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ULTRASONIC DIAGNOSTIC APPARATUS
AND IMAGE PROCESSING METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2016-041100, filed on Mar. 3, 2016; and Japanese Patent
Application No. 2016-245637, filed on Dec. 19, 2016, the
entire contents of all of which are incorporated herein by
reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic diagnostic apparatus and an image processing
method.

BACKGROUND

[0003] Conventionally, a technique referred to as speckle
tracking echocardiography has been well-known, with
which a cardiac wall motion is tracked in image data in order
to quantitatively evaluate a wall motion of the heart of a
subject. With respect to the speckle tracking, a two-dimen-
sional speckle tracking (2DT) which is applied on two-
dimensional moving image data and a three-dimensional
speckle tracking (3DT) which is applied on three-dimen-
sional moving image data have been known.

[0004] In 2DT, for example, from an analysis result of
2DT, an index value that does not depend on a time is
defined. Based on this, 2DT analysis results based on a
plurality of cross sections related to the same subject, which
have been collected in different times of day, are synthe-
sized. Pieces of image information of the cross sections
which have been collected in different times of day include
heart rate variation and differences in scan conditions such
as a frame rate. Because of this, the settings and the
conditions in the time direction are not uniform among the
cross sections. To deal with this, for example, a peak systolic
strain (PSS) value is defined, with which the strain value in
each cross section is a peak during a period from the
end-diastole to the end-systole. With this, the analysis results
from the cross sections are synthesized without consider-
ation for the differences in the time of day. As an example,
values among cross sections are spatially interpolated using
the PSS values for the cross sections whereby polar map
display of the PSS values is performed.

[0005] Furthermore, a technique has been proposed that
uses 2DT of a plurality of cross sections to present volume
information of the left ventricle by the bi-plane disk-sum-
mation method (modified-Simpson method). In this case,
after heart rate variation and differences in frame rates in
collecting the pieces of image information of each of the
cross sections are corrected, volume information in various
cardiac time phases is obtained.

[0006] Furthermore, in 3DT, a technique has been pro-
posed that uses three-dimensional strain value changes of
the heart as function information to present three-dimen-
sional display, polar map display, and moving image data of
an MPR cross section. In this case, a technique of activation
imaging (Al) is performed with which at a point where the
strain value for one position has once arrived at a predeter-
mined threshold, myocardial contraction is regraded as
activated, and a pixel value (luminance value) in accordance
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with the arrival time value of contraction to that position is
retained and output, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 is a block diagram illustrating an exemplary
configuration of an ultrasonic diagnostic apparatus accord-
ing to a first embodiment;

[0008] FIG. 2 is a diagram for explaining ultrasonic scan
of a plurality of cross sections according to the first embodi-
ment;

[0009] FIG. 3 is a diagram for explaining processing of an
analysis information generation function according to the
first embodiment;

[0010] FIG. 4 is a diagram for explaining processing of a
display image generation function according to the first
embodiment;

[0011] FIG. 5is a diagram for explaining processing of the
display image generation function according to the first
embodiment;

[0012] FIG. 6 is a diagram for explaining processing of a
display control function according to the first embodiment;
[0013] FIG. 7 is a flowchart illustrating a procedure of
processing performed by the ultrasonic diagnostic apparatus
according to the first embodiment;

[0014] FIG. 8 is a flowchart illustrating a procedure of
processing performed by an ultrasonic diagnostic apparatus
according to a modification of the first embodiment;
[0015] FIG. 9 is a diagram for explaining the processing
performed by the ultrasonic diagnostic apparatus according
to the modification of the first embodiment;

[0016] FIG. 10 is a flowchart illustrating a procedure of
processing performed by an ultrasonic diagnostic apparatus
according to a second embodiment;

[0017] FIG. 11 is a flowchart illustrating a procedure of
processing performed by an ultrasonic diagnostic apparatus
according to a third embodiment;

[0018] FIG. 12 is a diagram for explaining interpolation
processing of a display image generation function according
to the third embodiment;

[0019] FIG. 13 is a diagram for explaining processing of
adisplay control function according to a fourth embodiment;
[0020] FIG. 14 is a flowchart illustrating a procedure of
processing performed by an ultrasonic diagnostic apparatus
according to the fourth embodiment; and

[0021] FIG. 15 is a diagram for explaining processing of
a display control function according to a modification of the
fourth embodiment.

DETAILED DESCRIPTION

[0022] An ultrasonic diagnostic apparatus according to an
embodiment includes a processing circuitry. With respect to
pieces of image data of a plurality of cross sections passing
through the heart of a subject that have been collected by
ultrasonically scanning each of the cross sections for a
period of at least one heart beat, the processing circuitry
performs tracking processing including two-dimensional
pattern matching to generate pieces of analysis information
in each of which a cardiac wall motion of the heart in each
section is analyzed. The processing circuitry matches time
phases of the pieces of analysis information of the cross
sections and maps the pieces of analysis information of the
cross sections with the matched time phases on a predeter-
mined polar coordinate system to generate a polar coordi-
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nate display image. The processing circuitry causes display
of the polar coordinate display image.

[0023] An ultrasonic diagnostic apparatus and an image
processing method according to an embodiment will be
described below with reference to the drawings.

First Embodiment

[0024] Firstly, the configuration of an ultrasonic diagnos-
tic apparatus according to a first embodiment will be
described. FIG. 1 is a block diagram illustrating an exem-
plary configuration of an ultrasonic diagnostic apparatus 1
according to a first embodiment. As illustrated in FIG. 1, the
ultrasonic diagnostic apparatus 1 according to the first
embodiment includes an apparatus body 100, an ultrasonic
probe 101, an input device 102, a display 103, and an
electrocardiograph 104. The ultrasonic probe 101, the input
device 102, the display 103, and the electrocardiograph 104
are communicably connected to the apparatus body 100.
[0025] The ultrasonic probe 101 includes a plurality of
piezoelectric transducer elements. These piezoelectric trans-
ducer elements generate ultrasonic waves based on drive
signals supplied from a transmission and reception circuitry
110 included in the apparatus body 100. Furthermore, the
ultrasonic probe 101 receives a reflected wave from the
subject P and converts the received reflected wave to an
electrical signal. The ultrasonic probe 101 also includes a
matching layer provided on a piezoelectric transducer ele-
ment and a backing material that prevents propagation of
ultrasonic waves from the piezoelectric transducer elements
to the rear thereof, for example. It should be noted that the
ultrasonic probe 101 is detachably connected to the appa-
ratus body 100.

[0026] Once ultrasonic waves have been transmitted from
the ultrasonic probe 101 to the subject P, the transmitted
ultrasonic waves are reflected sequentially on discontinuous
surfaces of acoustic impedance in the body tissues of the
subject P and received by the piezoelectric transducer ele-
ments included in the ultrasonic probe 101 as reflected wave
signals. The amplitude of the received wave signals depends
on an acoustic impedance difference on the discontinuous
surfaces on which the ultrasonic waves are reflected. It
should be noted that the reflected wave signals, in a case
where transmitted ultrasonic pulses are reflected on the
surface of a blood flow that is moving, a cardiac wall, or the
like, receive frequency transition due to the Doppler effect
depending on a velocity component with respect to the
transmission direction of the ultrasonic waves of the moving
body.

[0027] In the first embodiment, the ultrasonic probe 101
that two-dimensionally scans the subject P with ultrasonic
waves is used. For example, the ultrasonic probe 101 is a 1D
array probe on which a plurality of piezoelectric transducer
elements are arranged in a line. The 1D array probe is a
sector-type ultrasonic probe, a linear-type ultrasonic probe,
and a convex-type ultrasonic probe, for example. However,
in the first embodiment, the ultrasonic probe 101 may be, for
example, a mechanical 4D probe or a 2D array probe that
can two-dimensionally scan as well as three-dimensionally
scan the subject P with ultrasonic waves. The mechanical 4D
probe can perform two-dimensional scan using a plurality of
piezoelectric transducer elements arranged in a line as well
as three-dimensional scan by oscillating the piezoelectric
transducer elements arranged in a line at a predetermined
angle (oscillation angle). Furthermore, the 2D array probe
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can perform three-dimensional scan using a plurality of
piezoelectric transducer elements arranged in a matrix form
as well as two-dimensional scan with converged ultrasonic
waves transmitted and received. It should be noted that the
2D array probe also can simultaneously perform two-dimen-
sional scan of a plurality of cross sections.

[0028] The input device 102 includes a mouse, a key-
board, a button, a panel switch, a touch command screen, a
foot switch, a trackball, a joystick, and the like, receives
various setting requests from an operator of the ultrasonic
diagnostic apparatus 1, and transfers the received various
setting requests to the apparatus body 100.

[0029] The display 103 displays a graphical user interface
(GUI) for the operator of the ultrasonic diagnostic apparatus
1 to use the input device 102 to input the various setting
requests and displays ultrasonic image data generated in the
apparatus body 100, for example. Furthermore, the display
103 displays various messages to notify a condition of
processing of the apparatus body 100 to the operator. The
display 103 also includes a speaker for outputting a sound.
For example, the speaker of the display 103 outputs a
predetermined sound such as a beep sound to notify a
condition of processing of the apparatus body 100 to the
operator.

[0030] The electrocardiograph 104 acquires an electrocar-
diogram (ECG) of the subject P as a biomedical signal of the
subject P who is two-dimensionally scanned. The electro-
cardiograph 104 transmits the acquired electrocardiogram to
the apparatus body 100. It should be noted that in the present
embodiment, a case is described where the electrocardio-
graph 104 is used as a means of acquiring information
related to the cardiac time phase of the heart of the subject.
However, the embodiment is not limited thereto. For
example, the ultrasonic diagnostic apparatus 1 may acquire
a time at which the intramyocardial volume calculated by
two-dimensional speckle tracking (2DT) described later is
the minimum as an end systolic time (ESt) to acquire
information related to the cardiac time phase of the heart of
the subject. Furthermore, the vltrasonic diagnostic apparatus
1 may acquire a time of the IT sound (second sound) in a
phonocardiogram or an aortic valve close (AVC) time
obtained by measuring the ejection blood flow of the heart
using the spectral Doppler method to acquire information
related to the cardiac time phase of the heart of the subject.
[0031] The apparatus body 100 is an apparatus that gen-
erates ultrasonic image data based on the reflected wave
signals received by the ultrasonic probe 101. The apparatus
body 100 illustrated in FIG. 1 is an apparatus that can
generate two-dimensional ultrasonic image data based on
two-dimensional reflected wave signals received by the
ultrasonic probe 101.

