating the operation of a
sound velocity calculator in the ultrasound inspection appa-
ratus illustrated in FIG. 1.

[0038] FIG. 6is a flowchart illustrating the operation of the
ultrasound inspection apparatus illustrated in FIG. 1.

[0039] FIG. 7 is a block diagram conceptually illustrating
an example of the configuration of a second embodiment of
the ultrasound inspection apparatus according to the inven-
tion.

[0040] FIG. 8 is a block diagram conceptually illustrating
an example of the configuration of a sound velocity deter-
miner in the ultrasound inspection apparatus illustrated in
FIG. 7.

[0041] FIG. 9 is a schematic diagram illustrating region-
by-region results determined by an image quality determiner.
[0042] FIG. 10 is a flowchart illustrating the operation of
the ultrasound inspection apparatus illustrated in FIG. 7.

DETAILED DESCRIPTION OF THE INVENTION

[0043] An ultrasound inspection apparatus, and a signal
processing method for the ultrasound inspection apparatus,
and a computer readable recording medium having stored
therein a program for the ultrasound inspection apparatus
according to the invention will be described in detail herein-
after based on preferred embodiments illustrated in the
appended drawings.

[0044] FIG. 1 is a block diagram conceptually illustrating
an example of the configuration of a first embodiment of the
ultrasound inspection apparatus according to the invention.
[0045] As illustrated in FIG. 1, an ultrasound inspection
apparatus 10 includes an ultrasound probe 12, a transmitter 14
and receiver 16 connected to the ultrasound probe 12, an
analog-to-digital (A/D) converter 18, an element data storage
20, an image generator 24, a display controller 26, a monitor
28, a controller 30, an operating section 32, a storage unit 34,
a region setting section 50, a sound velocity determiner 52,
and a sound velocity storage 54.

[0046] Theultrasound probe 12 has a transducer array 36 as
used in a standard ultrasound inspection apparatus.

[0047] The transducer array 36 has a plurality of elements,
namely ultrasound transducers, arranged in a one- or two-
dimensional array. When capturing an ultrasound image of an
inspection object (hereinafter, referred to as a subject), the
ultrasound transducers transmit ultrasonic beams toward a
subject in accordance with the respective driving signals sup-
plied from the transmitter 14, receive ultrasonic echoes from
the subject, and output reception signals (analog element
signals). In this embodiment, of the plurality of ultrasound
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transducers in the transducer array 36, each of a predeter-
mined number of the ultrasound transducers that makes up a
group generates a corresponding component of a single ultra-
sonic beam. The predetermined number of ultrasound trans-
ducers ina group then generates a single ultrasonic beam to be
transmitted to the subject.

[0048] Each of the ultrasound transducers comprises an
element composed of a piezoelectric body and electrodes
each provided on either end of the piezoelectric body, or in
other words, a transducer. The piezoelectric body is com-
posed of, for example, a piezoelectric ceramic represented by
PZT (lead zirconate titanate), a piezoelectric polymer repre-
sented by PVDF (polyvinylidene fluoride), a piezoelectric
monocrystal represented by PMN-PT (lead magnesium nio-
bate-lead titanate solid solution), or the like.

[0049] When a pulse-form or continuous-waveform volt-
age is applied to the electrodes of the transducer, the piezo-
electric body extends and constricts. As a result, pulse-form
or continuous-waveform ultrasonic waves are generated from
the respective transducers, and the ultrasonic beam is formed
from a combination of those ultrasonic waves. Meanwhile,
the respective transducers extend and constrict upon receiv-
ing the propagating ultrasonic waves and generate electrical
signals, and the electrical signals are outputted as reception
signals of the ultrasonic waves (analog element signals).
[0050] The transmitter 14 has, for example, a plurality of
pulsers, and in accordance with a transmission delay pattern
selected in response to a control signal from the controller 30,
causes the ultrasonic beam components transmitted from the
predetermined number of ultrasound transducers (hereinaf-
ter, referred to as ultrasound elements) that make up a group
in the transducer array 36 to form a single ultrasonic beam by
adjusting delay amounts of respective driving signals and
supplying the driving signals to the plurality of ultrasound
elements that form the group.

[0051] In response to a control signal from the controller
30, the receiver 16 amplifies and outputs a reception signal, or
an analog element signal for each ultrasound element, which
the transducer array 36 has outputted after receiving an ultra-
sonic echo produced by mutual effects between the ultrasonic
beam transmitted from the transducer array 36 and the sub-
ject.

[0052] Here, in correspondence with the transmission of a
single ultrasonic beam, the receiver 16 outputs a plurality of
analog element signals received by the plurality of ultrasound
elements as asingle piece ofanalog element data that includes
information on the receiving ultrasound elements and infor-
mation on a reception time. In other words, the element data
is data expressing a strength of the reception signal with
respect to the position of the element and the reception time.
[0053] The receiver 16 also receives an ultrasonic echo and
outputs analog element data each time an ultrasonic beam is
transmitted by the transmitter 14. Accordingly, the transmit-
ter 14 transmits an ultrasonic beam a plurality of times, and
then the receiver 16 outputs a plurality of pieces of analog
element data corresponding to the respective transmissions.
[0054] The receiver 16 supplies the analog element data to
the A/D converter 18.

[0055] The A/D converter 18 is connected to the receiver
16, and converts the analog element data supplied from the
receiver 16 into digital element data (first element data). The
A/D converter 18 supplies the A/D-converted digital element
data to the element data storage 20 and the image generator
24.
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[0056] The element data storage 20 sequentially stores the
digital element data outputted from the A/D converter 18. The
element data storage 20 also stores information regarding a
frame rate inputted from the controller 30 (the depth of a
position at which the ultrasonic wave is reflected, the density
of scanning lines, and a parameter representing the range of
visual field, for example) in association with the aforemen-
tioned digital element data (hereinafter, simply referred to as
element data).

[0057] Under the control of the controller 30, the image
generator 24 generates a sound ray signal (reception data)
from the element data supplied from the A/D converter 18 or
the element data storage 20, and generates an ultrasound
image from the sound ray signal.

[0058] The image generator 24 has a phasing addition sec-
tion 38, a detection processor 40, a digital scan converter
(DSC) 42, an image creating section 44, and an image
memory 46.

[0059] In accordance with a reception direction set by the
controller 30, the phasing addition section 38 selects one
reception delay pattern from among a plurality of reception
delay patterns stored in advance based on a sound velocity
distribution stored in the sound velocity storage 54, and based
on the selected reception delay pattern, carries out a reception
focusing process by delaying and adding the signals of the
respective elements in the element data. This reception focus-
ing process yields reception data (sound ray signal) having an
ultrasonic echo well-focused.

[0060] The phasing addition section 38 supplies the recep-
tion data to the detection processor 40.

[0061] The detection processor 40 performs, on the recep-
tion data generated by the phasing addition section 38, cor-
rection for attenuation, which is caused due to distance, based
on the depth of the position at which the ultrasonic wave is
reflected, and then performs an envelope detection process to
generate B-mode image data that is tomographic image infor-
mation related to tissues in the subject.

[0062] The DSC 42 converts the B-mode image data gen-
erated by the detection processor 40 into image data compat-
ible with a standard television signal scanning mode (raster
conversion).

[0063] The image creating section 44 creates the B-mode
image data for use in inspection and display by performing
various types of necessary image processing, including gra-
dation processing and the like, on the B-mode image data
inputted from the DSC 42, and then outputs the created
B-mode image data for inspection or display to the display
controller 26 for display or stores the B-mode image data in
the image memory 46.

