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An ultrasound diagnosis apparatus according to an embodi-
ment includes an obtaining unit, an image generating unit,
and a controlling unit. The obtaining unit obtains setting
information in which a plurality of types of ultrasound image
data are set as display-purpose image data and in which a
percentage of a time period to display the display-purpose
image data is set for each of the plurality of types. The image
generating unit generates, along a time series, each of the
plurality of types of ultrasound image data set in the setting
information. The controlling unit exercises control so that the
plurality of types of ultrasound image data generated by the
image generating unit are stored into a storage unit and exet-
cises control so that the display-purpose image data is dis-
played on a display unit according to the percentage setin the
setting information for each of the types.
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ULTRASOUND DIAGNOSIS APPARATUS AND
IMAGE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of PCT interna-
tional application Ser. No. PCT/JP2013/065502 filed on Jun.
4, 2013 which designates the United States, incorporated
herein by reference, and which claims the benefit of priority
from Japanese Patent Application No. 2012-128247, filed on
Jun. 5, 2012, and Japanese Patent Application No. 2013-
118070, filed on Jun. 4, 2013, the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and an image processing
apparatus.

BACKGROUND

[0003] Ultrasound diagnosis apparatuses are configured to,
by using an ultrasound probe that transmits and receives
ultrasound waves, transmit ultrasound waves to a subject and
receive reflective waves of the ultrasound waves reflected on
an internal tissue of the subject. Further, the ultrasound diag-
nosis apparatuses are configured to generate an ultrasound
image on the basis of reflected-wave signals (reception sig-
nals). Ultrasound diagnosis apparatuses are capable of gen-
erating ultrasound images having mutually-different charac-
teristics by implementing various types (modes) of
ultrasound wave transmitting/receiving methods and recep-
tion signal processing methods.

[0004] For example, when operating in a B-mode, an ultra-
sound diagnosis apparatus generates a B-mode image in
which the strength of each reception signal is expressed by a
degree of brightness. Such a B-mode image is used by an
operator of the apparatus to understand features of a tissue
structure serving as an observation target. As another
example, when operating in a Doppler mode, an ultrasound
diagnosis apparatus generates a color Doppler image, a power
Doppler image, or the like, by utilizing changes in frequen-
cies of transmission signals and reception signals. Such a
color Doppler image and a power Doppler image are used by
an operator of the apparatus to understand features of velocity
information of a moving member (e.g., bloodstream) serving
as an observation target.

[0005] As yet another example, when operating in an elas-
tography mode, an ultrasound diagnosis apparatus measures
hardness (elastic modulus) of an observation target by imple-
menting an “autocorrelation method” or a “cross-correlation
method” on reception signals and further generates an image
(hereinafter, an “elasticity image™) in which results of the
measuring process are expressed. Such an elasticity image is
used by an operator of the apparatus to understand the hard-
ness of a tumor mass lesion site or the like serving as an
observation target.

[0006] Further, ultrasound diagnosis apparatuses are also
able to execute some other modes besides the modes
described above. Examples of other modes include a mode in
which microcalcification occurring in a tissue serving as an
observation target is extracted from a B-mode image, so as to
generate an image in which the extracted microcalcification is
superimposed on the B-mode image. In the generated image,
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the microcalcification is enhanced (hereinafter, a “calcifica-
tion enhanced image”). Another example of a mode which
ultrasound diagnosis apparatuses are capable of executing is
a mode in which a degree of deviation (a dispersion value)
from a Rayleigh distribution of a signal amplitude distribu-
tion of reception signals is calculated by performing a statis-
tical filtering process, so as to express the calculated disper-
sion value in an image. This mode may be referred to as an
“Acoustic Structure Quantification (ASQ) mode”. An image
generated in the ASQ mode (hereinafter, a “statistical analy-
sis image”) is used by an operator of the apparatus to under-
stand characteristics of a tissue serving as an observation
target, e.g., a degree of fibrillization of the tissue.

[0007] Generally speaking, during an ultrasound examina-
tion, an image in one of a plurality of modes is taken at first.
Alternatively, during an ultrasound examination, image tak-
ing processes in two modes may be performed at the same
time, so that images in the two modes are displayed side by
side or displayed in a superimposed manner. Further, when
making an examination observation while using the image in
the mode used at first or when performing an examination
routine that is determined in advance, the operator manually
switches the image taking mode to another mode.

[0008] In the conventional ultrasound examination
described above, however, because the switching between the
plurality of image taking modes is manually performed, a
large burden is imposed on the operator. For example,
because the switching between the modes is manually per-
formed, there is a possibility that an image taking process in
a mode that is optimal for making an image diagnosis of a
certain disease may be missing from the procedure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 is a block diagram of an exemplary configu-
ration of an ultrasound diagnosis apparatus according to an
embodiment;

[0010] FIG. 21s a drawing that illustrates examples of types
of ultrasound image data generated by the ultrasound diag-
nosis apparatus according to the present embodiment;
[0011] FIG. 3 is a schematic drawing of processes that are
performed while using setting information according to the
present embodiment;

[0012] FIG. 4is a drawing that illustrates an example of the
setting information;

[0013] FIG. 5A, FIG. 5B and FIG. 5C are drawings of an
example of a display plan based on the setting information
illustrated in FIG. 4;

[0014] FIG. 6A and FIG. 6B are drawings of an example of
image generation control according to the present embodi-
ment;

[0015] FIG. 7 and FIG. 8 are drawings of an example of
storage control according to the present embodiment;
[0016] FIG. 9, FIG. 10 and FIG. 11 are drawings of an
example of display control according to the present embodi-
ment;

[0017] FIG. 12 is a flowchart of an exemplary process per-
formed by the ultrasound diagnosis apparatus according to
the present embodiment;

[0018] FIG. 13A is a drawing for explaining a first modifi-
cation example of the present embodiment;

[0019] FIG. 13Bisa drawing for explaining a second modi-
fication example of the present embodiment;
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[0020] FIG.14A and FIG. 14B are drawings for explaining
the third modification example of the present embodiment;
and

[0021] FIG. 15 is a drawing for explaining a fourth modi-
fication example of the present embodiment.

DETAILED DESCRIPTION

[0022] An ultrasound diagnosis apparatus according to an
embodiment includes an obtaining unit, an image generating
unit, and a controlling unit. The obtaining unit obtains setting
information in which a plurality of types of ultrasound image
data are set as display-purpose image data and in which a
percentage of a time period to display the display-purpose
image data is set for each of the plurality of types. The image
generating unit generates, along a time series, each of the
plurality of types of ultrasound image data set in the setting
information. The controlling unit exercises control so that the
plurality of types of ultrasound image data generated by the
image generating unit are stored into a storage unit and exer-
cises control so that the display-purpose image data is dis-
played on a display unit according to the percentage setin the
setting information for each of the types.

[0023] Exemplary embodiments of an ultrasound diagnosis
apparatus will be explained in detail below, with reference to
the accompanying drawings.

[0024] First, a configuration of an ultrasound diagnosis
apparatus according to an exemplary embodiment will be
explained. FIG. 1 is a block diagram of an exemplary con-
figuration of the ultrasound diagnosis apparatus according to
the present embodiment. As shown in FIG. 1, the ultrasound
diagnosis apparatus according to the present embodiment
includes an ultrasound probe 1, a monitor 2, an input device 3,
and an apparatus main body 10.

[0025] Theultrasound probe 1 includes a plurality of piezo-
electric transducer elements, which generate an ultrasound
wave based on a drive signal supplied from a transmitting and
receiving unit 11 included in the apparatus main body 10
(explained later). Further, the ultrasound probe 1 receives a
reflected wave from a subject P and converts the received
reflected wave into an electric signal. Further, the ultrasound
probe1 includes matching layers included in the piezoelectric
transducer elements, as well as a backing member that pre-
vents ultrasound waves from propagating rearward from the
piezoelectric transducer elements. The ultrasound probe 1 is
detachably connected to the apparatus main body 10.

[0026] When an ultrasound wave is transmitted from the
ultrasound probe 1 to the subject P, the transmitted ultrasound
wave is repeatedly reflected on a surface of discontinuity of
acoustic impedances at a tissue in the body of the subject P
and is received as a reflected-wave signal by the plurality of
piezoelectric transducer elements included in the ultrasound
probe 1. The amplitude of the received reflected-wave signal
is dependent on the difference between the acoustic imped-
ances on the surface of discontinuity on which the ultrasound
wave is reflected. When the transmitted ultrasound pulse is
reflected on the surface of a flowing bloodstream or a cardiac
wall, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity compo-
nent of the moving members with respect to the ultrasound
wave transmission direction.

[0027] The present embodiment is applicable to a situation
where the ultrasound probe 1 is a one-dimensional (1D) array
probe configured to scan the subject F two-dimensionally and
to a situation where the ultrasound probe 1 is a mechanical
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four-dimensional (4D) probe or a two-dimensional (2D)
array probe configured to scan the subject P three-dimension-
ally. Like the 1D array probe, the mechanical 4D probe is able
to perform a two-dimensional scan by employing a plurality
of piezoelectric transducer elements arranged in a row and is
also able to perform a three-dimensional scan by causing a
plurality of piezoelectric transducer elements to swing at a
predetermined angle (a swinging angle). In contrast, the 2D
array probe is able to perform a three-dimensional scan by
employing a plurality of piezoelectric transducer elements
arranged in a matrix formation and is also able to perform a
two-dimensional scan by transmitting ultrasound waves in a
converged manner.

[0028] The input device 3 includes a mouse, a keyboard, a
button, a panel switch, a touch command screen, a foot
switch, a trackball, a joystick, and the like. The input device 3
receives various types of setting requests from an operator of
the ultrasound diagnosis apparatus and transfers the received
various types of setting requests to the apparatus main body
10. Setting information received from the operator by the
input device 3 according to the present embodiment will be
explained in detail later.

[0029] The monitor 2 displays a Graphical User Interface
(GUT) used by the operator of the ultrasound diagnosis appa-
ratus to input the various types of setting requests through the
input device 3 and displays ultrasound image data and the like
generated by the apparatus main body 10.

[0030] The apparatus main body 10 is an apparatus that
generates ultrasound image data based on the reflected-wave
signal received by the ultrasound probe 1. The apparatus main
body 10 shown in FIG. 1is an apparatus configured to be able
to generate two-dimensional ultrasound image data, based on
atwo-dimensional reflected-wave signal and configured to be
able to generate three-dimensional ultrasound image data,
based on a three-dimensional reflected-wave signal. It should
be noted, however, that the present embodiment is also appli-
cable to a sitvation where the apparatus main body 10 is an
apparatus exclusively for two-dimensional data.