[0032] The apparatus body 100 includes a transmission
and reception circuitry 110, a B-mode processing circuitry
120, a Doppler processing circuitry 130, an image genera-
tion circuitry 140, an image memory 150, an internal storage
160, and a processing circuitry 170, as illustrated in FIG. 1.
[0033] The transmission and reception circuitry 110
includes a pulse generator, a transmission delay unit, a
pulsar, and the like, and supplies a drive signal to the
ultrasonic probe 101. The pulse generator repeatedly gen-
erates a rate pulse for forming transmission ultrasonic waves
at a predetermined rate frequency. Furthermore, the trans-
mission delay unit converges the ultrasonic waves generated
from the ultrasonic probe 101 in a beam form and gives a
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delay time for each piezoelectric transducer element neces-
sary for deciding the transmission directivity to each rate
pulse generated by the pulse generator. Furthermore, the
pulsar applies a drive signal (drive pulse) to the ultrasonic
probe 101 at a timing based on the rate pulse. More
specifically, the transmission delay unit changes the delay
time given to each rate pulse, thereby optionally adjusting
the transmission direction of the ultrasonic waves transmit-
ted from the piezoelectric transducer element surface.

[0034] The transmission and reception circuitry 110
includes a function capable of instantaneously changing the
transmission frequency, transmission drive voltage, and the
like to perform a predetermined scan sequence based on an
instruction of the processing circuitry 170 described later.
Especially, change of the transmission drive voltage is
implemented by a linear amplifier-type transmitting circuit
that can instantaneously switch the value thereof or a
mechanism that electrically switches among a plurality of
power supply units.

[0035] Furthermore, the transmission and reception cir-
cuitry 110 includes a preamplifier, an analog/digital (A/D)
converter, a reception delay unit, an adder, and the like, and
generates reflected wave data by performing various types of
processing with respect to the reflected wave signals
received by the ultrasonic probe 101. The preamplifier
amplifies the reflected wave signals for each channel. The
A/D converter converts the amplified reflected wave signals.
The reception delay unit gives a delay time necessary for
deciding the reception directivity. The adder generates
reflected wave data by performing addition processing of the
reflected wave signals processed by the reception delay unit.
By the addition processing performed by the adder, a reflec-
tion component from the direction in accordance with the
reception directivity of the reflected wave signals is empha-
sized and an overall beam of ultrasonic transmission and
reception is formed by the reception directivity and the
transmission directivity.

[0036] The transmission and reception circuitry 110
causes the ultrasonic probe 101 to transmit two-dimensional
ultrasonic beams when the subject P is two-dimensionally
scanned. The transmission and reception circuitry 110 then
generates two-dimensional reflected wave data from the
two-dimensional reflected wave signals received by the
ultrasonic probe 101.

[0037] At this point, the mode of the output signal from
the transmission and reception circuitry 110 may be selected
from various types. For example, the output signal may be
a signal including phase information, which is referred to as
a radio frequency (RF) signal, or a signal including ampli-
tude information after envelope detection processing is
applied.

[0038] The B-mode processing circuitry 120 receives
reflected wave data from the transmission and reception
circuitry 110 and performs logarithmic amplification, enve-
lope detection processing, and the like to generate data in
which the signal intensity is represented by the brightness of
the luminance (B mode data).

[0039] The Doppler processing circuitry 130 performs
frequency analysis on velocity information from the
reflected wave data received from the transmission and
reception circuitry 110, extracts blood flow components,
tissue components, and contrast agent echo components due
to the Doppler effect, and generates data in which moving
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body information such as velocity, variance, and power are
extracted at multiple points (Doppler data).

[0040] The B-mode processing circuitry 120 and the Dop-
pler processing circuitry 130 illustrated in FIG. 1 can
process both two dimensional reflected wave data and
three-dimensional reflected wave data. More specifically,
the B-mode processing circuitry 120 generates two-dimen-
sional B-mode data from two-dimensional reflected wave
data and generates three-dimensional B-mode data from
three-dimensional reflected wave data. Furthermore, the
Doppler processing circuitry 130 generates two-dimensional
Doppler data from two-dimensional reflected wave data and
generates three-dimensional Doppler data from three-di-
mensional reflected wave data.

[0041] The image generation circuitry 140 generates ultra-
sonic image data from data generated by the B-mode pro-
cessing circuitry 120 and the Doppler processing circuitry
130. More specifically, the image generation circuitry 140
generates two-dimensional B-mode image data in which the
intensity of the reflected wave is represented by the lumi-
nance from the two-dimensional B-mode data generated by
the B-mode processing circuitry 120. Furthermore, the
image generation circuitry 140 generates two-dimensional
Doppler image data representing moving body information
from the two-dimensional Doppler data generated by the
Doppler processing circuitry 130. The two-dimensional
Doppler data is for a velocity image, a variance image, a
power image, or an image combining these. Furthermore,
the image generation circuitry 140 also can generate
M-mode image data from time-series data of the B-mode
data on one scanning line generated by the B-mode process-
ing circuitry 120. The image generation circuitry 140 also
can generate a Doppler waveform that plots pieces of
velocity information of blood flows and tissues along time
series from the Doppler data generated by the Doppler
processing circuitry 130.

[0042] At this point, the image generation circuitry 140
generally converts (scan-converts) a scanning line signal
string of ultrasonic scan into a scanning line signal string in
a video format, which is typified by television, for example,
to generate ultrasonic image data for display. More specifi-
cally, the image generation circuitry 140 performs coordi-
nate conversion in accordance with the scanning mode of
ultrasonic waves used by the ultrasonic probe 101, thereby
generating the ultrasonic image data for display. Further-
more, besides the scan conversion, as various types of image
processing, the image generation circuitry 140 performs
image processing of regenerating an average value image of
luminance using a plurality of image frames after the scan
conversion (smoothing processing) and image processing
using a differential filter in an image (edge emphasis pro-
cessing), for example. Furthermore, the image generation
circuitry 140 synthesizes character information of various
parameters, scales, body marks, and the like with the ultra-
sonic image data.

[0043] More specifically, each of the B-mode data and the
Doppler data is ultrasonic image data before scan conversion
processing and the data generated by the image generation
circuitry 140 is the ultrasonic image data for display after
scan conversion processing. It should be noted that each of
the B-mode data and the Doppler data is also referred to as
raw data. The image generation circuitry 140 generates
“two-dimensional B-mode image data and two-dimensional
Doppler image data” being two-dimensional ultrasonic
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image data for display from “two-dimensional B-mode data
and two-dimensional Doppler data” being two-dimensional
ultrasonic image data before scan conversion.

[0044] The image memory 150 is a memory that stores
therein the image data for display generated by the image
generation circuitry 140. Furthermore, the image memory
150 also can store therein the data generated by the B-mode
processing circuitry 120 or the data generated by the Dop-
pler processing circuitry 130. Each of the B-mode data and
the Doppler data stored in the image memory 150 can be
called by the operator after diagnosis, for example, and
becomes the ultrasonic image data for display via the image
generation circuitry 140.

[0045] The image generation circuitry 140 stores the ultra-
sonic image data and the time for the ultrasonic scan
performed to generate that ultrasonic image data in the
image memory 150 in association with electrocardiographic
waveforms transmitted from the electrocardiograph 104.
The processing circuitry 170 described later can acquire the
cardiac time phase at the time of the ultrasonic scan per-
formed to generate the ultrasonic image data by referring to
the data stored in the image memory 150.

[0046] The internal storage 160 stores therein a control
program for performing ultrasonic transmission and recep-
tion, image processing, and display processing, diagnostic
information (a patient ID and a doctor’s observation, for
example), and various types of data such as a diagnostic
protocol and various body marks. Furthermore, the internal
storage 160 is used for storage of image data stored in the
image memory 150 as necessary, for example. Furthermore,
data stored in the internal storage 160 can be transferred to
an external device via an interface which is not illustrated.
It should be noted that the external device is, for example,
a personal computer (PC) used by a doctor who performs
image diagnosis, a storage medium such as a CD and a
DVD, and a printer.

[0047] The processing circuitry 170 controls the overall
processing of the ultrasonic diagnostic apparatus 1. Specifi-
cally, the processing circuitry 170 controls processing of the
transmission and reception circuitry 110, the B-mode pro-
cessing circuitry 120, the Doppler processing circuitry 130,
and the image generation circuitry 140 based on the various
setting request input by the operator via the input device 102
and the various control programs and various types of data
read from the internal storage 160. Furthermore, the pro-
cessing circuitry 170 controls the ultrasonic image data for
display stored in the image memory 150 and the internal
storage 160 to be displayed on the display 103.

[0048] Furthermore, the processing circuitry 170 performs
an analysis information generation function 171, a display
image generation function 172, and a display control func-
tion 173. It should be noted that the details of processing of
the analysis information generation function 171, the display
image generation function 172, and the display control
function 173 that the processing circuitry 170 performs will
be described later.

[0049] At this point, for example, each of various pro-
cessing functions performed by the analysis information
generation function 171, the display image generation func-
tion 172, and the display control function 173, which are
components of the processing circuitry 170 illustrated in
FIG. 1, is stored in the internal storage 160 in a form of a
computer-executable program. The processing circuitry 170
is a processor that reads each of the programs from the
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internal storage 160 and executes the read programs, thereby
implementing the function corresponding to that program. In
other words, the processing circuitry 170 in a state in which
each program is read out has each of the functions illustrated
inside the processing circuitry 170 in FIG. 1.

[0050] In the present embodiment, description is made
based on the assumption that various processing functions
described below are implemented in a single processing
circuitry 170. However, a processing circuit may be struc-
tured by combining a plurality of independent processors, so
that each processor executes a computer program to imple-
ment a function.

