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7) ABSTRACT

An ultrasound diagnosis apparatus according to an embodi-
ment includes processing circuitry. The processing circuitry
is configured to generate ultrasound images in a time series
on the basis of data acquired by transmitting and receiving
an ultrasound wave. Every time an ultrasound image satis-
fying a predetermined condition is generated, the processing

(22) Filed: Jan. 11, 2019 circuitry is configured to perform a position aligning process
between the ultrasound image satisfying the predetermined
(30) Foreign Application Priority Data condition and a reference image obtained in advance. The
processing circuitry is configured to identify, within the
Jan. 15,2018 (JP) oo 2018-004409 ultrasound image satisfying the predetermined condition, a
Publication Classification region of interest set in the.ref.erence image, on the basis of
a result of the position aligning process and to track the
(51) Imt. CL region of interest in ultrasound images in a time series that
A61B 8/00 (2006.01) are newly generated by the image generating unit during or
A61B 8/14 (2006.01) after the position aligning process.
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ULTRASOUND DIAGNOSIS APPARATUS
AND ULTRASOUND DIAGNOSIS
APPARATUS CONTROLLING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2018-004409, filed on Jan. 15, 2018; the entire contents of
which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein related generally to
an ultrasound diagnosis apparatus and an ultrasound diag-
nosis apparatus controlling method.

BACKGROUND

[0003] Conventionally, a technique has been known by
which a position aligning process is performed between an
ultrasound image taken by an ultrasound diagnosis apparatus
and a reference image taken by a medical image diagnosis
apparatus such as an X-ray Computed Tomography (CT)
apparatus. According to this technique, the position aligning
process is performed between the ultrasound image and the
reference image by, for example, obtaining position infor-
mation of an ultrasound probe while using a magnetic
Sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG.11is a block diagram illustrating an exemplary
configuration of an ultrasound diagnosis apparatus accord-
ing to a first embodiment;

[0005] FIG. 2 is a drawing for explaining a position
aligning process performed between an ultrasound image
and a reference image by implementing a magnetic sensor
method;

[0006] FIG. 3 is a flowchart illustrating a processing
procedure performed by the ultrasound diagnosis apparatus
according to the first embodiment;

[0007] FIG. 4A is a drawing for explaining the first
embodiment;

[0008] FIG. 4B is another drawing for explaining the first
embodiment;

[0009] FIG. 4C is yet another drawing for explaining the
first embodiment;

[0010] FIG. 4D is yet another drawing for explaining the
first embodiment;

[0011] FIG. 5 is a flowchart illustrating a processing
procedure performed by an ultrasound diagnosis apparatus
according to a second embodiment;

[0012] FIG. 6 is a drawing for explaining the second
embodiment;
[0013] FIG. 7is a block diagram illustrating an exemplary

configuration of an ultrasound diagnosis apparatus accord-
ing to a third embodiment; and

[0014] FIG. 8 is a flowchart illustrating a processing
procedure performed by the ultrasound diagnosis apparatus
according to the third embodiment.

DETAILED DESCRIPTION

[0015] An ultrasound diagnosis apparatus according to an
embodiment includes processing circuitry. The processing
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circuitry is configured to generate ultrasound images in a
time series on the basis of data acquired by transmitting and
receiving an ultrasound wave. Every time an ultrasound
image satisfying a predetermined condition is generated, the
processing circuitry is configured to perform a position
aligning process between the ultrasound image satisfying the
predetermined condition and a reference image obtained in
advance. The processing circuitry is configured to identify,
within the ultrasound image satisfying the predetermined
condition, a region of interest set in the reference image, on
the basis of a result of the position aligning process and to
track the region of interest in ultrasound images in a time
series that are newly generated by the image generating unit
during or after the position aligning process.

[0016] Exemplary embodiments of an ultrasound diagno-
sis apparatus and an ultrasound diagnosis apparatus control-
ling method will be explained below, with reference to the
accompanying drawings. Possible embodiments are not lim-
ited to the embodiments described below. Further, the
description of each of the embodiments is, in principle,
similarly applicable to any other embodiment.

First Embodiment

[0017] FIG. 11is a block diagram illustrating an exemplary
configuration of an ultrasound diagnosis apparatus 1 accord-
ing to a first embodiment. As illustrated in FIG. 1, the
ultrasound diagnosis apparatus 1 according to the first
embodiment includes an apparatus main body 100, an ultra-
sound probe 101, an input device 102, and a display device
103. The ultrasound probe 101, the input device 102, and the
display device 103 are each connected to the apparatus main
body 100.

[0018] The ultrasound probe 101 includes a plurality of
transducer elements (piezoelectric transducer elements). The
ultrasound probe 101 is brought into contact with the body
surface of an examined subject (hereinafter “patient™) P and
is configured to transmit and receive an ultrasound wave (to
perform an ultrasound scan). The plurality of transducer
elements are configured to generate an ultrasound wave on
the basis of a drive signal supplied thereto from a transmis-
sion circuit 110 (explained later) included in the apparatus
main body 100. The generated ultrasound wave is reflected
on a plane of unmatched acoustic impedance in the body of
the patient P and is received by the plurality of transducer
elements as reflected-wave signals (reception echo) includ-
ing a component scattered by a scattering member in a
tissue, and the like. The ultrasound probe 101 is configured
to send the reflected-wave signals received by the plurality
of transducer elements to a reception circuit 120.

[0019] In the present embodiment, an example will be
explained in which the ultrasound probe 101 is a two-
dimensional ultrasound probe (which may be referred to as
a “2D array probe™) including the plurality of transducer
elements arranged in a matrix formation (a grid formation);
however, possible embodiments are not limited to this
example. For instance, the ultrasound probe 101 may be a
one-dimensional ultrasound probe (which may be referred to
as a “1D array probe”) including the plurality of transducer
elements one-dimensionally arranged in a predetermined
direction.

[0020] The input device 102 includes a mouse, a key-
board, a button, a panel switch, a touch command screen, a
foot switch, a trackball, a joystick, and/or the like. The input
device 102 is configured to receive various types of setting
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requests from an operator of the ultrasound diagnosis appa-
ratus 1 and to transfer the received various types of setting
requests to the apparatus main body 100. For example, the
input device 102 is configured to receive, from the operator,
an instruction to set a Region Of Interest (ROT) in an image
displayed on the display device 103.

[0021] The display device 103 is configured to display a
Graphical User Interface (GUI) used by the operator of the
ultrasound diagnosis apparatus 1 to input the various types
of setting requests through the input device 102 and to
display ultrasound image data generated by the apparatus
main body 100 and the like. For example, the display device
103 is configured by using a liquid crystal display device, a
Cathode Ray Tube (CRT) display device, or the like. Further,
the display device 103 may be referred to as a monitor, as
appropriate.

