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Description
FIELD
[0001] Embodiments described herein relate generally to an ultrasound diagnosis apparatus and a storage medium.
BACKGROUND

[0002] Conventionally, a wall movement analysis is widely performed on the heart by using two- or three- dimensional
speckle tracking. In particular, as indices obtained from such a wall movement analysis, Global Longitudinal Strain (GLS)
and Ejection Fraction (EF) values are known to have high reproducibility and high levels of precision and are used in
diagnosing processes. In recent years, attempts have been made to evaluate cardiac functions of fetuses by applying
these publicly-known techniques to the hearts of fetuses (e.g.fetal hearts).

BRIEF DESCRIPTION OF THE DRAWINGS
[0003]

FIG. 1 is a block diagram illustrating an exemplary configuration of an ultrasound diagnosis apparatus according to
a first embodiment;

FIG. 2is adrawing for explaining an example of a process performed by the ultrasound diagnosis apparatus according
to the first embodiment;

FIG. 3 is a drawing illustrating an example of an ultrasound image according to the first embodiment;

FIG. 4 is adrawingillustrating an example of a high variance distribution image VH(x,y) obtained by a data processing
function according to the first embodiment;

FIG. 5 is a drawing for explaining an example of a process performed by the data processing function according to
the first embodiment;

FIG. 6 is a chart illustrating examples of a waveform (a temporal-change waveform) indicating a ventricular lumen
area VA(t), as well as temporal phases corresponding to end-diastole (ED) and temporal phases corresponding to
end-systole (ES) determined by a determining function;

FIG. 7 is a chart for explaining advantageous effects of pre-processing processes;

FIG. 8 is another chart for explaining the advantageous effects of the pre-processing processes;

FIG. 9is aflowchartillustrating an example of a flow in a process performed by the data processing function according
to the first embodiment;

FIG. 10 is a drawing for explaining an example of a process performed by a data processing function according to
a first modification example;

FIG. 11 is a chart for explaining an example of a process performed by a determining function according to the first
modification example;

FIG. 12 is a drawing for explaining an example of a positional relationship between the mitral valve, the tricuspid
valve, the aortic valve, and the pulmonary valve and cross-sectional planes of an apical two-chamber (A2C) view,
an apical three-chamber (A3C) view, and an apical four-chamber (A4C) view;

FIG. 13 is a drawing for explaining an example of a positional relationship among regions used for searching for a
valve site according to a second embodiment;

FIG. 14 is a drawing illustrating an example of a display according to the second embodiment;

FIG. 15 is a drawing for explaining an example of a process performed by a data processing function according to
a fourth embodiment;

FIG. 16 is a block diagram illustrating an exemplary configuration of an ultrasound diagnosis apparatus according
to a fifth embodiment;

FIG. 17 is a drawing for explaining examples of selecting buttons according to the fifth embodiment;

FIG. 18 is a chart illustrating an example of selecting an ED-ED section and an ES-ES section according to the fifth
embodiment; and

FIG. 19 is a drawing illustrating an exemplary configuration of a medical image processing apparatus according to
a sixth embodiment.

DETAILED DESCRIPTION

[0004] An ultrasound diagnosis apparatus according to an embodiment includes processing circuitry. The processing
circuitry is configured to specify a region being a part of a heart on the basis of two- or three- dimensional moving image
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data rendering the heart. The processing circuitry is configured to obtain a reference waveform that makes it possible
to estimate a cardiac phase, on the basis of the region in the moving image data specified.

[0005] Exemplary embodiments of an ultrasound diagnosis apparatus, a medical image diagnosis apparatus, a medical
image processing apparatus, and a medical image processing computer program will be explained, with reference to
the accompanying drawings. The explanation of each of the embodiments and the modification examples is similarly
applicable to any other embodiment or modification example.

First Embodiment

[0006] FIG. 1 is a block diagram illustrating an exemplary configuration of an ultrasound diagnosis apparatus 1 ac-
cording to a first embodiment. As illustrated in FIG. 1, the ultrasound diagnosis apparatus 1 according to the first em-
bodiment includes an apparatus main body 100, an ultrasound probe 101, an input device 102, and a display device
103. The ultrasound diagnosis apparatus 1 is an example of the medical image diagnosis apparatus.

[0007] The ultrasound probe 101 includes, for example, a plurality of elements such as piezoelectric transducer ele-
ments. Each of the plurality of elements is configured to generate an ultrasound wave on the basis of a drive signal
supplied thereto from a transmission circuit 110 (explained later) included in the apparatus main body 100. Further, the
ultrasound probe 101 is configured to receive reflected waves from an examined subject (hereinafter "patient") P and
to convert the received reflected waves into electrical signals. Further, for example, the ultrasound probe 101 includes
a matching layer provided for the piezoelectric transducer elements, as well as a backing member or the like that prevents
the ultrasound waves from propagating rearward from the piezoelectric transducer elements. The ultrasound probe 101
is detachably connected to the apparatus main body 100.

[0008] When an ultrasound wave is transmitted from the ultrasound probe 101 to the patient P, the transmitted ultra-
sound wave is repeatedly reflected on a surface of discontinuity of acoustic impedances at a tissue in the body of the
patient P and is received as a reflected-wave signal by each of the plurality of elements included in the ultrasound probe
101. The amplitude of the received reflected-wave signal is dependent on the difference between the acousticimpedances
on the surface of discontinuity on which the ultrasound wave is reflected. When a transmitted ultrasound pulse is reflected
on the surface of a moving blood flow, a cardiac wall, or the like, the reflected-wave signal is, due to the Doppler effect,
subject to a frequency shift, depending on a velocity component of the moving members with respect to the ultrasound
wave transmission direction.

[0009] The ultrasound probe 101 is provided so as to be attachable to and detachable from the apparatus main body
100. When a two-dimensional region in the patient P is to be scanned (a two-dimensional scan), an operator connects,
for example, a one-dimensional (1D) array probe in which the plurality of piezoelectric transducer elements are arranged
in arow to the apparatus main body 100, as the ultrasound probe 101. The 1D array probe may be alinear-type ultrasound
probe, a convex-type ultrasound probe, a sector-type ultrasound probe, or the like. In contrast, when a three-dimensional
region in the patient P is to be scanned (a three-dimensional scan), the operator connects, for example, a mechanical
four-dimensional (4D) probe or a two-dimensional (2D) array probe to the apparatus main body 100, as the ultrasound
probe 101. The mechanical 4D probe is capable of performing a two-dimensional scan by using the plurality of piezoelectric
transducer elements arranged in a row such as those in the 1D array probe and is also capable of performing a three-
dimensional scan by swinging the plurality of piezoelectric transducer elements at a predetermined angle (a swinging
angle). Further, the 2D array probe is capable of performing a three-dimensional scan by using the plurality of piezoelectric
transducer elements arranged in a matrix formation and is also capable to performing a two-dimensional scan by trans-
mitting ultrasound waves in a converged manner.

[0010] The inputdevice 102 is realized, for example, with input means such as a mouse, a keyboard, 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 requests from the operator of the ultrasound diagnosis apparatus 1 and to transfer
the received various types of setting requests to the apparatus main body 100.

[0011] For example, the display device 103 is configured to display a Graphical User Interface (GUI) used by the
operator of the ultrasound diagnosis apparatus 1 for inputting the various types of setting requests through the input
device 102 and to display an ultrasound image represented by ultrasound image data generated by the apparatus main
body 100 and the like. The display device 103 is realized by using a liquid crystal monitor, a Cathode Ray Tube (CRT)
monitor, or the like. The display device 103 is an example of the display unit.

[0012] The apparatus main body 100 is configured to generate the ultrasound image data on the basis of the reflected-
wave signals received by the ultrasound probe 101. The ultrasound image data is an example of image data. The
apparatus main body 100 is capable of generating two-dimensional ultrasound image data on the basis of reflected-
wave data corresponding to a two-dimensional region of the patient P received by the ultrasound probe 101. Further,
the apparatus main body 100 is also capable of generating three-dimensional ultrasound image data on the basis of
reflected-wave data corresponding to a three-dimensional region of the patient P received by the ultrasound probe 101.
As illustrated in FIG. 1, the apparatus main body 100 includes the transmission circuit 110, a reception circuit 120, a B-
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mode processing circuit 130, a Doppler processing circuit 140, an image generating circuit 150, an image memory 160,
a storage circuit 170, a data processing circuit 180, and a controlling circuit 190.

[0013] The transmission circuit 110 is configured to cause ultrasound waves to be transmitted from the ultrasound
probe 101. The transmission circuit 110 includes a rate pulser generating circuit, a transmission delay circuit, and a
transmission pulser, and is configured to supply the drive signal to the ultrasound probe 101. When scanning a two-
dimensional region in the patient P, the transmission circuit 110 causes an ultrasound beam used for scanning the two-
dimensional region to be transmitted from the ultrasound probe 101. Further, when scanning a three-dimensional region
in the patient P, the transmission circuit 110 causes an ultrasound beam used for scanning the three-dimensional region
to be transmitted from the ultrasound probe 101.

[0014] The rate pulser generating circuit is configured to repeatedly generate a rate pulse used for forming a trans-
mission ultrasound wave (a transmission beam) at a predetermined rate frequency (a Pulse Repetition Frequency [PRF]).
Voltage is applied to the transmission pulser, while the rate pulses have mutually-different transmission delay periods
as aresult of being routed through the transmission delay circuit. For example, the transmission delay circuitis configured
to apply a transmission delay period that is required to converge the ultrasound waves generated by the ultrasound
probe 101 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 rate pulser generating circuit. The trans-
mission pulser is configured to apply the drive signal (a drive pulse) to the ultrasound probe 101 with timing based on
the rate pulses. In this situation, by varying the transmission delay periods applied to the rate pulses, the transmission
delay circuit arbitrarily adjusts the transmission directions of the ultrasound waves transmitted from the surfaces of the
piezoelectric transducer elements.

[0015] After being transferred from the transmission pulser to the piezoelectric transducer elements in the ultrasound
probe 101 via a cable, the drive pulse is converted from electric signals to mechanical vibration in the piezoelectric
transducer elements. The ultrasound waves generated by the mechanical vibration are transmitted to the inside of the
patient’s body. In this situation, the ultrasound waves having the mutually-different transmission delay periods in corre-
spondence with the piezoelectric transducer elements are converged and propagated into a predetermined direction.
[0016] The transmission circuit 110 has a function that is able to instantly change the transmission frequency, the
transmission drive voltage, and the like, for the purpose of executing a predetermined scan sequence under control of
the controlling circuit 190. In particular, the function to change the transmission drive voltage is realized by using a linear-
amplifier-type transmission 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.

[0017] Reflected waves of the ultrasound waves transmitted by the ultrasound probe 101 reach the piezoelectric
transducer elements provided in the ultrasound probe 101 and are subsequently converted from the mechanical vibration
into electrical signals (reflected-wave signals) in the piezoelectric transducer elements and input to the reception circuit
120. The reception circuit 120 includes a pre-amplifier, an Analog-to-Digital (A/D) converter, a quadrature detecting
circuit, and the like and is configured to generate reflected-wave data by performing various types of process on the
reflected-wave signals received by the ultrasound probe 101. The reception circuit 120 is configured to generate two-
dimensional reflected-wave data from two-dimensional reflected-wave signals received by the ultrasound probe 101.
Further, the reception circuit 120 is configured to generate three-dimensional reflected-wave data from three-dimensional
reflected-wave signals received by the ultrasound probe 101. Further, the reception circuit 120 is configured to output
the generated reflected-wave data to the B-mode processing circuit 130 and to the Doppler processing circuit 140.
[0018] The pre-amplifier is configured to amplify the reflected-wave signal for each of the channels and to perform a
gain adjustment process (a gain correcting process). The A/D converter is configured to convert the gain-corrected
reflected-wave signals into digital signals, by performing an A/D conversion on the gain-corrected reflected-wave signals.
The quadrature detecting circuit is configured to convert the reflected-wave signals resulting from the A/D conversion
into an In-phase signal (an | signal) and a Quadrature-phase signal (a Q signal) that are in a baseband. Further, the
quadrature detecting circuit is configured to output the | signal and the Q signal (the IQ signals) to the B-mode processing
circuit 130 and to the Doppler processing circuit 140, as the reflected-wave data.

[0019] The B-mode processing circuit 130 is configured to generate data (B-mode data) in which the signal intensity
(amplitude intensity) corresponding to each sampling point is expressed by a degree of brightness, by performing a
logarithmic amplification, an envelope detecting process, a logarithmic compression, and/or the like on the reflected-
wave data output by the reception circuit 120. The B-mode processing circuit 130 is configured to output the generated
B-mode data to the image generating circuit 150. The B-mode processing circuit 130 is realized by using a processor,
for example.

[0020] By performing a frequency analysis on the reflect-wave data output by the reception circuit 120, the Doppler
processing circuit 140 is configured to extract motion information of moving members (a blood flow, a tissue, a contrast
agent echo component, and the like) based on the Doppler effect and to generate data (Doppler data) indicating the
extracted motion information. For example, as the motion information of the moving members, the Doppler processing
circuit 140 extracts average velocity values, dispersion values, power values, and the like from multiple points and
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generates the Doppler data indicating the extracted motion information of the moving members. The Doppler processing
circuit 140 is configured to output the generated Doppler data to the image generating circuit 150. The Doppler processing
circuit 140 is realized by using a processor, for example.

[0021] The B-mode processing circuit 130 and the Doppler processing circuit 140 are capable of processing both two-
dimensional reflected-wave data and three-dimensional reflected wave data.

[0022] The image generating circuit 150 is configured to generate the ultrasound image data from the data output by
the B-mode processing circuit 130 and the Doppler processing circuit 140. The image generating circuit 150 is realized
by using a processor. In this situation, generally speaking, the image generating circuit 150 converts (by performing a
scan convert 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. For example,
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 convert process, the image generating circuit 150 performs, for
example, an image processing process (a smoothing process) to re-generate an average brightness 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 ofimage frames resulting from the scan convert process. Also, the image generating circuit 150 combines
textinformation of various types of parameters, scale graduations, body marks, and the like with the ultrasound image data.
[0023] Further, the image generating circuit 150 generates three-dimensional B-mode image data by performing a
coordinate transformation process on the three-dimensional B-mode data generated by the B-mode processing circuit
130. Further, the image generating circuit 150 generates three-dimensional Doppler image data by performing a coor-
dinate transformation process on the three-dimensional Doppler Data generated by the Doppler processing circuit 140.
In other words, the image generating circuit 150 is configured to generate the "three dimensional B-mode image data
and three-dimensional Doppler image data" as "three-dimensional ultrasound image data (volume data)". Further, the
image generating circuit 150 is configured to perform various rendering processes on the volume data to generate
various types of two-dimensional image data used for displaying the volume data on the display device 103.

[0024] The B-mode data and the Doppler data are each ultrasound image data before the scan convert process. The
data generated by the image generating circuit 150 is the display-purpose ultrasound image data after the scan convert
process. The B-mode data and the Doppler data may be referred to as raw data.

[0025] The image memory 160 is a memory configured to store therein various types of image data generated by the
image generating circuit 150. Further, the image memory 160 is also configured to store therein any of the data generated
by the B-mode processing circuit 130 and the Doppler processing circuit 140. After a diagnosis process, 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 display-purpose ultrasound image data after being routed through the
image generating circuit 150. Further, the image memory 160 is also configured to store therein the reflected-wave data
output by the reception circuit 120. For example, the image memory 160 is realized by using a semiconductor memory
element such as a Random Access Memory (RAM), a flash memory, or the like, or a hard disk or an optical disk.
[0026] The storage circuit 170 is configured to store therein control programs for performing ultrasound transmissions
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 also be used, as necessary, for saving therein any of the data stored in the
image memory 160, and the like. For example, the storage circuit 170 is realized by using a semiconductor memory
element such as a flash memory, a hard disk, or an optical disk.

[0027] The data processing circuit 180 is configured to perform various types of data processing processes. The data
processing circuit 180 includes a data processing function 180a, a determining function 180b, and an executing function
180c. In this situation, for example, the processing functions executed by the constituent elements of the data processing
circuit 180 illustrated in FIG. 1, namely, the data processing function 180a, the determining function 180b, and the
executing function 180c are recorded in the storage circuit 170 in the form of computer-executable programs. The data
processing circuit 180 realizes the functions corresponding to the programs, by reading the programs from the storage
circuit 170 and executing the read programs. In other words, the data processing circuit 180 that has read the programs
has the functions illustrated within the data processing circuit 180 in FIG. 1. The data processing circuit 180 is realized
by using a processor, for example. The data processing function 180a is an example of the obtaining unit, an example
of a estimating unit, and an example of the specifying unit. The determining function 180b is an example of a determining
unit. The executing function 180c is an example of an executing unit. Details of the data processing function 180a, the
determining function 180b, and the executing function 180c will be explained later.

[0028] The controlling circuit 190 is configured to control the entirety of processes performed by the ultrasound diagnosis
apparatus. More specifically, on the basis of the various types of setting requests input from the operator via the input
device 102 and the various types of control programs and various types of data read from the storage circuit 170, the
controlling circuit 190 controls processes performed by the transmission circuit 110, the reception circuit 120, the B-
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mode processing circuit 130, the Doppler processing circuit 140, the image generating circuit 150, and the data processing
circuit 180. Further, the controlling circuit 190 controls the display device 103 so as to display the ultrasound image
represented by the display-purpose ultrasound image data stored in the image memory 160. The controlling circuit 190
is realized by using a processor, for example.

[0029] The term "processor" used in the above explanations 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 processors realize the functions by reading and executing the programs
saved in the storage circuit 170. In this situation, instead of saving the programs in the storage circuit 170, 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. The processors in the
present 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 in FIG. 1 into one processor so as to realize
the functions thereof.

[0030] An overall configuration of the ultrasound diagnosis apparatus 1 according to the first embodiment has thus
been explained. As explained above, in recent years, attempts have been made to evaluate cardiac functions of fetuses
by using a publicly-known speckle tracking application (hereinafter, simply "speckle tracking") to fetal hearts. According
to a speckle tracking scheme, by obtaining an electrocardiogram (ECG) signal together with two- or three-dimensional
moving image data from a patient, an analyzing-purpose time-defined span (preferably defined in an R-R section) is
automatically selected from an input moving image and set, by using a temporal phase of an R-wave detected from the
ECG signal. Further, according to the speckle tracking scheme, it is possible to understand cardiac phases, by displaying
the ECG signal as a reference waveform.

[0031] However, when evaluating the cardiac functions of a fetus, it would be difficult to obtain an ECG signal (a fetal
cardiac phase signal) that is a heartbeat signal derived from the fetal heart such as that used in the speckle tracking
scheme described above. The reason will be explained below. The fetal heart is in the body of the fetus within the
mother’s body (the uterus). Accordingly, the ECG signal derived from the heart of the mother obtained from the mother’s
body is not in synchronization with the ECG signal derived from the fetal heart and is therefore not usable as a fetal
cardiac phase signal referenced in a speckle tracking process.

[0032] As attempts to obtain an ECG signal derived from the fetal heart via the body surface of the mother, two
conventional techniques (the techniques described in Non Patent Literature 1 and 2) are known. For example, according
to the conventional technique described in Non Patent Literature 1, a large number of sensors are attached to the
abdomen of a mother, so as to eliminate an ECG signal from the mother’s body and to extract an ECG signal of the fetal
heart. Further, according to the conventional technique described in Non Patent Literature 2, a Superconducting Quantum
Interference Device (SQUID) sensor is pressed against the abdomen of a mother so as to obtain magnetocardiography
of the fetus, by measuring a small level of magnetism emitted by the fetal heart while separating the magnetism from a
signal derived from the mother.