[0064] The image memory 46 temporarily stores the
B-mode image data for inspection created by the image cre-
ating section 44. The B-mode image data for inspection
stored in the image memory 46 is read out to the display
controller 26 for displaying in the monitor 28 as necessary.
[0065] The display controller 26 causes the monitor 28 to
display an ultrasound image based on the B-mode image
signal for inspection, which has undergone image processing
performed by the image creating section 44.

[0066] The monitor 28 includes a display device such as a
liquid crystal display (LCD), and displays an ultrasound
image under the control of the display controller 26.

[0067] The region setting section 50 sets a plurality of
regions in an image capturing region that is to undergo scan-
ning by ultrasonic waves, in response to an input made by an
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operator through the operating section 32 or in response to an
instruction from the controller 30. In this apparatus, an appro-
priate sound velocity is determined on this region-by-region
basis.

[0068] FIG. 3 is adiagram schematically expressing the set
regions. In FIG. 3, the y direction corresponds to a transmit-
ting direction of the ultrasonic waves, and the x direction
corresponds to the direction in which the ultrasound elements
are arranged.

[0069] As indicated by the broken lines in FIG. 3, the
regions are set by dividing the image capturing region into a
plurality of quadrangular portions.

[0070] Although the regions are indicated as being qua-
drangular in the illustrated example, the shape is not particu-
larly limited thereto, and the regions may be line-shaped
regions corresponding to lines that transmit the ultrasonic
beams, or may be points corresponding to individual pixels.
Each region may be fan-shaped in correspondence with the
shape of the image capturing region, in the case of a convex
probe, for example. Furthermore, although the regions all
have the same size in the illustrated example, the regions are
not limited thereto, and the sizes may vary from region to
region.

[0071] The sizes of the regions that are set are not particu-
larly limited. Although setting smaller regions improves the
overall accuracy of the ultrasound image, there is a risk of
increased processing time required for determining the sound
velocities.

[0072] The region setting section 50 supplies information
on the set regions to the sound velocity determiner 52 (an
element data obtainer 56).

[0073] The sound velocity determiner 52 is a section that
sequentially determines appropriate sound velocities for the
respective regions set by the region setting section 50.
[0074] As illustrated in FIG. 2, the sound velocity deter-
miner 52 has the element data obtainer 56, a sound velocity
obtainer 58, an image quality determiner 60, and a sound
velocity calculator 62.

[0075] In the invention, the sound velocity of a region
expresses a sound velocity from the ultrasound probe 12 to a
region in the case where it is assumed that the space between
the region and the ultrasound probe 12 (the transducer array
36) is occupied by a homogeneous matter. In other words, the
sound velocity is an average sound velocity between the
region and the ultrasound probe 12, and this is also referred to
as an ambient sound velocity.

[0076] The element data obtainer 56 is a section that reads
out, from the element data storage 20, element data corre-
sponding to the region for which the sound velocity is to be
found (hereinafter, also referred to as a region of interest),
based on information on the regions set by the region setting
section 50.

[0077] The element data obtainer 56 supplies the read-out
element data to the image quality determiner 60.

[0078] Thesound velocity obtainer 58 is a section that reads
out, from the sound velocity storage 54, already-determined
sound velocities of regions within a predetermined range
from, or in other words, regions that are spatially near to, the
region for which the sound velocity is to be found (the region
of interest), based on the information on the regions set by the
region setting section 50, and obtains a preliminary sound
velocity as a provisional sound velocity value of the region of
interest.
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[0079] Specifically, in the example illustrated in FIG. 3,
assuming that the region of interest for which the sound
velocity is to be found is B, ,, and that the regions indicated
by the diagonal lines (the regions x-2 and x-1 as well as B
»-1)) are regions within the same frame for which the sound
velocities have already been determined, the sound velocity
obtainer 58 obtains, from the sound velocity storage 54, the
sound velocity value of the region E, .., that is adjacent to
the region of interest E,, ,,as the preliminary sound velocity
of the region of interest B, .

[0080] Note that the sound velocity obtainer 58 is not lim-
ited to a configuration that obtains the sound velocity value of
theregionE, ., adjacentto the region of interest B, inthe
y direction (the ultrasonic wave transmitting direction) as the
preliminary sound velocity, and may instead obtain the sound
velocity value of a region B, , adjacent to the region of
interest B, , in the x direction as the preliminary sound
velocity. Furthermore, the region from which to obtain the
preliminary sound velocity is not limited to a region adjacent
to the region of interest, and may be any region within a
predetermined range from the region of interest (a nearby
region).

[0081] Although this predetermined range may be deter-
mined in accordance with the diagnosis subject (the type of
organ to be inspected) or the like, it is preferable for the
predetermined region to be a region within a range of 10 cm
from the region of interest, for example. This predetermined
region may be set to be changeable by the operator.

[0082] Furthermore, the configuration is not limited to
obtaining the sound velocity value of one region as the pre-
liminary sound velocity, and the configuration may be such
that the sound velocity values of two or more regions are read
out and an average of those values, a weighted average of
those values, or the like is obtained as the preliminary sound
velocity. For example, in FIG. 3, an average of the sound
velocity value of the region B, ;, and the sound velocity
value of the region E,_, ,, may be taken as the preliminary
sound velocity of the region of interest B, .

[0083] In addition, the sound velocity obtainer 58 is not
limited to a configuration that obtains the sound velocity
value of a region in the same frame as the preliminary sound
velocity, and may have a configuration that obtains the sound
velocity value of a region in the same position in a frame a
predetermined number of frames before as the preliminary
sound velocity, or in other words, a configuration that obtains
the sound velocity value of a region that is temporally nearby
as the preliminary sound velocity.

[0084] FIG. 4is a schematic diagram illustrating the region
of interest and temporally nearby regions.

[0085] InFIG. 4, assuming a frame containing the region of
interest B, ,, , for which the sound velocity value is to be
found is a frame of interest F,, the sound velocity obtainer 58
may set the preliminary sound velocity of the region of inter-
estB, ., ,byreading out the sound velocity value of a region
B, ., -1 in the same position as the region of interest B, , ,
in a frame F, | immediately previous to the frame of interest
F,.

[0086] Note that in the case where the sound velocity value
of a region temporally nearby is read out, the frame is not
limited to an immediately previous frame, and the prelimi-
nary sound velocity of theregion of interestE, ; ,may be set
by reading out the sound velocity value of a region in the same
position in a frame several frames before (a frame F, ,, F, 5, or
the like). In addition, the sound velocity values of respective
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regions in a plurality of frames may be read out, and the
average value thereof may be taken as the preliminary sound
velocity of the region of interest B, .
[0087] Inaddition, the sound velocity obtainer 58 may read
out the sound velocity value of a region temporally nearby
and the sound velocity value of a region spatially nearby and
take the average value thereof as the preliminary sound veloc-
ity of the region of interest. For example, the sound velocity
valuesinaregion B, ) ,andaregionB , ,, ,inthe same
frameandaregionE,, ., inthe previous frame may be read
out, and the average value thereof may be taken as the pre-
liminary sound velocity of the region of interest E, , ..

[0088] The sound velocity obtainer 58 supplies the
obtained preliminary sound velocity to the image quality
determiner 60.

[0089] The image quality determiner 60 is a section that,
based on the preliminary sound velocity obtained by the
sound velocity obtainer 58, generates an image of the region
of interest (an image of interest) from the element data for the
region of interest obtained by the element data obtainer 56
and determines the image quality of the image of interest.