[0022] The apparatus main body 100 is an apparatus
configured to generate the ultrasound image data on the
basis of the reflected-wave signals received by the ultra-
sound probe 101. As illustrated in FIG. 1, the apparatus main
body 100 includes, for example, the transmission circuit
110, the reception circuit 120, B-mode processing circuitry
130, Doppler processing circuitry 140, an image generating
circuit 150, an image memory 160, a storage circuit 170, and
processing circuitry 180. The transmission circuit 110, the
reception circuit 120, the B-mode processing circuitry 130,
the Doppler processing circuitry 140, the image generating
circuit 150, the image memory 160, the storage circuit 170,
and the processing circuitry 180 are connected so as to be
able to communicate with one another.

[0023] The transmission circuit 110 includes a pulser
circuit and the like. The pulser circuit is configured to
repeatedly generate a rate pulse used for forming a trans-
mission ultrasound wave at a predetermined rate frequency
(called a Pulse Repetition Frequency [PRF]) and to output
the generated rate pulses to the ultrasound probe 101.
Further, the pulser circuit is configured to apply the drive
signal (a drive pulse) to the ultrasound probe 101 with
timing based on the rate pulses.

[0024] Further, under control of the processing circuitry
180, the transmission circuit 110 is configured to output an
amplitude value of the drive signal output by the pulser
circuit. Further, under control of the processing circuitry
180, the transmission circuit 110 is configured to transmit a
delay amount to be applied to the ultrasound wave trans-
mitted from the ultrasound probe 101, to the ultrasound
probe 101.

[0025] The reception circuit 120 includes an Analog/
Digital (A/D) converter and a reception beam former. When
the reception circuit 120 has received the reflected-wave
signals output from the ultrasound probe 101, the A/D
converter at first converts the reflected-wave signals into
digital data, so that the reception beam former generates
reflected-wave data by performing a phased adding process
on pieces of digital data from channels and further transmits
the generated reflected-wave data to the B-mode processing
circuitry 130 and the Doppler processing circuitry 140.
[0026] The B-mode processing circuitry 130 is configured
to receive the reflected-wave data output from the reception
circuit 120 and to generate data (B-mode data) in which
signal intensities are expressed by degrees of brightness, by
performing a logarithmic amplification process, an envelope
detection process, and/or the like on the received reflected-
wave data.
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[0027] The Doppler processing circuitry 140 is configured
to receive the reflected-wave data output from the reception
circuit 120 and to generate data (Doppler data) obtained by
extracting moving member information such as average
velocity, dispersion, power, and the like with respect to
multiple points, by performing a frequency analysis to
obtain velocity information from the received reflected-
wave data and extracting blood flows, tissues, contrast agent
echo components based on the Doppler effect.

[0028] The image generating circuit 150 is configured to
generate the ultrasound image data from the data generated
by the B-mode processing circuitry 130 and the Doppler
processing circuitry 140. For example, the image generating
circuit 150 is configured to generate B-mode image data in
which intensities of the reflected waves are expressed with
degrees of brightness, from the B-mode data generated by
the B-mode processing circuitry 130. Further, for example,
the image generating circuit 150 is configured to generate
Doppler image data expressing the moving member infor-
mation, from the Doppler data generated by the Doppler
processing circuitry 140. The Doppler image data may be
velocity image data, dispersion image data, power image
data, or image data combining any of these types of image
data.

[0029] In this situation, generally speaking, the image
generating circuit 150 converts (by performing a scan con-
vert process) a scanning line signal sequence from an
ultrasound scan into a scanning line signal sequence in a
video format used by, for example, television and generates
display-purpose ultrasound image data. More specifically,
the image generating circuit 150 generates the display-
purpose ultrasound image data by performing a coordinate
transformation process compliant with the ultrasound scan
mode used by the ultrasound probe 101. Further, as various
types of image processing processes besides the scan con-
vert process, the image generating circuit 150 performs, for
example, an image processing process (a smoothing pro-
cess) to re-generate a brightness average value image, an
image processing process (an edge enhancement process)
that uses a differential filter inside an image, or the like, by
using a plurality of image frames resulting from the scan
convert process. Also, the image generating circuit 150
combines text information of various parameters, scale
graduations, body marks, and the like, with the ultrasound
image data.

[0030] The image memory 160 is a memory configured to
store therein the image data (the B-mode image data, the
Doppler image data, and the like) generated by the image
generating circuit 150. Further, the image memory 160 is
also capable of storing therein any of the data generated by
the B-mode processing circuitry 130 and the Doppler pro-
cessing circuitry 140. For example, the operator is able to
invoke any of the B-mode data and the Doppler data stored
in the image memory 160. The invoked B-mode data and
Doppler data can serve as the display-purpose ultrasound
image data after being routed through the image generating
circuit 150.

[0031] The storage circuit 170 is configured to store
therein control programs for performing ultrasound trans-
missions and receptions, image processing processes, and
display processes as well as various types of data such as
diagnosis information (e.g.. patients’ IDs. medical doctors’
observations), diagnosis protocols, various types of body
marks, and the like. Further, the storage circuit 170 may be
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used, as necessary, for saving therein any of the image data
stored in the image memory 160, and the like. Further, the
data stored in the storage circuit 170 may be transferred to
an external apparatus via a communication interface (not
illustrated).

[0032] The processing circuitry 180 is configured to con-
trol overall processes performed by the ultrasound diagnosis
apparatus 1. More specifically, the processing circuitry 180
is configured to control processes performed by the trans-
mission circuit 110, the reception circuit 120, the B-mode
processing circuitry 130, the Doppler processing circuitry
140, the image generating circuit 150 and the like, on the
basis of the various types of setting requests input thereto by
the operator via the input device 102 and the various types
of control programs and the various types of data read from
the storage circuit 170. Further, the processing circuitry 180
is configured to cause the display device 103 to display the
ultrasound image data stored in the image memory 160.
[0033] Further, as illustrated in FIG. 1, the processing
circuitry 180 is configured to perform a position aligning
function 181 and a tracking function 182. In this situation,
for example, processing functions executed by the constitu-
ent elements of the processing circuitry 180 illustrated in
FIG. 1, namely, the position aligning function 181 and the
tracking function 182, are each recorded in the storage
circuit 170 in the form of a computer-executable program.
The processing circuitry 180 is a processor configured to
realize the functions corresponding to the programs by
reading and executing the programs from the storage circuit
170. In other words, the processing circuitry 180 that has
read the programs has the functions illustrated within the
processing circuitry 180 in FIG. 1. Processes performed by
the position aligning function 181 and the tracking function
182 will be explained later.