[0033] The two conventional techniques described above, however, are not realistic for the purpose of obtaining a
moving image of the fetal heart, when being used together with an ultrasound diagnosis apparatus or a Magnetic
Resonance Imaging (MRI) apparatus, because the large number of sensors or the SQUID sensor is provided on the
mother’s body.

[0034] Consequently, according to the two conventional techniques, when the speckle tracking scheme is applied to
the fetal heart, it is not possible to automatically set an analyzing-purpose time-defined span (e.g., an R-R section)
derived from the fetal cardiac phases. For this reason, it is necessary to manually set a time-defined span (e.g., a start
temporal phase and an end temporal phase), which makes the operation cumbersome. Further, according to the two
conventional techniques described above, it is difficult to obtain an electrocardiographic waveform that makes it possible
to recognize, during analyses, cardiac phases of the fetus such as end-diastole and end-systole.

[0035] Further, according to a speckle tracking scheme, as an example of a region of interest, an endocardium contour
or an endocardium surface may be set as a myocardial boundary of the left ventricle. In recent years, certain publicly-
known techniques (e.g., Saito, Japanese Journal of Medical Ultrasound Technology, vol. 31, No. 4, 30(382)-36(388),
2006) are also widely used, by which the region of interest described above is automatically detected as an initial
boundary position subject to a tracking process. (According to a generally-used method, a shape database used as a
knowledge base is processed in machine learning, so as to compare an input image therewith.)

[0036] According to the automatic detection technique, subsequent to a process of obtaining the position and the
posture of the heart rendered in an image, a comparison is made after arranging the obtained position and posture to
match a position and a posture of the heart stored in the shape data base of the heart. According to this automatic
detection technique, the dimension (the size) of the heart is also obtained, and the comparing process is performed after
normalizing the obtained heart size into a size defined in the database.
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[0037] Incidentally, when general images rendering the hearts of patients are obtained by using an ultrasound diagnosis
apparatus while using a body-surface approach (between the ribs), the positions and the postures of the hearts rendered
in the obtained images are substantially the same among the images. Further, when an apical approach is used, it is
expected that the apical part of the heart is positioned in a shallow section (approximately 2 cm to 4 cm depending on
the thicknesses of the fat layer and the muscle of the intercostal tissue) of the image, while the annulus is in an azimuth
direction of the scan direction at a depth corresponding to the size of the heart. (The length of the long axis is approximately
8 cm for an adult.) Accordingly, by using these pieces of inherent information as a premise, it is possible to calculate at
a high speed a estimated position and a estimated posture of the heart with a high level of precision, by performing a
searching process and a matching process within a limited range. When infants are excluded from a group of patients,
it is also possible to predict, in advance, a standard size of the heart, as mentioned above.

[0038] However, as for images of fetal hearts acquired with an approach through the abdomens (or the vaginas) of
the mothers, the obtained images render the hearts in widely-various positions and widely-various postures. Accordingly,
it is unknown and not predetermined in which position and in what posture the fetal heart is rendered in each input image.
In addition, the sizes of the hearts significantly vary depending on the number of weeks of pregnancy at the time of the
observation.

[0039] For this reason, when the speckle tracking scheme is applied to a fetal heart, the process of automatically
setting a region of interest (the technique involving the searching process and/or the matching process) either does not
function well due to the premise being false or is degraded in terms of the level of performance thereof, as explained below.
[0040] Forexample, the calculation time increases when a detecting process is performed by enlarging a search range
or compared patterns as much as necessary, without using the aforementioned inherent information as the premise
information. Further, the level of precision is lowered because structures (e.g., the right ventricle, the atria, blood vessels,
and the like other than the left ventricle) other than a targeted region (e.g., the left ventricle) are detected by error more
frequently. In particular, as for the increase in the calculation time, as long as the processing amount is based on two-
dimensional processing, it is easy to realize the implementation within a practical range when the erroneous detection
is tolerated. However, when the processing is three-dimensional, because the processing amount increases exponen-
tially, it would be difficult to realize the implementation within a practical range even when the erroneous detection is
tolerated.

[0041] For the reasons stated above, according to the conventional technique, it is difficult to obtain the information
about the position and the information about the posture of fetal hearts, or information useful for evaluating cardiac
functions of fetuses such as electrocardiographic waveforms derived from fetal hearts. The same problem arises not
only with the speckle tracking scheme, but also with other applications that are executed by using information about the
position and information about the posture of fetal hearts or electrocardiographic waveforms derived from fetal hearts.
[0042] To cope with this situation, the ultrasound diagnosis apparatus 1 according to the present embodiment performs
various types of processes explained below, so as to be able to obtain information useful for evaluating cardiac functions
of fetuses.

[0043] FIG. 2is a drawing for explaining an example of a process performed by the ultrasound diagnosis apparatus
1 according to the first embodiment. In the first embodiment, for example, a convex ultrasound probe is used as the
ultrasound probe 101, so that the ultrasound probe 101 sequentially acquires two-dimensional reflected-wave signals
rendering an apical four-chamber view (an A4C view) taken on a reference cross-sectional plane of a fetal heart. FIG.
3 is a drawing illustrating an example of an ultrasound image according to the first embodiment. The plurality of two-
dimensional reflected-wave signals rendering the A4C view and acquired in this manner are routed through the reception
circuit 120, the B-mode processing circuit 130, and the image generating circuit 150 and, as illustrated in FIG. 2, converted
into two-dimensional moving image data 10 structured with a plurality of pieces of ultrasound image data 10a (see FIG.
3) each rendering an A4C view.

[0044] As explained above, in the present embodiment, the two-dimensional moving image data 10 rendering the A4C
view is acquired by the ultrasound probe 101, the reception circuit 120, the B-mode processing circuit 130, and the
image generating circuit 150. In other words, in the present embodiment, the moving image data 10 based on a two-
dimensional brightness level signal rendering a fetal heart is acquired by the ultrasound probe 101, the reception circuit
120, the B-mode processing circuit 130, and the image generating circuit 150. The ultrasound probe 101, the reception
circuit 120, the B-mode processing circuit 130, and the image generating circuit 150 are examples of an acquiring unit.
The present embodiment uses, for example, the two-dimensional moving image data 10 configured with a framerate
(preferably, in the range of 100 fps to 200 fps approximately) that is sufficiently high to be able to analyze motion
components of myocardia involved in fast heartbeats of a fetus exceeding 120 bpm, by implementing a two-dimensional
speckle tracking scheme. Further, for example, itis desirable to set the acquisition time period of the moving image data
10 to approximately 2 seconds, which includes five to six heartbeats of the fetal heart.

[0045] First, as illustrated in FIG. 2, the data processing function 180a in the data processing circuit 180 calculates,
with respect to brightness values I(x,y,t) of the moving image data 10, a time variance value indicating a variance value
at each of the points (x,y) in the direction of time t, so as to obtain a variance distribution Var(x,y). FIG. 2 illustrates a
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variance distribution image 11 indicating the variance distribution Var(x,y).

[0046] In this situation, a region having a relatively large variance in a space is considered to be a site having larger
temporal changes (movements). Accordingly, the data processing function 180a extracts a high variance distribution
image VH(x,y) 12 as a heart region, by using Expression (1) presented below.

(Vth < var(x,y) <V max); Yy =10R y = Var(x, y)

VH(x, y) = {y

0 (otherwise)

(1)

[0047] In Expression (1), Vth denotes a threshold value expressed by Expression (2) below. Vmax denotes a threshold
value expressed by Expression (3) below.

Vth = mean(Var(x, y)) + o * sqrt(vari(Var(x, y)))

V max = mean(Var(x, y)) + B sqrt(vari(Var(X, Y))) (3)

[0048] In Expression (2), a is a coefficient having a value about 1. Further, in Expression (3), 8 is a coefficient having
a value that is either approximately 10 or sufficiently larger than 10. In Expressions (2) and (3), mean(Var(x,y)) denotes
an average value (an average value of the variance distribution values Var(x,y)) obtained by dividing a sum of the
variance distribution values Var(x,y) calculated at all the points (x,y) by the total quantity of the points (x,y). In other
words, "mean" is a mathematical function that outputs an average value. Further, sqrt(vari(Var(x,y))) denotes a standard
deviation (a standard deviation of the variance distribution values Var(x,y)) calculated as the positive square root of the
variance of the variance distribution values Var(x,y) calculated atall the points (x,y). In otherwords, "vari" is amathematical
function that outputs a variance, whereas "sqrt" is a mathematical function that outputs a positive square root.

[0049] The threshold value "Vth" is a lower limit threshold value used for extracting a region having a relatively large
variance in space, whereas the threshold value "Vmax" is an upper limit threshold value. It should be noted, however,
thatthereis no upperlimitwhen B is setto a sufficiently large value. Further, itis also acceptable to set § to be approximately
10 for the purpose of eliminating spike-shaped variable noise components. In the present embodiment, an extraction
range of the high variance distribution image VH(x,y) is designated by adding the average value mean(Var(x,y)) of the
variance distribution values Var(x,y) to a result of multiplying the standard deviation sqrt(vari(Var(x,y))) of the variance
distribution values Var(x,y) by a or B. In other words, in the present embodiment, as illustrated in FIG. 2, the data
processing function 180a sets the threshold values Vth and Vmayx, by using the average value mean(Var(x,y)) and the
standard deviation sqrt(vari(Var(x,y))). Alternatively, as the threshold value Vth, the data processing function 180a may
use a value obtained by multiplying the average value mean(Var(x,y)) by a certain value (approximately 2 to 3).
[0050] In this situation, for a spatial distribution of such time variance values to effectively reflect a site of the heart, a
short span defining a processing time period corresponding to one to two heartbeats (approximately 1 second) is not
sufficient. Accordingly, itis desirable to use a somewhat long period of time corresponding to five to six or more heartbeats
(e.g., 2 or more seconds) as a span defining the processing time period.

[0051] However, too long period may not be good to get variance because influences of fetal and the ultrasound probe
101 movement become larger. Therefore, moving average process of about 2 seconds period can be applied in case
using long period data (e.g., over 3 seconds). In the moving average interval, it is possible to obtain a variance value
with a constant processing time period by sequentially calculating the mean squared difference error using the moving
average value as the mean value of variance.

[0052] FIG. 4 is a drawing illustrating an example of the high variance distribution image VH(x,y) 12 obtained by the
data processing function 180a according to the first embodiment. FIG. 4 illustrates the high variance distribution image
VH(x,y) 12 corresponding to when y = Var(x,y) is satisfied. As observed in the high variance distribution image VH(x,y)
12in FIG. 4, it is understood that only a region of a heart tissue is extracted by the data processing function 180a.
[0053] Asexplained above, the data processing function 180a obtains the time variance image (the variance distribution
image 11) of the moving image data 10 and further obtains distribution information of a tissue position of the fetal heart,
by determining such a region satisfying a condition where the spatial variance value of the time variance image exceeds
the lower limit threshold value, as the region of the tissue of the fetal heart.

[0054] Further, by using Expressions (4) and (5) presented below, the data processing function 180a calculates center-
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of-gravity values xg and yg of x and y within the high variance distribution image VH(x,y) 12, so as to obtain the center
position C(xg,yg) of the fetal heart.

xg = L _x¥_ylxx VH y))Z _x X _ y(vA(x, y))

(4)

vg =% x2 yly*vHlx y)/X xX  y(vH(x v)) (5)

[0055] In Expressions (4) and (5), >_x denotes a sum along the x-direction, whereas >._y denotes a sum along the
y-direction.

[0056] In this situation, when y = 1 is satisfied, the values xg and yg are simple average coordinate values of x and y
within the range of the image (the high variance distribution image VH(x,y)). In contrast, when y = Var(x,y) is satisfied,
the values xg and yg are center-of-gravity coordinate values that takes weights based on the variance values into account.
[0057] For the purpose of estimating the center position C(xg,yg) of the fetal heart in a robust and accurate manner,
it is desirable for the data processing function 180a to use y = Var(x,y) for generating the high variance distribution image
VH(x,y) 12. The reason is that the weight of a site indicated by high variance values caused by the valves, which are in
the heart and move the fastest, is easily reflected as the center-of-gravity position, while the image rendering the fetal
heart (the fetal heart image) includes other sites having large time variance values like the valves, such as the placenta
(high brightness) or the boundary between the liver (high brightness) of the fetus and the amniotic fluid (low brightness).
[0058] Subsequently, by using Expressions (6) to (8) presented below, the data processing function 180a calculates
spatial variance values vx and vy and a spatial covariance value vxy with respect to the high variance distribution image
VH(x,y) 12. Further, by using Expression (9) presented below, the data processing function 180a generates a 2x2
variance-covariance matrix A2.

vx = % _x2_ yllx — xg) * vH(x, Y))Z/Z_XZ_Y(VH(X’ v)) (6)
vy = L_xX_ylly - yo) * vl y)f /S _xE_yvHly y)f g

vxy =% xY ylx - xg)* (v - yo) * vH(x, )T x3  ylvH(x v) ]
(8)

VX VXY
A2

VXy VY (9)

[0059] As for the value of y used for calculating the spatial variance values vx and vy and the spatial covariance value
vxy, it is desirable to use y = 1 with which the weights of the variance values of all the extracted sites are equal to one
another. The reason is that the valve regions having larger variance values and myocardial regions having smaller
variance values than the valves are all treated as equal heart regions. Needless to say, it is also acceptable to configure
the data processing function 180a so as to use y = Var(x,y) to generate the variance-covariance matrix A2 by using
spatial variance values vx and vy and a spatial covariance value vxy obtained by applying weights of the variance values
to the positions (x,y).

[0060] By performing a principal component analysis that uses the variance-covariance matrix A2, the data processing
function 180a estimates the size of the heart (The radius of an ellipse: Ri*sqrt(ci); i = 1, 2, where Ri is preferably
approximately 1.5 to 2.0), by calculating two directions of a primary axis m1 and a secondary axis m2 (eigenvectors
corresponding to two eigenvalues ci) and variance values c1 and c2 (the two eigenvalues) on the two axes. In this
situation, the radius of the ellipse is, for example, either the major radius, which is half as long as the long axis of the
ellipse, or the minor radius, which is half as long as the short axis. Typically, in the principal component analysis, the
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data processing function 180a either defines a 2X2 matrix by using a Jacobi method or solves a characteristic equation
(which is a quadratic equation when two-dimensional moving image data is handled). In the present situation, because
the eigenvalues o1 and o2 are variance values of the positions, the square roots of the variance values o1 and o2
represent standard deviation values having the dimension of length. Accordingly, if the variance distribution indicated
by the high variance distribution image VH(x,y) 12 was a normal distribution with Ri = 2.0 being selected, approximately
94% of the extracted high variance points would be included in the ellipse defined by the radius of the ellipse. In actuality,
the variance distribution of the high variance distribution image VH(x,y) is not a normal distribution because the variance
distribution is dependent on fetal tissues including the fetal heart and the structures of the tissues in the mother’s body.
However, by appropriately setting the value of R, it is possible to estimate the size of the heart including the ventricles
and the atria.

[0061] Further, itis considered that the primary axis m1 and the secondary axis m2 are orthogonal to each other, while
the primary axis m1 and the secondary axis m2 each correspond to a different one of the major and the minor axes of
the heart. The reason is that the primary axis m1 and the secondary axis m2 correspond to the posture (the orientation)
of the heart, when the high variance distribution image VH(x,y) 12 is able to dominantly extract only the valves and the
myocardia contracting and expanding as boundaries between the cardiac lumens (low brightness) and the myocardia
(high brightness) explained above. In this situation, if the length of a total long axis including the ventricles and the atria
(the distances between the apical position and the position of an atrial blood flow entrance part) is always longer than
the length of a total short axis at the annulus part including the left heart system and the right heart system, it would be
possible to assign the primary axis to the long axis side and the secondary axis to the short axis side. However, because
fetal hearts are more circular than adults’ hearts, this premise is not necessarily always true. Accordingly, at this stage,
the posture of the heart is determined as either one of the two pairs, namely, pair 1 (the primary axis = the long axis;
the secondary axis = the short axis) and pair 2 (the primary axis = the short axis; the secondary axis = the long axis).
[0062] Because the ventricles and the atria expand and contract in opposite phases, it is not possible to correctly
distinguish end-diastole and end-systole from an apical view rendering both the ventricles and the atria, unless information
obtained only from the ventricles is used. More specifically, when the entire heart is used as a target, information derived
from the ventricles and information derived from the atria having the opposite phases are both presentin a mixed manner.
Accordingly, it would be difficult to recognize cardiac phases on the basis of a ventricular lumen area VA(t) or an average
myocardial velocity VV(t) (explained later), because chronological fluctuation widths are small in the signals (waveforms)
of the ventricular lumen area VA(t) and the average myocardial velocity VV(t) (explained later), which are supposed to
make it possible to recognize the cardiac phases.

[0063] To cope with this situation, in the present embodiment, the data processing function 180a limits the range of
the ventricles from the region of the heart obtained earlier. For this reason, with respect to each of the two principal
component axes (the primary axis m1 and the secondary axis m2) obtained from the principal component analysis
described above, the data processing function 180a determines whether the axis corresponds to the short axis or the
long axis of the heart and also determines the apical side (the ventricular side) on the long axis. To perform this determining
process, the following two biological characteristics of the heart will be used as important factors.

[0064] The first characteristic is that "moving the fastest (having the largest changes) are the valves, and the moving
direction of the valves is substantially parallel to the direction of the long axis". The second characteristic is that "the
ventricles are larger than the atria, and the size in the long axis direction is longer on the ventricular side".

[0065] On the basis of the first characteristic, such a site that extends parallel to one of the two axes (the primary axis
m1 and the secondary axis m2) obtained from the principal component analysis and that has a distribution of Var(x,y)
as a large lump is determined as the valves, and the direction of the axis thereof is determined as the short axis direction.
The reasons can be explained as follows: In the cardiac lumens such as the ventricles and the atria, levels of brightness
are lower in ultrasound images. As for the valve cusps having higher levels of brightness, when the valve cusps make
reciprocating movements in the long axis direction while opening and closing in the cardiac lumens, the time variance
values of the brightness levels in the region where the valve cusps pass become higher. Accordingly, a time variance
image is obtained as a belt-shaped distribution having the width thereof in the long axis direction. In that situation,
because the annulus part at the base to which the valve cusps are connected also moves parallel to the long axis
direction, the annulus part also forms, together with the valve cusps, the belt-shaped variance distribution.

[0066] Further, on the basis of the second characteristic, it is understood that the center position C(xg,yg) of the fetal
heart has a high possibility of eventually being determined as being shifted toward the ventricular side, with respect to
the total long axis including the ventricles and the atria. Larger time variance values are exhibited by the valve cusps,
the annulus part, and the myocardia of the ventricles and the myocardia of the atria that contract and expand, as explained
above. In relation to this, on the basis of the second characteristic, the length of the myocardia of the ventricles is longer
than the length of the myocardia of the atria. Because the reciprocating movements of the valve site exhibit no clear
asymmetry in the long axis direction, it is expected that the center of gravity of a high variance region corresponding to
the valve site is positioned at the center of the movement width (the width of the belt-shaped distribution). Accordingly,
the position of the center of gravity of the high variance region in the long axis direction has a higher possibility of being
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biased toward the ventricular side, as being dependent on the difference in size between a high variance region corre-
sponding to the myocardia of the ventricles and a high variance region corresponding to the myocardia of the atria.
[0067] The data processing function 180a according to the present embodiment is configured to distinguish between
the directions of the long axis and the short axis and to further determine the apical side on the long axis, by using the
characteristics explained above.