[0090] The image quality determiner 60 first generates an
image ofthe region of interest from the supplied element data.
The method for generating the image is basically the same as
that of the image generator 24. That is, in accordance with a
reception delay pattern based on the preliminary sound veloc-
ity obtained by the sound velocity obtainer 58, a reception
focusing process is carried out by delaying and adding the
element data, thereby generating reception data (a sound ray
signal). Correction for attenuation based on the depth is car-
ried out on the generated sound ray signal, and an envelope
detection process is then carried out, thereby generating
B-mode image data.

[0091] Next, the image quality is determined by evaluating
a sharpness value of the generated B-mode image data of the
region of interest. The image quality is determined to be good
when the sharpness value is no less than a predetermined
threshold value, and the image quality is determined to be
poor when the sharpness value is less than the threshold value.

[0092] Note that a known calculation method may be used
as the method for calculating the sharpness value of the
image, and for example, a calculation method that calculates
a half width of a maximum brightness point in the region of
interest as the sharpness value can be used.

[0093] Note that the method for determining the image
quality carried out by the image quality determiner 60 is not
limited to a determination based on the sharpness value, and
the image quality may be determined based on an evaluation
index such as a contrast or brightness value, a spatial fre-
quency of the image, an integration value, a square integration
value, a peak value, a half width, a frequency-spectral inte-
gration, a frequency-spectral integration value or square inte-
gration value as normalized with its maximum value or a
direct current component, or an autocorrelation value.

[0094] Furthermore, the method for determining the image
quality carried out by the image quality determiner 60 is not
limited to the configuration that compares the sharpness value
of the image (an evaluation index) with a predetermined
threshold value, and may instead employ a configuration that
makes a comparison with the sharpness value of the image in
the same region in the previous frame and determines that the
image quality is good when the difference is within a prede-
termined range.
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[0095] 1In addition, rather than the image of the region of
interest, the image quality determiner 60 can determine the
image quality based on the reception data on which the recep-
tion focusing process has carried out by delaying and adding
the element data in accordance with the reception delay pat-
tern based on the preliminary sound velocity obtained by the
sound velocity obtainer 58. Specifically, a similarity between
a reference signal in which post-phasing addition reception
data at the preliminary sound velocity is arranged for the same
amount of reception elements as before the phasing addition
and pre-phasing addition reception data whose delay time has
been corrected according to the preliminary sound velocity
(element data of which the delay time is corrected) is evalu-
ated, and the image quality is determined to be good when the
similarity is no less than a predetermined threshold value and
is determined to be poor when the similarity is less than the
threshold value.

[0096] Inthe case where aresult of the image quality deter-
mination of the region of interest indicates that the image
quality is good, the image quality determiner 60 employs the
preliminary sound velocity used for the image quality deter-
mination as the sound velocity of the region of interest and
supplies the preliminary sound velocity to the sound velocity
storage 54, whereas in the case where the determination result
indicates that the image quality is poor, the image quality
determiner 60 supplies the determination result to the sound
velocity calculator 62.

[0097] The sound velocity calculator 62 is a section that
precisely calculates the sound velocity of the region of inter-
est whose image quality has been determined to be poor as a
result of the image quality determination carried out by the
image quality determiner 60.

[0098] When a determination result indicating that the
image quality is poor is supplied from the image quality
determiner 60, the sound velocity calculator 62 obtains the
element data corresponding to the region of interest obtained
by the element data obtainer 56. Then, varying the sound
velocity value (hereinafter, referred to as set sound velocity)
of that element data, the sound velocity calculator 62 forms,
based on the respective set sound velocities, ultrasound
images by carrying out the reception focusing process, and
calculates a set sound velocity at which the contrast and/or
sharpness of the image is highest as an optimal sound velocity
value of the region of interest.

[0099] A method for determining the optimal sound veloc-
ity value such as that disclosed in JP 08-317926 A, for
example, can be used, where the optimal sound velocity value
is determined based on the contrast of the image, a spatial
frequency in a scanning direction, a variance, or the like.

[0100] The sound velocity calculator 62 will be described
in detail with reference to the flowchart illustrated in FIG. 5.

[0101] Upon obtaining the element data of the region of
interest, the sound velocity calculator 62 varies a set sound
velocity V in intervals of AV from Vst to Vend, and for each
set sound velocity V, generates a sound ray signal through the
reception focusing process using the element data of the
region of interest supplied from the element data obtainer 56
based on that set sound velocity V. The sound velocity calcu-
lator 62 then forms an ultrasound image from the sound ray
signal and calculates the sharpness of the image of the region
of interest at each set sound velocity V.

[0102] The sharpness values of the image at respective set
sound velocities V are compared, and the set sound velocity V
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whose obtained sharpness value is the highest is employed as
the optimal sound velocity value.

[0103] Note that a search range for the set sound velocity V
may be set with Vst at approximately 1400 m/s, Vend at
approximately 1700 m/s, and AV at approximately 10 to 50
m/s.

[0104] The sound velocity calculator 62 supplies the calcu-
lated sound velocity value to the sound velocity storage 54.
[0105] Note that the sound velocity calculator is not limited
to a configuration that takes the set sound velocity at which
the sharpness value is highest as the optimal sound velocity
value, and may take the set sound velocity at which the image
quality is best, based on a contrast or brightness value or an
evaluation index such as the spatial frequency of the image, as
the optimal sound velocity value.

[0106] Furthermore, although the aforementioned example
describes a configuration in which the sound velocity calcu-
lator 62 searches the set sound velocities within a predeter-
mined search range, the sound velocity calculator 62 is not
limited to the configuration, and the sound velocity calculator
62 may be configured to determine the search range using the
preliminary sound velocity obtained by the sound velocity
obtainer 58 as a reference. For example, the optimal sound
velocity may be found using a range of 50 m/s of the pre-
liminary sound velocity as the search range. Furthermore, in
the case where, after the search range is determined using the
preliminary sound velocity as a reference and the search is
carried out, the image quality determination is carried out and
the result is negative, the search range may be expanded and
then the optimal sound velocity may be found.

[0107] Meanwhile, the method by which the sound velocity
calculator 62 calculates the sound velocity is not limited to a
configuration in which the sound velocity value at which the
image quality is best is found by sequentially varying the set
sound velocity within a predetermined search range. Various
types of methods for calculating the optimal sound velocity
value on a region-by-region basis can be employed. For
example, a method in which a similarity between a reference
signal in which post-phasing addition reception data at each
set sound velocity is arranged for the same amount of recep-
tion elements as before the phasing addition and pre-phasing
addition reception data whose delay time has been corrected
at each set sound velocity (element data of which the delay
time is corrected) is evaluated at each set sound velocity, and
the sound velocity at which the similarity is highest is taken as
the optimal sound velocity value, can be used (this method is
disclosed in JP 2012-120242 A).

[0108] As described eatlier, in the conventional ultrasound
inspection apparatus, in order to obtain a higher-quality
image, an index (focusing index or the like) for determining
the image quality in an exhaustive manner in each of regions
(pixels, lines) is obtained based on a plurality of set sound
velocities, and the set sound velocity at which the determina-
tion result for the image quality is best is then found as the
optimal sound velocity value. Accordingly, there has been a
problem in that it takes time to find the optimal sound veloci-
ties for all of the regions. Thereis a further problemin that this
causes a drop in the frame rate as well.