[0034] In this situation, the transmission circuit 110, the
reception circuit 120, the B-mode processing circuitry 130,
the Doppler processing circuitry 140, the image generating
circuit 150, and the processing circuitry 180 built in the
apparatus main body 100 are configured by using hardware
such as a processor (a Central Processing Unit [CPU], a
Micro-Processing Unit [MPU], an integrated circuit, or the
like).

[0035] Further, as illustrated in FIG. 1, the ultrasound
diagnosis apparatus 1 according to the first embodiment is
connected to an electrocardiograph 106. The electrocardio-
graph 106 is a device configured to detect an electrocardio-
graphic signal of the patient P. For example, as a biological
signal of the patient P on whom an ultrasound scan is
performed, the electrocardiograph 106 obtains an electro-
cardiogram (ECG) of the patient P. The electrocardiograph
106 transmits the obtained electrocardiogram to the appa-
ratus main body 100. The electrocardiographic signal
detected by the electrocardiograph 106 is stored into the
storage circuit 170 while being kept in correspondence with
image taking times of ultrasound image data (the times over
which an ultrasound scan was performed to generate the
ultrasound image data). As a result, frames of the acquired
ultrasound image data are kept in correspondence with
cardiac phases of the patient P.

[0036] The ultrasound diagnosis apparatus 1 structured as
described above is configured to perform a position aligning
process between an ultrasound image generated in a real-
time manner by performing an ultrasound scan and a refer-
ence image taken by a medical image diagnosis apparatus
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such as an X-ray Computed Tomography (CT) apparatus. In
this situation, for example, the ultrasound diagnosis appa-
ratus 1 may perform the position aligning process between
the ultrasound image and the reference image by recogniz-
ing a structure of the heart. In that situation, it is possible to
use a method (hereinafter, “magnetic sensor method”) by
which the position aligning process is performed between
the ultrasound image and the reference image, by obtaining
position information of the ultrasound probe 101 while using
a magnetic sensor. FIG. 2 is a drawing for explaining the
position aligning process performed between an ultrasound
image and a reference image by implementing the magnetic
sensor method.

[0037] In FIG. 2, a reference image 10 taken by an X-ray
CT apparatus is illustrated on the left-hand side, whereas an
ultrasound image 20 taken by the ultrasound diagnosis
apparatus 1 is illustrated on the right-hand side. The refer-
ence image 10 illustrated in FIG. 2 is an image taken in a
periodical reference temporal phase. Further, the example in
FIG. 2 illustrates the ultrasound image 20 taken in a tem-
poral phase different from the temporal phase in which the
reference image 10 was taken. In other words, in the
example in FIG. 2, the temporal phase in which the reference
image 10 was taken is not the same as the temporal phase in
which the ultrasound image 20 was taken. Hereinafter, the
temporal phase in which the reference image 10 was taken
may be referred to as a CT phase.

[0038] As illustrated in FIG. 2, in the reference image 10,
an observation-purpose region of interest 10a is set with an
observation target. In this situation, according to the mag-
netic sensor method illustrated in FIG. 2, the position
aligning process is performed between the ultrasound image
20 taken in the same temporal phase as that of the reference
image 10 and the reference image 10, by obtaining the
position information of the ultrasound probe 101 while using
the magnetic sensor. Further, in the ultrasound image 20
taken in the same temporal phase as that of the reference
image 10, an observation-purpose region of interest 20a
corresponding to the observation-purpose region of interest
10a is set.

[0039] However, according to this method, in the ultra-
sound image 20, a position shift due to the heartbeats occurs
to the observation-purpose region of interest 20a corre-
sponding to the observation-purpose region of interest 10a
set in the reference image 10. For example, as illustrated in
the ultrasound image 20 on the right-hand side of FIG. 2, the
observation-purpose region of interest 20a does not move
from the position thereof within the ultrasound image 20
taken in the same temporal phase as that of the reference
image 10. For this reason, the position in which the obser-
vation-purpose region of interest 20a is set is different from
the actual position subject to the observation.

[0040] Further, the position aligning process using the
magnetic sensor has not been realized with Transesophageal
Echocardiography (TEE) probes. In other words, it is not
possible to apply the magnetic sensor method to TEE
probes. For this reason, when a position aligning process is
performed by recognizing a structure of the heart in an
ultrasound image taken by a TEE probe, the position align-
ing process itself becomes impossible when the structure of
the heart used as a reference in the position aligning process
comes out of the image taking region. In that situation, it
also becomes impossible to display the observation target of
interest, in the ultrasound image.
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[0041] To cope with this situation, the ultrasound diagno-
sis apparatus 1 according to the first embodiment is config-
ured to perform the position aligning process between the
reference image and the ultrasound image by recognizing a
structure of the heart in the reference image and the ultra-
sound image. Subsequently, the ultrasound diagnosis appa-
ratus 1 according to the first embodiment is configured to
set, within the ultrasound image, an observation-purpose
region of interest designated in the reference image, on the
basis of a relative positional relationship based on the
structure of the heart. After that, the ultrasound diagnosis
apparatus 1 according to the first embodiment is configured
to perform a position aligning process once and to subse-
quently display a moving image by tracking the observation-
purpose region of interest in ultrasound images in a real-time
mannet.

[0042] Further, the ultrasound diagnosis apparatus 1
according to the first embodiment is configured to recognize,
in the CT phase, the structure of the heart in an ultrasound
image through an ECG-based synchronization and to per-
form a position aligning process and to re-set an observa-
tion-purpose region of interest again. For example, every
time an ultrasound image in the CT phase is generated at
each heartbeat, the ultrasound diagnosis apparatus 1 accord-
ing to the first embodiment is configured to perform a
position aligning process between the ultrasound image and
the reference image by recognizing the structure of the heart
in the ultrasound image.

[0043] Further, when being unable to recognize, in the CT
phase, the structure in any of the ultrasound images, the
ultrasound diagnosis apparatus 1 according to the first
embodiment is configured to keep tracking the observation-
purpose region of interest, without re-setting the observa-
tion-purpose region of interest.

[0044] These processes are realized as a result of the
processing circuitry 180 executing the position aligning
function 181 and the tracking function 182. For example,
every time an ultrasound image satisfying a predetermined
condition is generated by the image generating circuit 150,
the position aligning function 181 is configured to perform
a position aligning process between the ultrasound image
satisfying the predetermined condition and a reference
image obtained in advance. In this situation, the ultrasound
image satisfying the predetermined condition is an ultra-
sound image corresponding to a periodical reference tem-
poral phase. Further, the periodical reference temporal phase
is a temporal phase in which the reference image was taken.

[0045] On the basis of a result of the position aligning
process, the tracking function 182 is configured to identify,
within the ultrasound image satisfying the predetermined
condition, the observation-purpose region of interest set in
the reference image and to further track the observation-
purpose region of interest in ultrasound images generated in
a time series by the image generating circuit 150 during or
after the position aligning process.