[0068] An example of a specific process performed by the data processing function 180a will be explained. FIG. 5 is
a drawing for explaining the example of the process performed by the data processing function 180a according to the
first embodiment. FIG. 5 illustrates an example in which the center position C(xg,yg), the primary axis m1, and the
secondary axis m2 of the fetal heart are superimposed on the high variance distribution image VH(x,y) 12. The high
variance distribution image VH(x,y) 12 illustrated in FIG. 5 is an image obtained when y = 1 is satisfied.

[0069] As illustrated in FIG. 5, with the high variance distribution image VH(x,y) 12, the data processing function 180a
sets four belt-shaped rectangular regions m1-1, m1-2, m2-1, and m2-2 interposing the center position C(xg,yg) of the
fetal heart, in the vicinity of the center position C(xg,yg). The regions m1-1 and m1-2 are two regions interposing the
center position C(xg,yg) while extending parallel to the primary axis m1. The regions m2-1 and m2-2 are two regions
interposing the center position C(xg,yg) while extending parallel to the secondary axis m2.

[0070] Further, from among the four belt-shaped rectangular regions m1-1, m1-2, m2-1, and m2-2, the data processing
function 180a extracts a region in which a sum of VH(x,y) values (i.e., a sum of image values of the time variance image)
is the largest, as a valve site. In this situation, a region that can be a region (a valve region) extracted as the valve site
includes the valve cusps and the annuli of both the mitral valve and the tricuspid valve, the sum of VH(x,y) values is
larger. In contrast, because the opposite region with respect to the center position C(xg,yg) of the fetal heart corresponds
to variances in the ventricular lumens having lower levels of brightness, the sum of VH(x,y) values is smaller. Further,
the two regions of which the longitudinal directions of the rectangles extend parallel to the long axis direction contain
the valve site having a high variance, only in the width region arranged to be smaller than the longitudinal direction.
Accordingly, the sum of the VH(x,y) values thereof is smaller than that of the valve region.

[0071] When the sizes (the dimensions) of the four belt-shaped regions (the valve site searching-purpose regions)
m1-1, m1-2, m2-1, and m2-2 that are used for searching for the valve site in this manner are not equal to one another,
the data processing function 180a may use an average value of VH(x,y) values for extracting the valve site. To set the
size of each of the belt-shaped valve site searching-purpose regions, the data processing function 180a uses, for the
longitudinal direction, the radius of the ellipse (the radius (R1*sqrt(c1)) of the ellipse corresponding to the primary axis
m1; or the radius (R2*sqrt(c2)) corresponding to the secondary axis m2; or an average radii of the two) or a predetermined
value indicating a number of centimeters expected as the size of the heart. Further, itis desirable when the data processing
function 180a uses, as the width, a number of millimeters as an expected value of the moving distance of the valve cusps.
[0072] In this situation, because the axial direction (the direction parallel to the longitudinal direction of the belt) of the
belt-shaped valve region extracted as the valve site corresponds to the short axis direction, the direction (the width
direction of the belt) perpendicular to the short axis is determined as the long axis direction. In other words, the data
processing function 180a determines the direction parallel to the longitudinal direction of the belt-shaped region extracted
as the valve site as the short axis direction and determines the direction perpendicular to the short axis direction as the
long axis direction. Further, on the basis of the second biological characteristic of the heart, the data processing function
180a determines the direction on the opposite side from the region determined to be the valve site with respect to the
center position C(xg,yg) of the fetal heart, as the apical side on the long axis, on the basis of the bias on the center of
gravity of the variance distribution.

[0073] In other words, the data processing function 180a is configured to set the plurality of regions m1-1, m1-2, m2-1,
and m2-2 extending parallel to the directions of the plurality of eigenvectors, respectively, and having a width, in the
surroundings of the center position C(xg,yg) of the fetal hearts. Further, from among the plurality of regions m1-1, m1-2,
m2-1, and m2-2, the data processing function 180a detects such a region of which either a sum or an average value of
the spatial variance values is the largest, as the region of the fetal heart valves. Further, as the size of the fetal heart,
the data processing function 180a determines the direction of an eigenvector parallel to the region of the fetal heart
valves to be the short axis of the fetal heart and determines the direction parallel to the width direction of the region of
the fetal heart valves to be the long axis of the fetal heart.

[0074] For example, as observed from the high variance distribution image VH(x,y) 12 and the four regions m1-1,
m1-2, m2-1, and m2-2 in FIG. 5, the center position C(xg,yg) of the fetal heart is actually shifted in the direction toward
the apex. It is visually recognizable that the VH(x,y) values included in the region m2-2 corresponding to the region
identified as the valve region from the high variance distribution image VH(x,y) 12 are larger than those included in any
one of the other regions m1-1, m1-2, and m2-1.

[0075] Accordingly, in the example illustrated in FIG. 5, the data processing function 180a determines the direction of
the secondary axis m2 to be the short axis direction and determines the direction of the primary axis m1 as the long axis
direction. Further, the data processing function 180a determines that the apex (the ventricular side) is on the opposite
side from the region m2-2 with respect to the center position C(xg,yg) of the fetal heart. In other words, the data processing
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function 180a determines the region on the opposite side from the region m2-2 with respect to the center position C(xg,
yg) of the fetal heart to be the region on the ventricular side and determines the region positioned on the region m2-2
side with respect to the center position C(xg,yg) to be the region on the atrial side. In this manner, the data processing
function 180a distinguishes the ventricular side and the atrial side on the long axis, on the basis of the center position
of the fetal heart and the position of the region of the fetal heart valves.

[0076] Further, on the high variance distribution image VH(x,y) 12, the data processing function 180a superimposes
a "+" symbol indicating the apical position on an extended line along the long axis direction. In this situation, as illustrated
in FIG. 5, it is desirable to define the apical position as a position along the long axis direction having a value slightly
larger (approximately 1.3 times larger) than the major radius (the radius of the ellipse on the long axis). This arrangement
is made for the purpose ofimproving the level of precision in estimating the apical position while taking itinto consideration
that the time variance values of the apical part are relatively small compared to those of the heart tissues in other sites,
because the speed of the myocardial movements (changes) of the apical part is lower.

[0077] The center position C(xg,yg), the apical position, the ventricular side region, the atrial side region, the long axis
(the long axis direction), and the short axis (the short axis direction) of the fetal heart each serve as at least one selected
from between: information about the size of the fetal heart; and information about the position and information about the
posture of the fetal heart. In this manner, the data processing function 180a estimates the information about the size of
the fetal heart, and the information about the position and the information about the posture of the fetal heart, on the
basis of the moving image data 10.

[0078] Further, on the basis of the distribution information of the tissue position of the fetal heart, the data processing
function 180a estimates the information about the size of the fetal heart and the information about the position and the
information about the posture of the fetal heart. Further, the data processing function 180a obtains position information
of the fetal heart rendered in the moving image data 10 by using the distribution information of the tissue position of the
fetal heart and further estimates the information about the size and the information about the posture of the fetal heart
rendered in the moving image data 10, on the basis of the position information of the fetal heart and a result of the
principal component analysis related to the distribution information of the tissue position.

[0079] Further, the data processing function 180a estimates the center of gravity of the two-dimensional distribution
information of the tissue position of the fetal heart, to be the center position of the fetal heart. The data processing
function 180a obtains the two eigenvalues and the two eigenvectors by performing the principal component analysis,
estimates the information about the size of the fetal heart on the basis of the two eigenvalues, and estimates the
information about the posture of the fetal heart on the basis of the two eigenvectors.

[0080] Further, the data processing function 180a specifies the region being a part of the fetal heart on the basis of
the moving image data 10. More specifically, the data processing function 180a specifies the region being a part of the
fetal heart on the basis of the variance image obtained from the moving image data 10. Even more specifically, the data
processing function 180a specifies the position of the valves from the variance image and specifies either the ventricles
or the atria as the region being a part of the fetal heart, by using the position of the valves.

[0081] Subsequently, within the region determined as the ventricular side region, the data processing function 180a
extracts such a site in which the brightness values I(x,y,t) in the two-dimensional moving image data 10 are relatively
small as the pixels in the ventricular lumens. In a specific example, as illustrated in FIG. 2, the data processing function
180a generates an average distribution Ave(x,y) by calculating a time average value in the direction of time t at each of
the points (x,y), with respect to the brightness values I(x,y,t) in the two-dimensional moving image data 10. FIG. 2
illustrates an average distribution image 13 indicating the average distribution Ave(x,y). After that, the data processing
function 180a extracts such a region in which the brightness values are smaller than a threshold value cAth defined by
Expression (10) presented below, as a region corresponding to the site in which the brightness values are relatively
small in the space.

CAth = mean(Ave(x, y)) — kc * sqrt(vari(Ave(x, y))) (10)

[0082] In Expression (10), mean(Ave(x,y)) denotes an average value (an average value of the average distribution
values Ave(x,y)) obtained by dividing a sum of the average distribution values Ave(x,y) calculated at all the points by
the total quantity of the points (x,y). Further, sqrt(vari(Ave(x,y))) denotes a standard deviation (a standard deviation of
the average distribution values Ave(x,y)) calculated as the positive square root of the variance of the average distribution
values Ave(x,y) calculated at all the points (x,y). The symbol "kc" denotes a coefficient having a value about 0.7. By
setting the threshold value cAth in the manner, the data processing function 180a extracts the region corresponding to
the site in which the brightness values are relatively small in the space, as illustrated in FIG. 2. FIG. 2 illustrates an
image 14 indicating the region corresponding to the site in which the brightness values are relatively small in the space.
[0083] Intheimage, examples of the site in which the brightness values are relatively small include, besides the cardiac
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lumens, amniotic fluid, large blood vessels, and locations where it is difficult for the echo to pass (acoustic shadows or
the like). Accordingly, by limiting the target of the process of extracting the region having brightness values smaller than
the threshold value cAth to the range of the region on the ventricular side estimates in the process described above, the
data processing function 180a is able to efficiently extract only the region in the ventricular lumens.

[0084] Further, the data processing function 180a calculates a total on-screen sum ("the number of extracted pix-
els"*ps?) of the pixels structuring the extracted region in the ventricular lumens, where ps = pixel size [mm]. In other
words, "the number of extracted pixels*ps2" indicates the area [mm?2] occupied by the pixels structuring the region in the
ventricular lumens. Further, the data processing function 180a obtains the abovementioned total on-screen sum of the
pixels as a ventricular lumen area VA(t) of the fetal heart. In this manner, the data processing function 180a obtains the
ventricular lumen area VA(t) as a temporal-change waveform S(t).

[0085] In this situation, in the waveform represented by the ventricular lumen area VA(t), a maximum value is exhibited
at end-diastole (ED) and a minimum value is exhibited at end-systole (ES). In other words, on the basis of the moving
image data 10, the data processing function 180a obtains the ventricular lumen area VA(t) as a reference waveform
that makes it possible to estimate fetal cardiac phases. The ventricular lumen area VA(t) is an example of the temporal-
change waveform of the ventricular lumen size of the fetal heart. Further, the data processing function 180a obtains the
ventricular lumen area VA(t) on the basis of the distribution information of the tissue position of the fetal heart. Further,
the data processing function 180a obtains the ventricular lumen area VA(t) on the basis of the information about the
size of the fetal heart and the information about the posture of the fetal heart.

[0086] For this reason, by detecting the point (a peak) exhibiting the maximum value in the waveform (the temporal-
change waveform) indicating the ventricular lumen area VA(t), the determining function 180b included in the data process-
ing circuit 180 determines a time t corresponding to the point exhibiting the maximum value as the cardiac phase
corresponding to end-diastole (ED). Further, by detecting the point (a peak) exhibiting the minimum value in the waveform
indicating the ventricular lumen area VA(t), the determining function 180b determines a time t corresponding to the point
exhibiting the minimum value as the cardiac phase corresponding to end-systole (ES).

[0087] In other words, the determining function 180b determines the fetal cardiac phases by determining the temporal
phase exhibiting the maximum value as end-diastole (ED) and determining the temporal phase exhibiting the minimum
value as end-systole, in the temporal-change waveform indicating the ventricular lumen area VA(t).

[0088] FIG. 6is achartillustrating examples of a waveform (a temporal-change waveform) 20 indicating the ventricular
lumen area VA(t), as well as temporal phases 21a corresponding to end-diastole (ED) and temporal phases 21b corre-
sponding to end-systole (ES) determined by the determining function 180b. In FIG. 6, the horizontal axis expresses time,
whereas the vertical axis expresses amplitude. In the example in FIG. 6, the amplitude of the waveform 20 indicating
the ventricular lumen area VA(t) is normalized.

[0089] In FIG. 6, among the plurality of temporal phases 21a corresponding to end-diastole (ED), the temporal phase
21a having a maximum amplitude value (waveform value) is marked at "+1.5", while the other temporal phases 21a are
marked at "+1.0". Similarly, among the plurality of temporal phases 21b corresponding to end-systole (ES), the temporal
phase 21b having a minimum amplitude value is marked at "-2.0", while the other temporal phases 21b are marked at
"-1.0".

[0090] By using the temporal phases 21a corresponding to end-diastole (ED), the executing function 180c¢ included
in the data processing circuit 180 defines a section (an ED-ED section; an end-diastolic phase interval) from one end-
diastole (ED) to the following end-diastole (ED) as a heartbeat period of one cardiac cycle and uses the defined heartbeat
period as an initial heartbeat in a time-defined span used in a two-dimensional speckle tracking process. For example,
the executing function 180c sets an R-R section by regarding the temporal phases 21a corresponding to end-diastole
as R-wave temporal phases and setting the ED-ED section. Alternatively, the executing function 180c may define a
section (an ES-ES section; an end-systolic phase interval) from one end-systole (ES) to the following end-systole (ES)
as a heartbeat period of one cardiac cycle. As the initial heartbeat, the executing function 180c is able to use any of the
following: the most recent heartbeat period; one of a plurality of heartbeat periods that is closest to an average; and a
heartbeat period including a maximum amplitude value (waveform value). Further, the executing function 180c perform
a wall movement analysis by performing a speckle tracking process on the two-dimensional moving image data 10, by
using predetermined information selected from among various types of information such as the heartbeat period, the
center position C(xg,yg) of the fetal heart, the long axis and the short axis of the fetal heart obtained by the data processing
function 180a. As a result of the wall movement analysis, an index such as GLS is obtained.

[0091] Further, the controlling circuit 190 causes the display device 103 to display the waveform indicating the ven-
tricular lumen area VA(t) as a reference waveform indicating the cardiac phases, in place of an ECG signal. Alternatively,
as illustrated in FIG. 6 explained above, it is also acceptable to cause the display device 103 to display at least one of
the temporal phases 21a corresponding to end-diastole (ED) and the temporal phases 21b corresponding to end-systole
(ES) together with the waveform indicating the ventricular lumen area VA(t).

[0092] Further, the information about the cardiac phases (the temporal phases 21a corresponding to end-diastole and
the temporal phases 21b corresponding to end-systole) obtained by the data processing function 180a may also be
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used for purposes other than speckle tracking processes. For example, by using the information about the cardiac
phases, the executing function 180c may calculate an average value or a variance (a standard deviation) value of a
plurality of heartbeat periods [sec] or heartrate values [bpm], as a basic characteristic of the fetal heart rendered in the
image. Further, the controlling circuit 190 may cause the display device 103 to display the average value or the variance
(the standard deviation) value of the plurality of heartbeat periods [sec] or heartrate values [bpm]. Further, the executing
function 180c may use the information about the cardiac phases obtained by the data processing function 180a, as
information about cardiac phases used in an application that obtains volume information such as end-diastolic volume
(EDV) [ml], end-systolic volume (ESV) [ml], or Ejection Fraction (EF) [%].

[0093] In relation to these, in actuality, the data processing function 180a performs a number of pre-processing proc-
esses before obtaining the ventricular lumen area VA(t). The pre-processing processes will be explained below.
[0094] The ventricular lumen area VA(t) includes clutter components CL(t) caused by respiratory movements of the
mother, pulsational movements of the mother, movements of the ultrasound probe 101, and movements of the fetus.
For this reason, the data processing function 180a estimates the clutter components CL(t) and eliminates the clutter
components CL(t) from the ventricular lumen area VA(t).

[0095] In a specific example, the data processing function 180a estimates a main frequency f0 (e.g., 2 Hz when 120
bpm) of the pulsation by performing a frequency analysis on the ventricular lumen area VA(t). Further, the data processing
function 180a obtains the clutter component CL(t) by convoluting the ventricular lumen area VA(t) with the time width of
Tc = 1/f0. Further, the data processing function 180a calculates VA’(t) = VA(t) - CL (t) by subtracting (a high-pass filtering
process) the clutter component CL(t) from the ventricular lumen area VA(t). This process is an example in which the
clutter component CL(t) is adaptively estimated and eliminated. As a result of eliminating the clutter component (t), only
the componentderived from the pulsation of the ventricles is extracted, which enables a positive/negative peak separation
and a zero-cross detection on the waveform to function.

[0096] Further, to eliminate variable noise, the data processing function 180a performs a low-pass filtering process
(a smoothing process) on either the ventricular lumen area VA(t) or the ventricular lumen area VA’(t) obtained by
eliminating the clutter component CL(t), so as to be able to perform the peak detection in a stable manner.

[0097] FIGS. 7 and 8 are charts for explaining advantageous effects of the pre-processing processes. FIG. 7 illustrates
examples of a waveform 25 indicated by the ventricular lumen area VA(t) before the low-passfiltering process, a waveform
26 indicated by the ventricular lumen area VA(t) after the low-pass filtering process, and a waveform 27 indicated by
the clutter component CL(t). Further, FIG. 8 illustrates an example of a waveform 28 indicated by the ventricular lumen
area VA'(t) obtained by eliminating the clutter component CL(t). The waveform 28 illustrated in FIG. 8 is substantially
equivalent (a waveform before the normalization of the amplitude) to the waveform 20 illustrated in FIG. 6 explained
earlier. When the process of eliminating the clutter component CL(t) and the low-pass filtering process described above
do not include a non-linear process, the ventricular lumen area VA’(t) that is eventually obtained will be the same
regardless of the order in which the processes are performed. FIG. 8 illustrates the waveform 28 obtained when the
process of eliminating the clutter component CL(t) is performed after the low-pass filtering process. In this manner, the
data processing function 180a is configured to reduce the clutter component CL(t) included in the ventricular lumen area
VA(t) and also to reduce the variable noise included in the ventricular lumen area VA(t).