[0051] The term “processor” used in the description above
represents a central processing unit (CPU), a graphics pro-
cessing unit (GPU), or a circuit such as an application
specific integrated circuit (ASIC) and a programmable logic
device (a simple programmable logic device (SPLD), a
complex programmable logic device (CPLD), and a field
programmable gate array (FPGA), for example). The pro-
cessor reads out a computer program stored in the internal
storage 160 and executes the read computer program to
implement a function. It should be noted that instead of
storing the computer program in the internal storage 160, the
program may be configured to be directly embedded in the
circuit of the processor. In this case, the processor reads out
a computer program embedded in the circuit and executes
the read computer program to implement a function. It
should be noted that each processor in the present embodi-
ment is not limited to one structured as a single processor,
and a plurality of independent processors may be structured
as one processor to implement the functions thereof. Fur-
thermore, a plurality of components in each drawing may be
integrated into one processor to implement the functions
thereof.

[0052] The overall configuration of the ultrasonic diag-
nostic apparatus 1 according to the first embodiment has
been described above. With this configuration, the ultrasonic
diagnostic apparatus 1 according to the first embodiment can
display a polar coordinate display image (hereinafter, also
referred to as a polar map) in a manner matching the time
phases of pieces of image data of a plurality of cross sections
that have been separately collected. For example, the ultra-
sonic diagnostic apparatus 1 performs ultrasonic scan of
each of a plurality of cross sections passing through the heart
of the subject P for a period of at least one heart beat, thereby
collecting pieces of ultrasonic image data of the cross
sections separately. The ultrasonic diagnostic apparatus 1
then matches the time phases of the pieces of ultrasonic
image data for the cross sections separately collected,
thereby enabling display of information related to the time-
series change of the cardiac wall motion on a polar map.
[0053] FIG. 2 is a diagram for explaining ultrasonic scan
of a plurality of cross sections according to the first embodi-
ment. In FIG. 2, the horizontal axis corresponds to a time. As
illustrated in FIG. 2, for example, the operator uses a
sector-type ultrasonic probe 101 to collect pieces of ultra-
sonic image data of three cross sections separately by an
apical approach. To be specific, firstly, to collect apical four
chamber (A4C) views being one of long-axis views of the
heart along time series, the operator performs ultrasonic scan
of the A4C plane for a period of one heart beat or longer
(first ultrasonic scan). With this operation, the image gen-
eration circuitry 140 generates a plurality of pieces of
two-dimensional B-mode image data (moving image data)
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of the A4C plane along time series for a period of one heart
beat or longer and stores the generated pieces of two-
dimensional B-mode image data in the image memory 150.
Furthermore, to collect apical two chamber (A2C) views
being one of long-axis views of the heart along time series,
the operator performs ultrasonic scan of the A2C plane for
a period of one heart beat or longer (second ultrasonic scan).
With this operation, the image generation circuitry 140
generates a plurality of pieces of two-dimensional B-mode
image data of the A2C plane along time series for a period
of one heart beat or longer and stores the generated pieces
of two-dimensional B-mode image data in the image
memory 150. Furthermore, to collect apical three chamber
(A3C) views being one of long-axis views of the heart along
time series, the operator performs ultrasonic scan of the A3C
plane for a period of one heart beat or longer (third ultra-
sonic scan). With this operation, the image generation cir-
cuitry 140 generates a plurality of pieces of two-dimensional
B-mode image data of the A3C plane along time series for
a period of one heart beat or longer and stores the generated
pieces of two-dimensional B-mode image data in the image
memory 150. It should be noted that the A3C view is also
referred to as an apical long axis view (A-LAX).

[0054] As described above, the ultrasonic diagnostic appa-
ratus 1 according to the first embodiment performs ultra-
sonic scan of a plurality of cross sections sequentially with
respect to the same subject in different times of day, thereby
collecting a plurality of pieces of ultrasonic image data (a set
of ultrasonic image data) along time series for each of the
cross sections separately.

[0055] At this point, as illustrated in FIG. 2, in a case
where pieces of ultrasonic image data of a plurality of cross
sections are separately collected in different times of day, the
time phases included in the collected pieces of ultrasonic
image data of each of the cross sections change due to the
heart beat fluctuation of the subject. For example, the length
of one heart beat in the time of day in which the first
ultrasonic scan is performed and the length of one heart beat
in the time of day in which the second ultrasonic scan
change.

[0056] Furthermore, in a case where the pieces of ultra-
sonic image data are separately collected, the ultrasonic scan
of each cross section is not necessarily performed with the
same frame rate. For example, in a case where the visual
field depth of a collected cross section is deepened or the
scanning field angle is widened, the frame rate needs to be
lowered in some cases. More specifically, in a case where the
pieces of ultrasonic image data are separately collected, the
frame rate of each cross section may be changed, and the
time intervals in the set of ultrasonic image data of each
cross section thus vary in accordance with the change of the
frame rate.

[0057] To solve this problem, the ultrasonic diagnostic
apparatus 1 according to the first embodiment performs each
of the functions of the processing circuitry 170 described
below to display a polar map in a manner matching the time
phases of the pieces of image data of a plurality of cross
sections that have been separately collected.

[0058] With respect to the pieces of image data of a
plurality of cross sections passing through the heart of the
subject that have been collected by ultrasonically scanning
each of the cross sections for a period of at least one heart
beat, the analysis information generation function 171 per-
forms tracking processing including two-dimensional pat-
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tern matching, thereby generating analysis information in
which the cardiac wall motion of the subject in each cross
section is analyzed. For example, the analysis information
generation function 171 generates analysis information of
each cross section from the pieces of image data collected in
different times of day. It should be noted that the analysis
information generation function 171 is an example of an
analysis information generation unit.

[0059] Firstly, the analysis information generation func-
tion 171 acquires a plurality of sets of two-dimensional
ultrasonic image data collected by ultrasonically scanning
each of predetermined cross sections for a period of at least
one heart beat. For example, the analysis information gen-
eration function 171 acquires a plurality of sets of two-
dimensional ultrasonic image data of the A4C plane along
times series for one heart beat interval (sets of A4C images).
Furthermore, the analysis information generation function
171 acquires a plurality of sets of two-dimensional ultra-
sonic image data of the A2C plane along times series for one
heart beat interval (sets of A2C images). Furthermore, the
analysis information generation function 171 acquires a
plurality of sets of two-dimensional ultrasonic image data of
the A3C plane along times series for one heart beat interval
(sets of A3C images). At this point, the analysis information
generation function 171 detects a time phase being a feature
wave (an R-wave or a P-wave, for example) from electro-
cardiographic waveforms acquired by the electrocardio-
graph 104 and acquires the detected time phase in associa-
tion with the time of ultrasonic scan for the ultrasonic image
data sets of each cross section.

[0060] The analysis information generation function 171
then performs tracking processing including two-dimen-
sional pattern matching across a predetermined interval to
acquire time series data of the positions of the interior,
exterior, and contour of a cavity of a predetermined region
included in each of the sets of two-dimensional ultrasonic
image data. More specifically, the analysis information
generation function 171 performs 2D speckle tracking
(2DT) processing with respect to two-dimensional moving
image data. The speckle tracking method is a method of
estimating an accurate motion by performing an optical flow
method and various types of spatiotemporal interpolation
processing, for example, in combination with pattern match-
ing.

[0061] At this point, the analysis information generation
fanction 171 acquires the contour position of at least one of
the ventricles and atria of the heart as a predetermined
region. More specifically, a region to be processed with the
2DT processing is one or more regions selected by the
operator from the interior of the right atrium, the exterior of
the right atrium, the interior of the right ventricle, the
exterior of the right ventricle, the interior of the left atrium,
the exterior of the left atrium, the interior of the left
ventricle, and the exterior of the left ventricle. In the
description below, a case will be described where as a region
to be processed with the 2DT processing, the interior of the
left ventricle and the exterior of the left ventricle are
selected.

[0062] For example, the input device 102 receives a set-
ting request for a tracking point from the operator. The
processing circuitry 170 to which the setting request for the
tracking point is transferred reads out pieces of two-dimen-
sional ultrasonic image data in the initial time phase from the
image memory 150 and causes the display 103 to display
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images therefrom. Specifically, the processing circuitry 170
uses the first frame (starting frame) of pieces of moving
image data as the first time phase to read out an A4C image,
an A2C image, and an A3C image in the first frame and
cause the display 103 to display images therefrom.

[0063] FIG. 3isa diagram for explaining processing of the
analysis information generation function 171 according to
the first embodiment. In FIG. 3, a tracking point set to the
piece of ultrasonic image data in the first frame out of the
sets of A4C images.

[0064] As illustrated in FIG. 3, the operator sets a tracking
point for performing 2DT by referring the piece of two-
dimensional ultrasonic image data of the A4C plane in the
initial time phase. For example, the operator traces the
endocardium of the left ventricle and the epicardium of the
left ventricle using a mouse of the input device 102 in the
piece of two-dimensional ultrasonic image data in the initial
time phase. The analysis information generation function
171 reconstructs two two-dimensional boundary planes
from the traced endocardium and epicardium as two con-
tours in the initial time phase (initial contours). The analysis
information generation function 171 then sets a plurality of
tracking points in each of the contour of the endocardium
and the contour of the epicardium in the initial time phase as
illustrated in FIG. 3. The analysis information generation
function 171 sets template data with respect to each of the
tracking points set in the frame of the initial time phase. The
template data is formed of a plurality of pixels centered on
the tracking point.

[0065] The analysis information generation function 171
then searches for a region that matches the best with the
speckle pattern of the template data between two frames,
thereby tracking to what position the template data is moved
in the next frame. With this tracking processing, the analysis
information generation function 171 acquires the position of
each tracking point in the sets of two-dimensional ultrasonic
image data other than the piece of two-dimensional ultra-
sonic image data in the initial time phase.

[0066] With this, the analysis information generation
function 171 acquires time series data of the contour posi-
tion including the endocardium and the epicardium of the
left ventricle with respect to the sets of ultrasonic image data
for each of a plurality of cross sections. For example, the
analysis information generation function 171 acquires time
series data of the contour position of the left ventricle
included in A4C images, time series data of the contour
position of the left ventricle included in A2C images, and
time series data of the contour position of the left ventricle
included in A3C images.