[0031] As shown in FIG. 1, the apparatus main body 10
includes the transmitting and receiving unit 11, a B-mode
processing unit 12, a Doppler processing unit 13, an image
generating unit 14, an image memory 15, an internal storage
unit 16, a controlling unit 17, and an obtaining unit 18.
[0032] The transmitting and receiving unit 11 controls the
ultrasound wave transmissions and receptions performed by
the ultrasound probe 1, on the basis of instructions from the
controlling unit 17 (explained later). The transmitting and
receiving unit 11 includes a pulse generator, a transmission
delaying unit, a pulser, and the like and supplies the drive
signal to the ultrasound probe 1. The pulse generator repeat-
edly generates a rate pulse for forming a transmission ultra-
sound wave at a predetermined rate frequency. Further, the
transmission delaying unit applies a delay period that is
required to focus the ultrasound wave generated by the ultra-
sound probe 1 into the form of a beam and to determine
transmission directionality and that corresponds to each of
the piezoelectric transducer elements, to each of the rate
pulses generated by the pulse generator. Further, the pulser
applies a drive signal (a drive pulse) to the ultrasound probe 1
with timing based on the rate pulses. In other words, the
transmission delaying unit arbitrarily adjusts the transmis-
sion directions of the ultrasound waves transmitted from the
piezoelectric transducer element surfaces, by varying the
delay periods applied to the rate pulses.
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[0033] The transmitting and receiving unit 11 has a func-
tion to be able to instantly change the transmission frequency,
the transmission drive voltage, and the like, for the purpose of
executing a predetermined scanning sequence based on an
instruction from the controlling unit 17 (explained later). In
particular, the configuration to change the transmission drive
voltage is realized by using a linear-amplifier-type transmit-
ting circuit of which the value can be instantly switched or by
using a mechanism configured to electrically switch between
a plurality of power source units.

[0034] The transmitting and receiving unit 11 includes a
pre-amplifier, an Analog/Digital (A/D) converter, a reception
delaying unit, an adder, and the like and generates reflected-
wave data by performing various types of processes on the
reflected-wave signal received by the ultrasound probe 1. The
pre-amplifier amplifies the reflected-wave signal for each of
channels. The A/D converter applies an A/D conversion to the
amplified reflected-wave signal. The reception delaying unit
applies a delay period required to determine reception direc-
tionality to the result of the A/D conversion. The adder per-
forms an adding process on the reflected-wave signals pro-
cessed by the reception delaying unit so as to generate the
reflected-wave data. As a result of the adding process per-
formed by the adder, reflected components from the direction
corresponding to the reception directionality of the reflected-
wave signals are emphasized. A comprehensive beam used in
an ultrasound wave transmission/reception is thus formed
according to the reception directionality and the transmission
directionality.

[0035] When a two-dimensional scan is performed on the
subject P, the transmitting and receiving unit 11 causes the
ultrasound probe 1 to transmit two-dimensional ultrasound
beams. The transmitting and receiving unit 11 then generates
two-dimensional reflected-wave data from the two-dimen-
sional reflected-wave signals received by the ultrasound
probe 1. In contrast, when a three-dimensional scan is per-
formed on the subject P, the transmitting and receiving unit 11
causes the ultrasound probe 1 to transmit three-dimensional
ultrasound beams. The transmitting and receiving unit 11
then generates three-dimensional reflected-wave data from
the three-dimensional reflected-wave signals received by the
ultrasound probe 1.

[0036] In this situation, output signals from the transmit-
ting and receiving unit 11 can be in a form selected from
various forms. For example, the output signals may be in the
form of signals called Radio Frequency (RF) signals that
contain phase information or may be in the form of amplitude
information obtained after an envelope detection process.
[0037] The B-mode processing unit 12 and the Doppler
processing unit 13 are signal processing units configured to
perform various types of signal processing processes on the
reflected-wave signals received by the ultrasound probe 1
(i.e., the reflected-wave data generated by the transmitting
and receiving unit 11 from the reflected-wave signals). The
B-mode processing unit 12 receives the reflected-wave data
from the transmitting and receiving unit 11 and generates data
(B-mode data) in which the strength of each signal is
expressed by a degree of brightness, by performing a loga-
rithmic amplification, an envelope detection process, and the
like on the received reflected-wave data. Further, the Doppler
processing unit 13 performs a frequency analysis so as to
obtain velocity information from the reflected-wave data
received from the transmitting and receiving unit 11, and
further generates data (Doppler data) obtained by extracting
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moving member information such as a velocity, a dispersion,
apower, and the like under the influence of the Doppler effect
for a plurality of points. In this situation, the moving member
may be, for example, bloodstream, a tissue such as the cardiac
wall, or a contrast agent.

[0038] The B-mode processing unit 12 and the Doppler
processing unit 13 shown in FIG. 1 are able to process both
two-dimensional reflected-wave data and three-dimensional
reflected-wave data. In other words, the B-mode processing
unit 12 is able to generate two-dimensional B-mode data from
two-dimensional reflected-wave data and to generate three-
dimensional B-mode data from three-dimensional reflected-
wave data. The Doppler processing unit 13 is able to generate
two-dimensional Doppler data from two-dimensional
reflected-wave data and to generate three-dimensional Dop-
pler data from three-dimensional reflected-wave data.
[0039] The image generating unit 14 generates ultrasound
image data from the data generated by the B-mode processing
unit 12 and the Doppler processing unit 13. In other words,
from the two-dimensional B-mode data generated by the
B-mode processing unit 12, the image generating unit 14
generates two-dimensional B-mode image data in which the
strength of the reflected wave is expressed by a degree of
brightness. Further, from the two-dimensional Doppler data
generated by the Doppler processing unit 13, the image gen-
erating unit 14 generates two-dimensional Doppler image
data expressing moving member information. The two-di-
mensional Doppler image data may be velocity image data,
dispersion image data, power image data, or image data com-
bining any of these types of image data.

[0040] Further, the image generating unit 14 is also able to
generate M-mode image data from time-series data of the
B-mode data obtained on one scanning line and generated by
the B-mode processing unit 12. Further, from the Doppler
data generated by the Doppler processing unit 13, the image
generating unit 14 is also able to generate a Doppler wave-
form in which velocity information of bloodstream or a tissue
in a sample volume set by the operator is plotted along a time
series.

[0041] Inthis situation, generally speaking, the image gen-
erating unit 14 converts (by performing a scan convert pro-
cess) a scanning line signal sequence from an ultrasound scan
into a scanning line signal sequence in a video formatused by,
for example, television and generates display-purpose ultra-
sound image data. More specifically, the image generating
unit 14 generates the display-purpose ultrasound image data
by performing a coordinate transformation process compliant
with the ultrasound scanning mode used by the ultrasound
probe 1. Further, as various types of image processing pro-
cesses other than the scan convert process, the image gener-
ating unit 14 performs, for example, an image processing
process (a smoothing process) to re-generate a brightness-
average image, while using a plurality of image frames
obtained after the scan convert process is performed, or an
image processing process (an edge enhancement process)
using a differential filter within images. Further, the image
generating unit 14 synthesizes text information of various
parameters, scale graduations, body marks, and the like with
the ultrasound image data.

[0042] In other words, the B-mode data and the Doppler
data are the ultrasound image data before the scan convert
process is performed. The data generated by the image gen-
erating unit 14 is the display-purpose ultrasound image data
obtained after the scan convert process is performed. The
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B-mode data and the Doppler data may also be referred to as
raw data. The image generating unit 14 generates “two-di-
mensional B-mode image data or two-dimensional Doppler
image data”, which is display-purpose two-dimensional
ultrasound image data, from “two-dimensional B-mode data
or two-dimensional Doppler data”, which is the two-dimen-
sional ultrasound image data before the scan convert process
is performed.

[0043] Further, the image generating unit 14 generates
three-dimensional B-mode image data by performing a coor-
dinate transformation process on the three-dimensional
B-mode data generated by the B-mode processing unit 12.
Further, the image generating unit 14 generates three-dimen-
sional Doppler image data by performing a coordinate trans-
formation process on the three-dimensional Doppler data
generated by the Doppler processing unit 13. The image
generating unit 14 generates “the three-dimensional B-mode
image data or the three-dimensional Doppler image data” as
“three-dimensional ultrasound image data (volume data)”.

[0044] Further, the image generating unit 14 performs a
rendering process on the volume data so as to generate various
types of two-dimensional image data used for displaying the
volume data on the monitor 2. An example of the rendering
process performed by the image generating unit 14 is a pro-
cess to generate Multi Planar Reconstruction (MPR) image
data from the volume data by implementing an MPR method.
Another example of the rendering process performed by the
image generating unit 14 is a volume rendering (VR) process
to generate two-dimensional image data that reflects three-
dimensional information.

[0045] In this situation, generally speaking, the Doppler
image data generated from the Doppler data (bloodstream
Doppler data) obtained by extracting moving member infor-
mation of bloodstream for a plurality of points can roughly
divided into color Doppler image data obtained by imple-
menting a color Doppler method and power image data
obtained by implementing a power Doppler method. When
implementing the color Doppler method, the image generat-
ing unit 14 generates color Doppler image data in which hues
are changed in accordance with the direction of the blood-
stream and the level of velocity of the bloodstream. Alterna-
tively, when implementing the color Doppler method, the
image generating unit 14 may generate color Doppler image
data used for realizing a velocity-dispersion display in which
velocity information is combined with dispersion informa-
tion. In contrast, when implementing the power Doppler
method, the image generating unit 14 generates power image
data in which, for example, hues, lightness or chromes of a
red-color system is changed in accordance with a power value
that expresses the intensity of a Doppler signal.

[0046] Further, when implementing a tissue Doppler
method, the image generating unit 14 generates tissue Dop-
pler image data from Doppler data (tissue Doppler data)
obtained by extracting moving member information of a tis-
sue for a plurality of points.

[0047] As explained above, when operating in the B-mode,
the image generating unit 14 generates the B-mode image
data from the B-mode data. Further, when operating in the
color Doppler mode, the image generating unit 14 generates
the color Doppler image data from the bloodstream Doppler
data. When operating in the power Doppler mode, the image
generating unit 14 generates the power Doppler image data
from the bloodstream Doppler data. Further, when operating
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in the tissue Doppler mode, the image generating unit 14
generates the tissue Doppler image data from the tissue Dop-
pler data.

[0048] In this situation, the Doppler image data is usually
superimposed on the B-mode image data. When performing a
two-dimensional scan or a three-dimensional scan, the trans-
mitting and receiving unit 11 performs, in parallel to one
another, a B-mode scan in which an ultrasound beam is trans-
mitted and received one time by using one scanning line and
a Doppler-mode scan in which an ultrasound beam is trans-
mitted and received a plurality of times by using one scanning
line. The Doppler processing unit 13 generates the Doppler
data by performing a Moving Target Indicator (MTT) filtering
process, an autocorrelation calculating process, and a veloc-
ity/dispersion/power estimating process on a plurality of
pieces of reflected-wave data from mutually the same scan-
ning line.