[0098] Other examples of the process of adaptively estimating the clutter component CL(t) will be explained. For
instance, in place of the frequency analysis related to the ventricular lumen area VA(t), the data processing function
180a may perform the following processes: For example, the data processing function 180a obtains a waveform indicated
by a ventricular lumen area VA(t)_1 by setting at the beginning an initial heartrate BO (e.g., 120 bpm) in advance and
applying thereto Tc = 60 / BO and subsequently performs the process of detecting a peak (either a point exhibiting a
minimum value or a point exhibiting a maximum value) for the first time. After that, the data processing function 180a
estimates a cardiac cycle by calculating an average section Tm with respect to a plurality of ED-ED sections or a plurality
of ES-ES sections obtained as a result of the process of detecting the peak performed for the first time. After that, the
data processing function 180a obtains a waveform of a ventricular lumen area VA(t)_2 by applying Tc = Tm thereto,
performs the process of detecting a peak for the second time, and uses the result of the process of detecting the peak
performed for the second time and waveform information of the ventricular lumen area VA(t)_2.

[0099] In this manner, the data processing function 180a adaptively switches between the process of estimating the
cardiac phases from the temporal-change waveform indicating the ventricular lumen area VA(t) and the process of
obtaining the ventricular lumen area VA(t) on the basis of the cardiac phase.

[0100] Further, in accordance with the value of either Tc or f0, the data processing function 180a may adaptively
change a cut-off frequency fc of the low-pass filter. For example, the data processing function 180a may increase the
cut-off frequency fc in accordance with an average heartrate 60 / Tm. Alternatively, without performing the adaptive
process explained above, the data processing function 180a may directly use the result of the process of detecting the
peak performed for the firsttime using the heartrate BO and the waveform information of the ventricular lumen area VA(t)_1.
[0101] FIG. 9is a flowchart illustrating a flow in a process performed by the data processing function 180a according
to the first embodiment. As illustrated in FIG. 9, with respect to the brightness values I(x,y,t) in the moving image data
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10, the data processing function 180a calculates a time variance value that is a variance value in the direction of time t
at each of the points (x,y) and obtains a variance distribution Var(x,y) (step S101).

[0102] Further, by using Expression (1) presented above, the data processing function 180a extracts the high variance
distribution image VH(x,y) 12 as a heart region (step S102). After that, by using Expression (6) to (8) presented above,
the data processing function 180a calculates the spatial variance values vx and vy and the spatial covariance value vxy
and further generates the variance-covariance matrix A2 by using Expression (9) presented above (step S103).
[0103] After that, by performing the principal component analysis using the variance-covariance matrix A2, the data
processing function 180a obtains the directions of the primary axis m1 and the secondary axis m2 (the eigenvectors
corresponding to the two eigenvalues i) and variance values o1 and c2 (two eigenvalues) on the axes (step S104).
After that, on the basis of the directions of the primary axis m1 and the secondary axis m2 and the variance values o1
and 62, the data processing function 180a determines the long axis and the short axis of the fetal heart and the apical
side on the long axis (step S105). Further, by using the determined results, the data processing function 180a obtains
a ventricular lumen area VA(t) (step S106) and ends the process.

[0104] The ultrasound diagnosis apparatus 1 according to the first embodiment has thus been explained. In the first
embodiment, the reference waveform (the temporal-change waveform S(t)) that makes it possible to recognize the
cardiac phases of the fetus is obtained. Further, from the reference waveform, the cardiac phases of the fetus such as
the cardiac phase of end-diastole (ED) and the cardiac phase of end-systole (ES) are automatically obtained. Further,
the information about the position, the information about the size, and the information about the posture of the fetal heart
are also obtained. As a result, in the application of the speckle tracking process or the like, it is possible to automatically
set the time-defined span. It is therefore possible to simplify the operation and to shorten the processing time period.
Further, it is possible to adaptively use the information about the position and the information about the posture of the
fetal heart that were obtained, as the pre-processing processes for various types of automatic processes, as underlying
technology used for extracting (by segmentation) the position of the fetal heart rendered in an image. It is possible to
realize improved performance of the automatic processes by shortening the processing time period and improving the
level of precision of the processes. Consequently, by using the ultrasound diagnosis apparatus 1 according to the first
embodiment, it is possible to obtain the information useful for evaluating the cardiac functions of fetuses.

First Modification Example of First Embodiment

[0105] In the first embodiment, the example was explained in which the data processing function 180a obtains the
ventricular lumen area VA(t) as the temporal-change waveform that makes it possible to recognize the cardiac phases
of the fetal heart. However, the data processing function 180a may obtain other temporal-change waveforms that make
it possible to recognize the cardiac phases of the fetal heart. Thus, this modification example will be explained below
as a first modification example of the first embodiment.

[0106] FIG. 10 is a drawing for explaining an example of a process performed by the data processing function 180a
according to the first modification example. For instance, as illustrated in FIG. 10, similarly to the first embodiment, the
data processing function 180a according to the first modification example specifies the center position C(xg,yg) of the
fetal heart, and determines the short axis and the long axis of the fetal heart, as well as the region on the ventricular
side and the region no the atrial side of the fetal heart.

[0107] After that, the data processing function 180a extracts, as a ventricular tissue, either a site in which brightness
values are relatively large within the region determined to be the ventricular side region or a site extracted as points
having high variance values in the high variance distribution image VH(x,y) within the region determined to be the
ventricular side region. FIG. 10 illustrates an example in which a site extracted as points having high variance values in
the high variance distribution image VH(x,y) within the region determined to be the ventricular side region is extracted
as a ventricular tissue. The present example utilizes the notion that it is possible to efficiently extract a tissue site of the
heart by using the high variance distribution image VH(x,y).

[0108] Further, the data processing function 180a specifies a plurality of points p(x,y) in the extracted ventricular tissue.
After that, the data processing function 180a calculates a motion vector Vp(t) as illustrated in FIG. 10, by performing a
two-dimensional pattern matching process between the frames (1/framerate [sec]) on the plurality of points p(x,y) struc-
turing the ventricular tissue site in the two-dimensional moving image data 10. Subsequently, with respect to each of
the points (x,y), the data processing function 180a calculates a projection velocity component aVp(t) [cm/sec] in the
direction toward the apical position, as illustrated in FIG. 10. For example, for each of the points p(x,y), the data processing
function 180a calculates an inner product of a unit direction vector np connecting the position of the point p(x,y) to the
apical position and the motion vector Vp(t), as the projection velocity component aVp(t).

[0109] After that, the data processing function 180a calculates an average value of the projection velocity components
aVp(t) of all the points p(x,y) in an effective tissue site, as an average myocardial velocity VV(t) [cm/sec]. In this manner,
the data processing function 180a obtains the average myocardial velocity VV(t) as a temporal-change waveform S(t).
In other words, the data processing function 180a obtains the temporal-change waveform of the myocardial velocity
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component in the direction toward the apex of the fetal heart, as a reference waveform.

[0110] With reference to FIG. 10, the example was explained in which the data processing function 180a extracts the
site extracted as the points having high variance values in the high variance distribution image VH(x,y) as the ventricular
tissue. Next, an example will be explained in which the data processing function 180a extracts a site in which the
brightness values are relatively large as a ventricular tissue.

[0111] For example, by using mean(Ave(x,y)) indicating a spatial average value of average brightness values as
explained above and sqrt(vari(Ave(x,y)) indicating a spatial standard deviation value as explained above, the data
processing function 180a extracts a region exceeding a threshold value mAth defined by Expression (11) presented
below, as a tissue site of the heart.

mAth = mean(Ave(x, y)) + km * sqrt(vari(Ave(x, y))) (11)

[0112] In Expression (11), the symbol "km" is a coefficient having a value about 0.3.

[0113] Inimages, besides the ventricular part, there are other sites where the time variance values of the brightness
values are larger and time average values are larger. However, the data processing function 180a limits the target of
the process of extracting the region exceeding the threshold value mAth, to the inside of the range of the region determined
to be the ventricular side region. It is therefore possible to efficiently extract only the ventricular tissue.

[0114] FIG. 11 is a chart for explaining an example of a process performed by the determining function 180b according
to the first modification example. In this situation, in the waveform indicating the average myocardial velocity VV(t), a
maximum value is exhibited in systole, whereas a minimum value is exhibited in diastole. For this reason, as illustrated
in FIG. 11, the determining function 180b according to the first modification example detects a point (a peak) 31 exhibiting
a maximum value from a waveform 30 indicating the average myocardial velocity VV(t) and determines a time t corre-
sponding to a point 32 which is earlier than the detected point 31 and at which the myocardial velocity component
becomes equal to zero, as a cardiac phase of end-diastole (ED). Further, in the waveform 30, the determining function
180b determines a time t corresponding to a point 33 which is later than the point 31 and at which the myocardial velocity
component becomes equal to zero, as a cardiac phase of end-systole (ES). In this manner, by detecting the zero-cross
points of the waveform 30, the determining function 180b determines the cardiac phases of the fetal heart.

[0115] In other words, the determining function 180b determines the fetal cardiac phases by determining the temporal
phase that is earlier than the point 31 exhibiting the maximum value in the temporal-change waveform indicating the
average myocardial velocity VV(t) and in which the myocardial velocity component becomes equal to zero in the temporal-
change waveform as end-diastole (ED); and determining the temporal phase that is later than the point 31 and in which
the myocardial velocity component becomes equal to zero in the temporal-change waveform as end-systole (ES).
[0116] When obtaining the average myocardial velocity VV(t), the data processing function 180a performs the afore-
mentioned process of eliminating the clutter component CL(t) from the average myocardial velocity VV(t), to enable the
aforementioned process of detecting the zero-cross points of the temporal-change waveform 30 to function. Further, to
detect the peak in a stable manner, it is desirable to configure the data processing function 180a to perform a smoothing
process on the average myocardial velocity VV(t) together with the process of eliminating the clutter component CL(t).
[0117] By using the apical view assumed to be an A4C view, the example of applying thereto the process of obtaining
the ventricular lumen area VA(t) was explained in the first embodiment and the example of applying thereto the process
of obtaining the average myocardial velocity VV(t) was explained in the first modification example. However, it is also
acceptable to apply the process of obtaining the ventricular lumen area VA(t) and the process of obtaining the average
myocardial velocity VV(t) to any other apical view (e.g., an A3C view or an A2C view).

[0118] In contrast, when a short axis view is used, because it is possible to assume that the information is derived
only from the ventricles, the data processing function 180a may calculate a ventricular lumen area VA(t) by using the
entire region of the ellipse. Further, when a short axis view is used, with respect to each of the points p(x,y), the data
processing function 180a may calculate a projection velocity component cVp(t) toward the center position C(xg,yg) of
the fetal heart and calculate an average of the projection velocity component values cVp(t) with respect to all the points
p(x,y) in an effective tissue site as an average myocardial velocity VV(t) [cm/sec]. In other words, as a reference waveform,
the data processing function 180a may obtain a temporal-change waveform of the myocardial velocity component in the
direction toward the ventricular contraction center of the fetal heart.

Second Modification Example of First Embodiment
[0119] The principles used for determining the cardiac phases are different between the cardiac phase determining

method (a first determining method) used by the determining function 180b according to the first embodiment and the
cardiac phase determining method (a second determining method) used by the determining function 180b according to
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the first modification example. Further, the determining function 180b according to the first embodiment is configured to
determine the cardiac phases by using the ventricular lumen area VA(t). In contrast, the determining function 180b
according to the first modification example is configured to determine the cardiac phases by using the average myocardial
velocity VV(t). Thus, the determining function 180b according to the first embodiment and the determining function 180b
according to the first modification example determine the cardiac phases by using the physical quantities that have
mutually-different independent meanings.

[0120] Accordingly, by using, in combination, the cardiac phases obtained from the two methods, the determining
function 180b is able to estimate the cardiac phases (determine the cardiac phases) in a more robust manner. This
modification example will be explained as a second modification example of the first embodiment.

[0121] More specifically, it is considered that the same temporal phases (systole/diastole) are successfully detected,
when a difference 5 between corresponding cardiac phases is sufficiently small with respect to the ED-ED section (or
the ES-ES section), the corresponding cardiac phases being the cardiac phase of end-diastole (ED) and the cardiac
phase of end-systole (ES) obtained by using the first determining method; and the cardiac phase of end-diastole (ED)
and the cardiac phase of end-systole (ES) obtained by using the second determining method. For this reason, the
determining function 180b according to the second modification example is configured to estimate an eventual cardiac
phase of end-diastole (ED) or an eventual cardiac phase of end-systole (ES), by averaging the results of the cardiac
phases obtained by using the first determining method and the cardiac phases obtained by using the second determining
method, and the level of precision is thus expected to be improved. In the present example, the situation where the
difference & is sufficiently small with respect to the ED-ED section (or the ES-ES section) is, for example, a situation in
which the value obtained by dividing the difference & by the ED-ED section (or the ES-ES section) is equal to or smaller
than a predetermined threshold value.

[0122] In other words, the determining function 180b determines the cardiac phases by using a third cardiac phase
obtained by combining together a first cardiac phase obtained from the temporal-change waveform indicating the ven-
tricular lumen area VA(t) and a second cardiac phase indicating the average myocardial velocity VV(t).

[0123] In contrast, when the difference § is approximately the same with respect to the ED-ED section (or the ES-ES
section), itis considered that the cardiac phase obtained from one of the first and the second determining methods may
be incorrect. For this reason, the determining function 180b according to the second modification example may select
the cardiac phase obtained by using one of the determining methods designated in advance in an initial setting as an
eventual cardiac phase. In the present example, the situation where the difference & is approximately the same with
respect to the ED-ED section (or the ES-ES section) is, for example, a situation where the value obtained by dividing
the difference & by the ED-ED section (or the ES-ES section) is within a range from (1- €) to (1+ ¢) inclusive, where { is
a predetermined coefficient.

[0124] Further, the determining function 180b may define a reliability index QA indicating a reliability for the ventricular
lumen area VA(t) and may define a reliability index QV for the average myocardial velocity VV(t). In that situation, from
between two signal-change waveforms S(t) of the ventricular lumen area VA(t) and the average myocardial velocity
VV(t), the determining function 180b may select one signal-change waveform S(t) having the higher reliability, so as to
select the cardiac phases obtained from the selected signal-change waveform S(t). In this situation, when the ventricular
lumen area VA(t) is selected, the cardiac phases are obtained by using the first determining method. When the average
myocardial velocity VV(t) is selected, the cardiac phases are obtained by using the second determining method.
[0125] An example of a method for defining the reliability indices QA and QV will be explained. For example, the
determining function 180b calculates a variance VQC in the time direction, with respect to the temporal waveforms of
the ventricular lumen area VA(t) and the average myocardial velocity VV(t). Further, while assuming that the waveform
having a smaller variance value VQC is more steady, the determining function 180b may define the reliability indices
QA and QV in such a manner that the smaller the variance value VQC is, the higher is the reliability indicated by the
reliability indices QA and QV.

[0126] Further, in another example, the determining function 180b may calculate a variance value VQT with respect
to a plurality of ED-ED sections (or a plurality of ES-ES sections) on the basis of the determined cardiac phase of end-
diastole (ED) or the determined cardiac phase of end-systole (ES). Further, assuming that a smaller variance value VQT
signifies more stable peak detection, the determining function 180b may define the reliability indices QA and QV in such
a manner that the smaller the variance value VQT is, the higher is the reliability indicated by the reliability indices QA
and QV).

[0127] These methods will effectively function when the fetal heartbeat periods are constant. Except for situations with
special diseases, it is expected to have heartbeat periods that are constant to a certain extent, during a relatively short
acquisition period of approximately five to six heartbeats.

Third Modification Example of First Embodiment

[0128] Inthe firstembodiment, the example was explained in which the data processing circuit 180 limits the ventricular
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region within the region of the heart and further determines the cardiac phases by performing the various types of
processes on the limited ventricular region. However, it is also acceptable to configure the data processing circuit 180
so as to limit an atrial region within the region of the heart and to determine cardiac phases by performing various types
of processes on the limited atrial region. Thus, this modification example will be explained as a third modification example
of the first embodiment.

[0129] In this situation, on the basis of the second characteristic of the two biological characteristics of the heart
explained above, the data processing function 180a determines a region positioned on the same side as the valve site
with respect to the center position C(xg,yg) of the fetal heart, as the region on the atrial side on the long axis.

[0130] After that, by using the position of the atrial blood flow entrance part in place of the apical position, the data
processing function 180a obtains an atrial lumen area AA(t) in place of the ventricular lumen area VA(t), as a temporal-
change waveform S(t), by using the same method as explained in the first embodiment. In this situation, the data
processing function 180a obtains the position of the atrial blood flow entrance part, on the basis of the information about
the position, the information about the size, and the information about the posture of the fetal heart.

[0131] Further, by using either the position of the atrial blood flow entrance part or the position of the atrial contraction
center in place of the apical position, the data processing function 180a obtains an average velocity AV(t) of the atrial
tissue in place of the average myocardial velocity VV(t), as a temporal-change waveform S(t), by using the same method
as explained in the first modification example of the first embodiment. In other words, as a reference waveform, the data
processing function 180a is configured to obtain a temporal-change waveform of the myocardial velocity component in
the direction toward either the atrial blood flow entrance part or the atrial contraction center of the fetal heart.

[0132] Also when obtaining the atrial lumen area AA(t) and the average velocity AV(t) of the atrial tissue, it is desirable
to configure the data processing function 180a to perform the process of eliminating the clutter component CL(Tt) and
the smoothing process on the atrial lumen area AA(t) and the average velocity AV(t) of the atrial tissue, by using the
same methods as described above.

[0133] As for the cardiac phases of the ventricles and the atria, because systole and diastole are inverted, the deter-
mination of the cardiac phase of end-diastole (ED) and the cardiac phase of end-systole (ES) while using the atria as a
target region is opposite of the determination using the ventricles as a target region. Accordingly, in the waveform
indicating the atrial lumen area AA(t), a minimum value is exhibited in end-diastole (ED), and a maximum value is
exhibited in end-systole (ES). In other words, on the basis of the moving image data 10, the data processing function
180a obtains the atrial lumen area AA(t) as a reference waveform that makes it possible to estimate the fetal cardiac
phases. The atrial lumen area AA(t) is an example of the temporal-change waveform of the atrial lumen size of the fetal
heart.

[0134] Accordingly, by detecting a point (a peak) exhibiting the minimum value in the waveform indicating the atrial
lumen area AA(t), the determining function 180b according to the third embodiment determines a time t corresponding
to the point exhibiting the minimum value as a cardiac phase corresponding to end-diastole (ED). Further, by detecting
a point (a peak) exhibiting the maximum value in the waveform indicating the atrial lumen area AA(t), the determining
function 180b determines a time t corresponding to the point exhibiting the maximum value as a cardiac phase corre-
sponding to end-systole (ES). In other words, the determining function 180b determining the fetal cardiac phases by
determining the temporal phase exhibiting the minimum value as end-diastole (ED) and determining the temporal phase
exhibiting the maximum value as end-systole (ES)in the temporal-change waveform indicating the atrial lumen area AA(t).
[0135] Inthe waveform indicating the average velocity AV(t) of the atrial tissue, a minimum value is exhibited in systole,
and a maximum value is exhibited in diastole. For this reason, the determining function 180b according to the third
modification example detects a point (a peak) exhibiting the minimum value in the waveform indicating the average
velocity AV(t) of the atrial tissue and determines a time t that is earlier than the detected point and corresponding to the
very first point at which the myocardial velocity component becomes equal to zero, as a cardiac phase corresponding
to end-diastole (ED). Further, in the waveform indicating the average velocity AV(t) of the atrial tissue, the determining
function 180b determines a time tthat is later than the detected point and corresponding to a point at which the myocardial
velocity component becomes equal to zero, as a cardiac phase corresponding to end-systole (ES).