[0109] As opposed to this, according to the invention, a
preliminary sound velocity is obtained based on the sound
velocity values of regions within a predetermined range from
the region of interest, the image quality in the case where an
image of the region of interest is generated based on the
preliminary sound velocity is determined, and when the

Jul. 23, 2015

determination result for the image quality is positive, the
preliminary sound velocity is employed as the sound velocity
of the region of interest. It is therefore not necessary to obtain
an index for determining the image quality in an exhaustive
manner using a plurality of set sound velocities and then find
the set sound velocity at which the determination result is
best. As such, the appropriate sound velocity value can be
found for each region in a short amount of time.

[0110] Meanwhile, because the optimal sound velocity
value depends on the distance (depth) from the ultrasound
probe, the property of a tissue through which the ultrasonic
wave passes, and the like, it is highly probable that regions
near to each other have similar optimal sound velocity value.
Accordingly, a high-quality image canbe obtained even when
the sound velocity value of a region spatially nearby is
employed as the sound velocity of the region of interest.
[0111] Meanwhile, in the case where the operator desires to
obtain an ultrasound image, the operator holds the ultrasound
probe still and obtains the ultrasound image. In such a case,
the same tissue is detected in the same region from frame to
frame, and thus the optimal sound velocity value also takes on
the same value. Accordingly, a high-quality image can be
obtained even when the sound velocity value of a region
temporally nearby is employed as the sound velocity value of
the region of interest.

[0112] Furthermore, when a border position between tis-
sues is moved, or when the ultrasound probe is moved by the
operator, the determination for the image quality based on the
preliminary sound velocity will have a negative result, and
when the determination for the image quality based on the
preliminary sound velocity obtained from a nearby region has
a negative result, then the optimal sound velocity is found,
thus, a high-quality image can ultimately be obtained.
[0113] As described thus far, the ultrasound inspection
apparatus according to the invention can find the appropriate
sound velocity value of each region in a short amount of time,
and can construct a highly-accurate ultrasound image without
causing a drop in the frame rate.

[0114] The sound velocity storage 54 stores the sound
velocity value supplied from the image quality determiner 60
and the sound velocity calculator 62 in association with
region position information, or in other words, as a sound
velocity map.

[0115] The sound velocity storage 54 may be configured to
sequentially update the sound velocity value of a correspond-
ing region each time a sound velocity value is supplied from
the image quality determiner 60 or the sound velocity calcu-
lator 62, or may generate a sound velocity map on a frame-
by-frame basis.

[0116] Meanwhile, when the sound velocity obtainer 58
reads out the sound velocity values of regions temporally
nearby, the sound velocity storage 54 generates the sound
velocity map on a frame-by-frame basis and stores not just the
latest sound velocity (sound velocity map), but rather the
sound velocity maps of up to several frames before.

[0117] The sound velocity storage 54 supplies the informa-
tion on the sound velocity map to the phasing addition section
38 and the sound velocity obtainer 58.

[0118] The controller 30 controls each section in the ultra-
sound inspection apparatus 10 in accordance with an instruc-
tion inputted through the operating section 32 by the operator.
[0119] Here, when the operator inputs various types of
information through the operating section 32, and particu-
larly information necessary for the region setting section 50 to
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set the regions and information necessary for the sound veloc-
ity determiner 52 to determine the sound velocity, the con-
troller 30 supplies the stated various types of information
inputted through the operating section 32 to the transmitter
14, the receiver 16, the element data storage 20, the image
generator 24, the display controller 26, the region setting
section 50, the sound velocity determiner 52, and the like as
necessary.

[0120] The operating section 32 is a section for the operator
to make input operations, and can be constituted by a key-
board, a mouse, a trackball, a touch panel, or the like.
[0121] The operating section 32 has an input device
through which the operator performs operations for inputting
various types of information as necessary, in particular the
aforementioned information used in the setting of regions, the
information used in the sound velocity determination, and the
like.

[0122] The storage unit 34 stores the various types of infor-
mation inputted through the operating section 32, informa-
tion necessary for processes and operations of the respective
sections controlled by the controller 30, the sections includ-
ing the transmitter 14, the receiver 16, the element data stor-
age 20, the image generator 24, the display controller 26, the
region setting section 50, the sound velocity determiner 52,
and the like. In addition, the storage unit 34 stores operating
programs, processing programs, and the like for causing the
respective sections to execute processes, operations, and the
like. A recording medium such as a hard disk, a flexible disk,
a magneto-optical disc (MO), a magpnetic tape (MT), a ran-
dom access memory (RAM), a compatible disc read only
memory (CD-ROM), a digital versatile disc read only
memory (DVD-ROM), or the like can be used as the storage
unit 34.

[0123] Although the phasing addition section 38, the detec-
tion processor 40, the DSC 42, the image creating section 44,
the sound velocity obtainer 58, the image quality determiner
60, the sound velocity calculator 62, and the display control-
ler 26 are constituted by a central processing unit (CPU) and
an operating program for causing the CPU to carry out vari-
ous types of processes, those sections may instead be consti-
tuted by digital circuitry.

[0124] The operation and effect of the ultrasound inspec-
tion apparatus illustrated in FIG. 1 will be described to
explain the signal processing method of the invention.
[0125] First, the operation of the ultrasound inspection
apparatus 10 for generating an ultrasound image will be
described.

[0126] When the operator brings the ultrasound probe 12
into contact with the surface of the subject and starts mea-
surement, an ultrasonic beam is transmitted from the trans-
ducer array 36 in accordance with a driving signal supplied
from the transmitter 14. Then the transducer array 36 receives
an ultrasonic echo from the subject and outputs an analog
element signal as a reception signal.

[0127] The receiver 16 outputs a single piece of analog
element data constituted by the analog element signals out-
putted from the respective elements to supply the analog
element data to the A/D converter 18. The A/D converter 18
converts the analog element data into digital element data and
supplies the digital element data to the element data storage
20 to cause the digital element data to be stored.

[0128] The phasing addition section 38 of the image gen-
erator 24 reads out the element data from the element data
storage 20, generates reception data (sound ray signal) by
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carrying out a reception focusing process on the element data,
and supplies the reception data to the detection processor 40.
At this time, the phasing addition section 38 carries out the
reception focusing process based on the sound velocity map
stored in the sound velocity storage 54. The detection proces-
sor 40 generates the B-mode image signal by processing the
sound ray signal. The DSC 42 raster-converts the B-mode
image signal, and the image creating section 44 carries out
image processing, thereby generating the ultrasound image.
The generated ultrasound image is stored in the image
memory 46 and is displayed in the monitor 28 by the display
controller 26.

[0129] Next, the operation of the ultrasound inspection
apparatus 10 for obtaining the sound velocity map will be
described.

[0130] FIG. 6 s a flowchart illustrating the operation of the
ultrasound inspection apparatus 10 illustrated in FIG. 1.
[0131] When the operator brings the ultrasound probe 12
into contact with the surface of the subject and starts mea-
surement, an ultrasonic beam is transmitted from the trans-
ducer array 36 in accordance with a driving signal supplied
from the transmitter 14. The transducer array 36 receives an
ultrasonic echo from the subject and outputs an analog ele-
ment signal as a reception signal.

[0132] The receiver 16 outputs a single piece of analog
element data constituted by the analog element signals out-
putted from the respective elements to supply the analog
element data to the A/D converter 18. The A/D converter 18
converts the analog element data into digital element data and
supplies the digital element data to the element data storage
20 to cause the digital element data to be stored.