[0046] FIG. 3 is a flowchart illustrating a processing
procedure performed by the ultrasound diagnosis apparatus
1 according to the first embodiment. FIGS. 4A to 4D are
drawings for explaining the first embodiment. With refer-
ence to FIG. 3, while the flowchart explains an operation
performed by the entirety of the ultrasound diagnosis appa-
ratus 1, the following will explain which step in the flow-
chart corresponds to each of the constituent elements.
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[0047] Steps S1 and S2 are steps realized by the input
device 102. At step S1, the input device 102 receives a
setting of an observation-purpose region of interest. In the
present example, an X-ray CT image taken by an X-ray CT
apparatus in a reference temporal phase will be used as a
reference image. For example, the X-ray CT image serving
as the reference image is a two-dimensional image generated
from three-dimensional volume data acquired by the X-ray
CT apparatus. As illustrated on the left-hand side of FIG. 4A,
the display device 103 is displaying a reference image 30.
Further, within the reference image 30 displayed on the
display device 103, the input device 102 receives, from the
operator, the setting of an observation-purpose region of
interest 30a.

[0048] At step S2, the input device 102 receives starting of
an ultrasound scan. Accordingly, the processing circuitry
180 causes the ultrasound scan to be executed by controlling
the transmission circuit 110 and the reception circuit 120.
With reference to FIG. 3, an example will be explained in
which the ultrasound scan is performed by using the heart as
an examined site.

[0049] Step S3 is a step realized by the image generating
circuit 150. At step S3, the image generating circuit 150
generates ultrasound images. For example, on the basis of
data acquired by transmitting and receiving an ultrasound
wave, the image generating circuit 150 generates the ultra-
sound images in a time series. In the following sections, an
example will be explained in which the image generating
circuit 150 generates two-dimensional ultrasound images.
[0050] Steps S4 through S7 and S10 are steps correspond-
ing to the position aligning function 181. Steps S4 through
S7 and S10 are steps at which the position aligning function
181 is realized as a result of the processing circuitry 180
invoking and executing a predetermined program corre-
sponding to the position aligning function 181 from the
storage circuit 170. At step S4, the position aligning function
181 obtains an ultrasound image.

[0051] At step S5, the position aligning function 181
judges whether or not the temporal phase of the ultrasound
image obtained at step S4 is the CT phase. In this situation,
the position aligning function 181 obtains the cardiac phase
kept in correspondence with the ultrasound image obtained
at step S4 and judges whether or not the obtained cardiac
phase is the same as the cardiac phase in which the reference
image was taken. When the cardiac phase kept in corre-
spondence with the ultrasound image is the same as the
cardiac phase in which the reference image was taken, the
position aligning function 181 determines that the temporal
phase of the ultrasound image is the CT phase. In this
situation, when having determined that the obtained tempo-
ral phase of the ultrasound image is not the CT phase (step
S5: No), the position aligning function 181 proceeds to step
S9.

[0052] On the contrary, when having determined that the
obtained temporal phase of the ultrasound image is the CT
phase (step S5: Yes), the position aligning function 181
performs a position aligning process (step S6). The reference
image 30 is illustrated on the left-hand side of FIG. 4B.
Further, in FIG. 4B, the observation-purpose region of
interest 30a is set in the reference image 30. An ultrasound
image 40 is illustrated on the right-hand side of FIG. 4B. The
cardiac phase kept in correspondence with the ultrasound
image 40 is the same as the cardiac phase in which the
reference image 30 was taken. In this situation, for example,
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the position aligning function 181 performs the position
aligning process between the ultrasound image 40 in the CT
phase and the reference image 30, by searching for a
reference structure included in the reference image 30 from
the ultrasound image 40 in the CT phase. In this situation,
the reference structure is a site that is not impacted by
heartbeats and may be a valve anulus or the left auricle, for
example.

[0053] More specifically, within the reference image 30
illustrated in F1G. 4B, the position aligning function 181 sets
a region including the reference structure as a position-
aligning-purpose reference region 305. After that, the posi-
tion aligning function 181 searches for a region correspond-
ing to the position-aligning-purpose reference region 305
from the ultrasound image 40 illustrated in FIG. 4B. The
example in FIG. 4B illustrates a situation where, within the
ultrasound image 40, the position aligning function 181 has
identified a position-aligning-purpose reference region 405
corresponding to the position-aligning-purpose reference
region 304.

[0054] At step S7, the position aligning function 181
judges whether or not the reference structure was success-
fully found in the search. For example, as illustrated on the
right-hand side of FIG. 4B, when having identified the
position-aligning-purpose reference region 405 correspond-
ing to the position-aligning-purpose reference region 305,
the position aligning function 181 determines that the ref-
erence structure was successfully found in the search.
[0055] In this situation, when determining that the refer-
ence structure was successfully found in the search (step S7:
Yes), the position aligning function 181 proceeds to step S8.
On the contrary, when having determined that the reference
structure was not successfully found in the search (step S7:
No), the position aligning function 181 proceeds to step S9.
[0056] Steps S8 and S9 are steps corresponding to the
tracking function 182. Steps S8 and S9 are steps at which the
tracking function 182 is realized as a result of the processing
circuitry 180 invoking and executing a predetermined pro-
gram corresponding to the tracking function 182 from the
storage circuit 170. At step S8, the tracking function 182 sets
an observation-purpose region of interest in the ultrasound
image.

[0057] For example, on the basis of a result of the position
aligning process at step S6, the tracking function 182
identifies and sets, within the ultrasound image in the CT
phase, the observation-purpose region of interest that was
set in the reference image. More specifically, as illustrated
on the right-hand side of FIG. 4B, within the ultrasound
image 40, the tracking function 182 identifies and sets an
observation-purpose region of interest 40a corresponding to
the observation-purpose region of interest 30a that was set
in the reference image 30, on the basis of the relative
positional relationship based on the structure of the heart.
[0058] In this situation, every time an ultrasound image in
the CT phase is generated, the tracking function 182 iden-
tifies, within the ultrasound image 40, an observation-
purpose region of interest 40a corresponding to the obser-
vation-purpose region of interest 30a that was set in the
reference image 30. FIG. 4C illustrates a plurality of ultra-
sound images 40 generated in a time series and an electro-
cardiographic waveform 50. Further, FIG. 4C illustrates the
reference image 30 in the CT phase. For example, as
illustrated in FIG. 4C, at a time T1 in the CT phase, the
tracking function 182 sets the observation-purpose region of
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interest 40a in the ultrasound image 40, on the basis of the
relative positional relationship based on the structure of the
heart. After that, at a time T2 in the CT phase, the tracking
function 182 re-sets the observation-purpose region of inter-
est 40a in the ultrasound image 40, on the basis of the
relative positional relationship based on the structure of the
heart.