[0136] Inotherwords, the determining function 180b is configured to determine the fetal cardiac phases, by determining
the temporal phase that is earlier than the point exhibiting the minimum value in the temporal-change waveform indicating
the average velocity AV(t) of the atrial tissue and in which the myocardial velocity component becomes equal to zero in
the temporal-change waveform as end-diastole (ED) and determining the temporal phase that is later than the point and
in which the myocardial velocity componentbecomes equal to zero in the temporal-change waveform as end-systole (ES).

Fourth Modification Example of First Embodiment
[0137] The data processing function 180a may obtain a temporal-change waveform S(t) derived from the ventricles

and a temporal-change waveform S(t) derived from the atria at the same time. Thus, this modification example will be
explained as a fourth modification example of the first embodiment.
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[0138] When the center position of the heart and the directions of the long axis and the short axis that were estimated
are sufficiently accurate, the temporal phases of the temporal-change waveform S(t) derived from the ventricles and the
temporal phases of the temporal-change waveform S(t) derived from the atria are inverted. For this reason, the data
processing function 180a may generate a combined temporal-change waveform by inverting the sign of one of the
temporal-change waveforms S(t) and adding (combining) together the two temporal-change waveforms S(t). Further,
the data processing function 180a may determine the cardiac phase of end-diastole (ED) and the cardiac phase of end-
systole (ES), by using the combined temporal-change waveform.

[0139] Because images have restrictions about the angle of view and artifacts such as acoustic shadows, the entire
region of the ventricular region or the atrial region may not necessarily be rendered in an image with quality having a
sufficiently high Signal-to-Noise (S/N) ratio, in some situations. In those situations, it is expected to be able to enhance
robustness when the temporal phases are determined by using the combined temporal-change waveform, compared
to when the temporal phases are determined on the basis of the waveform of the ventricular or atrial region alone.
[0140] Alternatively, in those situations, instead of using the combined temporal-change waveform, the determining
function 180b may estimate an average of an already-determined cardiac phase of end-diastole (ED) derived from the
ventricles and an already-determined cardiac phase of end-diastole (ED) derived from the atria, as an eventual cardiac
phase of end-diastole (ED). Similarly, instead of using the combined temporal-change waveform, the determining function
180b may estimate an average of an already-determined cardiac phase of end-systole (ES) derived from the ventricles
and an already-determined cardiac phase of end-systole (ES) derived from the atria, as an eventual cardiac phase of
end-systole (ES). It is expected to be able to enhance robustness, similarly, by using the eventual cardiac phase of end-
diastole (ED) and the eventual cardiac phase of end-systole (ES) obtained in this manner.

[0141] When combining the two temporal-change waveforms together in this manner, the determining function 180b
is able to determine the cardiac phases by using the same methods as the cardiac phase determining method using the
difference & between the cardiac phases or the cardiac phase determining method using the reliability indices, as
explained in the second modification example of the first embodiment.

[0142] For example, the determining function 180b may determine the cardiac phases by using a sixth cardiac phase
obtained by combining a fourth cardiac phase obtained from the temporal-change waveform indicating the atrial lumen
area AA(t) with a fifth cardiac phase indicating the average velocity AV(t) of the atrial tissue.

Fifth Modification Example of First Embodiment

[0143] Next, the ultrasound diagnosis apparatus 1 according to a fifth modification example of the first embodiment
will be explained. To further enhance robustness in the temporal phase determining process, the determining function
180b according to the fifth modification example may perform processes described below.

[0144] Forexample, as explained in the second modification example of the first embodiment, the determining function
180b determines cardiac phases derived from the ventricles, by combining together the first determining method and
the second determining method. Similarly, the determining function 180b determines temporal phases derived from the
atria by combining together the first determining method and the second determining method. After that, the determining
function 180b may estimate eventual cardiac phases by using the cardiac phases derived from the ventricles and the
cardiac phases derived from the atria, by implementing the same method as explained in the second modification
example of the first embodiment. For example, the determining function 180b may estimate an average of the cardiac
phases derived from the ventricles and the cardiac phases derived from the atria, as the eventual cardiac phases.
[0145] For the same purpose, while using two temporal-change waveforms, namely the temporal-change waveform
derived from the ventricles and the temporal-change waveform derived from the atria obtained by implementing the first
determining method, the determining function 180b may generate a first combined temporal-change waveform by in-
verting the sign of one of the two temporal-change waveforms and further adding (combining) together the two temporal-
change waveforms. Similarly, while using two temporal-change waveforms, namely the temporal-change waveform
derived from the ventricles and the temporal-change waveform derived from the atria obtained by implementing the
second determining method, the determining function 180b may generate a second combined temporal-change waveform
by inverting the sign of one of the two temporal-change waveforms and further adding (combining) together the two
temporal-change waveforms. After that, the determining function 180b may determine the cardiac phases by using the
first combined temporal-change waveform and the second combined temporal-change waveform, while implementing
the same method as explained in the second modification example of the first embodiment.

Sixth Modification Example of First Embodiment
[0146] Next, the ultrasound diagnosis apparatus 1 according to a sixth modification example of the first embodiment

will be explained. In the sixth modification example, various types of display control will be explained. For example, from
the information about the position, the information about the size, and the information about the posture of the fetal heart,
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the data processing function 180a obtains the position of the atrial blood flow entrance part. Further, the controlling
circuit 190 superimposes information (e.g., a marker) indicating the position of the atrial blood flow entrance part onto
an image and further causes the display device 103 to display the image in which the information indicating the position
of the blood flow entrance part has been superimposed.

[0147] In this situation, the controlling circuit 190 may cause the display device 103 to display at least one selected
from among: the information about the position, the information about the size, and the information about the posture;
the information indicating the apical position (e.g., the "+" symbol explained above); and the information indicating the
position of the blood flow entrance part.

[0148] Further, the data processing function 180a may calculate an average section of a plurality of estimated ED-ED
sections as a heartbeat period of one cardiac cycle. Similarly, the data processing function 180a may calculate an
average section of a plurality of estimated ES-ES sections as a heartbeat period of one cardiac cycle. Further, when an
ED-ED section is considered to be one cardiac cycle, the data processing function 180a may calculate a value of
fluctuation in the cardiac cycles on the basis of a plurality of estimated ED-ED sections. Similarly, when an ES-ES section
is considered to be one cardiac cycle, the data processing function 180a may calculate a value of fluctuation in the
cardiac cycles on the basis of a plurality of estimated ES-ES sections.

[0149] Further, the controlling circuit 190 may cause the display device 103 to display at least one selected from
among: the average section of the plurality of ED-ED sections, the average section of the plurality of ES-ES sections,
the value of fluctuation in the cardiac cycles calculated from the plurality of ED-ED sections, and the value of fluctuation
in the cardiac cycles calculated from the plurality of ES-ES sections. In other words, the controlling circuit 190 may cause
the display device 103 to display the value of the average cardiac cycle or the value of fluctuation in the cardiac cycles
obtained from the plurality of ED-ED sections or the plurality of ES-ES sections that were estimated.

[0150] Further, the controlling circuit 190 may cause the display device 103 to display at least one selected from
between the temporal phase of end-diastole (ED) and the temporal phase of end-systole (ES) that were estimated,
together with the temporal-change waveform S(t).

Second Embodiment

[0151] In the first embodiment, the example was explained in which the two-dimensional moving image data 10 is
acquired, so that the data processing circuit 180 performs the various types of processes on the acquired two-dimensional
moving image data 10. In other words, in the first embodiment, the example was explained in which the data processed
by the data processing circuit 180 is the two-dimensional moving image data 10. However, another arrangement is also
acceptable in which three-dimensional moving image data is acquired so that the data processing circuit 180 performs
various types of processes on the three-dimensional moving image data. Thus, this embodiment will be explained as a
second embodiment.

[0152] In the second embodiment, for example, a radio frequency 2D array probe is used as the ultrasound probe
101. Further, in the second embodiment, three-dimensional moving image data is acquired while an apical four-chamber
view of a fetus is rendered as a reference cross-sectional plane. More specifically, the three-dimensional moving image
data rendering the A4C view is acquired by the ultrasound probe 101, the reception circuit 120, the B-mode processing
circuit 130, and the image generating circuit 150. Further, although it is possible to perform a full 4D scan that uses ECG
synchronization on the hearts of adults, a sequential live 4D scan is used for fetal hearts because there is no ECG signal.
It should be noted, however, that itis possible to raise the framerate by decreasing the angle-of-view of the scan, because
fetal hearts are small in size. The angle of view is set to the smallest minimum that is able to cover the fetal heart while
an apical four-chamber view is being rendered as a reference cross-sectional plane. The three-dimensional moving
image data to be used is configured with a framerate (preferably, approximately 100 fps) that is sufficiently high to enable
an analysis on motion components of myocardia involved in fast heartbeats of fetuses exceeding 120 bpm, by imple-
menting a three-dimensional speckle tracking scheme. It is desirable to set the acquisition time period of the three-
dimensional moving image data to approximately 2 seconds, which includes five to six heartbeats.

[0153] In the second embodiment, the processes performed two-dimensionally in the first embodiment are simply
expanded to three-dimensional processes. For this reason, processes similar to those performed in the first embodiment
are also performed in the second embodiment. However, because the dimension of space is higher by one, differences
in the processing definition and differences in the outputs caused by the different dimension will be explained below.
[0154] In the second embodiment, because the data to be processed by the data processing circuit 180 is the three-
dimensional moving image data, the points are each expressed as p(x,y,z) in the second embodiment, in contrast to the
points each being expressed as p(x,y) in the first embodiment. Similarly, because the dimension of z is added to all the
coordinate values, brightness values are expressed as I(x,y,z,t), a variance distribution is expressed as Var(x,y,z), a
high variance distribution image is expressed as VH(x,y,z) (where y = 1 or y = Var(x,y,z)), and an average distribution
is expressed as Ave(x,y,z). Further, in the second embodiment, the mathematical function "vari" designed to outputs
variance values outputs variance values by performing various types of calculations on three-dimensional data of x,y,

20



10

15

20

25

30

35

40

45

50

55

EP 3 571 999 A1
z. Similarly, the mathematical function "mean" designed to output average values outputs average values by performing
various types of calculations on three-dimensional data of x,y,z.
[0155] Further, in the second embodiment, by using Expressions (12), (13), and (14) presented below, the data

processing function 180a calculates center-of-gravity values xg, yg, and zg of x, y, and z within the high variance
distribution image VH(x,y,z), so as to obtain a center position C(xg,yg,zg) of the fetal heart.

Xg = Z_xz_yz_z(x*VH(x,y,z))/Z_xZ_yZ_z(VH(x,y,z))
(12)

vg =2 x> yr zv*vaxy 2)X xX yvX 2AvHX vy, 2)
(13)

zg = Z_XZ_yZ_Z(Z*VH(X,y,z))/Z_XZ_yZ_Z(VH(X,y,Z))
(14)

[0156] In Expressions (12), (13), and (14), >_x denotes a sum along the x-direction, whereas >,y denotes a sum
along the y-direction, while },_z denotes a sum along the z-direction.

[0157] Further, a variance-covariance matrix used in the principal component analysis is a matrix A3 expressed by
Expression (15) presented below.

VX VXY VXZ
A3 = |vXy Vy VyZ

VXZ VyZ vz ( 15 )

[0158] Inthis situation, by using Expressions (16) to (21) presented below, the data processing function 180a generates
the variance-covariance matrix A3 by calculating spatial variance values vx, vy, and vz and spatial covariance values
vxy, vxz, and vyz with respect to VH(x,y,z), which are the elements of the variance-covariance matrix A3. In the second
embodiment, because the z coordinate is additional in comparison to the first embodiment, the spatial variance value
vz and the spatial covariance values vxz and vyz are additionally used.

VX = Z_xZ_yZ_z((x—xg)*VHx,y, /Z XZ_yZ_Z(VH(X:Y/Z))Z

vy =X _xYX_yX_Aly-yg)sVHlx y, 2f/Z_xX_yX_zvH(x y, 2))

vz = Z_xz_yz_z((z—zg)*VHx,y, /Z xZ_yZ_z(VH(x,y,z)Y

VXY=, X2 ¥y X Z((X—Xg) * (y—yg) * VH(x, v, z )/Z x2 yX Z(VH(X, Vi Z) )2
(19)
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vxZ=), X2 Yy X z((x—xg) # (z—zg) % VH x, v,z )/Z x2 yX Z(VH(X, v, z) )2
(20)

vyz:Z_XZ_yZ_Z((y—yg)*(—Zg)*VHx,y, )/Z x2 yX Z(VH(x,y,z))2
(21)

[0159] By performing the principal component analysis that uses the variance-covariance matrix A3, the data process-
ing function 180a estimates the size of the heart (The radius of an ellipse: Ri*sqrt(ci); i = 1, 2, 3, where Ri is preferably
approximately 1.5 to 2.0), by calculating three directions of three axes (main component axes) m1, m2, and m3 (eigen-
vectors corresponding to three eigenvalues ci) and variance values 61, 62, and o3 (the three eigenvalues) on the axes.
As the principal component analysis, the data processing function 180a either defines a 33 matrix by using a Jacobi
method or solves a characteristic equation (which is a cubic equation when three-dimensional moving image data is
handled).

[0160] In the present embodiment, the data processing function 180a estimates the center of gravity of three-dimen-
sional distribution information of a tissue position of the fetal heart, as the center position of the fetal heart. Further, by
performing the principal component analysis, the data processing function 180a obtains the three eigenvalues and the
three eigenvectors, estimates information about the size of the fetal heart on the basis of the eigenvalues, and estimates
information about the posture of the fetal heart on the basis of the three eigenvectors.

[0161] Because the heart tissue is used as the target, the long axis has the higher possibility of being the primary axis
of the high variance distribution image VH(x,y,z), similarly to the example in which the two-dimensional processes are
performed. However, in the present embodiment where the three-dimensional processes are performed, there is one
additional axis for the short axis direction. The reasons can be explained as follows: When a A4C view is selected as
the reference cross-sectional plane, the A4C view corresponds to the direction of a cross-sectional plane rotated by 90
degrees while using the long axis as the rotation axis and is clinically in a substantially A2C position close to an apical
two-chamber (A2C) view (strictly speaking, an intermediate position between an A2C view and an apical three-chamber
[A3C] view). In actually, although the two directions of the minor axes obtained from the principal component analysis
of the variance-covariance matrix A3 are spatially orthogonal to each other, the two directions do not necessarily coincide
with the position of an A4C view, an A2C view, or an A3C view, each of which has clinical significance. However, as
explained in the first embodiment, because the variance values of the VH(x,y,z) are the largest at the valve cusps and
the annulus part, it is expected that the first axis of the minor axes has the highest possibility of being in the position of
an A4C view, which is the direction of a cross-sectional plane rendering both the mitral valve and tricuspid valve.
[0162] FIG. 12is a drawing for explaining an example of a positional relationship between a mitral valve 41, a tricuspid
valve 42, an aortic valve 43, and a pulmonary valve 44 and cross-sectional planes of an A2C view, an A3C view, and
an A4C view. As illustrated in FIG. 12, the cross-sectional plane of the A4C view is a cross-sectional plane including
both the mitral valve 41 and the tricuspid valve 42 that are in larger sizes than the sizes (the diameters of the annuli) of
the arterial valves (the aortic valve 43 and the pulmonary valve 44). For this reason, as explained above, the first axis
of the minor axes is expected to have a high possibility of being in the position of an A4C view corresponding to the
direction of the cross-sectional plane including both the mitral valve 41 and the tricuspid valve 42, because primary
moving regions (corresponding to high variance regions) of the valve cusps and the annuli extending parallel to the long
axis are relatively large in the space. The arterial valves have the same opening/closing timing as each other, but the
sizes of the arterial valves are relatively small. Further, because the direction of the blood vessel faced by the aortic
valve 43 is different from the direction of the blood vessel face by the pulmonary valve 44, the aortic valve 43 and the
pulmonary valve 44 are not on the same plane as each other.

[0163] In contrast, the mitral valve 41 and the tricuspid valve 42 are on the same plane as each other and also open
and close in mutually the same temporal phases. This is another reason why the A4C view is more likely to correspond
to the first axis of the minor axes. In this situation, as illustrated in FIG. 12, although the mitral valve 41 and the aortic
valve 43 are in the position of an A3C view, because these valves are not on the same plane (not in an equal distance
from the apex) and because the sizes thereof are different from each other, the possibility of being detected as the
primary axis of the minor axes is lower than that in the A4C view.

[0164] Consequently, the directions of the axes m1, m2, and m3 are expected (with the highest possibility) to be the
long axis direction, the short axis direction of the A4C view, and the short axis direction of the substantially A2C view.
In this situation, in the second embodiment also, it is possible to use the two biological characteristics of the heart
explained in the first embodiment. In this situation, because it is important to distinguish the long axis and the minor
axes from one another, and to determine the apical side (the ventricular side) on the long axis, a positional relationship
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among valve site searching-purpose regions observed when the three-dimensional processes are performed will be
explained, with reference to FIG. 13. FIG. 13 corresponds to a Multi Planar Reconstruction (MPR) cross-sectional plane
of an A4C view and is a drawing for explaining an example of the positional relationship among the valve site searching-
purpose regions according to the second embodiment.

[0165] In the first embodiment where the two-dimensional processes are performed, the regions m1-1, m1-2, m2-1,
and m2-2 are rectangular four regions interposing the center position C(xg,yg) of the fetal heart.

[0166] In contrast, inthe second embodiment where the three-dimensional processes are performed, the valve search-
ing-purpose regions are six regions m1-1, m1-2, m2-1, m2-2, m3-1, and m3-2 which, as the directions have one additional
axis in the longitudinal direction to form a plane (having a square shape when the lengths of the axes in the longitudinal
direction are equal), each have a plate-like shape having a width "w" corresponding to the moving range of the valve
site. In FIG. 13, the plate-like regions m1-1, m1-2, m2-1, and m2-2 are illustrated as rectangles to indicate the positions
intersecting the displayed MPR cross-sectional plane. Further, the regions m3-1 and m3-2 that stick out in the direction
perpendicular to the plane of the drawing page (the MPR cross-sectional plane) are omitted from the drawing.

[0167] From among the six plate-like regions m1-1, m1-2, m2-1, m2-2, m3-1, and m3-2, the data processing function
180a extracts such a region in which a sum (or an intra-region average value) of the VH(x,y,z) values (where y = Var(x,
y,z)) is the largest, as a valve region. Further, the data processing function 180a determines the direction of a normal
vector of the plane of the region determined to be the valve region as the direction of the long axis. The number of the
candidates for the long axis is 3, which is equal to the number of normal vectors. Further, in the example illustrated in
FIG. 13, the data processing function 180a determines the direction of the apical side on the long axis in the manner
described below.

[0168] For instance, an example in which the long axis is the axis m3 will be explained. In this situation, when the
valve region is positioned at one end of the axis m3, the data processing function 180a determines the direction of the
other end of the axis m3 as the apical side on the long axis. On the contrary, when the valve region is positioned at the
other end of the axis m3, the data processing function 180a determines the direction of the one end of the axis m3 as
the apical side on the long axis.