[0133] On the other hand, the region setting section 50 sets
a plurality of regions in an image capturing region that is to
undergo scanning by ultrasonic waves, in response to an input
made through the operating section 32 or in response to an
instruction from the controller 30.

[0134] The sound velocity determiner 52 determines the
sound velocity of each region set by the region setting section
50 by sequentially changing the region of interest (fromE, ; to
Eend)'

[0135] The element data obtainer 56 of the sound velocity
determiner 52 reads out, from the element data storage 20, the
element data corresponding to the region of interest and sup-
plies the element data to the image quality determiner 60.
Meanwhile, the sound velocity obtainer 58 reads out the
already-determined sound velocity ofa region near the region
of interest from the sound velocity storage 54, obtains that
sound velocity as the preliminary sound velocity, and sup-
plies the preliminary sound velocity to the image quality
determiner 60.

[0136] Theimage quality determiner 60 first carries out the
reception focusing process on the element data of the region
of interest obtained by the element data obtainer 56 in accor-
dance with a reception delay pattern that is based on the
preliminary sound velocity obtained by the sound velocity
obtainer 58 to generate the reception data. Then, the image
quality determiner 60 performs correction for attenuation
based on the depth and an envelope detection process on the
reception data to generate the B-mode image data. Next, the
image quality is determined by evaluating the sharpness value
of the generated B-mode image data for the region of interest,
and when the image quality is determined to be good, the
preliminary sound velocity used in the image quality deter-
mination is employed as the sound velocity of the region of
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interest and supplied to the sound velocity storage 54. When
the image quality determination has a negative-result, the
determination result is supplied to the sound velocity calcu-
lator 62.

[0137] When the image quality determination has a nega-
tive result, the sound velocity calculator 62 varies the set
sound velocity in an exhaustive manner, calculates the sound
velocity at which the image quality is best as the sound
velocity of the region of interest, and supplies that sound
velocity to the sound velocity storage 54.

[0138] The sound velocity storage 54 stores the sound
velocity value supplied from the image quality determiner 60
and the sound velocity calculator 62 in association with
region position information, as a sound velocity map.
[0139] Thus, according to the ultrasound inspection appa-
ratus of the first embodiment of the invention, a preliminary
sound velocity is obtained based on the sound velocity values
of regions within a predetermined range from the region of
interest, the image quality in the case where an image of the
region of interest is generated based on the preliminary sound
velocity is determined, and when the determination result for
the image quality is positive, the preliminary sound velocity is
employed as the sound velocity of the region of interest. It is
therefore not necessary to obtain an index for determining the
image quality in an exhaustive manner using a plurality of set
sound velocities and then find the set sound velocity at which
the determination result is best. As such, the appropriate
sound velocity value can be found for each region in a short
amount of time.

[0140] Meanwhile, because the optimal sound velocity
value depends on the distance (depth) from the ultrasound
probe, the form of a tissue through which the ultrasonic wave
passes, and the like, it is highly probable that regions near to
each other have similar optimal sound velocity value. Accord-
ingly, a high-quality image can be obtained even when the
sound velocity value of a region spatially nearby is employed
as the sound velocity of the region of interest.

[0141] Meanwhile, inthe case where the operator desires to
obtain an ultrasound image, the operator holds the ultrasound
probe still and obtains the ultrasound image. In such a case,
the same tissue is detected in the same region from frame to
frame, and thus the optimal sound velocity value also takes on
the same value. Accordingly, a high-quality image can be
obtained even when the sound velocity value of a region
temporally nearby is employed as the sound velocity value of
the region of interest.

[0142] Furthermore, when a border position between tis-
sues is moved, or when the ultrasound probe is moved by the
operator, the image quality determination based on the pre-
liminary sound velocity will have a negative result, and when
the image quality determination based on the preliminary
sound velocity obtained from a nearby region has a negative
result, the optimal sound velocity is obtained; thus, a high-
quality image can ultimately be obtained.

[0143] As described thus far, the ultrasound inspection
apparatus according to the invention can find the appropriate
sound velocity value of each region in a short amount of time,
and can construct a highly-accurate ultrasound image without
causing a drop in the frame rate.

[0144] Although the foregoing example describes a con-
figuration in which the image quality determiner 60 generates
an image of the region of interest and evaluates the image
quality by obtaining an evaluation index (a sharpness value or
the like) based on the image, the invention is not limited
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thereto, and the image quality may be determined from the
element data of the region of interest without generating the
image of the region of interest. In other words, the configu-
ration may be such that a focus index is obtained by carrying
out the reception focusing process on the element data for
each of a plurality of set sound velocities, and the optimal
sound velocity is determined based on the focus index.
[0145] The method disclosed in JP 2011-92686 A, for
example, can be used as the method for calculating and deter-
mining the focus index.

[0146] In addition, although the foregoing example
describes a configuration in which the image quality deter-
miner 60 has a function for generating an image for determin-
ing the image quality, the invention is not limited thereto, and
the configuration may be such that the image generator 24
generates an image for image quality determination and the
image quality determiner 60 then carries out the determina-
tion.

[0147] Furthermore, the configuration is not limited to
determining the image quality by obtaining the preliminary
sound velocity of all of the regions in a single frame. A pre-set
initial value may be used as the preliminary sound velocity for
the region for which the sound velocity is first determined in
a single frame, or the optimal sound velocity may be calcu-
lated by the sound velocity calculator 62 without obtaining
the preliminary sound velocity (without determining the
image quality). Furthermore, in some predetermined regions,
the sound velocity calculator 62 may calculate the optimal
sound velocity without obtaining the preliminary sound
velocity and carrying out the image quality determination.
For example, by calculating the optimal sound velocity for a
region that contains the focal point of the ultrasonic beam, the
optimal sound velocity can be found more accurately, and by
using the calculated sound velocity as the preliminary sound
velocity, the image quality of the regions in the periphery of
the stated region can be improved.

[0148] Meanwhile, the ultrasound image generation and
sound velocity determination may be carried out simulta-
neously or individually. In other words, the sound velocity
may be determined and the ultrasound image may be gener-
ated from element data obtained through transmission and
reception of a single setof ultrasonic waves for a single frame,
or the ultrasound image generation and sound velocity detet-
mination may be individually carried out using element data
obtained by separate transmissions and receptions. Inthe case
of a configuration in which the ultrasound image is generated
from the element data used to determine the sound velocity,
the image used to determine the image quality may be used as
the ultrasound image for regions in which the determination
result made by the image quality determiner is positive.
[0149] In addition, the sound velocity determination may
be carried out on a frame-by-frame basis or once in several
frames.

[0150] Although the foregoing example describes a con-
figuration in which the reception focusing process is carried
out based on the sound velocity map stored in the sound
velocity storage 54 at the time of carrying out the reception
focusing process on the element data, the configuration is not
limited thereto, and the delay amount of the driving signal
may be adjusted based on the sound velocity map stored in the
sound velocity storage 54 when the ultrasonic beams are
transmitted by the transmitter 14 as well.

[0151] In addition, although the foregoing example
describes a configuration in which the preliminary sound
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velocity is obtained and the image quality is determined, and
the sound velocity calculator 62 calculates the optimal sound
velocity of the region of interest when the determination
result is negative, the configuration is not limited thereto. The
configuration may be such that the determination result is
displayed in the monitor 28 to warn the operator when the
determination result is negative. In this case, whether ornot to
calculate the sound velocity may be determined by the opera-
tor.