[0049] Alternatively, according to another method, for the
purpose of improving the frame rate or the volume rate, a
Doppler-mode scan may be performed by transmitting and
receiving an ultrasound beam one time by using one scanning
line, like in the B-mode scan. When implementing this
method, the Doppler processing unit 13 generates the Dop-
pler data by performing an MT1 filtering process, an autocor-
relation calculating process, and a velocity/dispersion/power
estimating process along either the frame direction or the
volume direction, on a plurality of pieces of reflected-wave
data in mutually the same position of mutually-different
frames or mutually-different volumes.

[0050] Further, other than the ultrasound image data
described above, the image generating unit 14 is capable of
generating various types (modes) of ultrasound image data.
For example, when operating in an elastography mode to
realize elastography imaging, the image generating unit 14
generates image data (elasticity image data) in which hard-
ness (elastic modulus) of a tissue is expressed in an image,
from the reflected-wave data (the reflected-wave signals) on
which a signal processing process has been performed by the
Doppler processing unit 13. For example, in the elastography
mode, the operator applies pressure to a tissue of the subject’s
body by using the surfaces of the transducer elements of the
ultrasound probe 1 performing the ultrasound wave transmis-
sions/receptions and subsequently releases the pressure. As a
result, the tissue changes the shape thereof, and a movement
is thus created with the tissue. Information related to the
movement of the tissue is exhibited as a phase shift in the
reflected-wave signals (the reflected-wave data).

[0051] When operating in the elastography mode, for
example, the Doppler processing unit 13 calculates velocity
information on the basis of the phase shift in the reflected-
wave data, and further measures a displacement, which is
calculated by time-integrating the velocity information. Fur-
ther, by calculating a spatial differential of the displacement,
the Doppler processing unit 13 calculates a strain. Examples
of methods for measuring the displacement include the “auto-
correlation method”, the “cross-correlation method”, a “com-
plex autocorrelation method”, and a “zero phase method”.
The harder a tissue in the subject’s body is, the lower is the
tendency for the tissue to change the shape thereof. Conse-
quently, the strain value of a harder tissue in the subject’s
body is smaller, whereas the strain value of a softer tissue in
the subject’s body is larger. In other words, the strain value is
a value that indicates the hardness (elastic modulus) of the
tissue. The image generating unit 14 generates elasticity
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image data in which color tones are changed in accordance
with levels of strain values at a plurality of points, the strain
values having been calculated by the Doppler processing unit
13.

[0052] In the elastography mode, instead of the method by
which the shape of a tissue is changed by applying and releas-
ing pressure using the ultrasound probe 1, another method
may be used by which the shape of a tissue is changed by a
“push pulse” having a high sound pressure that is transmitted
from the ultrasound probe 1 so that a transversal wave called
a shear wave that propagates through the tissue is formed and
so that elastic modulus of the tissue is further evaluated on the
basis of the propagating speed of the shear wave or the like.
Further, in the elastography mode, instead of the method by
which a shear wave is formed and the method by which
pressure is manually applied to and released from a tissue, yet
another method may be used by which elastic modulus is
calculated by detecting changes in the shape of a tissue caused
by, for example, the pulsation or a movement of the dia-
phragm. Alternatively, elasticity image data may be generated
from the reflected-wave data (the reflected-wave signals) on
which a signal processing process has been performed by the
B-mode processing unit 12. For example, it is also possible to
generate elasticity image data by performing a speckle track-
ing process while using a plurality of pieces of B-mode image
data (or B-mode data) generated along a time series and
calculating displacements and strains at a plurality of points,
on the basis of results obtained by tracking a plurality of
tracked points.

[0053] Examples of the ultrasound image data generated
from the reflected-wave data (the reflected-wave signals) on
which a signal processing process has been performed by the
B-mode processing unit 12 include calcification enhanced
image data, statistical analysis image data, harmonic compo-
nent image data, in addition to the B-mode image data (and
the elasticity image data).

[0054] The calcification enhanced image data is ultrasound
image data generated in a calcification enhanced mode. In the
following sections, the calcification enhanced mode will sim-
ply be referred to as the “enhanced mode”. In the enhanced
mode, an image processing process is performed for the pur-
pose of improving visibility of microcalcification. In the
enhanced mode, images of mimicking patches that look like
microcalcification are eliminated from the B-mode image
data, by performing a statistical analysis of the signal ampli-
tude. Further, in the enhanced mode, on the basis of the
characteristic that microcalcification is isolated on high levels
of echo signals, continuous structures such as structures of
mammary glands are eliminated from the B-mode image data
so that microstructures corresponding to microcalcification
are eventually extracted.

[0055] Further, in the enhanced mode, image data in which
the extracted microstructures are expressed in white is gen-
erated. Further, in the enhanced mode, superimposed image
data obtained by superimposing together the “image data in
which the microstructures are rendered in white” and “image
data in which the B-mode image data from which the micro-
structures have been extracted is rendered in a blue-color
system” is generated as calcification enhanced image data.
The microstructures (the microcalcification) is extracted as a
result of, for example, a filtering process performed by the
B-mode processing unit 12 or the image generating unit 14 on
the B-mode image data (or the B-mode data).
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[0056] The statistical analysis image data is ultrasound
image data generated in the “Acoustic Structure Quantifica-
tion (ASQ) mode”. In the ASQ mode, an image processing
process is performed to make a tissue characterization diag-
nosis such as, for example, a degree of tissue fibrillization. In
the ASQ mode, a degree of deviation (a dispersion value)
from a Rayleigh distribution of a signal amplitude distribu-
tion of the reflected-wave data (the reflected-wave signals) is
calculated, so that data obtained by expressing the calculated
dispersion value in an image is generated as the statistical
analysis image data. The dispersion value compared to the
Rayleigh distribution may be extracted as a result of, for
example, a statistical similarity filtering process performed
by the B-mode processing unit 12 or the image generating
unit 14 on the B-mode image data (or the B-mode data).
[0057] Insome situations, the calcification enhanced image
data and the statistical analysis image data may be generated
from, for example, reflected-wave data corresponding to a
plurality of frames.

[0058] The harmonic component image data is ultrasound
image data generated in a mode to perform a Contrast Har-
monic Imaging (CHI) process or a Tissue Harmonic Imaging
(THI) process. The B-mode processing unit 12 shown in FIG.
1 is able to change the frequency bandwidth to be realized in
a picture, by changing detected frequencies. More specifi-
cally, the B-mode processing unit 12 is able to separate
B-mode data of harmonic components, which are non-linear
signals, from the B-mode data.

[0059] For example, when operating in the CHI mode, the
B-mode processing unit 12 separates B-mode data of a sec-
ond harmonic component from the B-mode data correspond-
ing to one frame obtained by scanning the subject P into
whom an ultrasound contrast agent has been injected. Further,
the image generating unit 14 generates harmonic component
image data (contrast enhanced image data) in which the ultra-
sound contrast agent is imaged with high sensitivity, from the
B-mode data of the second harmonic component.

[0060] Further, when operating in the THI mode, for
example, the B-mode processing unit 12 separates B-mode
data of the second harmonic component from the B-mode
data corresponding to one frame obtained by scanning the
subject P. Further, the image generating unit 14 generates
harmonic component image data in which side-lobe effects
are reduced, from the B-mode data of the second harmonic
component.

[0061] In this situation, the B-mode processing unit 12
extracts the harmonic components from the B-mode data
corresponding to the one frame by performing a filtering
process. Alternatively, the harmonic components may be
extracted as a result of a process performed by the B-mode
processing unit 12 while using the reflected-wave data gen-
erated from reflected-wave signals in a plurality of ultrasound
wave transmissions performed by the ultrasound probe 1 a
plurality of times.

[0062] For example, when implementing a pulse inversion
method, which is a type of phase modulating method, the
ultrasound probe 1 transmits ultrasound waves twice of which
the amplitudes are the same as each other and of which the
phases are different from each other, under the control of the
transmitting and receiving unit 11. More specifically, at the
second time, the ultrasound probe 1 transmits an ultrasound
wave of which the phase of the transmission waveform is
different by 180 degrees from that of the transmission wave-
form transmitted at the first time. As a result, the transmitting
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and receiving unit 11 generates two pieces of reflected-wave
data. The B-mode processing unit 12 is thus able to obtain
“data in which the fundamental harmonic component is sup-
pressed and in which the second harmonic component is
doubled”, by adding together the two pieces of reflected-wave
data received from the transmitting and receiving unit 11.

[0063] As another example, when implementing a method
in which a phase modulating method is combined with an
amplitude modulating method, the ultrasound probe 1 trans-
mits ultrasound waves three times of which the ratio among
the amplitudes satisfies “1:2:1”, of which the phases in the
first transmission and the third transmission are the same as
each other, and of which the phase in the first transmission
and the second transmission are different from each other by
180 degrees, under the control of the transmitting and receiv-
ing unit 11. As a result, the transmitting and receiving unit 11
generates three pieces of reflected-wave data. The B-mode
processing unit 12 is thus able to obtain “data in which the
fundamental harmonic component is suppressed and in which
the second harmonic component is doubled”, by adding
together the three pieces of reflected-wave data received from
the transmitting and receiving unit 11.

[0064] As explained above, the ultrasound diagnosis appa-
ratus according to the present embodiment is able to generate
ultrasound image data having various characteristics, by
changing the ultrasound wave transmitting/receiving method
and the reception signal processing method according to each
of the modes. The description above is summarized in FIG. 2.
FIG. 2 is a drawing that illustrates examples of types of
ultrasound image data generated by the ultrasound diagnosis
apparatus according to the present embodiment.

[0065] As illustrated in FIG. 2, the color Doppler image
data, the power Doppler image data, the tissue Doppler image
data, the elasticity image data, and the like are each ultra-
sound image data generated by the image generating unit 14
on the basis of the data resulting from a signal processing
process performed by the Doppler processing unit 13 on the
reflected-wave data generated by the transmitting and receiv-
ing unit 11. Although not illustrated in F1G. 2, other examples
of the ultrasound image data generated by the image gener-
ating unit 14 on the basis of the data resulting from a signal
processing process performed by the Doppler processing unit
13 on the reflected-wave data generated by the transmitting
and receiving unit 11 include Doppler waveform data
obtained by plotting, along a time series, bloodstream veloc-
ity information in a range set by the operator in the B-mode
image data or the color Doppler image data. For example,
when operating in a Pulsed Wave (PW) mode in which a
Doppler waveform is acquired by implementing a PW Dop-
pler method, the image generating unit 14 generates Doppler
waveform data indicating bloodstream velocity information
within a sampling gate that is set by the operator in a specific
site of a blood vessel rendered in the B-mode image data. In
another example, when operating in a Continuous Wave
(CW) mode in which a Doppler waveform is acquired by
implementing a CW Doppler method, the image generating
unit 14 generates Doppler waveform data indicating all of the
bloodstream velocity information on a sampling line that is
set by the operator on scanning lines that pass through a blood
vessel rendered in the B-mode image data. Further, as illus-
trated in FIG. 2, the B-mode image data, the calcification
enhanced image data, the statistical analysis image data, the
harmonic component image data (and the elasticity image
data) are each ultrasound image data generated by the image
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generating unit 14 on the basis of the data resulting from a
signal processing process performed by the B-mode process-
ing unit 12 on the reflected-wave data generated by the trans-
mitting and receiving unit 11.