[0059] At step S9, the tracking function 182 tracks the
observation-purpose region of interest. For example, the
tracking function 182 tracks the observation-purpose region
of interest in the ultrasound images in the time series that are
newly generated by the image generating circuit 150 during
or after the position aligning process. In this situation, the
tracking function 182 tracks the observation-purpose region
of interest by implementing a speckle tracking method or the
like, for example.

[0060] As explained above, when it is determined at step
S5 that the phase is not the CT phase or when the reference
structure was not successfully found in the search at step S7,
the tracking function 182 tracks the observation-purpose
region of interest. For example, when it is determined at step
S5 that the phase is not the CT phase, the tracking function
182 tracks the observation-purpose region of interest during
the time period from the time T1 in the CT phase to the time
T2 in the CT phase illustrated in FIG. 4C. Further, the
tracking function 182 similarly tracks the observation-pur-
pose region of interest during the time period from the time
T2 in the CT phase illustrated in FIG. 4C to the subsequent
time in the CT phase.

[0061] Further, for example, when the reference structure
was not successfully found in the search at step S7, the
tracking function 182 keeps tracking the observation-pur-
pose region of interest. FIG. 4D illustrates a plurality of
ultrasound images 40 generated in a time series and the
electrocardiographic waveform 50. Further, FIG. 4D illus-
trates reference image 30 in the CT phase. For example, as
illustrated in FIG. 4D, at the time T1 in the CT phase, the
tracking function 182 sets the observation-purpose region of
interest 40a in the ultrasound image 40, on the basis of the
relative positional relationship based on the structure of the
heart. After that, at the time of re-setting the observation-
purpose region of interest 40a at the time T2 in the CT phase,
when the reference structure is not successfully found and
the position aligning process has failed, the tracking func-
tion 182 tracks the observation-purpose region of interest
40a. In other words, when the reference structure is not
successfully found in the search, the tracking function 182
keeps tracking the observation-purpose region of interest in
the ultrasound images in the time series that are newly
generated by the image generating circuit 150 during or after
the position aligning process.

[0062] At step S10, the position aligning function 181
judges whether or not an ending process has been received.
In this situation, for example, when having received, from
the operator, an ending of the ultrasound scan via the input
device 102 (step S10: Yes), the position aligning function
181 ends the process. On the contrary, when determining
that an ending has not been received (step S10: No), the
position aligning function 181 returns to step S4 where a
newly-generated ultrasound image is obtained.

[0063] As explained above, the ultrasound diagnosis appa-
ratus 1 according to the first embodiment is configured to
perform, in the CT phase, the position aligning process
between the reference image and the ultrasound image, to set
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the observation-purpose region of interest, and to track the
observation-purpose region of interest at the times other than
those in the CT phase. As a result, according to the first
embodiment, in the temporal phases other than the CT
phase, it is possible to observe the observation-purpose
region of interest that was set prior to the manipulation, in
a real-time manner in synchronization with the movement of
the heart.

[0064] Further, in the CT phase, the ultrasound diagnosis
apparatus 1 according to the first embodiment is configured
to re-set the observation-purpose region of interest. As a
result, according to the first embodiment, it is possible to
reset position error, if any, that may be caused by the
tracking of the observation-purpose region of interest.
[0065] Further, the ultrasound diagnosis apparatus 1
according to the first embodiment is configured to track the
observation-purpose region of interest, even when being
unable to perform the position aligning process between the
reference image and the ultrasound image, because, in the
CT phase, the reference structure used as a reference in the
position aligning process comes out of the image taking area
of the ultrasound image. With this arrangement, according to
the first embodiment, it is possible to display the observa-
tion-purpose region of interest.

Second Embodiment

[0066] In the first embodiment described above, the
example is explained in which the observation-purpose
region of interest keeps being tracked in the newly-gener-
ated ultrasound images in the time series, when the structure
of the heart is not successfully found in the search from the
ultrasound image in the CT phase. In a second embodiment,
an example will be explained in which, when the structure
of the heart is not successfully found in the search from an
ultrasound image in the CT phase, a position aligning
process is performed between an ultrasound image in the CT
phase and a reference image, by using observation-purpose
regions of interest.

[0067] An exemplary configuration of the ultrasound diag-
nosis apparatus 1 according to the second embodiment is the
same as the configuration of the ultrasound diagnosis appa-
ratus 1 according to the first embodiment illustrated in FIG.
1, except that a part of the functions of the position aligning
function 181 is different. When the reference structure is not
successfully found in the search, the position aligning func-
tion 181 according to the second embodiment is configured
to perform the position aligning process between an ultra-
sound image in the CT phase and the reference image, by
using the observation-purpose regions of interest.

[0068] FIG. 5 is a flowchart illustrating a processing
procedure performed by the ultrasound diagnosis apparatus
1 according to the second embodiment. FIG. 6 is a drawing
for explaining the second embodiment. With reference to
FIG. 5, while the flowchart explains an operation performed
by the entirety of the ultrasound diagnosis apparatus 1, the
following will explain which step in the flowchart corre-
sponds to each of the constituent elements. In the processing
procedure illustrated in FIG. 5, some of the steps that are the
same as those included in the processing procedure in FIG.
3 will be referred to by using the same reference characters,
and details explanations thereof will be omitted. Steps S11
through S19 in FIG. 5 are the same as steps S1 through S9
in FIG. 3. Step S21 in FIG. 5 is the same as step S10 in FIG.
3. At step S11, the input device 102 receives a setting of a
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plurality of observation-purpose regions of interest. In other
words, at step S11, the two or more observation-purpose
regions of interest are set.

[0069] Step S20 is a step corresponding to the tracking
function 182. Step S20 is a step at which the tracking
function 182 is realized as a result of the processing circuitry
180 invoking and executing a predetermined program cor-
responding to the tracking function 182 from the storage
circuit 170. At step S17, when the position aligning function
181 determines that the reference structure was not success-
fully found in the search (step S17: No), the tracking
function 182 performs, at step S20, a position aligning
process while using the observation-purpose regions of
interest as a reference.

[0070] FIG. 6 illustrates the plurality of ultrasound images
40 generated in the time series and the electrocardiographic
waveform 50. Further, FIG. 6 illustrates the reference image
30 in the CT phase. For example, as illustrated in FIG. 6, at
the time T1 in the CT phase, the tracking function 182 sets
the observation-purpose regions of interest 40q in the ultra-
sound image 40, on the basis of the relative positional
relationship based on the structure of the heart. After that, at
the time of re-setting the observation-purpose regions of
interest 40a at the time T2 in the CT phase, when the
reference structure is not successfully found in the search
and the position aligning process has failed, the tracking
function 182 performs a position aligning process between
the ultrasound image 40 in the CT phase and the reference
image 30, by using the observation-purpose regions of
interest 40a. In this situation, the tracking function 182
performs the position aligning process between the ultra-
sound image 40 in the CT phase and the reference image 30,
by using the plurality of observation-purpose regions of
interest 40a.