[0152] As described earlier, the region used by the sound
velocity obtainer 58 for obtaining the preliminary sound
velocity may be any region as long as the region is temporally
or spatially near the region of interest. Which region is used to
obtain the sound velocity value may be determined in
advance, or may be determined automatically. For example, it
is preferable to detect movement of the ultrasound probe 12
using an accelerometer, a difference from an image in the
previous frame, or the like, and to obtain the sound velocity
value of a region temporally nearby in the case where the
ultrasound probe 12 is held still. Meanwhile, in the case
where a feature quantity of the image varies from frame to
frame, it is preferable to obtain the sound velocity value of a
region spatially nearby, and among the regions to the left and
right of, and above and under the region of interest, which
region is used to obtain the sound velocity may be automati-
cally determined based on the direction of the movement.
[0153] In addition, the image capturing region may be
divided into a plurality of partial images based on an image
feature quantity or the like, and the sound velocity value of a
region within the same partial image may be obtained as the
preliminary sound velocity.

[0154] Next, a second embodiment of the ultrasound
inspection apparatus according to the invention will be
described.

[0155] FIG. 7 is a block diagram conceptually illustrating
an example of the configuration of the second embodiment of
the ultrasound inspection apparatus according to the inven-
tion.

[0156] Aside from having a sound velocity determiner 52a
instead of the sound velocity determiner 52, not having the
sound velocity storage 54, and having an initial sound veloc-
ity storage 64, an ultrasound inspection apparatus 100 illus-
trated in FIG. 7 has the same configuration as the ultrasound
inspection apparatus 10 illustrated in FIG. 1. As such, iden-
tical constituent elements will be given the same reference
numerals, and detailed descriptions thereof will be omitted.

[0157] As illustrated in FIG. 7, the ultrasound inspection
apparatus 100 includes the ultrasound probe 12, the transmit-
ter 14 and the receiver 16 connected to the ultrasound probe
12, the A/D converter 18, the element data storage 20, the
image generator 24, the display controller 26, the monitor 28,
the controller 30, the operating section 32, the storage unit 34,
the region setting section 50, the sound velocity determiner
52a, and the initial sound velocity storage 64.

[0158] Theinitial sound velocity storage 64 is a section that
stores an initial sound velocity, which is a pre-set predeter-
mined sound velocity value to be used by the sound velocity
determiner 52 to determine the sound velocity of each region.

[0159] Itispreferable for the initial sound velocity stored in
the initial sound velocity storage 64 to be a value close to the
sound velocity value in a living body, namely within a range
of 1400 to 1700 nv/s, and particularly within a range of 1450
to 1550 m/s.
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[0160] Note that it is sufficient for the initial sound velocity
storage 64 to store at least one initial sound velocity value, but
an appropriate initial sound velocity value may be stored for
each diagnosis region (each type of organ).

[0161] The initial sound velocity storage 64 supplies infor-
mation on an initial sound velocity to a sound velocity
obtainer 58« in the sound velocity determiner 52a.

[0162] As illustrated in FIG. 8, the sound velocity deter-
miner 52a has the element data obtainer 56, the sound veloc-
ity obtainer 584, an image quality determiner 60a, and the
sound velocity calculator 62.

[0163] The sound velocity obtainer 58« is a section that
reads out the initial sound velocity value stored in the initial
sound velocity storage 64 as the preliminary sound velocity.
[0164] When having a single initial sound velocity value
stored therein, the initial sound velocity storage 64 may
obtain that initial sound velocity as the preliminary sound
velocity. Furthermore, when having a plurality of initial
sound velocity values stored therein, the initial sound velocity
storage 64 may select and obtain an appropriate initial sound
velocity value based on information inputted through the
operating section 32, information on a pre-set diagnosis
region, or the like.

[0165] The sound velocity obtainer 58 supplies the
obtained initial sound velocity value to the image quality
determiner 60a.

[0166] Like the image quality determiner 60, the image
quality determiner 60a is a section that, based on the prelimi-
nary sound velocity obtained by the sound velocity obtainer
58a, generates an image of the region of interest (an image of
interest) from the element data of the region of interest
obtained by the element data obtainer 56.

[0167] Next, like the image quality determiner 60, the
image quality determiner 60a determines the image quality
by evaluating a sharpness value of the generated B-mode
image data of the region of interest. The image quality is
determined to be good when the sharpness value is no less
than a predetermined threshold value, and the image quality is
determined to be poor when the sharpness value is less than
the threshold value.

[0168] An example of the image quality determination per-
formed by the image quality determiner 60a will be described
with reference to FIG. 9.

[0169] InFIG.9, the image capturing region is set with 5 by
5 regions, as one example. The image quality determiner 60a
determines the image quality for each region, and whether the
determination result for each region is positive (OK) or nega-
tive (NG) is determined. The sound velocity calculator 62
precisely calculates the sound velocities of the regions deter-
mined as NG (that is, regions (2, 3) to (2, 5) and (3, 3) to (3,
5)) as a result of the image quality determination, as illus-
trated in the drawing.

[0170] For a region of interest whose image quality has
been determined to be poor as a result of the image quality
determination performed by the image quality determiner
604, the sound velocity calculator 62 precisely calculates the
sound velocity and supplies the calculated sound velocity
value to the phasing addition section 38 of the image genera-
tor 24 as the sound velocity value of the region of interest.
[0171] Thus, according to the second embodiment of the
invention, the image quality in the case where an image is
generated based on the pre-set initial sound velocity value is
determined for each of a plurality of set regions, and when the
image quality determination result is positive, the initial
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sound velocity value is employed as the sound velocity of the
corresponding region. It is therefore not necessary to obtain
an index for determining the image quality in an exhaustive
manner using a plurality of set sound velocities and then find
the set sound velocity at which the determination result is
best, and as such the appropriate sound velocity value can be
found for each region in a short amount of time.

[0172] In addition, in the case where the image quality
determination result based on the initial sound velocity is
negative, then the optimal sound velocity of the correspond-
ing region is found, and thus a high-quality image can be
obtained.

[0173] As described thus far, the ultrasound inspection
apparatus according to the invention can find the appropriate
sound velocity value of each region in a short amount of time,
and can construct a highly-accurate ultrasound image without
causing a drop in the frame rate.

[0174] The operation and effect of the ultrasound inspec-
tion apparatus 100 illustrated in FIG. 10 will be described.
[0175] First, the region setting section 50 sets a plurality of
regions in an image capturing region that is to undergo scan-
ning by ultrasonic waves, in response to an input made
through the operating section 32 or in response to an instruc-
tion from the controller 30. Meanwhile, the pre-set initial
sound velocity is stored in the initial sound velocity storage
64.

[0176] When the operator brings the ultrasound probe 12
into contact with the surface of the subject and starts mea-
surement, an ultrasonic beam is transmitted from the trans-
ducer array 36 in accordance with a driving signal supplied
from the transmitter 14. Then the transducer array 36 receives
an ultrasonic echo from the subject and outputs an analog
element signal as a reception signal.

[0177] The receiver 16 outputs a single piece of analog
element data constituted by the analog element signals out-
putted from the respective elements to supply the data to the
A/D converter 18. The A/D converter 18 converts the analog
element data into digital element data and supplies the digital
element data to the element data storage 20 to cause the digital
element data to be stored.