[0066] As explained above, the plurality of types of ultra-
sound image data displayed by the ultrasound diagnosis appa-
ratus according to the present embodiment are each a type of
ultrasound image data which the image generating unit 14 is
capable of generating from the data obtained by performing
one of a plurality of feature extraction processes or by per-
forming a process combining together two or more feature
extraction processes selected out of the plurality of feature
extraction processes, on the reflected-wave signals (the
reflected-wave data). Examples of the plurality of feature
extraction processes include a “signal amplitude feature
extraction process” such as an envelope detection process, an
“intensity feature extraction process” performed for the pur-
pose of assigning brightness levels in the B-mode data, and a
“frequency feature extraction process” performed for the pur-
pose of detecting changes in the frequency due to the Doppler
effect. Further, other examples of the plurality of feature
extraction processes include a “spatial correlation feature
extraction process” performed for the purpose of processing a
cross-correlation within a frame and a “temporal correlation
feature extraction process” performed for the purpose of pro-
cessing a cross-correlation between frames.

[0067] Inthis situation, the ultrasound image data (e.g., the
B-mode image data, the calcification enhanced image data,
the statistical analysis image data, the harmonic component
image data) generated by the image generating unit 14 from
the data resulting from a signal processing process performed
by the B-mode processing unit 12 is ultrasound image data
generated by the image generating unit 14 from the data
resulting from a signal processing process including an inten-
sity feature extraction process.

[0068] Returning to the description of FIG. 1, the image
memory 15 is a memory for storing therein the display-pur-
pose image data generated by the image generating unit 14.
Further, the image memory 15 is also able to store therein the
data generated by the B-mode processing unit 12 and the
Doppler processing unit 13. After a diagnosis process, for
example, the operator is able to invoke the B-mode data or the
Doppler data stored in the image memory 15. The invoked
data serves as the display-purpose ultrasound image data via
the image generating unit 14.

[0069] The internal storage unit 16 stores therein various
types of data such as a control computer program (hereinafter,
a“control program”) to realize the ultrasound wave transmis-
sions and receptions, image processing, and display process-
ing, as well as diagnosis information (e.g., patients’ IDs,
medical doctors” observations), diagnosis protocols, and
various types of body marks. Further, the internal storage unit
16 may be used, as necessary, for storing therein any of the
image data stored in the image memory 15. Further, it is
possible to transfer the data stored in the internal storage unit
16 to external apparatuses via an interface (not shown).
Examples of the external apparatuses include a personal com-
puter (PC)used by a medical doctor who performs an image
diagnosis process, a storage medium such as a Compact Disk
(CD) or a Digital Versatile Disc (DVD), a printer, and the like.
[0070] The reflected-wave data generated by the transmit-
ting and receiving unit 11 is temporarily stored into a frame
buffer (not shown). Also, the present embodiment may be
configured so that the reflected-wave data generated by the
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transmitting and receiving unit 11 is stored into the image
memory 15 or the internal storage unit 16 in a non-transitory
manner.

[0071] Thecontrolling unit 17 controls the entire processes
performed by the ultrasound diagnosis apparatus. More spe-
cifically, based on the various types of setting requests input
by the operator via the input device 3 and various types of
control programs and various types of data read from the
internal storage unit 16, the controlling unit 17 controls pro-
cesses performed by the transmitting and receiving unit 11,
the B-mode processing unit 12, the Doppler processing unit
13, and the image generating unit 14. Further, the controlling
unit 17 exercises control so that the monitor 2 displays the
display-purpose ultrasound image data stored in the image
memory 15 and the internal storage unit 16. Further, the
controlling unit 17 exercises control so that the display-pur-
pose ultrasound image data generated by the image generat-
ing unit 14 is stored into the internal storage unit 16 or the like.

[0072] The obtaining unit 18 obtains the setting informa-
tion (explained later) from the input device 3 or an interface
(not shown). For example, the setting information explained
later is information obtained by the obtaining unit 18 as a
result of the information being input through the input device
3 by the operator who performs an ultrasound examination by
using the ultrasound diagnosis apparatus. Alternatively, the
setting information explained below may be, for example,
information obtained by the obtaining unit 18 from an exter-
nal apparatus via an interface as information written in a
medical examination request made by a medical doctor who
requests an ultrasound examination.

[0073] An overall configuration of the ultrasound diagnosis
apparatus according to the present embodiment has thus been
explained. The ultrasound diagnosis apparatus according to
the first embodiment configured as described above acquires,
during an ultrasound examination, a plurality of types of
ultrasound image data by using any of the various types of
modes described above.

[0074] During aconventional ultrasound examination, gen-
erally speaking, image data in one of a plurality of modes
(e.g., the B-mode) is taken at first. Alternatively, during a
conventional ultrasound examination, image taking pro-
cesses intwo modes (e.g., the B-mode and the Doppler mode)
may be performed at the same time, so that pieces of image
data in the two modes are displayed side by side or displayed
in a superimposed manner. Further, when making an exami-
nation observation while using the image in the mode used at
first or when performing an examination routine that is deter-
mined in advance, the operator manually switches the image
taking mode to another mode.

[0075] In the conventional ultrasound examination
described above, however, because the switching between the
plurality of image taking modes is manually performed, a
large burden is imposed on the operator. For example,
because the switching between the modes is manually per-
formed, there is a possibility that an image taking process in
a mode that is optimal for making an image diagnosis of a
certain disease may be missing from the procedure.

[0076] To cope with this situation, to collectively and easily
obtain the information required to make a diagnosis from an
ultrasound examination, the ultrasound diagnosis apparatus
according to the present embodiment is configured so that the
obtaining unit 18 obtains the setting information explained
below and notifies the controlling unit 17 of the obtained
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setting information and so that the controlling unit 17 controls
the image generating unit 14 and the like while using the
notified setting information.

[0077] More specifically, the setting information obtained
by the obtaining unit 18 is information in which a plurality of
pieces of ultrasound image data are set as display-purpose
image data. Even more specifically, the setting information
obtained by the obtaining unit 18 is information in which a
plurality of types of ultrasound image data are set as the
display-purpose image data. In this situation, the plurality of
types of ultrasound image data set as the display-purpose
image data include a plurality of types of ultrasound image
data that are generatable from reflected-wave signals (re-
flected-wave data) on which signal processing processes of
mutually the same type have been performed. The signal
processing processes of mutually the same type are signal
processing processes including the intensity feature extrac-
tion process.

[0078] In other words, the plurality of types of ultrasound
image data that are set as the display-purpose image data
include a plurality of types of ultrasound image data (e.g., the
B-mode image data and the calcification enhanced image
data) that are generatable from the reflected-wave signals (the
reflected-wave data) on which the B-mode processing pro-
cess has been performed. In this situation, the plurality of
types of ultrasound image data set as the display-purpose
image data may be represented only by a plurality of types of
ultrasound image data that are generatable from data on
which the B-mode processing process has been performed.
The display-purpose image data is a plurality of types of
ultrasound image data that are judged by the operator or a
medical doctor to be essential in making an image diagnosis
for the subject P. Further, the plurality of types of ultrasound
image data set as the display-purpose image data may be
two-dimensional ultrasound image data, two-dimensional
image data based on three-dimensional ultrasound image
data, or data in which both two-dimensional ultrasound image
data and two-dimensional image data based on three-dimen-
sional ultrasound image data are present in a mixed manner.
[0079] Further, the setting information obtained by the
obtaining unit 18 is information in which a percentage of a
time period to display the display-purpose image data is set
foreach ofthe types. The setting information is information in
which the percentage of time periods to display the plurality
of types of ultrasound image data that are set as the display-
purpose image data is set.

[0080] The controlling unit 17 is notified of the setting
information obtained by the obtaining unit 18. Further, under
the control of the controlling unit 17 that has received the
setting information, the image generating unit 14 generates,
along a time series, each of the plurality oftypes ofultrasound
image data set in the setting information. Further, the control-
ling unit 17 exercises control so that the plurality of types of
ultrasound image data generated by the image generating unit
14 are stored into the internal storage unit 16. Further, the
controlling unit 17 exercises control so that the plurality of
types of ultrasound image data generated by the image gen-
erating unit 14 are displayed on the monitor 2 according to the
percentage of time periods set in the setting information.
[0081] FIG. 3 is a schematic drawing of processes that are
performed while using the setting information according to
the present embodiment. In the schematic drawing shown in
FIG. 3, the operator has made a setting so that pieces of
ultrasound image data in the B-mode, the color Doppler
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mode, the elastography mode, and the enhanced mode are
acquired as the display-purpose image data. The image data
in the B-mode and the image data in the enhanced mode are
each image data using B-mode data. In contrast, the image
data in the color Doppler mode and the image data in the
elastography mode are each image data using Doppler data.
[0082] Further, as shown in FIG. 3, the operator sets the
percentage of display time periods described above, so as to
adjust the percentage by which each of the modes is sampled.
The controlling unit 17 that has received the setting informa-
tion from the obtaining unit 18 controls the transmitting and
receiving unit 11, the B-mode processing unit 12, the Doppler
processing unit 13, and the image generating unit 14, so that
the ultrasound wave transmitting/receiving method and the
signal processing method change in accordance with the
mode that is currently set. As a result, as shown in FIG. 3, the
controlling unit 17 causes the image data in each of the modes
to be acquired and exercises storage control and display con-
trol over the acquired image data in each of the modes.
[0083] Next, the processes described above will be
explained further in detail, by using an example of the setting
information shown in FIG. 4. FIG. 4 is a drawing that illus-
trates an example of the setting information. For example, as
shown in FIG. 4, the operator sets three types of ultrasound
image data in the B-mode, the color Doppler mode, and the
enhanced mode as the display-purpose image data. After that,
for example, as shown in FIG. 4, the operator sets percentage
values indicating that the percentage to display the B-mode
image data is “50%”, the percentage to display the color
Doppler mode image data is “30%”, and the percentage to
display the calcification enhanced image data in the enhanced
mode is “20%”. The obtaining unit 18 obtains the setting
information illustrated in FIG. 4 and transmits the setting
information to the controlling unit 17. By referring to the
received setting information, the controlling unit 17 sets a
display plan as illustrated in FIGS. 5A, 5B, and 5C. FIGS. 5A,
5B, and 5C are drawings of examples of display plans based
on the setting information illustrated in F1G. 4.

[0084] First, the controlling unit 17 sets frequency with
which it is possible to acquire data in each of the modes that
are set in the setting information, i.e., sets a frame rate (“ft”")
for each of the modes. For example, the controlling unit 17
sets a frame rate in the B-mode to “fr: A”, sets a frame rate in
the color Doppler mode to “fr: B”, and sets a frame rate in the
enhanced mode to “fr: C”. Further, the controlling unit 17 sets
a unit time period for displaying each of the modes set in the
setting information. In the following sections, an example in
which the unit time period is set to ten seconds will be
explained.