[0067] The analysis information generation function 171
then generates a strain value that represents a strain of the
cardiac wall of the heart of the subject P from the acquired
time series data of the contour position of the left ventricle
in the sets of ultrasonic image data of each cross section. For
example, the analysis information generation function 171
obtains time series change of the length of a tracking point
pair between two points in a preset direction for strain
measurement with respect to each of the cross sections and
generates this as a strain value. Specifically, the analysis
information generation function 171 obtains time series
change of the length of a tracking point pair between two
points in a preset direction with respect to the A4C images
and generates this as a strain value of the A4C images.
Furthermore, the analysis information generation function
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171 obtains time series change of the length of a tracking
point pair between two points in a preset direction with
respect to the A2C images and generates this as a strain
value of the A2C images. Furthermore, the analysis infor-
mation generation function 171 obtains time series change
of the length of a tracking point pair between two points in
a preset direction with respect to the A3C images and
generates this as a strain value of the A3C images. At this
point, as the preset direction, two types, which are the
tangential direction of the contour and the wall thickness
direction between the endocardium and the epicardium are
preferable. It should be noted that the strain value in each
cross section preferably represents time change based on one
time phase (initial time phase or the time phase of an R
wave) and is output as a time curve.

[0068] In the example described above, a case has been
described where a strain value is generated as analysis
information. However, the embodiment is not limited
thereto. For example, the analysis information generation
function 171 may generate an arrival time value with which
a strain value arrives at a threshold as analysis information.
Furthermore, the analysis information generation function
171 may use not only a strain value or an arrival time value
but the contour position of a tracked endocardium surface to
generate information on the volume, based on a modified
Simpson method, a disk summation method, an area length
method, or the like.

[0069] Furthermore, the setting of the initial contour is not
limited to one that is manually performed by the operator as
described above. For example, the setting of the initial
contour may be automatically performed as described
below. For example, the analysis information generation
function 171 estimates the position of the initial contour
from the position of the valve annulus and the position of the
apex specified by the operator in the piece of image data of
the initial time phase. Alternatively, for example, the analy-
sis information generation function 171 estimates the posi-
tion of the initial contour from the piece of image data of the
initial time phase without receiving information from the
operator. The automatic estimation methods described above
use a boundary estimation technique with which the lumi-
nance information of an image is used and a boundary
estimation technique with which a shape database registered
in advance as “shape information of the heart” and the
features of the image are compared and collated with a
discriminator.

[0070] The display image generation function 172
matches the time phases of the pieces of analysis informa-
tion of the cross sections and maps the pieces of analysis
information of the cross sections with the matched time
phases on a predetermined polar coordinate system to gen-
erate a polar coordinate display image (polar map). For
example, the display image generation function 172 matches
the time phases of the pieces of analysis information of the
cross sections in different times of day with a predetermined
cardiac time phase as a reference. It should be noted that the
display image generation function 172 is an example of a
display image generation unit.

[0071] FIG. 4is a diagram for explaining processing of the
display image generation function 172 according to the first
embodiment. FIG. 4 exemplifies processing of the display
image generation function 172 in a case where the time
phases of the A4C plane, the A2C plane, and the A3C plane
are matched. In FIG. 4, the horizontal axis corresponds to a
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time t (frame in the moving image data). Furthermore, in
FIG. 4, the exemplification is made on the assumption that
the frame interval of the moving image data of the A4C
plane is “dT1”, the frame interval of the moving image data
of the A2C plane is “dT2”, and the frame interval of the
moving image data of the A3C plane is “dT3”. It should be
noted that in this example, dT3<dT2<dT]1.

[0072] As illustrated in FIG. 4, the display image genera-
tion function 172 matches the starting point of the time
series data of the A4C images, the starting point of the time
series data of the A2C images, and the starting point of the
time series data of the A3C images in accordance with the
R-wave time phase, for example (see the lower figure in
FIG. 4). The display image generation function 172 then
calculates an arrival time with which the strain value in each
cross section arrives at a predetermined variable threshold
(ex. 0to 100 [%)] of each peak strain value) with the matched
starting points (R-wave time phase) as a reference time
phase. At this point, the arrival time value is a value being
an index of a technique (activation imaging (Al)), with
which at a point where the strain value for one position
(sample position) has once arrived at the predetermined
threshold, myocardial contraction is regraded as activated
and a pixel value (luminance value) in accordance with the
arrival time value is displayed. For this reason, an arrival
time value is also referred to as an “Al value”. To cite an
example, the Al value is defined as a time [msec] at which
alocal strain value in the longitudinal direction (longitudinal
strain (LS)) arrives at the level of 30% as typical predeter-
mined variable threshold with respect to a peak value in one
cardiac cycle of each location. It should be noted that the
reference time phase represents the time phase being the
reference (time zero) when calculating an arrival time value.

[0073] Forexample, the display image generation function
172 calculates an arrival time value Al1(t) at which the strain
value at each point forming the tracked contour of an A4C
image arrives at the level of 30% with respect to the peak
value in one cardiac cycle of the point with the R-wave time
phase as the reference time phase. Furthermore, the display
image generation function 172 calculates an arrival time
value AI2(t) at which the strain value at each point forming
the contour of an A2C image arrives at the level of 30% with
respect to the peak value in one cardiac cycle of the point
with the R-wave time phase as the reference time phase.
Furthermore, the display image generation function 172
calculates an arrival time value AT3(t) at which the strain
value at each point forming the contour of an A3C image
arrives at the level of 30% with respect to the peak value in
one cardiac cycle of the point with the R-wave time phase
as the reference time phase. It should be noted that t
corresponds to a time in the moving image data of each cross
section (frame).

[0074] The display image generation function 172 then
selects a predetermined time phase td as the time t. At this
point, the time td is preset in advance so that the last frame
is selected. As a result, the display image generation func-
tion 172 selects a last frame td1 of an A4C image, a last
frame td2 of an A2C image, and a last frame td3 of an A3C
image. With this, the display image generation function 172
calculates an arrival time value All of an A4C image (td1),
an arrival time value AI2 of an A2C image (td2), and an
arrival time value AI3 of an A3C image (td3). The display
image generation function 172 then uses the calculated
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arrival time values AIl (td1), AI2 (td2), and AI3 (td3) of
each cross section to generate a polar map.

[0075] FIG. 5is a diagram for explaining processing of the
display image generation function 172 according to the first
embodiment. FIG. 5 exemplifies a case where the arrival
time values AI1 (td1), AI2 (td2), and AI3 (td3) of three cross
sections of the A4C plane, the A2C plane, and the A3C plane
are synthesized to generate a polar map. At this point, a polar
map indicates a display mode in which cardiac function
information of each position (pixel) set on the surface of the
left ventricle is displayed in a manner developed on a
two-dimensional plane with the apex serving as a pole and
is also referred to as a bull’s eye plot. For example, as a
general fractionation model, a display mode is cited in which
fractionation into 16 to 17 segments is performed in the
directions of the anterior wall (ant), the anteroseptal (ant-
sept), the septum (sept), the inferior wall (inf), the posterior
wall (post), and the lateral wall (lat).

[0076] At this point, each point on the A4C image corre-
sponds to a point on a straight line passing through the
septum (sept) and the lateral wall (lat) on the polar map.
Furthermore, each point on the A2C image corresponds to a
point on a straight line passing through the anterior wall
(ant) and the inferior wall (inf) on the polar map. Further-
more, each point on the A3C image corresponds to a point
on a straight line passing through the anteroseptal (ant-sept)
and the posterior wall (post) on the polar map. The display
image generation function 172 then uses a piece of cardiac
function information for each of a plurality of cross sections
to perform spatial interpolation processing (in the circum-
ferential direction of the map) on a point on a pair of
positions in the corresponding longitudinal direction (a
corresponded radius on the map), thereby generating a polar
map (synthesized polar map).

[0077] As illustrated in FIG. 5, the display image genera-
tion function 172 calculates the arrival time value of each
point between the A4C plane and the A2C plane by per-
forming interpolation processing in the circumferential
direction using the arrival time value All of the A4C image
(td1) and the arrival time value AI2 of the A2C image (td2).
Furthermore, the display image generation function 172
calculates the arrival time value of each point between the
A4C plane and the A3C plane by performing interpolation
processing in the circumferential direction using the arrival
time value All of the A4C image (td1) and the arrival time
value AI3 of the A3C image (td3). Furthermore, the display
image generation function 172 calculates the arrival time
value of each point between the A2C plane and the A3C
plane by performing interpolation processing in the circum-
ferential direction using the arrival time value AI2 of the
A2C image (td2) and the arrival time value AI3 of the A3C
image (td3). The display image generation function 172 then
allocates a pixel value corresponding to the calculated
arrival time value of each point to generate a synthesized
polar map.

[0078] As described above, the display image generation
function 172 uses the arrival time value of each of the cross
sections to generate a polar map. It should be noted that in
the description above, a case has been described where the
last frame is selected as the time phase td in the time domain
for detecting an arrival time value. However, the embodi-
ment is not limited thereto, and an optional time phase td
may be selected. However, to calculate the arrival time value



US 2017/0252011 Al

of each point, as the time phase td, the last frame corre-
sponding to the time after one cardiac cycle has elapsed is
preferably selected.

[0079] The display control function 173 displays a polar
coordinate display image. For example, the display control
function 173 causes the display 103 to display a polar map
generated by the display image generation function 172. It
should be noted that the display control function 173 is an
example of a display control unit.

[0080] FIG. 6is a diagram for explaining processing of the
display control function 173 according to the first embodi-
ment. FIG. 6 exemplifies a display screen displayed on the
display 103 by the processing of the display control function
173.

[0081] As illustrated in FIG. 6, the display control func-
tion 173 causes the display 103 to display the polar map
generated by the display image generation function 172 as a
still image (see the upper right figure in FIG. 6). Further-
more, the display control function 173 causes the average
value of the arrival time value [msec] in each segment to be
displayed on the segment of the polar map.

[0082] Furthermore, the display control function 173 dis-
plays an index value of the heart beat fluctuation among each
of the cross sections. For example, the display control
function 173 calculates a difference in the heart beats among
each of the cross sections and displays the calculated dif-
ference on the display 103. More specifically, the display
control function 173 displays an index value “HR_ERROR”
of fluctuation of one cardiac cycle among the cross sections.
[0083] For example, the display control function 173 uses
Formula (1) below to calculate a difference in the heart beats
among the cross sections. In Formula (1), 8HR represents a
difference [%] in the heart rates among the cross sections.
Furthermore, the maximum HR represents the maximum
heart rate among the heart rates (HR) in the pieces of moving
image data of the cross sections. Furthermore, the minimum
HR represents the minimum heart rate among the heart rates
(HR) in the pieces of moving image data of the cross
sections.