[0169] Next, an example in which the long axis is the axis m2 will be explained. In this situation, when the valve region
is positioned at one end of the axis m2, the data processing function 180a determines the direction of the other end of
the axis m2 as the apical side on the long axis. On the contrary, when the valve region is positioned at the other end of
the axis m2, the data processing function 180a determines the direction of the one end of the axis m2 as the apical side
on the long axis.

[0170] Next, an example in which the long axis is the axis m1 will be explained. In this situation, when the valve region
is positioned at one end of the axis m1, the data processing function 180a determines the direction of the other end of
the axis m1 as the apical side on the long axis. On the contrary, when the valve region is positioned at the other end of
the axis m1, the data processing function 180a determines the direction of the one end of the axis m1 as the apical side
on the long axis.

[0171] By using the method described above, the data processing function 180a estimates the position of the reference
cross-sectional plane, the long axis direction, and the apical position in the three-dimensional image data space. As for
the reference cross-sectional plane, the A4C view is extracted as the primary short axis position. By using this result,
the ultrasound diagnosis apparatus 1 according to the second embodiment automatically configures settings necessary
for a three-dimensional speckle tracking process, as explained below.

[0172] In three-dimensional speckle tracking processes, it is a common practice to indicate a positional relationship
between a base axis (e.g., the long axis) and a target object (e.g., the left ventricle) in a three-dimensional image space
by simultaneously displaying a plurality of MPR images of the major and minor axes.

[0173] An example of a display in which the information about the directions of the major and minor axes estimated
in the second embodiment is reflected in the display of MPR images will be explained, with reference to FIG. 14. FIG.
14 is a drawing illustrating the example of the display according to the second embodiment. In the three-dimensional
speckle tracking process, plane A corresponds to an A4C view. As illustrated in FIG. 14, the controlling circuit 190 causes
the display device 103 to display an image 51 of the MPR plane of the A4C view that was estimated and to also display
a line indicating the long axis direction.

[0174] Further, as plane B, the controlling circuit 190 causes the display device 103 to display a long axis view (a
substantially A2C view) 52 obtained by rotating the A4C view by 90 degrees while using the long axis as the rotation
axis and to also display a line indicating the long axis direction on plane B.

[0175] Further, the controlling circuit 190 causes the display device 103 to display MPR images 53, 54, and 55 on
three planes C. It is desirable to determine a level position of each of planes C on the long axis by dividing the size of
the ventricles into substantially equal four sections from the center of the ventricles, by using the length between the
estimated apical position and the annulus position as the size of the ventricles. By using the automatic settings of the
various MPR positions and the long axis position made in this manner and using the estimated cardiac phases and the
reference waveform, the executing function 180c according to the second embodiment automatically configures an initial
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setting of an ED-ED section, similarly to the initial heartbeat setting of the time-defined span used in the two-dimensional
speckle tracking process explained in the first embodiment. As a result, it is possible to very easily perform a wall motion
analysis using the three-dimensional speckle tracking process related to the fetal heart.

[0176] Further, the controlling circuit 190 also causes the display device 103 to display a temporal-change waveform
S(t) 56.

[0177] As compared to the first embodiment, the second embodiment has one more dimension for the input signal
due to the expansion from two dimensions to three dimensions. However, the concept of the determination of the cardiac
phases using the temporal-change waveform S(t) that is output and the signal processing processes required to obtain
the temporal-change waveform S(t) are the same as those explained in the first embodiment. In particular, although the
ventricular lumen area VA(t) used in the first embodiment is replaced with a ventricular lumen volume Vv(t) indicating
the temporal changes in the "volume" of the ventricular lumens in the second embodiment, this is a natural entailment
of the expansion of the spatial dimension. The ventricular lumen area VA(t) and the ventricular lumen volume Vv(t) both
indicate temporal changes in the "size" of the ventricular lumens.

[0178] An example of a method for obtaining the ventricular lumen volume Vv(t) in the second embodiment will be
explained. For example, similarly to the first embodiment, the data processing function 180a extracts a region corre-
sponding to a site having relatively small brightness values in the space as a region inside the ventricular lumens. Further,
the data processing function 180a calculates a total on-screen sum ("the number of extracted voxels"*vs3) of the voxels
structuring the extracted region inside the ventricular lumens, where vs = voxel size [mm]. In other words, "the number
of extracted voxels*vs3" indicates the volume [mm3] occupied by the voxels structuring the region inside the ventricular
lumens. Further, the data processing function 180a obtains the abovementioned total on-screen sum of the voxels as
the ventricular lumen volume Vv(t) of the fetal heart. In this manner, the data processing function 180a obtains a temporal-
change waveform S(t), as the ventricular lumen volume Vv(t).

[0179] Next, an example of a method for calculating a motion vector Vp(t) in the second embodiment will be explained.
For example, similarly to the first embodiment, the data processing function 180a extracts, as a ventricular tissue, either
a site in which brightness values are relatively large in the region determined to be the ventricular side region or a site
extracted as points having high variance values in the high variance distribution image VH(x,y,z) in the region determined
to be the ventricular side region. Further, the data processing function 180a specifies a plurality of points p(x,y,z) in the
extracted ventricular tissue. After that, the data processing function 180a calculates the motion vector Vp(t) by performing
a three-dimensional pattern matching process between the frames (1/framerate [sec]) on the plurality of points p(x,y,z)
structuring the ventricular tissue site in the three-dimensional moving image data 10.

Third Embodiment

[0180] Next, an ultrasound diagnosis apparatus 1 according to a third embodiment will be explained. In the second
embodiment above, the example was explained in which the three-dimensional processes are performed on the three-
dimensional moving image data. In the third embodiment, from three-dimensional moving image data, the image gen-
erating circuit 150 at first generates two-dimensional moving image data structured with a plurality of pieces of MPR
image data indicating a reference cross-sectional plane of the heart. Subsequently, the data processing circuit 180
according to the third embodiment performs the same processes as those performed in the first embodiment, on the
generated two-dimensional moving image data.

[0181] With this method also, it is possible to provide predetermined actions on the three-dimensional image data
such as those explained in the second embodiment. When a reference cross-sectional plane like an A4C view is obtained
as an MPR image, it is possible to automatically set the long axis direction, the position of plane C, and the initial setting
of the time-defined span of the ED-ED section, as pre-processing processes for the three-dimensional speckle tracking
process.

[0182] As for the means for obtaining an MPR moving image indicating the reference cross-sectional plane of the
heart, desirable examples include a method by which a user sets a reference cross-sectional plane like an A4C view as
an MPR image by using a 3D-viewer having a 3D rendering function and being included in the ultrasound diagnosis
apparatus 1. The example of the display of the MPR image obtained by the three-dimensional tracking process illustrated
in FIG. 14 explained earlier is realized by the function of the 3D-viewer. Among the plurality of MPR images that are
displayed, the user adjusts the positional relationship among the three-dimensional images so that an A4C view is
displayed on plane A.

[0183] Forexample, in the third embodiment, the data processing function 180a obtains a temporal-change waveform
S(t), on the basis of a two-dimensional MPR moving image that is related to the reference cross-sectional plane of the
fetalheartandis obtained from the three-dimensional moving image data. The data processing function 180ais configured
to estimate information about the position and information about the posture of the fetal heart, on the basis of the two-
dimensional MPR moving image that is related to the reference cross-sectional plane of the fetal heart and is obtained
from the three-dimensional moving image data.

24



10

15

20

25

30

35

40

45

50

55

EP 3 571 999 A1

[0184] Alternatively, it is also possible to achieve the same advantageous effects by, as explained in the second
embodiment, using the acquired three-dimensional moving image data, while an A4C view of the fetus is being rendered
as a reference cross-sectional plane. The reason is that the 3D-viewer described above uses the reference cross-
sectional plane rendered at the time of acquisition, simply as the MPR image subject to the processing.

[0185] Asanalternative means, itis also possible to use a publicly-known technique such as that disclosed in Japanese
Patent Application Laid-open No. 2011-78625 by which a reference cross-sectional plane is automatically detected from
a three-dimensional image data space, by performing a process including a recognition step using a machine-learned
database regarding the reference cross-sectional plane of the heart of which an example is an A4C view.

Fourth Embodiment

[0186] Next, the ultrasound diagnosis apparatus 1 according to a fourth embodiment will be explained. In the first to
the third embodiments above, the example was explained in which the information about the position and the information
about the posture of the fetal heart are estimated to obtain the temporal-change waveform S(t) that makes it possible
to estimate the fetal cardiac phases.

[0187] In the fourth embodiment, the ultrasound diagnosis apparatus 1 utilizes the information about the position and
the information about the posture of the fetal heart that were estimated, in the manner described below. The following
sections will describe three utilization examples.

[0188] A first utilization example will be explained. For example, after the data processing function 180a limits the
region of the fetal heart and estimates the information about the size, the information about the position, and the information
about the posture of the fetal heart, the executing function 180c may subsequently implement a publicly-known technique
by which an individual region of interest in the heart is automatically set, such as the lumen boundary of the left ventricle
or the lumen boundary of the left atrium, by using the information about the size, the information about the position, and
the information about the posture of the fetal heart as premise information. Further, the executing function 180c may
set aregion of interest in the fetal heart, by using the distribution information of the tissue position, the information about
the position, the information about the size, and the information about the posture of the fetal heart. The process of
automatically setting the region of interest in this manner is, for example, a process including searching and matching.
As explained above, if the information about the position and the information about the posture of the fetal heart were
unknown, it would be difficult for these publicly-known techniques to function. However, the premise for the publicly-
known techniques works as long as the information about the position and the information about the posture of the fetal
heart are obtained in advance. Accordingly, when the executing function 180c utilizes the process of estimating the
information about the position and the information about the posture of the fetal heart as a pre-processing process, the
publicly-known techniques described above effectively function while maintaining a high level of performance.

[0189] By using the ventricular side region and the atrial side region, as well as the information about the size, the
information about the position, and the information about the posture of the fetal heart estimated by the data processing
function 180a, the executing function 180c is able to roughly understand the structure of the fetal heart. In other words,
the executing function 180c is able to understand the regions in which the four chambers of the fetal heart, namely the
left ventricle, the left atrium, the right ventricle, and the right atrium, are positioned in the fetal heart.

[0190] In relation to this, because the executing function 180c is able to understand the regions in which the four
chambers of the fetal heart are positioned, the executing function 180c may, for example, further automatically set a
region of interest (a second region of interest) in a chamber (e.g., the left ventricle) of the fetal heart included in a region
of interest (a first region of interest) that has already been set. In this situation, the executing function 180c may set the
second region of interest in at least one of the chambers in the fetal heart that is included in the first region of interest.
[0191] Next, a second utilization example will be explained. With the hearts of adults, it is a common practice to have
the apex rendered in an upper part of an image of an apical view while having the long axis substantially coincide with
the up-and-down direction of the display image, by adjusting the manner in which the ultrasound probe 101 is pressed
againstthe body surface. Accordingly, in applications for two-dimensional speckle tracking and three-dimensional speckle
tracking processes, the displayed state of images is designed based on this premise used for the hearts of adults.
[0192] However, because the postures of fetal hearts rendered in images vary with infinite possibilities, the apical
position and the long axis direction are not definite. Accordingly, it is difficult in some situations to use the applications
having the design with such a display state of images based on the premise with the hearts of adults explained above.
For example, when the left ventricular lumen is traced for the purpose of setting an initial contour position with the left
ventricle, the user may have to trace upside down or sideways in some situations. Because the user is forced to use
the unfamiliar tracing methods, it is difficult to perform the setting operation.

[0193] Further, to observe the chronological growth of a fetal heart over weeks of the pregnancy period or changes
in a cardiac disease in images, when a past image and a current image taken on mutually the same cross-sectional
plane are displayed side by side by using a two-screen display or a four-screen display, it would be difficult to observe
the differences, unless the directions of the heart (the major axes) were the same in all the images.
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[0194] To cope with this situation, the controlling circuit 190 automatically rotates a display image so that the apex is
rendered in an upper part of the image while the long axis coincides with the up-and-down direction of the display image
(in the same display format as generally used for the hearts of adults), by using the long axis direction and the apical
position obtained by the data processing function 180a. In other words, the controlling circuit 190 causes the display
device 103 to display the image in which the long axis direction is arranged to coincide with the coordinate system of
the display image (the coordinate system of the display device 103). In this manner, as a result of the controlling circuit
190 automatically rotating the display image, it is possible to significantly enhance the level of convenience compared
to the situation where the display image is manually rotated.

[0195] Alternatively, by using the long axis direction and the position of the atrial blood flow entrance part obtained by
the data processing function 180a, the controlling circuit 190 may automatically rotate a display image so that the blood
flow entrance part is rendered in a lower part of the screen, while the long axis coincides with the up-and-down direction
of the display image.

[0196] In other words, the controlling circuit 190 is configured to cause an image to be displayed in which the long
axis direction is arranged to coincide with the coordinate system of the display image, on the basis of the long axis and
either the apical position or the position of the atrial blood flow entrance part of the fetal heart.

[0197] Next, athird utilization example will be explained. As a routine medical examination to evaluate cardiac functions
of the heart of an adult, an end-systolic peak velocity s’ and protodiastolic peak velocity e’ are measured based on an
annular velocity, by implementing a Tissue Doppler Imaging (TDI) scheme. ltis also possible to evaluate cardiac functions
of fetal hearts in the same manner. In that situation, it is possible to apply the process of estimating the annulus part
performed by the data processing function 180a, which requires setting a region of interest in the annulus part, to a B-
mode image obtained as a background of a Doppler image. Accordingly, the data processing function 180a estimates
the annulus part by performing the process of estimating the annulus part on the background B-mode image, so that
the executing function 180c is able to automatically set, in the annulus part, the region of interest used in the measuring
process.

[0198] FIG. 15 is a drawing for explaining an example of a process performed by the data processing function 180a
according to the fourth embodiment. Because the data processing function 180a has obtained the apical position, as
illustrated in FIG. 15, the data processing function 180a may calculate a velocity component V’ from the annulus part in
the direction toward the apex by performing an angle correction, with respect to a velocity VO at the position of the
annulus part obtained from the tissue Doppler scheme. More specifically, the data processing function 180a is able to
calculate V' = VO / cos, where 6 denotes the angle formed by a line segment extending from the annulus part in the
direction toward the position of the ultrasound probe 101 that is known and a line segment extending from the annulus
part in the direction toward the apical part.

[0199] In this utilization example, there is no need to obtain a temporal-change waveform S(t) that makes it possible
to estimate fetal cardiac phases. However, similarly to the first to the third embodiments, the data processing function
180a may obtain a cardiac phase (e.g., a cardiac phase of end-diastole (ED)), and the controlling circuit 190 may cause
the display device 103 to display the cardiac phase, similarly to a two-dimensional speckle tracking process or a three-
dimensional speckle tracking process.

Fifth Embodiment

[0200] Next, the ultrasound diagnosis apparatus 1 according to a fifth embodiment will be explained. FIG. 16 is a block
diagramillustrating an exemplary configuration of the ultrasound diagnosis apparatus 1 according to the fifth embodiment.
The fifth embodiment is different from the first embodiment in that the data processing circuit 180 includes a correcting
function 180d. Some of the constituent elements that are the same as those in the first to the fourth embodiments will
be referred to by using the same reference characters, and the explanations thereof will be omitted.

[0201] The correcting function 180d, which is a constituent element of the data processing circuit 180 illustrated in
FIG. 16, is recorded in the storage circuit 170 in the form of a computer-executable program. The data processing circuit
180 realizes the correcting function 180d by reading the program corresponding to the correcting function 180d from
the storage circuit 170 and executing the read program. The correcting function 180d is an example of a correcting unit.
[0202] In this situation, as the information about the position and the information about the posture of the fetal heart
estimated by the data processing function 180a, the apical position "+" and the center position C(xg,yg) of the fetal heart,
as well as the line segments indicating the long axis and the short axis displayed as being superimposed on the image
(the high variance distribution image VH(x,y) 12), as indicated in FIG. 5 referenced earlier, are useful for the user to
verify validity of the size of the fetal heart, the direction of the short axis, the direction of the long axis, and the apical
position. To clearly indicate the estimated size of the fetal heart, the data processing function 180a may superimpose
an elliptic marker on the image. Further, to indicate the limited range of the ventricles, the data processing function 180a
may superimpose, on the image, a semi-elliptic marker obtained by cutting an ellipse along the short axis direction at
the annulus part (a line segment including the center position C(xg,yg) of the fetal heart).
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[0203] In this situation, when the image of the fetal heart rendered in the background image is compared with the
information about the position and the information about the posture of the fetal heart, when the fetal heart is rendered
in an appropriate position and direction, it is expected that the reliability of the obtained information related to various
cardiac phases such as a cardiac phase of end-diastole (ED) and a cardiac phase of end-systole (ES) is also high.
[0204] On the contrary, when the information about the position and the information about the posture of the fetal heart
obviously have a significant deviation from a position expected from the background image, it is safe to say that the
reliability of the obtained information related to the various cardiac phases is also low. In other words, by referring to the
information about the position and the information about the posture of the fetal heart, the user is able to judge various
types of incorrect determination results.

[0205] When an ideal high variance distribution image VH(x,y) has been obtained, the data processing function 180a
is able to determine a long axis direction and a short axis direction and to determine the apical side on the long axis so
as to match the actual state with a high probability. However, in some situations, the two biological characteristics of the
heart explained above may not be reflected in the high variance distribution image VH(x,y). In particular, the notion that
the center of the heart is biased toward the ventricular side based on the second characteristic will not be reflected in
the high variance distribution image VH(x,y) in any of the following situations: when an echo signal of the apical part is
not acquired sufficiently; when the size of the atrial side is larger than that of the ventricular side due to an iliness or a
restriction from the rendered cross-sectional plane (in a two-dimensional image, in particular); and when tissues having
strenuous movements are present in a relatively large quantity on the atrial side. For these reasons, even when the long
axis direction is appropriate, erroneous detection can occur most frequently in the process of determining the apical side.
[0206] Further, although the possibility of the valve site exhibiting the highest variance value is high, when there is a
large temporally-fluctuating component in the surroundings of the fetal heart (which is the situation explained above
where the clutter component is too large in comparison to fluctuation components of the fetal heart) like, for example,
when tissues having strenuous movements are presentin a relatively large quantity on the atrial side as explained above,
there is a possibility that the direction of the primary axis based on the high variance distribution image VH(x,y) may not
match the direction of the heart (primarily, the short axis direction defined as the longitudinal direction of the valve site).
Although this type of erroneous detection occurs with relatively low frequency than the other type of erroneous detection
explained above, this type of erroneous detection may occur depending on the state of the obtained image (the high
variance distribution image VH(x,y)).

[0207] As a means for reducing the former type of erroneous detection, by using the second biological characteristic
of the heart, the data processing function 180a performs the determining process again to determine either the side on
which the largest lumen area is obtained or the side on which the largest area-change width (a positive peak value - a
negative peak value) was obtained as the ventricular side, on the basis of the temporal-change waveform indicating the
ventricular lumen area VA(t) or the temporal-change waveform indicating the atrial lumen area AA(t). The reason is that
the lumen area on the ventricular side is expected to be larger. With this re-determining process, it is expected to be
possible to reduce the erroneous detections in the process of determining the ventricular side, in the abovementioned
situation where the echo signal at the apical part is not sufficiently acquired or where tissues having strenuous movements
are present in a relatively large quantity on the atrial side.