[0085] As illustrated in FIG. 5A, for example, the control-
ling unit 17 sets a display plan indicating that the image data
in the B-mode acquired while using “fr: A” is first displayed
for “5 seconds”, and subsequently, the image data in the color
Doppler mode acquired while using “fr: B”is displayed for 3
seconds”, and then, the image data in the enhanced mode
acquired while using “fr: C” is displayed for “2 seconds”.
According to this display plan set by the controlling unit 17,
it is indicated that, after ten seconds have elapsed since the
beginning of the display, the image data in the B-mode
acquired while using “fr: A” is displayed anew again (see the
arrow with a dotted line in FIG. 5A).

[0086] In another example, as illustrated in FIG. 58B, the
controlling unit 17 sets a display plan indicating that the
process of first displaying for “2.5 seconds” the image data in
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the B-mode acquired while using “fr: A”, followed by dis-
playing for “1.5 seconds” the image data in the color Doppler
mode acquired while using “fr: B” is repeated twice, and
subsequently, the image data in the enhanced mode acquired
while using “fr: C” is displayed for “2 seconds”. Like in the
example described above, according to this display plan set
by the controlling unit 17, itis indicated that, after ten seconds
have elapsed since the beginning of the display, the image
data in the B-mode acquired while using “fr: A” is displayed
anew again (see the arrow with a dotted line in FIG. 5B).
[0087] Inyetanotherexample, asillustrated in FIG. 5C, the
controlling unit 17 sets a display plan indicating that the
process of first displaying for “2.5 seconds” the image data in
the B-mode acquired while using “fr: A”, followed by dis-
playing for “1.5 seconds” the image data in the color Doppler
mode acquired while using “fr: B”, and subsequently, dis-
playing for “1 second” the image data in the enhanced mode
acquired while using “fr: C” is repeated twice. Like in the
example described above, according to this display plan set
by the controlling unit 17, it is indicated that, after ten seconds
nave elapsed since the beginning of the display, the image
data in the B-mode acquired while using “fr: A” is displayed
anew again (see the arrow with a dotted line in FIG. 5C).
[0088] The framerates, the unit time period, and the display
order do not necessarily have to be automatically set by the
controlling unit 17 as illustrated in FIGS. 5A, 5B, and 5C. It
is acceptable for the operator to set the frame rates, the umt
time period, and the display order, together with the setting
information. Further, it is also possible for the operator to
change the setting information, the frame rates, the unit time
period, and the display order, during the data acquiring pro-
cess.

[0089] In this situation, under the control of the controlling
unit 17, the image generating unit 14 generates, along a time
series, each of the plurality of types of ultrasound image data
set in the setting information. More specifically, the control-
ling unit 17 exercises image generation control described
below over the image generating unit 14. FIGS. 6 A and 6B are
drawings of examples of the image generation control accord-
ing to the present embodiment.

[0090] According to a first image generation control
method, the image generating unit 14 generates each of the
plurality of types of ultrasound image data set in the setting
information along a time series and according to the fre-
quency set for the type, while sequentially switching between
the types of ultrasound image data to have a generating pro-
cess performed thereon according to the percentage set in the
setting information. For example, under the control of the
controlling unit 17 having set the display plan illustrated in
FIG. 5A, the image generating unit 14 first generates, as
illustrated in FIG. 6 A, the image data in the B-mode at “fr: A”,
subsequently generates the image data in the color Doppler
mode at “fr: B”, and then, generates the image data in the
enhanced mode at “fr: C”. In this situation, the image genet-
ating unit 14 repeats the process of switching between the
generation modes within the unit time period, until an acqui-
sition ending request is received from the operator. Further,
under the control of the controlling unit 17, the transmitting
and receiving unit 11 exercises ultrasound wave transmission/
reception control over the ultrasound probe 1 in accordance
with each of the modes.

[0091] Alternatively, according to a second image genera-
tion control method, the image generating unit 14 generates
the plurality of types of ultrasound image data set in the
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setting information in parallel to one another, along a time
series and according to the frequency set for each of the types.
For example, under the control of the controlling unit 17
having set the display plans illustrated in FIGS. 5A, 5B, and
5C, the image generating unit 14 performs, as illustrated in
FIG. 6B, in parallel to one another, the processes of generat-
ing the image data in the B-mode at “fr: A”, generating the
image data in the color Doppler mode at “fr: B”, and genet-
ating the image data in the enhanced mode at “fr: C”. In this
situation, the image generating unit 14 continues to perform
the processes of generating the image data in the plurality of
modes in parallel to one another, until an acquisition ending
request is received from the operator. The second image gen-
eration control method is suitable for a situation where it is
possible to generate each of the plurality of types of ultra-
sound image data set in the setting information by performing
the same ultrasound wave transmissions/receptions. For
example, it is possible to execute the color Doppler mode by
implementing the scanning method for the B-mode, as
described above. Thus, the image generating unit 14 is able to
perform the parallel processes illustrated in FIG. 6B.

[0092] In other words, the first image generation control
method is a method by which only the frames which the
operator requested to have displayed are generated in a real-
time manner. [n contrast, the second image generation control
method is a method by which the frames other than the frames
which the operator requested to have displayed are also gen-
erated in a real-time manner. Fither the operator or the con-
trolling unit 17 determines whether the first image generation
control method should be selected or the second image gen-
eration control method should be selected, in accordance with
the processing capability of the apparatus main body 10. In
this situation, if the reflected-wave data is stored in a non-
transitory storage medium, the controlling unit 17 may imple-
ment a third image generation control method described
below.

[0093] According to the third image generation control
method, the image generating unit 14 generates images by
implementing the first image generation control method in a
real-time manner. Further, according to the third image gen-
eration control method, the image generating unit 14 genet-
ates, by performing a post-processing process, various types
of ultrasound image data in the frames other than the frames
generated in a real-time manner by using the stored reflected-
wave data, in such a manner that the quantity of frames
eventually generated is equal to the quantity of frames gen-
erated by using the second image generation control method.
According to the third image generation control method, even
if the apparatus main body 10 has a low processing capability,
it is possible to eventually generate a group of pieces of
ultrasound image data for a diagnosis purpose that is similar
to the ultrasound image data generated by implementing the
second image generation control method.

[0094] Further, as described above, the controlling unit 17
exercises control so that the plurality of types of ultrasound
image data generated by the image generating unit 14 are
stored into the internal storage unit 16. More specifically, the
controlling unit 17 performs storage control as described
below. FIGS. 7 and 8 are drawings of examples of storage
control according to the present embodiment.

[0095] According to a first storage control method, the
controlling unit 17 exercises control so that the plurality of
types of ultrasound image data generated by the image gen-
erating unit 14 are stored into, for example, mutually the same
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storage area of the internal storage unit 16 in the order of
generation. For example, when images are generated by
implementing the first image generation control method illus-
trated in FIG. 6A, the image generating unit 14 collectively
stores the generated pieces of ultrasound image data into
mutually the same storage area of the internal storage unit 16
in the order of generation, under the control of the controlling
unit 17. In this situation, under the control of the controlling
unit 17, the image generating unit 14 collectively stores the
generated pieces of ultrasound image data into mutually the
same storage area of the internal storage unit 16, while keep-
ing the times at which the pieces of ultrasound image data
were generated (hereinafter, “times of generation”) in corre-
spondence therewith.

[0096] As a result, as illustrated in FIG. 7, the internal
storage unit 16 stores therein the image data in the B-mode
kept in correspondence with times of generation “t1, 12, 13, .
.. 199, and t100”, the image data in the color Doppler mode
kept in correspondence with times of generation “t101, t102,
t103, ..., and t160”, and the image data in the enhanced mode
kept in correspondence with times of generation “t161, t162,
..., and t200”. The time period “t200-t1” corresponds to the
unit time period described above. Further, the time periods
“2-117, “t3-12”, and so on each correspond to “a=1/A”
because of “fr: A”, whereas the time periods “t102-t1017,
“t103-t102”, and so on each correspond to “b=1/B” because
of “fr: B”, while the time periods “t162-t1617, “t163-t162”,
and so on each correspond to “c=1/C” because of “fr: C”.

[0097] The first storage control method is also applicable to
asituation where a plurality of types of ultrasound image data
are generated by implementing the second image generation
control method. According to the first storage control method,
the ultrasound diagnosis apparatus is able to store therein the
group of pieces of image data acquired on the basis of the
setting information, without changing the current system
configuration.

[0098] In another example, according to a second storage
control method, for example, the controlling unit 17 exercises
control so that, to each of a plurality of storage areas of the
internal storage unit 16, a different one of the plurality of
types of ultrasound image data generated by the image gen-
erating unit 14 is assigned and stored therein in the order of
generation. In this situation, under the control of the control-
ling unit 17, the image generating unit 14 stores the generated
pieces of ultrasound image data into the plurality of storage
areas of the internal storage unit 16, respectively, so as to be
separated according to the types thereof and kept in corre-
spondence with the times of generation thereof.

[0099] For example, when images are generated by imple-
menting the second image generation control method illus-
trated in FIG. 6B, under the control of the controlling unit 17,
the image generating unit 14 stores, as illustrated in FIG. 8,
pieces of B-mode image data that are kept in correspondence
with “a, 2a, and 3a” that are elapsed time periods since the
acquisition starting time, which serve as the times of genera-
tion, into a storage area for the B-mode, in the order of
generation. Further, under the control of the controlling unit
17, the image generating unit 14 stores, as illustrated in FIG.
8, pieces of color Doppler image data that are kept in corre-
spondence with elapsed time periods “b, 2b, and 3b”, into a
storage area for the color Doppler mode, in the order of
generation. Further, under the control of the controlling umt
17, the image generating unit 14 stores, as illustrated in FIG.
9, pieces of calcification enhanced image data that are kept in
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correspondence with elapsed time periods “c, 2¢, and 3c”,
into a storage area for the enhanced mode, in the order of
generation.

[0100] In this situation, the second storage control method
is also applicable to a situation where a plurality of types of
ultrasound image data are generated by implementing the first
image generation control method. Further, when implement-
ing the third image generation control method, for example,
the controlling unit 17 temporarily stores the group of pieces
of image data generated by implementing the first image
generation control method into the image memory 15 in the
order of generation. After that, the controlling unit 17 stores
the group of pieces of image data stored in the image memory
15 and the group of pieces of image data generated as a result
of the post-processing process into the internal storage unit 16
according to the first storage control method or the second
storage control method. According to the second storage con-
trol method, it is necessary to change the system configura-
tion of the ultrasound diagnosis apparatus so that the pieces of
image data are stored according to the types thereof. How-
ever, because the group of pieces of image data acquired on
the basis of the setting information is stored according to the
types thereof, it is possible to easily read, after the acquisition,
each of the different types of image data separately from each
other.