[0178] When the element data is stored, the sound velocity
determiner 52a determines the sound velocity of each region.
[0179] The operation of the sound velocity determiner 52a
will be described with reference to the flowchart in FIG. 10.
[0180] Thesound velocity obtainer 58a of the sound veloc-
ity determiner 52a reads out the initial sound velocity stored
in the initial sound velocity storage 64 and supplies the initial
sound velocity to the image quality determiner 60a. The
element data obtainer 56 reads out the element data corre-
sponding to the region whose image quality is to be deter-
mined (the region of interest) and supplies the data to the
image quality determiner 60a.

[0181] The image quality determiner 60« first carries out
the reception focusing process on the element data of the
region of interest obtained by the element data obtainer 56 in
accordance with a reception delay pattern that is based on the
initial sound velocity obtained by the sound velocity obtainer
58a to generate the reception data. Then, the image quality
determiner 60a performs correction for attenuation based on
the depth and an envelope detection process on the reception
data to generate the B-mode image data. Next, the image
quality is determined by evaluating the sharpness value of the
generated B-mode image data for the region of interest, and
when the image quality is determined to be good, the initial
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sound velocity used in the image quality determination is
employed as the sound velocity of the region of interest and
supplied to the phasing addition section 38 of the image
generator 24. When the image quality determination has a
negative result, the determination result is supplied to the
sound velocity calculator 62.

[0182] When the image quality determination has a nega-
tive result, the sound velocity calculator 62 varies the set
sound velocity in an exhaustive manner, calculates the sound
velocity at which the image quality is best as the sound
velocity of the region of interest, and supplies that sound
velocity to the phasing addition section 38.

[0183] The phasing addition section 38 of the image gen-
erator 24 reads out the element data from the element data
storage 20, and based on the sound velocity of each region
supplied from the image quality determiner 60a and the
sound velocity calculator 62, selects a reception delay pattern
for the element data, generates the reception data (sound ray
signal) by carrying out the reception focusing process, and
supplies the data to the detection processor 40. The detection
processor 40 generates the B-mode image signal by process-
ing the sound ray signal. The DSC 42 raster-converts the
B-mode image signal, and the image creating section 44
carries out image processing, thereby generating the ultra-
sound image. The generated ultrasound image is stored in the
image memory 46 and is displayed in the monitor 28 by the
display controller 26.

[0184] Thus, in the ultrasound inspection apparatus of the
second embodiment of the invention, the image quality in the
case where an image is generated based on the pre-set initial
sound velocity value is determined for each of a plurality of
set regions, and when the image quality determination result
is positive, the initial sound velocity value is employed as the
sound velocity of the corresponding region. It is therefore not
necessary to obtain an index for determining the image qual-
ity in an exhaustive manner using a plurality of set sound
velocities and then find the set sound velocity at which the
determination result is best, and as such the appropriate sound
velocity value can be found for each region in a short amount
of time.

[0185] In addition, in the case where the image quality
determination result based on the initial sound velocity is
negative, then the optimal sound velocity of the correspond-
ing region is found, and thus a high-quality image can be
obtained.

[0186] As described thus far, the ultrasound inspection
apparatus according to the invention can find the appropriate
sound velocity value of each region in a short amount of time,
and can construct a highly-accurate ultrasound image without
causing a drop in the frame rate.

[0187] Although the initial sound velocity stored in the
initial sound velocity storage 64 is assumed to be pre-set in
the foregoing embodiment, the invention is not limited
thereto. The initial sound velocity stored in the initial sound
velocity storage 64 may be updated as appropriate. For
example, an average value of the sound velocities of the
respective regions determined by the sound velocity deter-
miner 52a or the like may be set as the initial sound velocity
for the next frame.

[0188] In addition, there is no particular limitation on the
timing at which the stored initial sound velocity is updated.
The initial sound velocity may be updated every frame or at
intervals of a predetermined number of frames, or the initial
sound velocity may be updated in the case where the number
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of regions whose image quality has been determined to be NG
by the image quality determiner 60 has exceeded a predeter-
mined number.

[0189] In addition, although the foregoing embodiment
describes a configuration in which the image quality deter-
miner 60a has a function for generating an image for deter-
mining the image quality, the invention is not limited thereto,
and the configuration may be such that the image generator 24
generates an image for image quality determination and the
image quality determiner 60a then carries out the determina-
tion. In this case, for a region whose image quality has been
determined to be NG, the image generator 24 may once again
generate an image based on the sound velocity calculated by
the sound velocity calculator 62, and the overall ultrasound
image may then be generated.

[0190] The ultrasound inspection apparatus of each of the
foregoing embodiments is controlled with a signal processing
program stored in a memory (not illustrated) belonging to the
controller. That is, the signal processing program is read out
from the memory by the controller, and a function for setting
the regions and determining the sound velocity by sequen-
tially determining the image quality for each of the set regions
is executed according to the signal processing program. In
other words, this memory storing the program is the computer
readable recording medium having stored therein the signal
processing program for the ultrasound inspection apparatus
according to the invention.

[0191] Note that the signal processing program of the ultra-
sound inspection apparatus is not limited to that stored in a
memory belonging to the controller in this manner; the con-
figuration may be such that the signal processing program is
recorded in a memory medium configured to be detachable
with respect to the ultrasound inspection apparatus (a remov-
able medium), such as a CD-ROM, and the program is loaded
into the apparatus via an interface compliant with the remov-
able medium. In other words, the recording medium of the
invention may be such a removable medium.

[0192] Although an ultrasound inspection apparatus, a sig-
nal processing method for the ultrasound inspection appara-
tus, and a computer readable recording medium having stored
therein a program for the ultrasound inspection apparatus
according to the invention have been described in detail thus
far, the invention is not intended to be limited to the foregoing
examples, and it goes without saying that various improve-
ments, variations, and the like may be carried out without
departing from the gist of the invention.

What is claimed is:

1. An ultrasound inspection apparatus for inspecting an
inspection object using an ultrasonic beam, the apparatus
comprising:

a region setting section configured to set a plurality of

regions within the inspection object;

a sound velocity calculator configured to calculate a sound
velocity of each of the plurality of regions;

a sound velocity obtainer configured to take one of the
plurality of regions as a region of interest and obtain a
preliminary sound velocity of the region of interest; and

an image quality determiner configured to determine an
image quality of the region of interest based on the
preliminary sound velocity obtained by the sound veloc-
ity obtainer,

wherein the sound velocity obtainer obtains the prelimi-
nary sound velocity based on a sound velocity of at least
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one of the plurality of regions within a predetermined
range from the region of interest, and

wherein the preliminary sound velocity obtained by the
sound velocity obtainer is employed as a sound velocity
of the region of interest when a determination result
made by the image quality determiner is positive, and the
sound velocity of the region of interest is calculated by
the sound velocity calculator when the determination
result is negative.

2. The ultrasound inspection apparatus according to claim
1, wherein the sound velocity obtainer obtains the prelimi-
nary sound velocity based on the sound velocity ofat least one
of the plurality of regions temporally and/or spatially within
a predetermined range from the region of interest.

3. The ultrasound inspection apparatus according to claim
2, wherein the one of the plurality of regions spatially within
the predetermined range is a region near the region of interest
in a same image.

4. The ultrasound inspection apparatus according to claim
2, wherein the one of the plurality of regions spatially within
the predetermined range is a region in a same partial image
when an image is regionally divided into a plurality of partial
images.

5. The ultrasound inspection apparatus according to claim
2, wherein the one of the plurality of regions temporally
within the predetermined range is a region corresponding to
the region of interest in an image of a frame a predetermined
number of frames before.