OHR=100* (maximum HR-minimum HR)/maximum
HR 63}

[0084] The display control function 173 then displays the
calculated dHR as the “HR_ERROR” on the display 103. In
the example illustrated in FIG. 6, the display control func-
tion 173 displays HR_ERROR “10%” on the display 103
(see the lower right figure in FIG. 6).

[0085] For the “HR_ERROR”, not only dHR but a differ-
ence in the end systolic times among cross sections may be
used, for example. A difference in the end systolic times
OESt among the cross sections is represented by Formula (2)
below. In Formula (2), ESt represents a difference in the
end systolic times [%] among cross sections. Furthermore,
the maximum ESt represents the maximum end systolic time
(ESt) among the end systolic times in the pieces of moving
image data of the cross sections. Furthermore, the minimum
ESt represents the minimum end systolic time (ESt) among
the end systolic times in the pieces of moving image data of
the cross sections.

dEst=100*(maximum ESt-minimum ESt)/maximum
ESt 2
[0086] Furthermore, when “HR_ERROR” has exceeded a
predetermined threshold, the display control function 173
may present information indicating that the threshold is
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exceeded to the operator. For example, when dHR has
exceeded a predetermined threshold (20%, for example), the
display control function 173 displays a predetermined sign
in addition to the numerical value of the arrival time value
displayed on each segment in the polar map. For example,
the display control function 173 adds a sign “™” to a
numerical value “XXX” and displays “"XXX” on the seg-
ment. Alternatively, the display control function 173 may
display the numerical value “"XXX” in a different display
color from the normal display color.

[0087] More specifically, the display control function 173
displays an index value (O8HR or OESt) representing a
difference in cardiac cycles in the collection periods of the
cross sections. At this point, the display control function 173
may display the calculated index value constantly or at the
time when the index value has exceeded the threshold.
Furthermore, when the index value has exceeded the thresh-
old, the display control function 173 may notify information
indicating that the index value has exceeded the threshold
(the above-described sign “*”, an error message. or a noti-
fication sound, for example) or display the index value in an
emphasized state (in a different color or in a bold font, for
example).

[0088] Furthermore, the display control function 173 may
display time curve analysis (TCA) of the strain values
obtained in the cross sections. For example, the display
control function 173 displays time curve analysis of the
strain values in the A4C images (see the graph in the upper
left in FIG. 6). Furthermore, the display control function 173
displays time curve analysis of the strain values in the A2C
images (see the graph in the lower left in FIG. 6) and time
curve analysis of the strain values in the A3C images (see the
graph in the middle left in FIG. 6) in the same manner on the
display 103.

[0089] Furthermore, the display control function 173 can
display various parameters as numerical values. For
example, besides the above-described “HR_ERROR?”, the
display control function 173 displays parameters such as
“GLPS_A3C”, “GLPS_A4C”, “GLPS_A2C”, “GLPS_
Avg”, “ES”, “AVC”, and “HR_A3C” (see the lower right
figure in FIG. 6). At this point, “GLPS” represents a global
longitudinal PSS value on each section. More specifically,
“GLPS_A3C” is a peak value that the global longitudinal
strain value on the A3C plane has during a predetermined
period. “GLPS_A4C” is a peak value that the global longi-
tudinal strain value on the A4C plane has during a prede-
termined period. “GLPS_A2C” is a peak value that the
global longitudinal strain value on the A2C plane has during
a predetermined period. Furthermore, “GLPS_Ave” is an
average value of “GLPS_A3C”, “GLPS_A4C”, and
“GLPS_A2C”. “ES” represents an average value of the time
at which the interior volume of the cavity is the minimum in
each cross section as an end systolic time. Furthermore,
“AV(C” is a closing time of the aortic valve. “HR_A3C” is
a heart rate on the A3C plane.

[0090] FIG. 7 is a flowchart illustrating a procedure of
processing performed by the ultrasonic diagnostic apparatus
1 according to the first embodiment. The procedure of
processing illustrated in FIG. 7 is started when an instruction
to start imaging of the subject P is received from the
operator, for example.

[0091] At Step S101, it is determined whether imaging has
been started. For example, the input device 102 receives an
instruction to start imaging of the subject P from the operator
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and forwards the received instruction to the processing
circuitry 170. Upon receiving the instruction forwarded
from the input device 102, the processing circuitry 170
determines that the imaging has been started (Yes at Step
S101) and starts processing at and after Step S102. Tt should
be noted that when the imaging has not started (No at Step
S101), processing at and after Step S102 is not started and
each of the processing functions of the processing circuitry
170 is in a waiting state.

[0092] In the case of Yes at Step S101, the image genera-
tion circuitry 140 generates a set of two-dimensional ultra-
sonic image data in each cross section at Step S102. For
example, the image generation circuitry 140 generates a
plurality of ultrasonic image data along time series corre-
sponding each of the A4C plane, the A2C plane, and the A3C
plane. It should be noted that ultrasonic scan of the A4C
plane, the A2C plane, and the A3C plane is performed in
different times of day. Furthermore, in a case where ultra-
sonic scan of the A4C plane, the A2C plane, and the A3C
plane is performed, the number of cross sections N=3.
[0093] At Step S103, the processing circuitry 170 sets
“s=1". For example, the analysis information generation
function 171 sets a set of ultrasonic image data of the A4C
plane on the assumption that a cross section s=1.

[0094] At Step S104, the analysis information generation
function 171 sets an initial contour with respect to the set of
ultrasonic image data of the cross section s. For example, the
analysis information generation function 171 sets a plurality
of tracking points representing surfaces of the endocardium
and the epicardium with respect to a piece of two-dimen-
sional ultrasonic image data in the first frame of the A4C
plane.

[0095] At Step S105, the analysis information generation
function 171 performs 2DT processing. For example, the
analysis information generation function 171 searches for a
region that matches the best with the speckle pattern of the
template data between two frames, thereby tracking to what
position the template data is moved in the next frame.
[0096] At Step S106, the analysis information generation
function 171 generates time series data of the contour
position of the cross section s. For example, the analysis
information generation function 171 generates time series
data of the contour position of the left ventricle included in
the A4C image.

[0097] At Step S107, the analysis information generation
function 171 determines whether “s=N”. At this point, in a
case where “s” is not “N” (No at Step S107), the analysis
information generation function 171 proceeds to processing
at Step S108. By contrast, in a case where “s” is “N” (Yes
at Step S107), the analysis information generation function
171 proceeds to processing at Step S109.

[0098] In the case of No at Step S107, the analysis
information generation function 171 sets “s=s+1” at Step
S108 and proceeds to processing at Step S104. More spe-
cifically, the analysis information generation function 171
determines that there still is a cross section to be processed
with 2DT processing and proceeds to 2DT processing of the
next cross section.

[0099] In the case of Yes at Step S107, the display image
generation function 172 calculates the arrival time value of
each cross section with an R-wave as a reference at Step
S109. For example, the display image generation function
172 calculates the arrival time value with which the strain
value at each point of the A4C image arrives at the level of
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30% with respect to the peak value in one cardiac cycle of
the point, with an R wave time phase as a reference time
phase. Furthermore, the display image generation function
172 calculates the arrival time value in the same manner for
each of the A2C image and the A3C image, with which the
strain value at each point arrives at the level of 30% with
respect to the peak value in one cardiac cycle of the point,
with an R wave time phase as a reference time phase.
[0100] At Step S110, the display image generation func-
tion 172 generates a synthesized polar map using the arrival
time value of an optional time phase. For example, the
display image generation function 172 calculates the arrival
time value at each point among the cross sections by
interpolation processing in the circumferential direction
using the arrival time value of each cross section. The
display image generation function 172 then a pixel value
corresponding to the calculated arrival time value of each
point to generate a synthesized polar map.

[0101] At Step S111, the display control function 173
calculates a time difference in the heart beats among the
cross sections. For example, as an index value of fluctuation
in one cardiac cycle among a plurality of cross sections, the
display control function 173 calculates a difference dHR [%)]
in the heart rates among the cross sections.

[0102] At Step S112, the display control function 173
displays the synthesized polar map together with a time
difference. For example, the display control function 173
displays the synthesized polar map generated by the display
image generation function 172 on the display 103 and
displays the calculated dHR [%)] as “HR_ERROR”.

[0103] As described above, in the ultrasonic diagnostic
apparatus 1 according to the first embodiment, with respect
to pieces of image data of a plurality of cross sections
passing through the heart of a subject that have been
collected by ultrasonically scanning each of the cross sec-
tions for a period of at least one heart beat, the analysis
information generation function 171 performs tracking pro-
cessing including two-dimensional pattern matching to gen-
erate pieces of analysis information in each of which the
cardiac wall motion of the heart in each section is analyzed.
The display image generation function 172 then matches the
time phases of the pieces of analysis information of the cross
sections and maps the pieces of analysis information of the
cross sections with the matched time phases on a predeter-
mined polar coordinate system, thereby generating a polar
image. The display control function 173 displays the gen-
erated polar map. With this configuration, the ultrasonic
diagnostic apparatus 1 according to the first embodiment can
display a polar map in a manner matching the time phases
of the pieces of image data of a plurality of cross sections
that have been separately collected.

[0104] For example, conventionally, in a case where a
synthesized polar map is displayed based on a plurality of
cross sections collected in different times of day, an index
value that does not depend on a time is defined, whereby the
analysis results from the cross sections are synthesized
without consideration for the differences in the time of day
to display the synthesized polar map. In such a display
mode, although information related to the temporal change
of a wall motion (time information) is originally obtained as
the analysis results of the cross sections, during the course
of synthesizing the analysis results of the cross sections, the
time information is lost. In other words, conventional tech-
niques have not been able to display a synthesized polar map
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based on time information from the analysis results of the
cross sections that have been collected in different times of
day.