[0101] The present embodiment may also be configured so
that the ultrasound image data acquired according to the
setting information is stored into a storage unit other than the
internal storage unit 16. For example, it is possible to config-
ure the present embodiment so that the ultrasound diagnosis
apparatus is provided with a storage unit for storing therein
the ultrasound image data acquired according to the setting
information. Alternatively, for example, it is also possible to
configure the present embodiment so that a storage unit for
storing therein the ultrasound image data acquired according
to the setting information is provided in an external apparatus
other than the ultrasound diagnosis apparatus.

[0102] Further, as explained above, together with the stor-
age control, the controlling unit 17 exercises control so that
the monitor 2 displays the plurality of types of ultrasound
image data generated by the image generating unit 14,
according to the percentage set in the setting information.
More specifically, the controlling unit 17 exercises display
control as described below. FIGS. 9 to 11 are drawings of
examples of display control according to the present embodi-
ment.

[0103] According to a first display control method, the
controlling unit 17 causes the plurality of types of ultrasound
image data generated by the image generating unit 14 to be
displayed as a moving picture in mutually the same display
region of the monitor 2, by switching between the types of
ultrasound image data to be displayed according to the per-
centage (the percentage of time periods) set in the setting
information. More specifically, the controlling unit 17
switches between the types of ultrasound image data to be
displayed in mutually the same display region, on the basis of
the percentage set in the setting information, and switches
between the times of generation of the ultrasound image data
to be displayed in mutually the same display region, on the
basis of display times according to frequency of generation.
[0104] For example, when the display plan (the unit time
period: ten seconds) shown in FIG. 5A is set, under the
control of the controlling unit 17, the monitor 2 displays, as
illustrated in FIG. 9, the image data in the B-mode as a
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moving picture at frame rate “A” for five seconds, and sub-
sequently displays the image data in the color Doppler mode
as a moving picture at frame rate “B” for three seconds, and
further displays the image data in the enhanced mode as a
moving picture at frame rate “C” for two seconds.

[0105] After that, as illustrated in FIG. 9, under the control
of the controlling unit 17, when the moving picture in the
enhanced mode has finished being displayed, the monitor 2
switches from the enhanced mode to the B-mode again and
displays moving pictures while switching between the modes
in the order of “the B-mode, the color Doppler mode, and the
enhanced mode”.

[0106] In this situation, the first display control method is
applicable both to a situation where the first image generation
control method is implemented and to a situation where the
second image generation control method is implemented.
When the first display control method is implemented with
the first image generation control method, the controlling unit
17 exercises control so that the pieces of ultrasound image
data generated by the image generating unit 14 are displayed
on the monitor 2 in the order of generation. For example,
when the first image generation control method shown in
FIG. 6A is implemented according to the display plan shown
in FIG. 5A, the controlling unit 17 causes the monitor 2 to
display, in the order of generation, the group of pieces of
ultrasound image data generated by the image generating unit
14 along the time series while switching between the modes.
[0107] Alternatively, when the first display control method
is implemented with the second image generation control
method, the controlling unit 17 sequentially selects, from
among the plurality of types of ultrasound image data gener-
ated in parallel to one another by the image generating unit 14,
one of the types of ultrasound image data corresponding to the
percentage set in the setting information and to the time of
generation relevant to the display time according to the fre-
quency of generation. After that, the controlling unit 17 exer-
cises control so that the selected types of ultrasound image
data are sequentially displayed on the monitor 2. For
example, let us discuss an example in which the image gen-
erating unit 14 has generated a group of pieces of ultrasound
image data in a plurality of modes in parallel to one another
along a time series, by implementing the second image gen-
eration control method shown in FIG. 6B according to the
display plan shown in FIG. 5C.

[0108] In that situation, as illustrated in FIG. 10, “for the
duration of two and a half seconds from the start of the
generation to 2.5 seconds”, the controlling unit 17 selects the
image data in the B-mode generated at frame rate “A” along
the time series and causes the monitor 2 to display the selected
image data. After that, as illustrated in FIG. 10, “for the
duration of one and a half seconds from 2.5 seconds to 4
seconds”, the controlling unit 17 selects the image data in the
color Doppler mode generated at frame rate “B” along the
time series and causes the monitor 2 to display the selected
image data. After that, as illustrated in FIG. 10, “for the
duration of one second from 4 seconds to 5 seconds”, the
controlling unit 17 selects the image data in the enhanced
mode generated at frame rate “C” along the time series and
causes the monitor 2 to display the selected image data.
[0109] Further, as illustrated in FIG. 10, “for the duration of
two and a half seconds from 5 seconds to 7.5 seconds”, the
controlling unit 17 selects the image data in the B-mode
generated at frame rate “A” along the time series and causes
the monitor 2 to display the selected image data. After that, as
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illustrated in FIG. 10, “for the duration of one and a half
seconds from 7.5 seconds to 9 seconds”, the controlling unit
17 selects the image data in the color Doppler mode generated
at frame rate “B” along the time series and causes the monitor
2 to display the selected image data. After that, as illustrated
in FIG. 10, “for the duration of one second from 9 seconds to
10 seconds”, the controlling unit 17 selects the image data in
the enhanced mode generated at framerate “C” along the time
series and causes the monitor 2 to display the selected image
data. The controlling unit 17 repeats the display control illus-
trated in FIG. 10 until an acquisition ending request is
received.

[0110] Inthissituation, the controlling unit17 performs the
display control implementing the first display control
method, in parallel to the storage control implementing the
first storage control method or the second storage control
method. It should be noted, however, that the controlling unit
17 may implement the first display control method, after
exercising the storage control by implementing the first stor-
age control method or the second storage control method. In
that situation, the controlling unit 17 reads the image data
from the internal storage unit 16 and implements the first
display control method, in response to a display request made
by the operator after the acquisition of the image data.
[0111] Alternatively, according to a second display control
method, to each of a plurality of display regions of the moni-
tor 2, the controlling unit 17 assigns a different one of the
types of ultrasound image data to be displayed thereon. After
that, the controlling unit 17 causes the plurality of types of
ultrasound image data generated by the image generating unit
14 to be displayed as moving pictures in the plurality of
display regions, respectively, while being arranged side by
side and being separated according to the types thereof. More
specifically, the controlling unit 17 switches between the
times of generation of the ultrasound image data to be dis-
played in each of the plurality of display regions, on the basis
of the display times according to the frequency of generation.
[0112] For example, when one of the display plans shown
in FIGS.5A, 5B, and 5C is set, the controlling unit 17 divides,
as illustrated in FIG. 11, the display region of the monitor 2
into three sectional regions such as a B-mode display region,
a color Doppler mode display region, and an enhanced mode
display region. After that, as shown in FIG. 11, the monitor 2
displays the B-mode image data at frame rate “A” in the
B-mode display region, displays the color Doppler image
data at frame rate “B” in the color Doppler mode display
region, and displays the calcification enhanced image data at
frame rate “C” in the enhanced mode display region.

[0113] In this situation, the second display control method
is applicable to both a situation where the first image genera-
tion control method is implemented and a situation where the
second image generation control method is implemented.
When the second display control method is implemented with
the first image generation control method, the controlling unit
17 assigns the ultrasound image data generated by the image
generating unit 14 while switching between the modes
according to the display plan, to a corresponding display
region according to the type thereof so that each type of
ultrasound image data is displayed in the order of generation.
In this situation, according to the first image generation con-
trol method, there are time periods during which no display-
purpose frame is present in each of the modes, i.e., time
periods during which it is not possible to display any image
data (hereinafter, a “display disabled time period™). During
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each display disabled time period, the controlling unit 17
displays a frame that was displayed immediately prior to the
display disabled time period as a still picture or displays a
frame in black only.

[0114] Alternatively, when the second display control
method is implemented with the second image generation
control method, the controlling unit 17 sequentially selects,
from among the plurality of types of ultrasound image data
generated in parallel to one another by the image generating
unit 14, one of the types of ultrasound image data correspond-
ing to the percentage set in the setting information and to the
time of generation relevant to the display time according to
the frequency of generation. After that, the controlling unit 17
exercises control so that each of the selected types of ultra-
sound image data is displayed in one of the display regions of
the monitor 2 corresponding to the type thereof.

[0115] When the image data is generated by implementing
the second image generation control method, although there
are display-purpose frames even in the display disabled time
periods described above, the controlling unit 17 displays a
frame that was displayed immediately prior as a still picture
or displays a frame in black only, during each time period
corresponding to a display disabled time period according to
the display plan. Alternatively, when the second display con-
trolmethod is implemented with the second image generation
control method, the controlling unit 17 may cause all of the
plurality of types of ultrasound image data generated in par-
allel to one another by the image generating unit 14 to be
displayed side by side as moving pictures, so as to prioritize
displaying all of the types of ultrasound image data set in the
setting information.

[0116] Inthis situation, the controlling unit 17 implements
the second display control method in parallel to the storage
control implementing the first storage control method or the
second storage control method. It should be noted, however,
that the controlling unit 17 may implement the second display
control method, after exercising the storage control by imple-
menting the first storage control method or the second storage
control method. In that situation, the controlling unit 17 reads
the image data from the internal storage unit 16 and imple-
ments the second display control method, in response to a
display request made by the operator after the acquisition of
the image data.

[0117] When implementing the second display control
method after the data has been stored, the controlling unit 17
may skip the display disabled time period described above
and may cause the plurality of types of ultrasound image data
to be displayed side by side as moving pictures.

[0118] Further, when the third image generation control
method has been implemented, the controlling unit 17 reads
the image data from the internal storage unit 16 and imple-
ments the first display control method or the second display
control method, in response to a display request made by the
operator after the acquisition of the image data. Alternatively,
when the third image generation control method has been
implemented, the controlling unit 17 may implement, in a
real-time manner, the first display control method or the sec-
ond display control method on the group of pieces of ultra-
sound image data generated by implementing the first image
generation control method.

[0119] Any of the image generation control methods, the
storage control methods, and the display control methods
described above may be specified by the operator or may be
specified in advance as an initial setting,
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[0120] Next, an exemplary process performed by the ultra-
sound diagnosis apparatus according to the present embodi-
ment will be explained, with reference to FIG. 12. FIG. 12 is
a flowchart of the exemplary process performed by the ultra-
sound diagnosis apparatus according to the present embodi-
ment. The flowchart in FIG. 12 illustrates an example in
which the storage control and the display control are per-
formed in a real-time manner.

[0121] As illustrated in FIG. 12, the obtaining unit 18
included in the ultrasound diagnosis apparatus according to
the present embodiment judges whether setting information
has been set (step S101). In this situation, if no setting infor-
mation has been set (step S101: No), the obtaining unit 18
stands by until setting information is set.