[0208] Even with these countermeasures, when the former type of erroneous detection has occurred, the determination
result of the ventricular side and the atrial side would be inverted. As a result, the determination about the cardiac phase
of end-diastole (ED) and the cardiac phase of end-systole (ES) would be exactly opposite. To cope with this situation,
in the present embodiment, the correcting function 180d provides an actual example of a means capable of easily
correcting an erroneous detection result, when the user recognizes that the apex is erroneously detected on the atrial
side, by viewing the apical position, the region on the ventricular side, as well as the long axis direction and the short
axis direction in an image.

[0209] Forexample, the ultrasound diagnosis apparatus 1 includes a switch PhSW used for inverting temporal phases,
so that the user is able to switch the setting of the switch PhSW. In conjunction with the change made to the setting of
the switch PhSW, the correcting function 180d replaces the determination result of the apical side with one on the
opposite side. Further, because the region on the apical side is replaced with one the one on the opposite side, the
correcting function 180d re-generates a temporal-change waveform S(t). Similarly, the correcting function 180d re-
estimates cardiac phases of the fetus. Further, the correcting function 180d also re-estimates the apical position.
[0210] FIG. 17 is adrawing for explaining examples of selecting buttons according to the fifth embodiment. As illustrated
in FIG. 17, the ultrasound diagnosis apparatus 1 according to the fifth embodiment may include selecting buttons 61
and 62 used for selecting an ED-ED section subject to an analysis by an application from among a plurality of ED-ED
sections; and selecting buttons 63 and 64 used for selecting an ES-ES section subject to an analysis by an application
from among a plurality of ES-ES sections.

[0211] FIG. 18 is a chart illustrating an example in which an ED-ED section and an ES-ES section are selected
according to the fifth embodiment. As illustrated in FIG. 18, for example, while an ED-ED section 70 is being selected
at present, when the selecting button 61 is pressed, the correcting function 180d selects an ED-ED section 71 that is
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positioned next to the currently-selected ED-ED section 70 and is positioned earlier than the currently-selected ED-ED
section 70. As another example, when the selecting button 62 is pressed, the correcting function 180d selects an ED-
ED section 72 that is positioned next to the currently-selected ED-ED section 70 and is positioned later than the currently-
selected ED-ED section 70.

[0212] Further, as illustrated in FIG. 18, while an ES-ES section 74 is being selected at present, when the selecting
button 63 is pressed, the correcting function 180d selects an ES-ES section 73 that is positioned next to the currently-
selected ES-ES section 74 and is positioned earlier than the currently-selected ES-ES section 74. As another example,
when the selecting button 64 is pressed, the correcting function 180d selects an ES-ES section that is positioned next
to the currently-selected ES-ES section 74 and is positioned later than the currently-selected ES-ES section 74.
[0213] Further, asillustrated in FIG. 18, while the one ED-ED section 70 is being selected at present, when the selecting
button 63 is pressed, the correcting function 180d selects the ES-ES section 73 that is positioned near the currently-
selected ED-ED section 70 and is positioned earlier than the currently-selected ED-ED section 70. As another example,
when the selecting button 64 is pressed, the correcting function 180d selects the ES-ES section 74 that is positioned
near the currently-selected ED-ED section 70 and is positioned later than the currently-selected ED-ED section 70.
[0214] Further, asillustrated in FIG. 18, while the one ES-ES section 74 is being selected at present, when the selecting
button 61 is pressed, the correcting function 180d selects the ED-ED section 70 that is positioned near the currently-
selected ES-ES section 74 and is positioned earlier than the currently-selected ES-ES section 74. As another example,
when the selecting button 62 is pressed, the correcting function 180d selects the ED-ED section 72 that is positioned
near the currently-selected ES-ES section 74 and is positioned later than the currently-selected ES-ES section 74.
[0215] For example, when the user recognizes that the ultrasound diagnosis apparatus 1 erroneously detected the
ventricular side region and the atrial side region, the user at first presses either the button 63 or the button 64. For
example, while viewing the temporal-change waveform indicating the ventricular lumen area VA(t), when the user rec-
ognizes that the temporal-change waveform he/she is viewing does not indicate temporal changes in the ventricular
lumen area but indicates temporal changes in the atrial lumen area, judging from the apical position or the like displayed
on the display device 103, the user presses either the button 63 or the button 64. Accordingly, the correcting function
180d selects a cardiac phase based on the determination result (the ventricular side) opposite of the current determination
result (the atrial side in actuality). Subsequently, when the operator wishes to analyze a different heartbeat, by pressing
either the button 61 or the button 62 subsequent to the previous pressing of the button 63 or the button 64, it is possible
to select a heartbeat in a desired temporal phase. In this manner, according to the instruction from the operator, the
correcting function 180d interchanges the ventricular side and the atrial side on the long axis that were previously
distinguished.

[0216] As explained above, the executing function 180c is configured to set the ED-ED sections 70 to 72 as the defined
spans of the processing targets, by using the estimated plurality of temporal phases 21a corresponding to end-diastole
(ED). Further, the executing function 180c is configured to set the ES-ES sections 73 and 74 as the defined spans of
the processing targets, by using the estimated plurality of temporal phases 21b corresponding to end-systole (ES). After
that, the correcting function 180d is able to select any of the ED-ED sections 70 to 72 and the ES-ES sections 73 and
74 as a defined span of a processing target.

[0217] When the user recognizes that no erroneous detection was made, the user is able to select a desired heartbeat
by pressing either the button 61 or the button 62 without pressing the button 63 or the button 64. Accordingly, at the
point in time when either the button 63 or the button 64 is pressed, it is considered that the user intends to "correct
erroneous detection". Accordingly, the correcting function 180d may thus regards the pressing of the button 63 or the
button 64 as changing of the setting of the switch PhSW. In that situation, the correcting function 180d maintains the
temporal-change waveform indicating the ventricular lumen area VA(t) without making an update and switches between
the sections (the ED-ED section or the ES-ES section) being selected. Further, when the information about the position
and the information about the posture of the fetal heart such as the apical position is superimposed on the image, the
correcting function 180d updates the information about the position and the information about the posture.

[0218] Alternatively, when the correcting function 180d regards the pressing of the button 63 or the button 64 as
changing of the setting of the switch PhSW, the correcting function 180d may invert the sign of the temporal-change
waveform S(t) being displayed on the display device 103, and may also update the display by re-selecting a corresponding
cardiac phase section. Needless to say, itis also acceptable to regenerate a temporal-change waveform S(t) as explained
above.

[0219] In other words, when the distinction between the ventricular side and the atrial side on the long axis of the fetal
heart is incorrect, the correcting function 180d is configured to correct the processing results of the processes using the
distinction, on the basis of the instructions from the user.

[0220] In the latter type of erroneous detection, the long axis directions do not match, and the obtained temporal-
change waveform S(t) would inadvertently include cardiac phases where the left heart system and the right heart system
(the ventricles and the atria) are mixed together. To cope with this situation, in the present embodiment, the method
described below may be used as a means for easily making a correction in the situation where the user recognizes that,
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while viewing in an image the directions of the axes, the apical position, and the like estimated by the data processing
function 180a, the obtained temporal-change waveform S(t) includes cardiac phases in which the ventricles and atria
are mixed together.

[0221] For example, when a mouse arrow (a mouse pointer or a mouse cursor) comes in contact with a marker
indicating an axis (the long axis or the short axis) in a two-dimensional image or an MPR image displayed on the display
device 103, the correcting function 180d changes the axis into a rotatable state. When the operator performs a drag
operation in this state, the correcting function 180d rotates the axis in accordance with the drag operation. Further, in
accordance with the rotated position of the axis, the correcting function 180d generates a temporal-change waveform
S(t) corresponding to the current setting of the position/posture and updates the determination results about the cardiac
phases. After that, at the point in time when the drag operation is finished, the correcting function 180d confirms the
temporal-change waveform S(t) and the cardiac phases.

[0222] Similarly, when the mouse arrow comes into contact with a marker indicating the apical position, the correcting
function 180d changes the apical position into a movable state. When the operator performs a drag operation in this
state, the correcting function 180d translates the marker indicating the apical position displayed in the image, in accord-
ance with the drag operation. Further, in accordance with the apical position, the correcting function 180d generates a
temporal-change waveform S(t) corresponding to the current setting of the position/posture and updates the determination
results about the cardiac phases. After that, at the pointin time when the drag operation is finished, the correcting function
180d confirms the temporal-change waveform S(t) and the cardiac phases. It is desirable to also exercise rotation control
on the long axis together, by using the notion that the apical position is on a line extended from the long axis.

[0223] On the basis of an instruction from the user, the correcting function 180d may correct the position of the center
position C(xg,yg) by translating the center position C(xg,yg) of the fetal heart displayed on the display device 103 by
performing a similar operation procedure. Further, the correcting function 180d may correct the size of any of the axes
or the size of the elliptic marker, by changing the size of the axis or the size of the elliptic marker displayed on the display
device 103 by performing a similar operation procedure. Further, on the basis of an instruction from the user, the correcting
function 180d may correct the apical position by translating the symbol "+" indicating the apical position that is displayed
on the display device 103. Further, on the basis of an instruction from the user, the correcting function 180d may correct
the position of the blood flow entrance part, by translating the marker indicating the position of the blood flow entrance
part that is displayed on the display device 103.

[0224] With these arrangements, when an error is found in the automatic estimation results regarding the position and
the posture of the fetal heart or the size of the fetal heart, the user is able to arbitrarily make an adjustment in accordance
with the degree of the error.

[0225] Next, an example will be explained in which, as explained in the fourth embodiment, the controlling circuit 190
automatically rotates a display image in such a manner that the apex is rendered in an upper part of the image, while
the long axis coincides with the up-and-down direction of the display image, by using the long axis direction and the
apical position obtained by the data processing function 180a. For example, when the correcting function 180d has
moved the apex displayed on the display device 103, the controlling circuit 190 rotates the display image in such a
manner that the apex after being moved is rendered in an upper part of the image, while the long axis coincides with
the up-and-down direction of the display image, in conjunction with the moving of the apex.

[0226] Further, another example will be explained in which the controlling circuit 190 automatically rotates a display
image in such a manner that the blood flow entrance part is rendered in a lower part of the screen, while the long axis
coincides with the up-and-down direction of the display image, by using the long axis direction and the position of the
atrial blood flow entrance part obtained by the data processing function 180a. For example, when the correcting function
180d has moved the blood flow entrance part displayed on the display device 103, the controlling circuit 190 rotates the
display image in such a manner that the blood flow entrance part after being moved is rendered in a lower part of the
image, while the long axis coincides with the up-and-down direction of the display image, in conjunction with the moving
of the blood flow entrance part.

[0227] In this situation, the controlling circuit 190 may be regarded as an example of a correcting unit. In other words,
it is possible to consider that the ultrasound diagnosis apparatus 1 includes a plurality of correcting units, namely the
correcting function 180d and the controlling circuit 190.

[0228] For example, the correcting function (one correcting unit) 180d is configured to correct an apical position
determined by a process using the distinction between the ventricular side and the atrial side on the long axis of the
fetal heart. Further, the controlling circuit (another correcting unit) 190 is configured, in conjunction with the correction
made by the correcting function 180d, to rotate the display image in such a manner that the apex of which the position
was determined by the process using the distinction between the ventricular side and the atrial side on the long axis of
the fetal heart is rendered in an upper part of the screen, while the long axis coincides with the up-and-down direction
of the display image, so as to be consistent with the result of the correction made by the correcting function 180d.
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Sixth Embodiment

[0229] Next, a sixth embodiment will be explained. FIG. 19 is a drawing illustrating an exemplary configuration of a
medical image processing apparatus 300 according to the sixth embodiment. As illustrated in FIG. 19, the medical image
processing apparatus 300 is connected to a medical image diagnosis apparatus 200 and to an image storing apparatus
400 via a network 500. The configuration illustrated in FIG. 19 is merely an example. Various devices such as a terminal
device may be connected to the network 500, besides the medical image diagnosis apparatus 200, the image storing
apparatus 400, and the medical image processing apparatus 300 illustrated in the drawing.

[0230] For example, the medical image diagnosis apparatus 200 is an ultrasound diagnosis apparatus. Similarly to
the ultrasound diagnosis apparatus 1 described above, the medical image diagnosis apparatus 200 is configured to
acquire two- or three- dimensional moving image data rendering an A4C view. Further, the medical image diagnosis
apparatus 200 is configured to transmit the acquired moving image data to the image storing apparatus 400 and to the
medical image processing apparatus 300. Alternatively, the medical image diagnosis apparatus 200 may be a Magnetic
Resonance Imaging (MRI) apparatus.

[0231] The image storing apparatus 400 is configured to store therein the moving image data acquired by the medical
image diagnosis apparatus 200. For example, the image storing apparatus 400 is realized by using a computer device
such as a server apparatus. The image storing apparatus 400 is configured to obtain the moving image data from the
medical image diagnosis apparatus 200 via the network 500 and to store the obtained moving image data into a memory
such as a hard disk, an optical disk, or the like provided either inside or outside the apparatus. Further, in response to
a request from the medical image processing apparatus 300, the image storing apparatus 400 is configured to transmit
the moving image data stored in the memory to the medical image processing apparatus 300.

[0232] The medical image processing apparatus 300 is configured to obtain the moving image data from the medical
image diagnosis apparatus 200 and from the image storing apparatus 400 via the network 500 and to process the
obtained moving image data. For example, the medical image processing apparatus 300 is conjured to obtain the moving
image from either the medical image diagnosis apparatus 200 or the image storing apparatus 400, to store the obtained
moving image data into a memory 320 (explained later), and to perform various types of processes on the moving image
data stored in the memory 320. Further, the medical image processing apparatus 300 is configured to cause a display
device 340 (explained later) to display the processed image and the like.

[0233] As illustrated in FIG. 1, the medical image processing apparatus 300 includes a communication interface 310,
the memory 320, an input device 330, the display device 340, and a processing circuit 350.

[0234] The communication interface 310 is connected to the processing circuit 350 and is configured to control the
transfer of various types of data to and from the medical image diagnosis apparatus 200 and the image storing apparatus
400 connected via the network 500 and to control the communication with the medical image diagnosis apparatus 200
and the image storing apparatus 400. For example, the communication interface 310 may be realized by using a network
card, a network adaptor, a Network Interface Controller (NIC), or the like. For example, the communication interface
310 is configured to receive the moving image data from either the medical image diagnosis apparatus 200 or the image
storing apparatus 400 and to output the received moving image data to the processing circuit 350.

[0235] The memory 320 is connected to the processing circuit 350 and is configured to store therein various types of
data. For example, the memory 320 is realized by using a semiconductor memory element such as a Random Access
memory (RAM), a flash memory, or the like, or a hard disk or an optical disk. In the present embodiment, the memory
320 is configured to store therein the moving image data received from the medical image diagnosis apparatus 200 or
the image storing apparatus 400.

[0236] The memory 320 is configured to store therein various types of information used in processes performed by
the processing circuit 350, processing results obtained by the processing circuit 350, and the like. For example, the
memory 320 stores therein display-purpose image data generated by the processing circuit 350, or the like. The memory
320 is an example of a storage unit.

[0237] The input device 330 is connected to the processing circuit 350 and is configured to convert an input operation
received from an operator into an electrical signal and to output the electrical signal to the processing circuit 350. For
example, the input device 330 is realized by using a trackball, a switch button, a mouse, a keyboard, a touchpad on
which an input operation is performed by touching the operation surface thereof, a touch screen in which a display screen
and a touchpad are integrally formed and/or a contactless input device using an optical sensor, or an audio input device
that are used for configuring various settings and the like.

[0238] The display device 340 is connected to the processing circuit 350 and is configured to display various types of
information and various types of images output from the processing circuit 350. For example, the display device 340 is
realized by using a liquid crystal monitor, a Cathode Ray Tube (CRT), or the like. For example, the display device 340
is configured to display a Graphical User Interface (GUI) used for receiving an instruction from the operator, various
types of display-purpose images, and various types of processing results obtained by the processing circuit 350. The
display device 340 is an example of the display unit.
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[0239] The processing circuit 350 is configured to control any of the constituent elements of the medical image process-
ing apparatus 300, in accordance with an input operation received from the operator via the input device 330. For
example, the processing circuit 350 is realized by using a processor. In the present embodiment, the processing circuit
350 is configured to store the moving image data output from the communication interface 310 into the memory 320.
Further, the processing circuit 350 is configured to control the display device 340 so as to display images represented
by image data.

[0240] As illustrated in FIG. 19, the processing circuit 350 includes a data processing function 351, a determining
function 352, an executing function 353, and a correcting function 354. In this situation, for example, the processing
functions of the constituent elements of the processing circuit 350 illustrated in FIG. 19, namely, the data processing
function 351, the determining function 352, the executing function 353, and the correcting function 354 are stored in the
memory 320 in the form of computer-executable programs. The processing circuit 350 realizes the functions correspond-
ing to the programs, by reading the programs from the memory 320 and executing the read programs. In other words,
the processing circuit 350 that has read the programs has the functions illustrated within the processing circuit 350 in
FIG. 19.

[0241] Alternatively, all the processing functions of the data processing function 351, the determining function 352,
the executing function 353, and the correcting function 354 may be stored in the memory 320 in the form of a single
computer-executable program. For example, the program may be called a medical image processing program. In that
situation, the processing circuit 350 realizes the data processing function 351, the determining function 352, the executing
function 353, and the correcting function 354 corresponding to the medical image processing program, by reading the
medical image processing program from the memory 320 and executing the read medical image processing program.
[0242] The data processing function 351 corresponds to the data processing function 180a described above. The data
processing function 351 is configured to perform the same processes as those performed by the data processing function
180a, by using the two- or three- dimensional moving image data stored in the memory 320. The data processing function
351 is an example of the obtaining unit and is also an example of a estimating unit.

[0243] The determining function 352 corresponds to the determining function 180b described above. The determining
function 352 is configured to perform the same processes as those performed by the determining function 180b. The
determining function 352 is an example of a determining unit.

[0244] The executing function 353 corresponds to the executing function 180c described above. The executing function
353 is configured to perform the same processes as those performed by the executing function 180c. The executing
function 353 is an example of an executing unit.

[0245] The correcting function 354 corresponds to the correcting function 180d described above. The correcting function
354 is configured to perform the same processes as those performed by the correcting function 180d. The correcting
function 354 is an example of a correcting unit.

[0246] The medical image processing apparatus 300 according to the sixth embodiment has thus been explained. By
using the medical image processing apparatus 300 according to the sixth embodiment, it is possible to obtain the
information useful for evaluating the cardiac functions of fetuses, similarly to when the ultrasound diagnosis apparatus
1 described above is used.

[0247] Inthe embodiments described above, the examples are explained in which the ultrasound diagnosis apparatus
1 is used as the medical image diagnosis apparatus. However, it is also acceptable to use an MRI apparatus. For
example, when an MRI examination is applied to obtainment of a fetal image as a medical examination being less
invasive to the fetus, it is acceptable to use an MRI image (e.g., a two-dimensional cine-MRI image) acquired under an
image taking condition having a high time-resolution to a certain extent.

[0248] In the embodiments described above, an image of a fetal heart is processed. However, it is also acceptable to
process an image of a heart other than a fetal heart.

[0249] According to at least one aspect of the embodiments described above, it is possible to obtain the information
useful for evaluating the cardiac functions of fetuses.

[0250] 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 departing 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.