[0105] By contrast, the ultrasonic diagnostic apparatus 1
according to the first embodiment matches the time phases
of the pieces of image data of a plurality of cross sections
that have been separately collected and then synthesizes the
analysis results of the cross sections to generate a synthe-
sized polar map. Specifically, the ultrasonic diagnostic appa-
ratus 1 matches the reference time phases of the analysis
results of the cross sections to an R-wave time phase and
then calculates the arrival time values to generate a synthe-
sized polar map, based on the calculated arrival time values.
With this configuration, with the ultrasonic diagnostic appa-
ratus 1 according to the first embodiment, even the pieces of
image data of a plurality of cross sections that have been
separately collected can be reflected on a synthesized polar
map, without losing time information related to the temporal
change of a wall motion. Specifically, even when the lengths
of one heart beat or the frame rates in the pieces of analysis
information of the cross sections that have been collected in
different times of day are different, the ultrasonic diagnostic
apparatus 1 can generate a synthesized polar map and
display the generated synthesized polar map.

[0106] Furthermore, in a case where the time fluctuation is
small among the cross sections, the ultrasonic diagnostic
apparatus 1 according to the first embodiment considers that
the time phases of the cross sections are substantially
matched and obtains the arrival time value of each cross
section based on an R-wave time phase. With this, the
ultrasonic diagnostic apparatus 1 can display a synthesized
polar map without losing time information related to the
temporal change of a wall motion, with a simple configu-
ration.

[0107] Furthermore, the ultrasonic diagnostic apparatus 1
according to the first embodiment displays an index value of
fluctuation among each of a plurality of cross sections. With
this configuration, the ultrasonic diagnostic apparatus 1 can
present the reliability of the displayed synthesized polar map
to the operator.

Modification of the First Embodiment

[0108] Even when the pieces of analysis information of all
the cross sections to be synthesized have not been collected,
the ultrasonic diagnostic apparatus 1 generates a synthesized
polar map sequentially from the pieces of analysis informa-
tion of the cross sections, for which the wall motion analysis
has been completed, to update as appropriate the synthesized
polar map every time a wall motion analysis operation has
been completed.

[0109] More specifically, the display image generation
function 172 generates a polar map based on the piece of
analysis information of a cross section, for which the wall
motion analysis has been completed by the analysis infor-
mation generation function 171, out of a plurality of cross
sections. Furthermore, once the wall motion analysis opera-
tion for another cross section has been newly completed by
the analysis information generation function 171, the display
image generation function 172 updates the generated polar
map based on the piece of analysis information of that
another cross section. Furthermore, every time the polar map
is updated by the display image generation function 172, the
display control function 173 displays the updated polar map.
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[0110] FIG. 8 is a flowchart illustrating a procedure of
processing performed by the ultrasonic diagnostic apparatus
1 according to a modification of the first embodiment. In the
procedure of processing illustrated in FIG. 8, the processing
from Step S201 to Step S206 are the same as that from Step
S101 to Step S106 illustrated in FIG. 7, and the description
thereof will be omitted.

[0111] At Step S207, the display image generation func-
tion 172 calculates the arrival time value of a cross section
s with an R-wave as a reference. For example, the display
image generation function 172 calculates the arrival time
value with which the strain value at each point in an A4C
image arrives at the level of 30% with respect to the peak
value in one cardiac cycle of the point, with an R wave time
phase as a reference time phase.

[0112] At Step S208, the display image generation func-
tion 172 uses the arrival time of the cross section s to
generate a synthesized polar map. For example, the display
image generation function 172 allocates the arrival time
values at the points on the A4C image partially to a polar
map.

[0113] At Step S209, the display control function 173
displays the polar map. For example, the display control
function 173 causes the display 103 to display the polar map
on which the arrival time values at the points on the A4C
map are allocated partially.

[0114] At Step S210, the display control function 173
determines whether “s=N". At this point, in a case where “s”
is not “N” (No at Step S210), the display control function
173 proceeds to processing at Step S211. By contrast, in a
case where “s” is “N”” (Yes at Step S210), the display control
function 173 ends the processing in FIG. 8.

[0115] In the case of No at Step S210, the display control
function 173 sets “s=s+1” at Step S211 and proceeds to
processing at Step S204. More specifically, the display
control function 173 determines that there still is a cross
section to be processed with 2DT processing and proceeds
to 2DT processing of the next cross section.

[0116] FIG. 9 is a diagram for explaining the processing
performed by the ultrasonic diagnostic apparatus 1 accord-
ing to the modification of the first embodiment. FIG. 9
exemplifies a display image displayed in a case where out of
the A4C plane, A2C plane, and the A3C plane, pieces of
analysis information of the A4C plane and the A2C plane are
generated by 2DT.

[0117] As illustrated in FIG. 9, the display image genera-
tion function 172 generates a polar map based on the pieces
of analysis information of the A4C plane and the A2C plane
by means of the analysis information generation function
171. Specifically, the display image generation function 172
allocates a pixel value corresponding to the arrival time
value of each point on the A4C image to each of the
segments of the septum (sept) and the lateral wall (lat) as
well as allocates a pixel value corresponding to the arrival
time value of each point on the A2C image to each of the
segments of the anterior wall (ant) and the inferior wall (inf)
to generate a synthesized polar map. The display control
fanction 173 then causes the display 103 to display the
synthesized polar map generated by the display image
generation function 172. It should be noted that in FIG. 9,
because the analysis operations for the A3C plane have not
been completed, no pixel value is allocated to each of the
points of the anteroseptal (ant-sept) and the posterior wall
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(post). Furthermore, the time curve analysis graph of strain
values for the A3C plane is still blank.

[0118] Thereafter, when the analysis operations have been
completed by the analysis information generation function
171, for example, the display image generation function 172
updates the synthesized polar map in FIG. 9 and generates
the synthesized polar map illustrated in FIG. 6. It should be
noted that the display image generation function 172 also
generates items other than a display image based on the
pieces of analysis information of the A3C plane. The display
control function 173 then causes the display 103 to display
the synthesized polar map updated by the display image
generation function 172.

[0119] As described above, even when the pieces of analy-
sis information of all the cross sections to be synthesized
have not been collected, the ultrasonic diagnostic apparatus
1 generates a synthesized polar map sequentially from the
pieces of analysis information of the cross sections, for
which the wall motion analysis has been completed, to
update as appropriate the synthesized polar map every time
a wall motion analysis operation has been completed. The
present modification has an effect to make it easy for the
operator to determine the next cross section to be analyzed,
because the operator can clearly distinguish at a glance
between a cross section for which the analysis operation has
been completed and a cross section for which the analysis
operation has not been completed.

Second Embodiment

[0120] Inasecond embodiment, a case is described where
the influence of a difference in the cardiac time phases
among the cross sections is corrected to achieve higher
accuracy in synthesizing the pieces of analysis information
of the cross sections.

[0121] An ultrasonic diagnostic apparatus 1 according to
the second embodiment includes the same configuration as
the ultrasonic diagnostic apparatus 1 illustrated in FIG. 1,
and a part of the processing performed by the display image
generation function 172 is different. For this reason, in the
second embodiment, the points different from those in the
first embodiment will be mainly described, and the descrip-
tions of the points having similar functions to those con-
figurations described in the first embodiment will be omit-
ted.

[0122] The display image generation function 172 accord-
ing to the second embodiment corrects the pieces of analysis
information of the cross sections with a predetermined
interval of a time between two cardiac time phases and maps
the pieces of analysis information of the cross sections after
correction on the predetermined polar coordinate system to
generate a polar map.

[0123] For example, the display image generation function
172 firstly sets a reference time Tc serving as a reference for
correcting the pieces of analysis information of the cross
sections. This reference time is a time set for uniforming the
times of one cardiac cycle or the times required for the
systolic period (end systolic time) of the cross sections.
More specifically, the display image generation function 172
normalizes the times of one cardiac cycle or the end systolic
times of the cross sections to the reference time Te.

[0124] For example, the display image generation function
172 selects a cross section with which the heart rate HR
[bpm] is a median value HRm out of the cross sections and
sets the time of one cardiac cycle of the selected cross
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section as the reference time Tc. For example, the reference
time Tc [msec] is represented by Formula (3) below.

Te=1000/(HRm/60) 3)

[0125] Thereafter, the display image generation function
172 calculates a correction coefficient Tk for correcting the
pieces of analysis information of the cross sections. The
correction coeflicient Tk is represented by Formula (4)
below. It should be noted that in Formula (4), Tn represents
a time subjected to comparison for correction, and in this
example, corresponds to the time of one cardiac cycle of
each cross section.

Tk=1c/Tn (C)

[0126] More specifically, when the time of one cardiac
cycle of the A4C plane is Tnl, the correction coefficient Tkl
of the A4C plane is represented by “Tk1=Tc/Tnl1”. Further-
more, the time of one cardiac cycle of the A2C plane is Tn2,
the correction coeflicient Tk2 of the A2C plane is repre-
sented by “Tk2=Tc/Tn2”. Furthermore, the time of one
cardiac cycle of the A3C plane is Tn3, the correction
coeflicient Tk3 of the A3C plane is represented by “Tk3=Tc/
Tn3”.

[0127] Thereafter, the display image generation function
172 corrects the arrival time value of each cross section by
multiplying the arrival time value of the cross section by the
correction coeflicient of the cross section. More specifically,
the arrival time value AIl'(td1) of the A4C plane after
correction is represented by “AIl'(td1)=Tk1*All(td1)”.
Furthermore, the arrival time value Al2'(td2) of the A2C
plane after correction is represented by “Al2'(td2)=Tk2*Al2
(td2)”. Furthermore, the arrival time value AI3'(td3) of the
A3C plane after correction is represented by “AlI3'(td3)
=Tk3*AI3(td3)”. It should be noted that the processing
performed by the display image generation function 172 to
calculate the arrival time values AIl'(tdl), AI2'(td2), and
AT3'(td3) is the same as that described in the first embodi-
ment.

[0128] Thereafter, the display image generation function
172 uses the arrival time values AIl'(td1), AI2'(td2), and
AI3'(td3) after correction to generate a synthesized polar
map.

[0129] FIG. 10 is a flowchart illustrating a procedure of
processing performed by the ultrasonic diagnostic apparatus
1 according to the second embodiment. In the procedure of
processing illustrated in FIG. 10, the processing from Step
S301 to Step S309 are the same as that from Step S101 to
Step S109 illustrated in FIG. 7, and the description thereof
will be omitted. More specifically, the processing performed
by the display image generation function 172 to calculate the
arrival time value Al1(td1) of an A4C image, the arrival time
value Al2(td2) of the A2C image, and the arrival time value
AT3(td3) of the A3C image as an R-wave as a reference is
the same as that described in the first embodiment.