[0122] On the contrary, if setting information has been set
(step S101: Yes), the obtaining unit 18 obtains the setting
information and notifies the controlling unit 17 of the
obtained setting information. After that, by controlling the
ultrasound probe 1 via the transmitting and receiving unit 11,
the controlling unit 17 causes ultrasound wave transmissions
and receptions based on the setting information to start (step
S102). For example, the controlling unit 17 sets a display plan
on the basis of the setting information and causes ultrasound
wave transmissions and receptions based on the display plan
to start.

[0123] After that, according to an instruction from the con-
trolling unit 17, the image generating unit 14 generates ultra-
sound image data in a plurality of modes specified in the
setting information, by implementing the specified image
generation control method (step S103).

[0124] Subsequently, according to an instruction from the
controlling unit 17, the image generating unit 14 stores the
ultrasound image data into the internal storage unit 16, by
implementing the specified storage control method (step
S104).

[0125]  After that, according to an instruction from the con-
trolling unit 17, the monitor 2 displays, as moving pictures,
the ultrasound image data in the plurality of modes set in the
setting information, by implementing the specified display
control method (step S105), and the process is thus ended.
The flowchart in FIG. 12 illustrates an example in which the
data acquisition is completed in one unit time period. If the
data acquisition is performed for a time period longer than
one unit time period, the ultrasound diagnosis apparatus
repeats the process at steps S103 through S105 until an acqui-
sition ending request is received. The flowchart illustrated in
FIG. 12 is also applicable to a situation where, during a data
acquisition time period that lasts for a plurality of unit time
periods, the operator changes at least one selected from the
image generation control method, the storage control method,
and the display control method.

[0126] As explained above, according to the present
embodiment, the ultrasound diagnosis apparatus automati-
cally acquires the ultrasound image data in the plurality of
modes based on the setting information and causes the
acquired ultrasound image data in the plurality of modes to be
automatically displayed side by side or to be displayed while
the mode is automatically switched from one to another.
Further, according to the present embodiment, the ultrasound
diagnosis apparatus automatically stores therein the ultra-
sound image data in the plurality of modes acquired on the
basis of the setting information, in such a manner that it is
possible to read the ultrasound image data even after the data
is acquired. In other words, according to the present embodi-
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ment, the operator or a medical doctor is able to collectively
and easily obtain the information required to make a diagno-
sis from the ultrasound examination, only by inputting the
setting information to the ultrasound diagnosis apparatus, the
setting information indicating the plurality of modes required
by the ultrasound examination performed on the subject P and
the percentage that is set in relation to the display for each of
the modes. Further, according to the present embodiment, it is
possible to prevent the situation where the ultrasound image
data taking processes in the modes that are necessary are
missing from the procedure.

[0127] Theultrasound diagnosis apparatus according to the
present embodiment may be used in modification examples
described below. Modification examples of the present
embodiment will be explained below, with reference to FIGS.
13A, 13B, 14A, 14B, and 15. FIG. 13A is a drawing for
explaining a first modification example of the present
embodiment. FIG. 13B is a drawing for explaining a second
modification example. FIGS. 14A and 14B are drawings for
explaining a third modification example of the present
embodiment. FIG. 15 is a drawing for explaining a fourth
modification example of the present embodiment.

[0128] For example, the frame rate of the calcification
enhanced image data is lower than the frame rate of the
B-mode image data, because the former has a larger process-
ing amount. For this reason, for example, according to the first
display control method, when the mode is switched from the
B-mode to the enhanced mode, because the frame rate sud-
denly drops, the viewer who is viewing the image data feels
strange. In another example, according to the second display
control method, because the frame rates are different between
the B-mode display region and the enhanced mode display
region, the viewer who is viewing the image data feels
strange.

[0129] To cope with these situations, according to the first
modification example, with respect to pieces of ultrasound
image data of mutually the same type to be displayed on the
monitor 2, if no such uvltrasound image data is present that
corresponds to the time of generation relevant to the display
time according to predetermined display frequency, the con-
trolling unit 17 exercises control so that interpolated image
data generated by performing an interpolating process on the
two frames displayed before and after the display time is
displayed as the display-purpose image data.

[0130] For example, the controlling unit 17 selects the two
pieces of calcification enhanced image data to be displayed
before and after the display time according to the frame rate of
the B-mode image data. After that, for example, under the
control of the controlling unit 17, the image generating unit
14 generates, as illustrated in FIG. 13A, interpolated image
data by calculating an arithmetic mean of the two pieces of
calcification enhanced image data selected by the controlling
unit 17. Further, the controlling unit 17 causes the interpo-
lated image data generated by the image generating unit 14 to
be displayed between the times at which the two pieces of
calcification enhanced image data are displayed. The inter-
polating process between two pieces of image data in mutu-
ally the same mode may be realized with a motion correction,
instead of with an arithmetic mean.

[0131] Alternatively, according to the first display control
method, for example, when the mode is switched from the
B-mode to the enhanced mode, because the B-mode image
data in black and white is switched to the calcification
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enhanced image data in which white dots are rendered on a
blue-color system background, the viewer who is viewing the
image data feels strange.

[0132] To cope with this situation, according to the second
modification example, the controlling unit 17 exercises con-
trol so as to display, as the display-purpose image data for a
time period when the switching occurs between the types of
ultrasound image data to be displayed on the monitor 2,
interpolated image data generated by performing an interpo-
lating process on the two frames displayed before and after
the time at which the switching occurs.

[0133] For example, under the control of the controlling
unit 17, the image generating unit 14 generates, as illustrated
in FIG. 13B, interpolated image data by calculating an arith-
metic mean of the last frame of the B-mode image data and
the first frame of the calcification enhanced image data. Fur-
ther, the controlling unit 17 causes the interpolated image data
generated by the image generating unit 14 to be displayed for
the time period when the B-mode is switched to the enhanced
mode.

[0134] By implementing the first modification example and
the second modification example, it is possible to reduce the
strange feeling that the viewer may experience when viewing
the group of pieces of ultrasound image data that is displayed
as a moving picture on the basis of the setting information.
[0135] Further, the exemplary embodiment described
abovemay be configured so that the setting information set by
the operator is modified. In that situation, as the third modi-
fication example, if the setting information has been modi-
fied, the controlling unit 17 exercises display control based on
the modified setting information. Further, the third modifica-
tion exampleis applicable to both a situation where the setting
information is modified during the data acquisition and a
situation where the setting information is modified after the
data acquisition.

[0136] The third modification example will further be
explained, by using exemplary setting information illustrated
in FIG. 14A. For example, as illustrated in FIG. 14A, the
operator sets four types of ultrasound image data, namely,
ultrasound image data in the B-mode, in the color Doppler
mode, in the elastography mode, and in the enhanced mode,
as the display-purpose image data. After that, for example, the
operator sets, as illustrated in FIG. 14A, the percentage to
display the B-mode image data is “40%”, the percentage to
display the color Doppler mode is “20%”, the percentage to
display the elasticity image data in the elastography mode is
“20%”, and the percentage to display the calcification
enhanced image data in the enhanced mode is “20%”.
[0137] Forexample, if the operator has modified the setting
information during the data acquisition, so as to indicate that
the enhanced mode will not be executed, the controlling unit
17 modifies the setting information shown in FIG. 14A to
setting information shown in FIG. 14B where the three types
of ultrasound image data, namely, the ultrasound image data
in the B-mode, in the color Doppler mode, and in the elastog-
raphy mode are set as the display-purpose image data. After
that, the controlling unit 17 modifies the setting information
shown in FIG. 14A to the setting information shown in FIG.
14B indicating that the percentage to display the B-mode
image data is “50%”, the percentage to display the color
Doppler mode image data is “25%”, and the percentage to
display the elasticity image data in the elastography mode is
“25%”. In the example shown in FI1G. 14B, the controlling
unit 17 has calculated the percentage of display time periods
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for the B-mode, the color Doppler mode, and the elastogra-
phy mode in the modified setting information, while main-
taining the ratio (40%:20%:20%=2:1:1) of the percentage
values of the display time periods for the B-mode, the color
Doppler mode, and the elastography mode in the initial set-
ting information. In this situation, during the data acquisition,
together with the process of selecting image taking modes,
the operator may also change the percentage of display time
periods for the selected image taking modes. For example, the
operator may change the percentage of display time periods
for “the B-mode, the color Doppler mode, and the elastogra-
phy mode” to “50%, 30%, and 20%”.

[0138] Further, on the basis of the modified setting infor-
mation shown in FIG. 14B, the controlling unit 17 exercises
the display control according to the display control method
specified by the operator, during the data acquisition. In this
situation, together with the process of modifying the setting
information, the operator may modify one or more selected
from the display control method, the image generation con-
trol method, the storage control method, and the display con-
trolmethod that are specified in the initial setting information.

[0139] Alternatively, the controlling unit 17 may perform
the processes described above after the data acquisition. In
that situation, the controlling unit 17 resets the setting infor-
mation shown in FIG. 14B on the basis of the image taking
modes selected by the operator, after the data acquisition.
Further, the controlling unit 17 exercises the display control
according to the display control method specified by the
operator by using the setting information shown in FIG. 14B
and the group of pieces of data that has already been stored in
the internal storage unit 16. In this situation, if image taking
modes are selected after the data acquisition, and also, the
data acquisition was performed by implementing the first
image generation control method, the controlling unit 17
resets the percentage of display time periods for the selected
image taking modes, by using the ratio of the percentage
values of the display time periods for the image taking modes
that were set in the initial setting information (see FIG. 14B).
If image taking modes are selected after the data acquisition
was performed by implementing the second image generation
control method, the operator is able to set the percentage of
display time periods for the selected image taking modes to
arbitrary values. In the third modification example, for
instance, the operator collectively performs, according to the
initial setting information, image taking processes in a plu-
rality of image taking modes that have a possibility of being
used in an image diagnosis. Then, according to the third
modification example, the operator selects two or more of the
image taking modes that are required to make an image diag-
nosis by referring to the monitor 2, during the data acquisition
or after the data acquisition. It is therefore possible to effi-
ciently make the image diagnosis, by using the ultrasound
image data in each of the selected plurality of image taking
modes.

[0140] Inthe third modification example, it is also possible
to add one or more image taking modes during the data
acquisition. For example, in the third modification example,
the setting information shown in FIG. 4 may be modified,
during the data acquisition, to the setting information shown
in FIG. 14A, by adding the elastography mode. In that situa-
tion, the controlling unit 17 exercises display control by using
the modified setting information shown in FIG. 14A and the
display control method specified by the operator during the
data acquisition. In the present third modification example,
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by referring to the monitor 2 during the data acquisition, the
operator adds, at that time, one or more image taking modes
required to make an image diagnosis. It is therefore possible
to efficiently make the image diagnosis, by using the ultra-
sound image data in each of the plurality of image taking
modes including the added image taking modes.

[0141] Further, during an image diagnosis process,
together with the ultrasound image data of an observation
target of the subject P, a medical doctor may wish to view
medical image data of the same observation target of the
subject P that was taken by other medical image diagnosis
apparatuses (e.g., an X-ray Computed Tomography (CT)
apparatus and a Magnetic Resonance Imaging (MRI) appa-
ratus).