[0071] As explained above, the ultrasound diagnosis appa-
ratus 1 according to the second embodiment is configured to
perform, in the CT phase, the position aligning process
between the reference image and the ultrasound image, to set
the observation-purpose regions of interest, and to track the
observation-purpose regions of interest in temporal phases
other than the CT phase. With this arrangement, according
to the second embodiment, even in the temporal phases
different from the CT phase, it is possible to observe, in a
real-time manner and in synchronization with the movement
of the heart, the observation-purpose regions of interest that
were set prior to the manipulation.

[0072] Further, the ultrasound diagnosis apparatus 1
according to the second embodiment is configured to re-set,
in the CT phase, the observation-purpose regions of interest.
With this arrangement, according to the second embodi-
ment, it is possible to reset position error, if any, that may be
caused by the tracking of the observation-purpose regions of
interest.

[0073] Further, even when, in the CT phase, the reference
structure used as a reference in the position aligning process
comes out of the image taking area of the ultrasound image,
the ultrasound diagnosis apparatus 1 according to the second
embodiment is configured to perform the position aligning
process between the ultrasound image in the CT phase and
the reference image by using the observation-purpose
regions of interest. With this arrangement, according to the
second embodiment, even when the reference structure used
as a reference in the position aligning process comes out of
the image taking area of the ultrasound image, it is possible
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to perform the position aligning process between the ultra-
sound image in the CT phase and the reference image.

Third Embodiment

[0074] In the first and the second embodiments, the
example is explained in which the position aligning process
is performed between the reference image and the ultra-
sound image by recognizing the structure of the heart in the
reference image and in the ultrasound image. Incidentally,
when a position sensor is attached to the ultrasound probe
101, it is also acceptable to perform a position aligning
process between the reference image and the ultrasound
image, by using position information of the ultrasound probe
101 obtained by the position sensor. Accordingly, in a third
embodiment, an example will be explained in which the
position aligning process is performed between the reference
image and the ultrasound image, by using the position
information of the ultrasound probe 101 obtained by the
position sensor. Further, when a position sensor is attached
to a TEE probe, the third embodiment is also applicable to
an ultrasound scan performed by using the TEE probe.
[0075] First, an exemplary configuration of the ultrasound
diagnosis apparatus 1a according to the third embodiment
will be explained. In the ultrasound diagnosis apparatus la
according to the third embodiment, some of the constituent
elements that are the same as those in the ultrasound
diagnosis apparatus 1 according to the first embodiment
illustrated in FIG. 1 will be referred to by using the same
reference characters, and detailed explanations thereof will
be omitted.

[0076] FIG. 7 is a block diagram illustrating the exem-
plary configuration of the ultrasound diagnosis apparatus la
according to the third embodiment. As illustrated in FIG. 7,
the ultrasound diagnosis apparatus 1a according to the third
embodiment includes an apparatus main body 100a, the
ultrasound probe 101, the input device 102, the display
device 103, a position sensor 104, and a transmitter 105. The
ultrasound probe 101, the input device 102, the display
device 103, and the transmitter 105 are connected to the
apparatus main body 100a so as to be able to communicate
therewith. Further, the ultrasound diagnosis apparatus la
according to the third embodiment is connected to the
electrocardiograph 106.

[0077] The position sensor 104 and the transmitter 105 are
devices (a position detecting system) used for obtaining the
position information of the ultrasound probe 101. For
example, the position sensor 104 may be a magnetic sensor
attached to the ultrasound probe 101. Further, for example,
the transmitter 105 is a device that is disposed in an arbitrary
position and is configured to form a magnetic field out-
wardly so as to be centered thereon.

[0078] The position sensor 104 is configured to detect the
three-dimensional magnetic field formed by the transmitter
105. Further, on the basis of information about the detected
magnetic field, the position sensor 104 is configured to
calculate the position (coordinates) and the orientation (an
angle) of the position sensor 104 within a space that uses the
transmitter 105 as the origin thereof and to further transmit
the calculated position and orientation to processing cir-
cuitry 180a. The three-dimensional position information
(the position and the orientation) of the position sensor 104
transmitted to the processing circuitry 180a will be used
after being converted, as appropriate, into either position
information of the ultrasound probe 101 or position infor-
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mation of a scan range scanned by the ultrasound probe 101.
For example, the position information of the position sensor
104 is converted into the position information of the ultra-
sound probe 101, on the basis of a positional relationship
between the position sensor 104 and the ultrasound probe
101. Further, the position information of the ultrasound
probe 101 is converted into position information of the scan
range on the basis of a positional relationship between the
ultrasound probe 101 and the scan range. Further, it is also
possible to convert the position information of the scan
range into pixel positions, on the basis of a positional
relationship between the scan range and sample points on
scanning lines. In other words, it is possible to convert the
three-dimensional position information of the position sen-
sor 104 into the pixel positions of ultrasound image data
taken by using the ultrasound probe 101.

[0079] The present embodiment is also applicable to situ-
ations where the position information of the ultrasound
probe 101 is obtained by using a system other than the
position detecting system described above. For example, the
present embodiment is applicable to situations where the
position information of the ultrasound probe 101 is obtained
by using a gyro sensor, an acceleration sensor, or the like.
[0080] As illustrated in FIG. 7, the apparatus main body
100a includes the transmission circuit 110, the reception
circuit 120, the B-mode processing circuitry 130, the Dop-
pler processing circuitry 140, the image generating circuit
150, the image memory 160, the storage circuit 170, the
processing circuitry 180a, and a communication interface
190. The transmission circuit 110, the reception circuit 120,
the B-mode processing circuitry 130, the Doppler process-
ing circuitry 140, the image generating circuit 150, the
image memory 160, the storage circuit 170, the processing
circuitry 180a, and the communication interface 190 are
connected so as to be able to communicate with one another.
Further, the apparatus main body 100a is connected to a
network 5.

[0081] The communication interface 190 is an interface
used for communicating with any of various types of appa-
ratuses provided in the hospital via the network 5. By using
the communication interface 190, the processing circuitry
180a is configured to communicate with an external appa-
ratus. For example, the processing circuitry 180a is config-
ured to receive medical image data (e.g., X-ray Computed
Tomography [CT] image data, Magnetic Resonance Imag-
ing [MRI] image data) taken by a medical image diagnosis
apparatus other than the ultrasound diagnosis apparatus 1a,
via the network 5.