[0130] At Step S310, the display image generation func-
tion 172 corrects the arrival time value of each cross section
with the time of one cardiac cycle. For example, the display
image generation function 172 calculates the correction
coeflicient Tk of each cross section and multiplies the arrival
time value Al(td) of each cross section by the calculated
correction coeflicient Tk to correct the arrival time value of
each cross section.

[0131] At Step S311, the display image generation func-
tion 172 generates a synthesized polar map using the arrival
time values after correction. For example, the display image
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generation function 172 generates a synthesized polar map
using the arrival time values AIl'(td1), AI2'(td2), and AI3'
(td3) after correction.

[0132] At Step S312, the display control function 173
causes the display 103 to display a synthesized polar map
synthesized by the display image generation function 172.
[0133] As described above, the ultrasonic diagnostic appa-
ratus 1 according to the second embodiment can correct the
influence of a difference in the cardiac time phases among
the cross sections to achieve higher accuracy in synthesizing
the pieces of analysis information of the cross sections.
[0134] The embodiment is not limited to the example
described above. For example, the reference time Tc may be
given by an average value HRave of heart rate HR of the
cross sections. In this case, the reference time Tc is repre-
sented by Formula (5) below.

Te=1000/(HRave/60) (©)

[0135] Alternatively, instead of a time of one cardiac
cycle, as an end systolic time, an ES time as an average value
of the time at which the interior volume of the cavity is the
minimum in each cross section may be given. Furthermore,
an AVC time may be given as the reference time Tc. In both
cases above, the time at which the interior volume of the
cavity is the minimum in each cross section may be given as
a time Tn subjected to comparison for correction.

[0136] Fluctuation of HR is generated with a time required
for the systolic period and a time required for the diastolic
period extended and shortened. However, it is thought the
direction in which the Al values are extended and shortened
is basically the same as the fluctuation direction of these
times required and changes in correlation with the time of
cardiac cycle. Because an Al value captures the systolic
timing (as regional contraction), it is thought that the cor-
relation with the time required for the systolic period is
higher. For this reason, as a reference time Tc, an ES time
and An AVC time are preferably used to increase the
correction accuracy.

[0137] Furthermore, in the second embodiment, because a
plurality of applicable values are presumable as the refer-
ence time Tc, it is preferable to indicate what kind of
reference time Tc is selected, the value of the reference time
Te, and the value of the correction coefficient Tk of each
cross section and thereby present to what degree the cor-
rection has been made on what cross section.

[0138] Furthermore, as described in the first embodiment,
as the index value of the reliability of the synthesized polar
map, “HR_ERROR” may be used.

Third Embodiment

[0139] In a third embodiment, interpolation processing is
performed such that the time interval of the pieces of
analysis information of the cross sections are a fixed time
interval, whereby a moving image of a synthesized polar
map is generated from pieces of image data of a plurality of
cross sections that have been collected in different times of
day.

[0140] An ultrasonic diagnostic apparatus 1 according to
the third embodiment includes the same configuration as the
ultrasonic diagnostic apparatus 1 illustrated in FIG. 1, and a
part of the processing performed by the display image
generation function 172 and the display control function 173
is different. For this reason, in the third embodiment, the
points different from those in the first embodiment will be
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mainly described, and the descriptions of the points having
similar functions to those configurations described in the
first embodiment will be omitted.

[0141] The display image generation function 172 accord-
ing to the third embodiment performs interpolation process-
ing such that time intervals of the pieces of analysis infor-
mation of the cross sections are fixed time intervals based on
a predetermined length of a time between two cardiac time
phases and maps pieces of analysis information out of the
pieces of analysis information of the cross sections after
correction with the same time phases on the predetermined
polar coordinate system to generate a polar map with a frame
rate corresponding to the predetermined time intervals. It
should be noted that the analysis information generation
fanction 171 generates the piece of analysis information of
each cross section with the time interval corresponding to
the frame rate of the cross section. The display control
function 173 according to the third embodiment displays a
polar map with a predetermined frame rate as a moving
image.

[0142] FIG. 11 is a flowchart illustrating a procedure of
processing performed by the ultrasonic diagnostic apparatus
1 according to the third embodiment. In the procedure of
processing illustrated in FIG. 11, the processing from Step
S401 to Step S408 are the same as that from Step S101 to
Step S108 illustrated in FI1G. 7, and the description thereof
will be omitted.

[0143] At Step S409, the display image generation func-
tion 172 performs interpolation processing such that the time
series data of the strain value of each cross section has a
predetermined time interval.

[0144] FIG. 12 is a diagram for explaining interpolation
processing of the display image generation function 172
according to the third embodiment. FIG. 12 exemplifies the
processing of the display image generation function 172 in
a case where interpolation processing is performed with the
time phases of the A4C plane, the A2C plane, and the A3C
plane matched among each other. In the upper figure in FIG.
12, the horizontal axis corresponds to a time t (frame of the
moving image data). Furthermore, in the upper figure in
FIG. 12, the frame interval of the moving image data of the
A4C image is “dT1”, the frame interval of the moving image
data of the A2C image is “dT2”, and the frame interval of the
moving image data of the A3C image is “dT3”. At this
example case, dT3<dT2<dT1. Furthermore, in the lower
diagram in FIG. 12, the horizontal axis corresponds to a time
t (frame of the moving image data after correction). Fur-
thermore, in the lower figure in FIG. 12, the frame interval
of the moving image data of the cross sections after correc-
tion is “dTc”. Furthermore, the time of one cardiac cycle
included in the moving image data after correction is “Nc”.
In the present embodiment, a correction method using the
reference time Tc described in the second embodiment is
preferably used to correct a time among cross sections. In
this case, the Nc is firstly calculated. In view of matching the
times of the last frames, correction of the times is made
based on the time of one cardiac cycle. Next, the dTc is
determined by dividing the N¢ equally. To cite another
example, the most average frame interval among the cross
sections (dT2 being a median value is preferably selected) is
used to obtain dTc firstly. Next, a method can be cited with
which the time of one cardiac cycle in the piece of data of
the cross section from which the dTc has been obtained is
determined as the Nc.



US 2017/0252011 Al

[0145] As illustrated in FIG. 12, for example, the display
image generation function 172 acquires a time curve S(t) of
a local strain value of each cross section. Specifically, the
display image generation function 172 acquires a time curve
S1(t) of a local strain value of the A4C plane, a time curve
S2(1) of the A2C plane, and a time curve S3(t) of the A3C
plane. At this point, the time intervals of the time curve S1(t)
is dT1, the time intervals of the time curve S2(t) is d12, the
time intervals of the time curve S3(t) is dT3.

[0146] The display image generation function 172 then
sets the time interval dTc and the time Nc of one cardiac
cycle which are fixed by interpolation processing and per-
forms interpolation processing on the time curves of the
strain values of the cross sections in the time direction at
each point. With this, the display image generation function
172 generates S'(t) obtained by interpolation of the time
curves of the local strain values of the cross sections.
Specifically, the display image generation function 172
generates a time curve S1'(t) of the A4C plane after correc-
tion, a time curve S2'(t) of the A2C plane after correction,
and a time curve S3'(t) of the A3C plane after correction. At
this point, with respect to each of the time curves S1'(t),
S2'(t), and S3'(t) of the cross sections after correction, the
time interval is dTc and the time of one cardiac cycle is Nc.
[0147] At Step S410, the display image generation func-
tion 172 calculates arrival time values All1"(v), AI2"(t), and
AI3"(t) of the cross sections from the time curves S1'(t),
S2'(t), and S3'(t) of the strain values of the cross sections
after correction, as each of the R waves as a reference.
[0148] At Step S411, the display image generation func-
tion 172 generates a synthesized polar map for each time
phase using the arrival time values with the same time
phases. For example, the display image generation function
172 generates a moving image of the synthesized polar map
using the arrival time values Al1"(t), A12"(t), and AI3"(7) of
the cross sections.

[0149] At Step S412, the display control function 173
displays the synthesized polar map generated by the display
image generation function 172 in a video format.

[0150] As described above, the ultrasonic diagnostic appa-
ratus 1 according to the third embodiment enables display of
a moving image of a synthesized polar map from the pieces
of image data of a plurality of cross sections which have
been collected in different times of day.

[0151] As an index of a wall motion displayed on a
synthesized polar map as a piece of moving image data,
besides the arrival time value, a strain value may be applied,
for example. Furthermore, by changing inputs for the time
curves to be processed with the interpolation processing, an
optional physical index provided in 2DT can be selected. For
example, not only a strain value, but a displacement, a strain
rate being a time differential of these, and a velocity may be
used as the physical index. Furthermore, for example, a PSS
value may be obtained from a time curve of a strain value
after correction, and a synthesized polar map using the PSS
value may be displayed as a still image.

[0152] Furthermore, in the third embodiment, a case has
been described where the analysis information generation
function 171 generates the piece of the analysis information
of each cross section at the time interval corresponding to
the frame rate of the cross section. However, the embodi-
ment is not limited thereto. For example, the analysis
information generation function 171 may generate a moving
image value of each cross section by inter-frame interpola-
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tion (publicly known technique) and generate a piece of
analysis information of a cross section by 2DT processing
using the generated moving image value. Furthermore, as
described in the first embodiment, as an index value of the
reliability of the synthesized polar map, “HR_ERROR” may
be displayed.

Fourth Embodiment

[0153] Furthermore, in the embodiments described above,
a case has been described in which a synthesized polar map
is displayed. However, the embodiments are not limited
thereto. For example, the ultrasonic diagnostic apparatus 1
may display a display image representing the pieces of
analysis information of the cross sections as well as a
difference in the times of the cross sections.

[0154] An ultrasonic diagnostic apparatus 1 according to a
fourth embodiment includes the same configuration as the
ultrasonic diagnostic apparatus 1 illustrated in FIG. 1, and a
part of the processing performed by the display control
function 173 1is different. For this reason, in the fourth
embodiment, the points different from those in the first
embodiment will be mainly described, and the descriptions
of the points having similar functions to those of the
configurations described in the first embodiment will be
omitted. It should be noted that the ultrasonic diagnostic
apparatus 1 according to the fourth embodiment may not
include the display image generation function 172.