6. The ultrasound inspection apparatus according to claim
2, wherein the one of the plurality of regions temporally
within the predetermined range is a region corresponding to
the region of interest in at least one of images obtained by
performing a predetermined process on images of a plurality
of frames up to a predetermined number of frames before or
aregion corresponding to the region of interest in at least one
of the images of the plurality of frames up to the predeter-
mined number of frames before, the sound velocity of at least
one ofthe plurality of regions being a sound velocity obtained
by performing a predetermined process on sound velocities of
the plurality of frames up to the predetermined number of
frames before.

7. The ultrasound inspection apparatus according to claim
6, wherein the predetermined process on sound velocities is a
process for obtaining one of an average value and a median
value of the sound velocities of the plurality of frames up to
the predetermined number of frames before.

8. An ultrasound inspection apparatus for inspecting an
inspection object using an ultrasonic beam, the apparatus
comprising:

a region setting section configured to set a plurality of

regions within the inspection object;

a sound velocity calculator configured to calculate a sound
velocity of each of the plurality of regions;

a sound velocity obtainer configured to take one of the
plurality of regions as a region of interest and obtain a
preliminary sound velocity of the region of interest;

an initial sound velocity storage configured to store a pre-
set initial sound velocity; and

an image quality determiner configured to determine an
image quality of the region of interest based on the
preliminary sound velocity obtained by the sound veloc-
ity obtainer,
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wherein the sound velocity obtainer obtains the initial
sound velocity stored in the initial sound velocity stor-
age as the preliminary sound velocity, and

wherein for each of the plurality of regions, the preliminary
sound velocity obtained by the sound velocity obtainer is
employed as a sound velocity of a region in question
when a determination result made by the image quality
determiner is positive, and the sound velocity of the
region in question is calculated by the sound velocity
calculator when the determination result is negative.

9. The ultrasound inspection apparatus according to claim

8, wherein the initial sound velocity storage stores a plurality
of the initial sound velocities, and the initial sound velocity
used in an image quality determination performed by the
image quality determiner is selected based on an input from
an operating section.

10. The ultrasound inspection apparatus according to claim
8, wherein the initial sound velocity stored in the initial sound
velocity storage is a value near a sound velocity in a living
body.

11. The ultrasound inspection apparatus according to claim
10, wherein the value near the sound velocity in the living
body is a value from 1400 to 1700 m/s.

12. The ultrasound inspection apparatus according to claim
8, wherein the initial sound velocity stored in the initial sound
velocity storage is set again based on a determination result
made by the image quality determiner.

13. The ultrasound inspection apparatus according to claim
1, wherein the image quality determiner determines the image
quality based on one of a sharpness, a brightness, a contrast,
and a frequency of animage ofthe region of interest generated
based on the preliminary sound velocity.

14. The ultrasound inspection apparatus according to claim
1, wherein the image quality determiner determines the image
quality by comparing the image of the region of interest
generated based on the preliminary sound velocity with an
image of a same region in a previous image.

15. The ultrasound inspection apparatus according to claim
1, wherein the image quality determiner determines the image
quality by evaluating a similarity between reference data
generated based on post-phasing addition reception data of
the region of interest generated based on the preliminary
sound velocity, and pre-phasing addition reception data.

16. The ultrasound inspection apparatus according to claim
1, further comprising an element data storage configured to
store element data which each of elements in a transducer
array outputs upon receiving an ultrasonic echo.

17. A signal processing method for an ultrasound inspec-
tion apparatus for inspecting an inspection object using an
ultrasonic beam, the method comprising:

aregion setting step of setting a plurality of regions within
the inspection object;

a sound velocity calculating step of calculating a sound
velocity of each of the plurality of regions;

a sound velocity obtaining step of taking one of the plural-
ity of regions as a region of interest and obtaining a
preliminary sound velocity of the region of interest; and

an image quality determining step of determining an image
quality of the region of interest based on the preliminary
sound velocity obtained in the sound velocity obtaining
step,

wherein the sound velocity obtaining step obtains the pre-
liminary sound velocity based on a sound velocity of at
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least one of the plurality of regions within a predeter-
mined range from the region of interest, and

wherein the preliminary sound velocity obtained in the
sound velocity obtaining step is employed as a sound
velocity of the region of interest when a determination
result made in the image quality determining step is
positive, and the sound velocity of the region of interest
is calculated in the sound velocity calculating step when
the determination result is negative.

18. A computer readable recording medium having stored
therein a program that causes a computer to execute signal
processing for an ultrasound inspection apparatus for inspect-
ing an inspection object using an ultrasonic beam, the pro-
gram comprising:

a region setting step of setting a plurality of regions within

the inspection object;

a sound velocity calculating step of calculating a sound
velocity of each of the plurality of regions;

a sound velocity obtaining step of taking one of the plural-
ity of regions as a region of interest and obtaining a
preliminary sound velocity of the region of interest; and

an image quality determining step of determining an image
quality of the region of interest based on the preliminary
sound velocity obtained in the sound velocity obtaining
step,

wherein the sound velocity obtaining step obtains the pre-
liminary sound velocity based on a sound velocity of at
least one of the plurality of regions within a predeter-
mined range from the region of interest, and

wherein the preliminary sound velocity obtained in the
sound velocity obtaining step is employed as a sound
velocity of the region of interest when a determination
result made in the image quality determining step is
positive, and the sound velocity of the region of interest
is calculated in the sound velocity calculating step when
the determination result is negative.

19. A signal processing method for an ultrasound inspec-
tion apparatus for inspecting an inspection object using an
ultrasonic beam, the method comprising:

a region setting step of setting a plurality of regions within

the inspection object;

a sound velocity calculating step of calculating a sound
velocity of each of the plurality of regions;

a sound velocity obtaining step of taking one of the plural-
ity of regions as a region of interest and obtaining a
preliminary sound velocity of the region of interest; and

an image quality determining step of determining an image
quality of the region of interest based on the preliminary
sound velocity obtained in the sound velocity obtaining
step,

wherein the sound velocity obtaining step obtains a pre-set
initial sound velocity as the preliminary sound velocity,
and

wherein for each of the plurality of regions, the preliminary
sound velocity obtained in the sound velocity obtaining
step is employed as a sound velocity of a region in
question when a determination result made in the image
quality determining step is positive, and the sound veloc-
ity of the region in question is calculated in the sound
velocity calculating step when the determination result
is negative.

20. A computer readable recording medium having stored

therein a program that causes a computer to execute signal
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processing for an ultrasound inspection apparatus for inspect-
ing an inspection object using an ultrasonic beam, the pro-
gram comprising:

aregion setting step of setting a plurality of regions within
the inspection object;

a sound velocity calculating step of calculating a sound
velocity of each of the plurality of regions;

a sound velocity obtaining step of taking one of the plural-
ity of regions as a region of interest and obtaining a
preliminary sound velocity of the region of interest; and

an image quality determining step of determining an image
quality of the region of interest based on the preliminary
sound velocity obtained in the sound velocity obtaining
step,

wherein the sound velocity obtaining step obtains a pre-set
initial sound velocity as the preliminary sound velocity,
and

wherein for each of the plurality of regions, the preliminary
sound velocity obtained in the sound velocity obtaining
step is employed as a sound velocity of a region in
question when a determination result made in the image
quality determining step is positive, and the sound veloc-
ity of the region in question is calculated in the sound
velocity calculating step when the determination result
is negative.
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