[0082] Every time an ultrasound image satisfying a pre-
determined condition is generated by the image generating
circuit 150, a position aligning function 181a according to
the third embodiment is configured to perform a position
aligning process between the ultrasound image satisfying the
predetermined condition and a reference image obtained in
advance. In this situation, the position aligning function
181a according to the third embodiment performs the posi-
tion aligning process between the ultrasound image satisfy-
ing the predetermined condition and the reference image, by
using the position information of the ultrasound probe 101
obtained from the position sensor 104.

[0083] A tracking function 182a according to the third
embodiment is configured to identify, within the ultrasound
image satisfying the predetermined condition, an observa-
tion-purpose region of interest set in the reference image, on
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the basis of a result of the position aligning process. Further,
the tracking function 182a according to the third embodi-
ment is configured to track the observation-purpose region
of interest in ultrasound images in a time series that are
newly generated by the image generating circuit 150 during
or after the position aligning process.

[0084] Next, a processing procedure performed by the
ultrasound diagnosis apparatus la according to the third
embodiment will be explained. FIG. 8 is a flowchart illus-
trating the processing procedure performed by the ultra-
sound diagnosis apparatus 1a according to the third embodi-
ment. With reference to FIG. 8, while the flowchart explains
an operation performed by the entirety of the ultrasound
diagnosis apparatus la, the following will explain which
step in the flowchart corresponds to each of the constituent
elements. In the processing procedure illustrated in FIG. 8,
some of the steps that are the same as those included in the
processing procedure in FIG. 3 will be referred to by using
the same reference characters, and details explanations
thereof will be omitted. Steps S31 through S35 in FIG. 8 are
the same as steps S1 through S5 in FIG. 3. Steps S38 through
S40 in FIG. 8 are the same as steps S8 through S10 in FIG.
3.

[0085] Steps S36 and S37 are steps corresponding to the
position aligning function 181a. Steps S36 and S37 are steps
at which the position aligning function 181a is realized as a
result of the processing circuitry 180a invoking and execut-
ing a predetermined program corresponding to the position
aligning function 181a from the storage circuit 170.
[0086] When having determined that the temporal phase
of the ultrasound image obtained at step S34 is the CT
phage, the position aligning function 181a obtains position
information at step S36. For example, the position aligning
function 181« obtains the three-dimensional position infor-
mation calculated by the position sensor 104.

[0087] At step 337, the position aligning function 181a
performs a position aligning process between the ultrasound
image and the reference image. For example, by using the
position information obtained at step S36, the position
aligning function 1814 performs the position aligning pro-
cess between the ultrasound image and the reference image.
The position aligning function 181a converts the position
information obtained at step S36 into pixel positions of the
ultrasound image taken by using the ultrasound probe 101.
Subsequently, the position aligning function 181a sets a
position-aligning-purpose reference region within the refer-
ence image and further performs a position aligning process
between pixel positions of the position-aligning-purpose
reference region within the reference image and the pixel
positions of the ultrasound image.

[0088] In this manner, the ultrasound diagnosis apparatus
1la according to the third embodiment performs, in the CT
phase, the position aligning process between the reference
image and the ultrasound image and sets an observation-
purpose region of interest (step S38) and further tracks the
observation-purpose region of interest in temporal phases
other than the CT phase (step S39). With these arrange-
ments, according to the third embodiment, even in the
temporal phases different from the CT phase, it is possible
to observe, in a real-time manner and in synchronization
with the movement of the heart, the observation-purpose
region of interest that was set prior to the manipulation.
[0089] Further, the ultrasound diagnosis apparatus la
according to the third embodiment is configured to re-set, in
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the CT phase, the observation-purpose region of interest.
With this arrangement, according to the third embodiment,
it is possible to reset position error, if any, that may be
caused by the tracking of the observation-purpose region of
interest.

[0090] Further, when, in the CT phase, the reference
structure used as a reference in the position aligning process
comes out of the image taking area of the ultrasound image,
the ultrasound diagnosis apparatus 1a according to the third
embodiment may track the observation-purpose region of
interest, without performing the position aligning process.
[0091] Further, when, in the CT phase, the reference
structure used as a reference in the position aligning process
comes out of the image taking area of the ultrasound image
and it is not possible to perform the position aligning process
between the reference image and the ultrasound image, the
ultrasound diagnosis apparatus la according to the third
embodiment may perform the position aligning process
between the ultrasound image and the reference image by
using the observation-purpose region of interest.

Other Embodiments

[0092] Possible embodiments are not limited to the
embodiments described above.

[0093] In the embodiments described above, the example
is explained in which, every time an ultrasound image in the
CT phase is generated for each heartbeat, the position
aligning function 181 performs the position aligning process
between the ultrasound image and the reference image
obtained in advance; however possible embodiments are not
limited to this example. For instance, the position aligning
function 181 may perform the position aligning process
between the ultrasound image and the reference image by
using a plurality of heartbeats as one cycle. In one example,
every time an ultrasound image in the CT phase correspond-
ing to two heartbeats is generated, the position aligning
function 181 may perform the position aligning process
between the ultrasound image and the reference image.
[0094] Further, in the embodiments described above, the
example is explained in which the observation-purpose
region of interest is expressed with a circular shape includ-
ing a single point of interest in the patient’s body; however,
possible embodiments are not limited to this example. For
instance, the observation-purpose region of interest may be
expressed with a straight line or a circular shape used in a
measuring process or the like or may be expressed with a
line used as a guide indicating a path for passage of a
catheter that was planned prior to the manipulation.

[0095] Further, in the embodiments described above, the
example is explained in which the position-aligning-purpose
reference region and the observation-purpose region of
interest are set in mutually-different regions; however, pos-
sible embodiments are not limited to this example. For
instance, when the observation-purpose region of interest is
a structure, it is also acceptable to set the position-aligning-
purpose reference region and the observation-purpose
region of interest in mutually the same region.

[0096] Further, in the embodiments described above, the
example is explained in which the position aligning function
181 sets the position-aligning-purpose reference region;
however, possible embodiments are not limited to this
example. For instance, the position aligning function 181
may receive, from the operator, a setting of a position-
aligning-purpose reference region within the reference
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image, via the input device 102. In that situation, by using
the position-aligning-purpose reference region received
from the operator, the position aligning function 181 per-
forms the position aligning process between the ultrasound
image and the reference image.

[0097] Further, the number of observation-purpose
regions of interest and the number of position-aligning-
purpose reference regions that are set by the ultrasound
diagnosis apparatuses 1 and 1¢ as described above may
arbitrarily be changed. Further, when two or more position-
aligning-purpose reference regions are set, the ultrasound
diagnosis apparatuses 1 and la may perform the position
aligning process by using the two or more position-aligning-
purpose reference regions, whereas the display device 103
displays one of the plurality of position-aligning-purpose
reference regions.