Claims

1. An ultrasound diagnosis apparatus (1) comprising processing circuitry (180) configured:
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to specify a region being a part of a heart on a basis of two- or three- dimensional moving image data rendering
the heart; and

to obtain a reference waveform that makes it possible to estimate a cardiac phase, on a basis of the region
specified in the moving image data.

The ultrasound diagnosis apparatus (1) according to claim 1, wherein

as the reference waveform, the processing circuitry obtains a temporal-change waveform of a ventricular lumen
size of the heart, and

the processing circuitry (180) further determines the cardiac phase by assuming, in the temporal-change waveform,
a temporal phase exhibiting a maximum value as end-diastole and a temporal phase exhibiting a minimum value
as end-systole.

The ultrasound diagnosis apparatus (1) according to claim 1, wherein

as the reference waveform, the processing circuitry obtains a temporal-change waveform of a myocardial velocity
component in a direction toward either a cardiac apex or a ventricular contraction center of the heart, and

the processing circuitry (180) further determines the cardiac phase, by assuming a temporal phase that is earlier
than a point exhibiting a maximum value in the temporal-change waveform and in which the myocardial velocity
component becomes equal to zero in the temporal-change waveform as end-diastole; and assuming a temporal
phase that is later than the point and in which the myocardial velocity component becomes equal to zero in the
temporal-change waveform as end-systole.

The ultrasound diagnosis apparatus (1) according to claim 1, wherein

as the reference waveform, the processing circuitry (180) obtains a temporal-change waveform of an atrial lumen
size of the heart, and

the processing circuitry (180) further determines the cardiac phase by assuming, in the temporal-change waveform,
a temporal phase exhibiting a minimum value as end-diastole and a temporal phase exhibiting a maximum value
as end-systole.

The ultrasound diagnosis apparatus (1) according to claim 1, wherein

as the reference waveform, the processing circuitry (180) obtains a temporal-change waveform of a myocardial
velocity component in a direction toward either an atrial blood flow entrance part or an atrial contraction center of
the heart, and

the processing circuitry (180) further determines the cardiac phase, by assuming a temporal phase that is earlier
than a point exhibiting a minimum value in the temporal-change waveform and in which the myocardial velocity
component becomes equal to zero in the temporal-change waveform as end-diastole; and assuming a temporal
phase that is later than the point and in which the myocardial velocity component becomes equal to zero in the
temporal-change waveform as end-systole.

The ultrasound diagnosis apparatus according (1) to claim 1, wherein the processing circuitry (180) determines the
cardiac phase by using at least one selected from between: a third cardiac phase obtained by combing a first cardiac
phase obtained from a temporal-change waveform of a ventricular lumen size of the heart with a second cardiac
phase obtained from a temporal-change waveform of a myocardial velocity component in a direction toward either
a cardiac apex or a ventricular contraction center of the heart; and a sixth cardiac phase obtained by combining a
fourth cardiac phase obtained from a temporal-change waveform of an atrial lumen size of the heart with a fifth
cardiac phase obtained from a temporal-change waveform of velocity information based on a myocardial velocity
component toward either an atrial blood flow entrance part or an atrial contraction center of the heart.

The ultrasound diagnosis apparatus (1) according to any one of claims 1 to 5, wherein the processing circuitry (180)
obtains a time variance image of the moving image data, obtains distribution information of a tissue position of the
heart by regarding a region satisfying a condition where a spatial variance value of the time variance image exceeds
a threshold value as a region of a tissue of the heart, and obtains the reference waveform on a basis of the distribution
information.

The ultrasound diagnosis apparatus (1) according to claim 7, wherein the processing circuitry (180) estimates
information about a position of the heart rendered in the moving image data by using the distribution information of
the tissue position, estimates information about a size and information about a posture of the heart rendered in the
moving image data on a basis of the information about the position of the heart and a result of a principal component
analysis related to the distribution information of the tissue position, and obtains the reference waveform on a basis
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of the information about the size of the heart and the information about the posture of the heart.

The ultrasound diagnosis apparatus (1) according to claim 8, wherein

the processing circuitry (180) further acquires the moving image data that is two-dimensional, and

the processing circuitry (180) estimates a center of gravity of two-dimensional distribution information of the tissue
position as a center position of the heart, obtains two eigenvalues and two eigenvectors from the principal component
analysis, estimates the information about the size of the heart on a basis of the two eigenvalues, and estimates the
information about the posture of the heart on a basis of the two eigenvectors.

The ultrasound diagnosis apparatus (1) according to claim 9, wherein the processing circuitry (180) sets a plurality
of regions extending parallel to directions of the plurality of eigenvectors respectively and each having a width, in a
surrounding of the center position, further detects, from among the plurality of regions, such a region in which either
a sum or an average value of image values of the time variance image is largest as a heart valve region, and as for
the size of the heart, determines a direction of an eigenvector parallel to the heart valve region as a short axis of
the heart and determines a direction parallel to a width direction of the heart valve region as a long axis of the heart.

The ultrasound diagnosis apparatus (1) according to claim 10, wherein the processing circuitry (180) distinguishes
a ventricular side and an atrial side on the long axis from each other, on a basis of the center position of the heart
and a position of the heart valve region.

The ultrasound diagnosis apparatus (1) according to claim 11, wherein, when the distinction between the ventricular
side and the atrial side on the long axis is incorrect, the processing circuitry (180) further corrects a processing result
of a process performed by using the distinction, on a basis of an instruction from a user.

The ultrasound diagnosis apparatus (1) according to claim 12, wherein, on a basis of an instruction from a user, the
processing circuitry (180) interchanges the ventricular side and the atrial side on the long axis that were distinguished.

The ultrasound diagnosis apparatus (1) according to claim 12 or 13, wherein

the processing circuitry (180) further sets an end-diastolic phase interval as a defined span of a processing target
by using a plurality of estimated end-diastolic phases and sets an end-systolic phase interval as a defined span of
a processing target by using a plurality of estimated end-systolic phases, and

the processing circuitry (180) selects the end-diastolic phase interval and the end-systolic phase interval as defined
spans of the processing target.

The ultrasound diagnosis apparatus (1) according to any one of claims 12 to 14, wherein the processing circuitry
(180) corrects a cardiac apex, a blood flow entrance part, the long axis, or the short axis being displayed on a display.

The ultrasound diagnosis apparatus (1) according to claim 13, wherein

the processing circuitry (180) further causes a display to display an image in which a direction of the long axis
coincides with a coordinate system of a display image, on a basis of the long axis of the heart and either a position
of a cardiac apex or a position of a blood flow entrance part of at least one atrium,

the processing circuitry (180) moves the cardiac apex or the blood flow entrance part being displayed on the display,
and

the processing circuitry (180) causes the display to display an image in which the direction of the long axis coincides
with the coordinate system, on the basis of the long axis and either a post-move position of the cardiac apex or a
post-move position of the blood flow entrance part of the atrium.

The ultrasound diagnosis apparatus (1) according to any one of claims 12 to 16, wherein

the processing circuitry (180) comprising a plurality of correcting functions configured to correct the processing
result, and

among the plurality of correcting functions, one of the correcting functions corrects a first processing result of a
process using the distinction, whereas another one of the correcting functions corrects a second processing result
of a process using the distinction, in conjunction with the correction made by the one of the correcting functions, so
as to be consistent with a result of the correction made by the one of the correcting functions.

A non-transitory computer-readable storage medium (170) storing therein a medical image processing program
configured to cause a computer to execute:
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specifying a region being a part of a heart on a basis of two- or three- dimensional moving image data rendering
the heart; and
obtaining a reference waveform that makes it possible to estimate a cardiac phase, on a basis of the region

specified in the moving image data.

19. The ultrasound diagnosis apparatus (1) according to claim 1, wherein the processing circuitry (180) specifies the
region being the part of the heart, on a basis of a variance image obtained from the moving image data.

20. The ultrasound diagnosis apparatus (1) according to claim 19, wherein the processing circuitry (180) specifies a
10 position of at least one valve from the variance image and specifies the region being the part of the heart by using
the position of the valve.

21. Theultrasound diagnosis apparatus (1) according to any one of claims 1, 19, and 20, wherein the processing circuitry

(180) specifies at least one ventricle or at least one atrium, as the region being the part of the heart.
15

20

25

30

35

40

45

50

55

34



EP 3 571 999 A1

FIG.1

%

APPARATUS MAIN BODY

§100

<103

$130 DISPLAY
B MODE DEVICE

PROCESSING |—
[ " GIrReUIT 102

INPUT
<140 DEVICE

DOPPLER
— PROCESSING
CIRCUIT

;150

IMAGE
<101 <120 —| GENERATING

CIRCUIT
RECEPTION
CIRCUIT <160
ULTRA-

SOUND || IMAGE
PROBE ¢110 MEMORY

TRANSMISSION
CIRCUIT <170

| STORAGE
<180 CIRCUIT

DATA
PROCESSING
CIRCUIT

DATA
180a~—1] PROCESSING
FUNCTION

_|IDETERMINING
180b FUNCTION

| EXECUTING
180c~T] "FUNGCTION

<190

CONTROLLING
CIRCUIT

35




EP 3 571 999 A1

FIG. 2

o
Mw.dm_mu__ﬁﬁ@/ ONIISYWN 1ovHIXa  [€ o
NOIDaY
tva | HVINORLNAA
INTIVA QIOHSIHHL 138
}JANWIL A>.xvm>$_._m> ((A*x)oAy)uesw
NOILOTHIA NOILOZHI
X3dV LVILLSE VILVdS VILVdS
- NI IONVIMVA NI IOVHIAY
2ul .FE P FHN1SOd
70 ‘L0 4 31VWNILST
3ZIS ILVWILS3
11
> NOILISOd
SISATVNY LNINOJWO0D > mc.<_>__5m_
TVdIONIMd
= SNOILISOd 40 FONVIHVAOD Y
PR SNOILISOd 40 FONVIIVA §
=zv A 1 B NOLLOTHIC FNIL
A XA vA NI FOVHIAVY
SNOILISOd
40 ALIAVHO
40 ¥3IN3D ]
(BA'6X)0 A . -
_ — | 1MVIH 1ovHLX3
. XewA ‘WA - 20|
| (AX)repuep A _ S
INIVA NOLLOZNIA |
QTOHSIHHL VILVdS NOILOIHIQ INIL
138 NI IONVINVA NI IONVINVA
: 1IAWIL
e ((A)1ep)uesw A ]
NOILD3dIa
VILVdS w
NI IOVHIAY

36



EP 3 571 999 A1

FIG.3

37



EP 3 571 999 A1

m2-2 m1

38



EP 3 571 999 A1

FIG.6

21a

15 21b 21b 21b 21b
-2
21b
FIG.7
20000

18000

16000

14000

12000

10000

8000
0 50 100 150 200 250 300

39



EP 3 571 999 A1

FIG.8

4000
3000 28

A N AN
:;zzz/ v v \J \/ v

-4000
-5000

40



EP 3 571 999 A1

FIG.9

START
5101

OBTAIN VARIANCE DISTRIBUTION Var(x,y)

EXTRACT HIGH VARIANCE
DISTRIBUTION IMAGE VH(x,y)

GENERATE VARIANCE-COVARIANCE
MATRIX A2

PRINCIPAL COMPONENT ANALYSIS USING
VARIANCE-COVARIANCE MATRIX A2

DETERMINE MAJOR AXIS AND MINOR
AXIS OF FETAL HEART AND APEX SIDE
(VENTRICULAR SIDE) ON MAJOR AXIS

5106

OBTAIN VENTRICULAR LUMEN AREA VA(t)

END

41



NOILO3HIA TVIIdV

OAA AHH_ @)dae A” NI LNSNOJNOD
ALIDOTAA 10ValX3

(da

EP 3 571 999 A1

anssiL
UVINOIMLNIA ) N\
NIHLIM
JOVIIAY ONISVIN ANSSIL ¥VINORILNIA
.. NOIoTd [~ 40 ¥OL193A
UVINORILNIA NOILOW FLVINOTVO
X3dV LVNILST
i 1
ZW ‘LW > FANLSOd
20 ‘Lo N 1VINILST
> 371S FLVYWILST
| -
S [ Noisod
SISATYNY ININOJWOD > 3LVNILS3
TVdIONIEd _ ONIdINVS
= SNOLLISOd 4O JONVIIVAOD [ e [——] ~Noio3y H__v
i fo SNOILISOd 40 FONVIIVA LHVaH
ﬁbs x>un~< A | §
SNOILISOd
40 ALIAVYD
40 W3 IN3O
(6569 | _
_ XeWA “UIA 2oL
| _((Axenuen M _
INTVA NOILOAMIA
QTOHSTHHL VILVdS NOLLOTHIA JNIL
13s NI JONVIIVA NI FONVIIVA
| ((A)1ep)uesw A ]
NOLLOFIa
VILVdS
NI IOVHINY

FIG. 10

42



EP 3 571 999 A1

FIG.11

30 31

\ .

32

FIG.12

A4C

43 44

43



EP 3 571 999 A1

m2-2 m1

44



EP 3 571 999 A1

FIG. 14

45



EP 3 571 999 A1

46



EP 3 571 999 A1

FIG.16

%

APPARATUS MAIN BODY

<100

<103

<130 DISPLAY
S VODE DEVICE

—— PROCESSING — <102

CIRCUIT
INPUT
<140 DEVICE

DOPPLER
—— PROCESSING
CIRCUIT

<150

IMAGE
(101 (120 —| GENERATING

CIRCUIT
RECEPTION
CIRCUIT 5160
ULTRA- IMAGE

SOUND <110 | MEMORY

PROBE
TRANSMISSION
CIRCUIT 170

STORAGE
<180 CIRCUIT

DATA
PROCESSING
CIRCUIT

DATA
180a~—11 PROCESSING
FUNCTION

|| DETERMINING
180b~T1 " FUNCTION

| EXECUTING
180c~T] FUNCTION

CORRECTING
180d~11 “FUNCTION

Vi

<190

CONTROLLING
CIRCUIT

47



EP 3 571 999 A1

FIG.17
61 62
63 { { 64

1.5 21a

___________________

0 0 0 \ 200

-0.5 v, \ |
\ v/

\ 50
\-

15 21p 73 4 oqp 21b 21b

21b

48

300



EP 3 571 999 A1

(200 (400
MEDICAL IMAGE IMAGE STORING
DIAGNOSIS APPARATUS
APPARATUS
(500
(300

MEDICAL IMAGE PROCESSING APPARATUS

310

COMMUNICATION

INTERFACE

(320

MEMORY

<330

(350

INPUT DEVICE

<340

DISPLAY DEVICE

PROCESSING CIRCUIT

(351

DATA
PROCESSING
FUNCTION

(352

DETERMINING
FUNCTION

(353

EXECUTING
FUNCTION

(354

CORRECTING
FUNCTION

49




10

15

20

25

30

35

40

45

50

55

EP 3 571 999 A1

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 19 17 4188

Categor Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
gory of relevant passages to claim APPLICATION (IPC)
X EP 1 652 477 Al (TOSHIBA KK [JP]; TOSHIBA (1,3,5,6,[ INV.
MEDICAL SYS CORP [JP]) 18 A61B8/08
3 May 2006 (2006-05-03) A61B8/00
Y * abstract * 2,4, A61B8/02
* figures 1-9 * 7-17, A61B8/06
* paragraph [0016] - paragraph [0059] * 19-21
Y US 2015/018684 Al (ABE YASUHIKO [JP] ET 2
AL) 15 January 2015 (2015-01-15)
* abstract *
* figures 1-17 *
* paragraph [0026] - paragraph [0176] *
Y US 2012/165674 Al (ABE YASUHIKO [JP] ET 4
AL) 28 June 2012 (2012-06-28)
* abstract *
* figures 1-14 *
* paragraph [0024] - paragraph [0141] *
Y US 2011/230764 Al (BABA TATSURO [JP] ET 7-17,
AL) 22 September 2011 (2011-09-22) 19-21 TECHNICAL FIELDS

* abstract *
* figures 1-15 *
* paragraph [0025] - paragraph [0086] *

The present search report has been drawn up for all claims

SEARCHED (IPC)

A61B

Place of search

Munich

Date of completion of the search

17 October 2019

Examiner

Moehrs, Sascha

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

50




EP 3 571 999 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 19 17 4188

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

17-10-2019
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 1652477 Al 03-05-2006  CN 1819798 A 16-08-2006
CN 102488533 A 13-06-2012
EP 1652477 Al 03-05-2006
JP 2005342006 A 15-12-2005
US 2006122512 Al 08-06-2006
WO 2005115249 Al 08-12-2005
US 2015018684 Al 15-01-2015 CN 103429164 A 04-12-2013
JP 6041350 B2 07-12-2016
JP 2013226411 A 07-11-2013
US 2015018684 Al 15-01-2015
WO 2013147262 Al 03-10-2013
US 2012165674 Al 28-06-2012 CN 102523733 A 27-06-2012
CN 105662475 A 15-06-2016
JP 5597492 B2 01-10-2014
JP 2012055483 A 22-03-2012
US 2012165674 Al 28-06-2012
WO 2012032988 Al 15-063-2012
US 2011230764 Al 22-09-2011 CN 102238915 A 09-11-2011
CN 103431876 A 11-12-2013
JP 5566673 B2 06-08-2014
JP 2010155073 A 15-07-2010
US 2011230764 Al 22-09-2011
WO 2010064663 Al 10-06-2010

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

51




EP 3 571 999 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

« JP 2011078625 A [0185]

Non-patent literature cited in the description

e SAITO. Japanese Journal of Medical Ultrasound
Technology, 2006, vol. 31 (4), 30-36, 382-388 [0035]

52



patsnap

TRAFROE) BERIZHEBENEENR

DN (E)S EP3571999A1 N (E)H 2019-11-27

HiES EP2019174188 Bi5 A 2019-05-13

[#R1 &8 A ABE YASUHIKO

KB A ABE, YASUHIKO

IPCH#%E A61B8/08 A61B8/00 A61B8/02 A61B8/06

CPCH#%E A61B8/02 A61B8/0866 A61B8/0883 A61B8/4444 A61B8/4461 AG1B8/461 A61B8/481 A61B8/488
AB1B8/5207 A61B8/065 A61B8/469 A61B8/5223 A61B8/5276 A61B8/5284 A61B8/543 G16H50/30
AG1B8/085 A61B8/486

KRBV (F) =  DAVID

1k 542 2018093346 2018-05-14 JP

SAEREE$E Espacenet

E) FIG.1

BESHAIBE L MISE (1) BELRBAE (180 ) , MEBH 3

(180 ) HEENETEIMORMN —HH =423 BBEEREEER O APPARATUS MAIN BODY

B — BB MK, ALEEREE (180 ) MEE N BT ISENED B RMIE e |

i X g5k 3k 18 | RSB E RS T LUE T O BEAR AL, [t

RECEPTION
CIRCU

YLTRYS 110 IMAGE
PRORE MEMORY
TRANSMISSION
CIRCUIT ;170
STORAGE
180 CIRSUT

DATA
180a —}H PROCESSING
FUNGTION
DETERMINING
1800 —11 " EUNGTION
¢

T
_H executine
1800 FUNCTI

190
CONTROLLING
CIRCUIT

ON



https://share-analytics.zhihuiya.com/view/6b06dc1a-7720-45f0-adc5-5b4504e56d35
https://worldwide.espacenet.com/patent/search/family/066529917/publication/EP3571999A1?q=EP3571999A1