[0142] To cope with this situation, in the fourth modifica-
tion example, the obtaining unit 18 obtains setting informa-
tion in which a plurality of types of medical image data are set
as the display-purpose image data and in which the percent-
age for displaying each of the types of medical image data is
set. Further, the controlling unit 17 exercises control so that
the plurality of types of medical image data set in the setting
information are displayed as a moving picture in mutually the
same display region of the display unit, by switching between
the types of medical image data to be displayed according to
the percentage set in the setting information.

[0143] In other words, in the fourth modification example,
the controlling unit 17 implements the first display control
method while using the mutually-different plurality of types
of medical image data as display targets. More specifically,
the controlling unit 17 sequentially selects, from among the
plurality of types of medical image data that are generated
along a time series and according to the frequency set in
advance for each of the types, one of the types of medical
image data corresponding to the percentage specified in the
setting information and to the time of generation relevant to
the display time according to the frequency of generation.
After that, the controlling unit 17 exercises control so that the
selected types of medical image data are sequentially dis-
plaved on the monitor.

[0144] For example, as shown in FIG. 15, the operator sets
three types of medical image data, namely, ultrasound image
data, X-ray CT image data, and MRI image data as the dis-
play-purposeimage data. After that, for example, the operator
sets percentage values indicating that, as shown in FIG. 15,
the percentage to display the ultrasound image data is “50%”,
the percentage to display the X-ray CT image data is “30%”,
and the percentage to display the MRI image data is “20%”.
By referring to the received setting information, the control-
ling unit 17 receives the X-ray CT image data and the MRI
image data obtained by taking images of an observation site
of the subject P, front an X-ray CT apparatus and an MRI
apparatus or from a Picture Archiving and Communication
System (PACS) database or a database of an electronic medi-
cal record system.

[0145] After that, the controlling unit 17 sets a display plan
on the basis of the setting information. Subsequently, under
the control of the controlling unit 17, the monitor 2 excises a
display according to the first display control method. For
example, as shown in FIG. 15, the monitor 2 displays the
ultrasound image data as a moving picture at frame rate “U”
for five seconds, and subsequently displays the X-ray CT
image data as a moving picture at frame rate “X” for three
seconds, and then displays the MRI image data as a moving
picture at frame rate “M” for two seconds. According to the
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fourth modification example, it is possible to collectively and
easily obtain the information required to make a diagnosis
from the medical examination using the plurality of types of
medical image data.

[0146] Similarly to the third modification example, if the
setting information has been modified, the controlling unit 17
may exercise the display control on the basis of the modified
setting information, also in the fourth modification example.
For example, let us discuss a situation where the types of
display-purpose image data are changed to ultrasound image
data and X-ray CT image data, and also, the percentage to
display the ultrasound image data is changed to “70%”,
whereas the percentage to display the X-ray CT image data is
changed to “30%”. In that situation, under display control of
the controlling unit 17, the monitor 2 displays the ultrasound
image data as a moving picture at frame rate “U” for seven
seconds, and subsequently displays the X-ray CT image data
as a moving picture at frame rate “X” for three seconds.

[0147] The image processing method explained in the
fourth modification example may be implemented by other
medical image diagnosis apparatuses besides the ultrasound
diagnosis apparatus. Further, the image processing method
explained in the fourth modification example may be imple-
mented by an image processing apparatus that is capable of
obtaining a plurality of types of medical image data from a
database storing therein medical image data.

[0148] The constituent elements of the apparatuses that are
shown in the drawings in relation to the description of the
exemplary embodiments and the modification examples are
based on functional concepts. Thus, it is not necessary to
physically configure the elements as indicated in the draw-
ings. In other words, the specific mode of distribution and
integration of the apparatuses is not limited to the ones shown
in the drawings. It is acceptable to functionally or physically
distribute or integrate all or a part of the apparatuses in any
arbitrary units, depending on various loads and the status of
use. For example, the B-mode processing unit 12 and the
Doppler processing unit 13 may be integrated together as a
signal processing unit. Alternatively, the B-mode processing
unit 12, the Doppler processing unit 13, and the image gen-
erating unit 14 may be integrated together as an image gen-
eration processing unit. Further, all or an arbitrary part of the
processing functions performed by the apparatuses may be
realized by a Central Processing Unit (CPU) and a computer
program that is analyzed and executed by the CPU or may be
realized as hardware using wired logic.

[0149] Further, the image processing methods described in
the exemplary embodiments and the modification examples
may be realized by causing a computer such as a personal
computer or a workstation to execute an image processing
computer program (hereinafter, the “image processing pro-
gram”) prepared in advance. The image processing program
may be distributed via a network such as the Internet. Fur-
thermore, it is also possible to record the image processing
program onto a computer-readable non-transitory recording
medium such as a hard disk, a flexible disk (FD), a Compact
Disk Read-Only Memory (CD-ROM), a Magneto-optical
(MO)disk, a Digital Versatile Disk (DVD), or a flash memory
such as a Universal Serial Bus (USB) memory or a Secure
Digital (SD) card memory, so that a computer is able to read
the image processing program from the non-transitory
recording medium and to execute the read image processing
program.



US 2015/0087980 A1

[0150] As explained above, according to at least one aspect
of the exemplary embodiments and the modification
examples, it is possible to collectively and easily obtain the
information required to make a diagnosis from the ultrasound
examination.
[0151] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.
What is claimed is:
1. An ultrasound diagnosis apparatus comprising:
an obtaining unit that obtains setting information in which
a plurality of types of ultrasound image data are set as
display-purpose image data and in which a percentage of
a time period to display the display-purpose image data
is set for each of the plurality of types;
an image generating unit that generates, along a time
series, each of the plurality of types of ultrasound image
data set in the setting information; and
acontrolling unit that exercises control so that the plurality
of types of ultrasound image data generated by the
image generating unit are stored into a storage unit and
exercises control so that the display-purpose image data
is displayed on a display unit according to the percent-
age set in the setting information for each of the types.
2. The ultrasound diagnosis apparatus according to claim
1, wherein the plurality of types of ultrasound image data set
in the setting information include a plurality of types of ultra-
sound image data that are generatable from reflected-wave
signals on which signal processing processes of a mutually
same type have been performed.
3. The ultrasound diagnosis apparatus according to claim
1, wherein the controlling unit causes the plurality of types of
ultrasound image data generated by the image generating unit
to be displayed as a moving picture in a mutually same dis-
play region of the display unit, by switching between the
types of ultrasound image data to be displayed according to
the percentage of time periods set in the setting information.
4. The ultrasound diagnosis apparatus according to claim
1, wherein
to each of a plurality of display regions of the display unit,
the controlling unit assigns a different one of the types of
ultrasound image data to be displayed thereon, and
the controlling unit causes the plurality of types of ultra-
sound image data generated by the image generating
unit to be displayed as moving pictures in the plurality of
display regions, respectively, while being arranged side
by side and being separated according to the types
thereof.
5. The ultrasound diagnosis apparatus according to claim
1, wherein
the image generating unit generates the plurality of types of
ultrasound image data set in the setting information in
parallel to one another, along the time series and accord-
ing to frequency set for each of the types,
the controlling unit sequentially selects, from among the
plurality of types of ultrasound image data generated in
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parallel to one another by the image generating unit, one
of the types of ultrasound image data corresponding to
the percentage set in the setting information and to a time
of generation relevant to a display time according to
frequency of generation, and
the controlling unit further exercises control so that the
selected types of ultrasound image data are sequentially
displayed on the display unit.
6. The ultrasound diagnosis apparatus according to claim
1, wherein
the image generating unit generates each of the plurality of
types of ultrasound image data set in the setting infor-
mation along the time series and according to frequency
set for the type, while sequentially switching between
the types of ultrasound image data to have a generating
process performed thereon according to the percentage
set in the setting information, and
the controlling unit exercises control so that the ultrasound
image data generated by the image generating unit is
displayed on the display unit in an order of generation.
7. The ultrasound diagnosis apparatus according to claim
1, wherein the controlling unit exercises control so that, to
each of a plurality of storage areas of the storage unit, a
different one of'the plurality of types of ultrasound image data
generated by the image generating unit is assigned and stored
therein in an order of generation.
8. The ultrasound diagnosis apparatus according to claim
1, wherein the controlling unit exercises control so that the
plurality of types of ultrasound image data generated by the
image generating unit are stored into a mutually same storage
area of the storage unit in an order of generation.
9. The ultrasound diagnosis apparatus according to claim
1, wherein, with respect to pieces of ultrasound image data of
amutually same type to be displayed on the display unit, if no
such ultrasound image data is present that corresponds to a
time of generation relevant to a display time according to
predetermined display frequency, the controlling unit exer-
cises control so that interpolated image data generated by
performing an interpolating process on two frames displayed
before and after the display time is displayed as the display-
purpose image data.
10. The ultrasound diagnosis apparatus according to claim
3, wherein, the controlling unit exercises control so as to
display, as display-purpose image data for a time period when
the switching occurs between the types of ultrasound image
data to be displayed on the display unit, interpolated image
data generated by performing an interpolating process on two
frames displayed before and after a time at which the switch-
ing occurs.
11. The ultrasound diagnosis apparatus according to claim
2, wherein
the plurality of types of ultrasound image data set in the
setting information as the display-purpose image data
areeacha type of ultrasound image data which the image
generating unit is capable of generating from data
obtained by performing at least one of the following
processes on the reflected-wave signal: a signal ampli-
tude feature extraction process, an intensity feature
extraction process, a frequency feature extraction pro-
cess, a spatial correlation feature extraction process, and
a temporal correlation feature extraction process, and
the signal processing processes of mutually the same type
are signal processing processes including the intensity
feature extraction process.
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12. The ultrasound diagnosis apparatus according to claim
1, wherein, if the setting information has been modified, the
controlling unit exercises display control based on the modi-
fied setting information.
13. An image processing apparatus comprising:
an obtaining unit that obtains setting information in which
a plurality of types of medical image data are set as
display-purpose image data and in which a percentage
for displaying each of the types of medical image data is
set; and

acontrolling unit that exercises control so that the plurality
of types of medical image data set in the setting infor-
mation are displayed as a moving picture in a mutually
same display region of the display unit, by switching
between the types of medical image data to be displayed
according to the percentage set in the setting informa-
tion.
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14. The image processing apparatus according to claim 13,
wherein

the controlling unit sequentially selects, from among the

plurality of types of medical image data that are gener-
ated along a time series and according to frequency setin
advance for each of the types, one of the types of medical
image data corresponding to the percentage specified in
the setting information and to a time of generation rel-
evant to a display time according to frequency of gen-
eration, and

the controlling unit further exercises control so that the

selected types of medical image data are sequentially
displayed on the display unit.

15. The image processing apparatus according to claim 13,
wherein, if the setting information has been modified, the
controlling unit exercises display control based on the modi-
fied setting information.
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