[0098] Further, in the embodiments described above, the
example is explained in which the position aligning process
is performed between the two-dimensional reference image
and the two-dimensional ultrasound image, and the region of
interest is set; however possible embodiments are not lim-
ited to this example. For instance, the ultrasound diagnosis
apparatuses 1 and la according to the embodiments may
perform a position aligning process between a three-dimen-
sional reference image and a three-dimensional ultrasound
image and further set an observation-purpose region of
interest.

[0099] Further, in the embodiments described above, the
ultrasound scan performed on the heart is used as an
example; however, possible embodiments are not limited to
this example. For instance, the embodiments described
above are applicable to an ultrasound scan performed on the
head, the chest, the abdomen, and the like, besides the heart.
[0100] Further, in the embodiment described above, the
observation target involving periodical movement such as
the heart is used as an example; however, possible embodi-
ments are not limited to this example. For instance, the
embodiments described above are also applicable to an
observation target involving non-periodical movement (e.g.,
intestinal peristalsis). In that situation, the ultrasound diag-
nosis apparatuses 1 and la are configured to perform a
position aligning process between a reference image taken in
a predetermined temporal phase and an ultrasound image
taken in the predetermined temporal phase that arrives
non-periodically and to set an observation-purpose region of
interest. After that, the ultrasound diagnosis apparatuses 1
and 1a according to the embodiments are configured to track
the observation-purpose region of interest in temporal
phases other than the predetermined temporal phase.
[0101] The term “processor” used in the explanations
above denotes, for example, a Central Processing Unit
(CPU), a Graphics Processing Unit (GPU), or a circuit such
as an Application Specific Integrated Circuit (ASIC) or a
programmable logic device (e.g., a Simple Programmable
Logic Device [SPLD], a Complex Programmable Logic
Device [CPLD], or a Field Programmable Gate Array
[FPGA]). The one or more processors realize the functions
thereof by reading and executing programs saved in a
storage circuit. In this situation, instead of saving the pro-
grams in the storage circuit, it is also acceptable to directly
incorporate the programs in the circuits of the processors. In
that situation, the processors realize the functions thereof by
reading and executing the programs incorporated in the
circuits thereof. Further, the processors in the present
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embodiments do not each necessarily have to be structured
as a single circuit. It is also acceptable to structure one
processor by combining together a plurality of independent
circuits so as to realize the functions thereof. Further, it is
also acceptable to integrate two or more of the constituent
elements illustrated in FIG. 1 into one processor so as to
realize the functions thereof.
[0102] The constituent elements of the apparatuses and the
devices illustrated in the drawings used in the explanations
of the embodiments above are based on functional concepts.
Thus, it is not necessary to physically configure the con-
stituent elements as indicated in the drawings. In other
words, the specific modes of distribution and integration of
the apparatuses and the devices are not limited to those
illustrated in the drawings. It is acceptable to functionally or
physically distribute or integrate all or a part of the appa-
ratuses and the devices in any arbitrary units, depending on
various loads and the status of use. Further, all or an arbitrary
part of the processing functions performed by the appara-
tuses and the devices may be realized by a CPU and a
program that is analyzed and executed by the CPU or may
be realized as hardware using wired logic.
[0103] Further, the controlling method explained in the
above embodiments may be realized by causing a computer
such as a personal computer or a workstation to execute a
control program prepared in advance. The control program
may be distributed via a network such as the Internet.
Further, the control program may be recorded on a com-
puter-readable recording medium such as a hard disk, a
flexible disk (FD), Compact Disk Read-Only Memory (CD-
ROM), a Magneto-Optical (MO) disk, or a Digital Versatile
Disk (DVD), so as to be executed as being read from the
recording medium by a computer.
[0104] According to at least one aspect of the embodi-
ments described above, it is possible to accurately display
the observation target that involves movement.
[0105] 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 inven-
tions. 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
departing from the spirit of the inventions. The accompa-
nying 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 process-
ing circuitry configured:
to generate ultrasound images in a time series on a basis
of data acquired by transmitting and receiving an
ultrasound wave;
to perform, every time an ultrasound image satisfying a
predetermined condition is generated, a position align-
ing process between the ultrasound image satisfying the
predetermined condition and a reference image
obtained in advance; and
to identify, within the ultrasound image satisfying the
predetermined condition, a region of interest set in the
reference image, on a basis of a result of the position
aligning process and to track the region of interest in
ultrasound images in a time series that are newly
generated during or after the position aligning process.
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2. The ultrasound diagnosis apparatus according to claim
1, wherein the processing circuitry performs the position
aligning process between the ultrasound image satisfying the
predetermined condition and the reference image, by search-
ing for a reference structure included in the reference image
from the ultrasound image data satisfying the predetermined
condition.
3. The ultrasound diagnosis apparatus according to claim
2, wherein, when the reference structure is not successfully
found in the searching, the processing circuitry keeps track-
ing the region of interest in the ultrasound images in the time
series that are newly generated during or after the position
aligning process.
4. The ultrasound diagnosis apparatus according to claim
2, wherein, when the reference structure is not successfully
found in the searching, the processing circuitry performs the
position aligning process between the ultrasound image
satisfying the predetermined condition and the reference
image, by using the region of interest.
5. The ultrasound diagnosis apparatus according to claim
4, wherein
two or more of the regions of interest are set, and
the processing circuitry performs the position aligning
process between the ultrasound image satisfying the
predetermined condition and the reference image, by
using the two or more regions of interest.
6. The ultrasound diagnosis apparatus according to claim
1, further comprising: a position sensor configured to obtain
position information of an ultrasound probe, wherein
the processing circuitry performs the position aligning
process between the ultrasound image satisfying the
predetermined condition and the reference image, by

Jul. 18,2019

using the position information of the ultrasound probe
obtained from the position sensor.

7. The ultrasound diagnosis apparatus according to claim
1, wherein the ultrasound image satisfying the predeter-
mined condition is an ultrasound image corresponding to a
periodical reference temporal phase.

8. The ultrasound diagnosis apparatus according to claim
7, wherein the periodical reference temporal phase is a
temporal phase in which the reference image was taken.

9. An ultrasound diagnosis apparatus controlling method
comprising:

generating ultrasound images in a time series on a basis of
data acquired by transmitting and receiving an ultra-
sound wave;

performing, every time an ultrasound image satisfying a
predetermined condition is generated, a position align-
ing process between the ultrasound image satisfying the
predetermined condition and a reference image
obtained in advance; and

identifying, within the ultrasound image satisfying the
predetermined condition, a region of interest set in the
reference image, on a basis of a result of the position
aligning process and tracking the region of interest in
ultrasound images that are among ultrasound images in
a time series newly generated during or after a most
recent position aligning process and are other than the
ultrasound image satisfying the predetermined condi-
tion.
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