[0155] The display control function 173 according to the
fourth embodiment matches the time phases of the pieces of
analysis information of the cross sections and displays the
pieces of analysis information of the cross sections with the
time phases thereof matched as well as an index value
representing a difference in the cardiac cycles in the collec-
tion periods of the cross sections.

[0156] FIG. 13 is a diagram for explaining processing of
the display control function 173 according to the fourth
embodiment. FIG. 13 exemplifies a display screen displayed
on the display 103 by means of the processing of the display
control function 173.

[0157] As illustrated in FIG. 13, the display control func-
tion 173 matches the time phases of the pieces of analysis
information of the cross sections in different times of day as
a predetermined cardiac time phase as a reference. For
example, the display control function 173 matches the time
changes of the strain values obtained from the cross sections
at a certain time phase (the time phase of an R-wave, for
example). The display control function 173 then generates
the time curves (graphs) of the cross sections in a state in
which the time changes matched at the certain time phase.
The display control function 173 then causes the display 103
to display the time curve of each cross section. For example,
the display control function 173 causes the display 103 to
display the time curve of a strain value on the A4C (the
upper left graph in FIG. 13), the time curve of a strain value
on the A3C (the middle left graph in FIG. 13), and the time
curve of a strain value on the A2C (the lower left graph in
FIG. 13). At this point, with respect to the time curve of the
cross sections A4C, A3C, and A2C, the direction of the time
axis in each graph matches among each other at a certain
time phase (the time phase of an R wave). It should be noted
that the detailed description of the time curves of the cross
sections is the same as in the first embodiment and thus will
be omitted.
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[0158] Furthermore, the display control function 173 dis-
plays OHR in the collection periods of the cross sections. For
example, the display control function 173 uses Formula (1)
described above to calculate 8HR as an index value repre-
senting a difference in the cardiac cycles. The display
control function 173 then causes the display 103 to display
the calculated 6HR as “HR_ERROR”. In the example illus-
trated in FIG. 13, the display control function 173 causes the
display 103 to display HR_ERROR “10%” (the table on the
right in FIG. 13).

[0159] At this point, the display control function 173 may
display the calculated dHR constantly or at the time when
the 0HR has exceeded the threshold. Furthermore, when the
OHR has exceeded the threshold, the display control function
173 may notify information indicating that the dHR has
exceeded the threshold (the above-described sign <™, an
error message, or a notification sound, for example) or
display the 0HR in an emphasized state (in a different color
or in a bold font, for example). It should be noted that the
detailed description of the calculation of the dHR is the same
as in the first embodiment and thus will be omitted.
[0160] As described above, the display control function
173 displays the time curves of the cross sections as well as
the 3HR among the cross sections. It should be noted that the
above-described contents of the processing performed by the
display control function 173 is merely an example, and the
embodiment is not limited thereto. For example, the display
control function 173 may display not only the dHR but the
OESt (calculated by Formula (2) described above) as an
index value representing a difference in the cardiac cycle.
[0161] For example, the display control function 173 may
display not only the time curves but an optional graph such
as a bar graph at a certain point (time phase). Furthermore,
the display control function 173 may display a graph related
to not only a strain value but an optional parameter such as
an arrival time value or a volume of cavity. Furthermore, the
display control function 173 may display not only a graph
but a numerical value of an optional parameter. In other
words, the display control function 173 can display the
pieces of analysis information of the cross sections as a
graph or a numerical value.

[0162] FIG. 14 is a flowchart illustrating a procedure of
processing performed by the ultrasonic diagnostic apparatus
1 according to the fourth embodiment. In the procedure of
processing illustrated in FIG. 14, the processing from Step
S501 to Step S508 are the same as that from Step S501 to
Step S508 illustrated in FIG. 7, and the description thereof
will be omitted.

[0163] At Step 3509, the display control function 173
generates the time curve of the strain value of each cross
section as an R wave as a reference. With this, the display
control function 173 generates graphs of which the time axis
directions are matched with an R wave, with respect to the
cross sections A4C, A3C, and A2C.

[0164] At Step S510, the display control function 173
calculates dHR in the collection periods of the cross sec-
tions.

[0165] At Step S511, the display control function 173
calculates the time curves of the cross sections and the SHR
among the cross sections.

[0166] As described above, with respect to pieces of
image data of a plurality of cross sections passing through
the heart of a subject that have been collected by ultrasoni-
cally scanning each of the cross sections for a period of at
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least one heart beat, the ultrasonic diagnostic apparatus 1
according to the fourth embodiment performs tracking pro-
cessing including two-dimensional pattern matching to gen-
erate pieces of analysis information in each of which the
cardiac wall motion of the heart in each section is analyzed.
Furthermore, the ultrasonic diagnostic apparatus 1 matches
the time phases of the pieces of analysis information of the
cross sections and displays the pieces of analysis informa-
tion of the cross sections with the time phases thereof
matched as well as an index value representing a difference
in the cardiac cycle in the collection periods of the cross
sections. With this configuration, the ultrasonic diagnostic
apparatus 1 according to the fourth embodiment can display
an index value representing a difference in the cardiac cycle
when displaying the pieces of analysis information in a
manner matching the time phases of pieces of image data of
the cross sections that have been separately collected.

Modification of the Fourth Embodiment

[0167] The details described in the fourth embodiment is
merely an example, and the embodiment is not limited to the
description above. For example, the ultrasonic diagnostic
apparatus 1 according to the fourth embodiment may display
the pieces of analysis information of the cross sections and
an index value representing a difference in the cardiac cycles
as well as pieces of image data of the cross sections as
inputs.

[0168] More specifically, the display control function 173
according to a modification of the fourth embodiment fur-
ther displays pieces of image data of the cross sections for
which the tracking processing has been performed. Specifi-
cally, the display control function 173 causes the display 103
to display pieces of image data of a plurality of cross
sections passing through the heart of a subject that have been
collected by ultrasonically scanning each of the cross sec-
tions for a period of at least one heart beat.

[0169] FIG. 15 is a diagram for explaining processing of
the display control function 173 according to a modification
of the fourth embodiment. FIG. 15 exemplifies a display
screen displayed on the display 103 by the processing of the
display control function 173.

[0170] As illustrated in FIG. 15, the display control func-
tion 173 displays the time curves of the strain values of the
cross sections (the graphs on the left side in FIG. 15) and the
OHR(HR_ERROR) (the table at the bottom in FIG. 15).
Furthermore, the display control function 173 causes an
A4C image, an A3C image, and an A2C image (figures on
the right side in FIG. 15). At this point, the pieces of image
data of the cross sections may be for still images with an
optional time phase or for moving images corresponding to
the collection periods.

[0171] As described above, the ultrasonic diagnostic appa-
ratus 1 according to the modification of the fourth embodi-
ment can display the pieces of analysis information of the
cross sections and an index value representing a difference
in the cardiac cycle as well as the pieces of image data of the
cross sections for which the tracking processing has been
performed.

[0172] The details described in the above-described first to
third embodiments may be applied to the fourth embodiment
(or the modification of the fourth embodiment) except for
displaying an index value representing a difference in the
cardiac cycle.
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[0173] Furthermore, the components of each device illus-
trated in the drawings are conceptual for describing func-
tions, and not necessarily to be physically configured as
illustrated in the drawings. In other words, specific forms of
distribution and integration of the units are not limited to
those illustrated in the drawings, and all or part of the units
may be configured to be functionally or physically distrib-
uted and integrated in an arbitrary unit depending on various
loads and conditions in use. Furthermore, all or an arbitrary
part of processing functions performed by the respective
units may be implemented by a CPU and a computer
program to be analyzed and executed by the CPU, or
implemented as hardware using wired logic.
[0174] Furthermore, out of the pieces of processing
described in the embodiments above, all or part of the pieces
of processing described as automatically performed may be
performed manually. Alternatively, all or part of the pieces
of processing described as performed manually may be
performed automatically using a known technique. In addi-
tion, a procedure of processing, a procedure of control, a
specific name, and information including various types of
data and parameters that have been indicated in the descrip-
tions above or in the drawings may be optionally changed
unless specifically noted.
[0175] Furthermore, the image processing methods
described in the embodiments above may be implemented
by causing a computer such as a personal computer or a
work station to execute an image processing programs
prepared in advance. These image processing methods may
be distributed via a network such as the Internet. Further-
more, such an image processing method may be recorded in
a computer-readable recording medium such as a flexible
disk (FD), a CD-ROM, an MO, or a DVD and read out from
the recording medium to be executed.
[0176] According to at least one embodiment described
above, a polar coordinate display image can be displayed in
a manner matching the time phases of the pieces of image
data of a plurality of cross sections that have been separately
collected.
[0177] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. Indeed, the novel embodiments described herein may
be embodied in a variety of other forms; furthermore,
various omissions, substitutions and changes in the form of
the embodiments described herein may be made without
departing from the spirit of the inventions. The accompa-
nying claims and their equivalents are intended to cover
such forms or modifications as would fall within the scope
and spirit of the inventions.
What is claimed is:
1. An ultrasonic diagnostic apparatus, comprising a pro-
cessing circuitry configured to
with respect to pieces of image data of a plurality of cross
sections passing through a heart of a subject that have
been collected by ultrasonically scanning each of the
cross sections for a period of at least one heart beat,
perform tracking processing including two-dimen-
sional pattern matching to generate pieces of analysis
information in each of which a cardiac wall motion of
the heart in each cross section is analyzed,
match time phases of the pieces of analysis information of
the cross sections and map the pieces of analysis
information of the cross sections with the matched time
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phases on a predetermined polar coordinate system to
generate a polar coordinate display image, and
cause display of the polar coordinate display image.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry generates a strain value
that represents a strain of the cardiac wall of the heart or an
arrival time value with which the strain value arrives at a
predetermined threshold as the pieces of analysis informa-
tion.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein
the processing circuitry generates the pieces of analysis
information of the cross sections from the pieces of
image data collected in different times of day, and
matches the time phases of the pieces of analysis
information of the cross sections in different times of
day with a predetermined cardiac time phase as a
reference.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry corrects the pieces of
analysis information of the cross sections with a predeter-
mined interval of a time between two cardiac time phases
and maps the pieces of analysis information of the cross
sections after correction on the predetermined polar coordi-
nate system to generate the polar coordinate display image.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry performs interpolation
processing such that time intervals of the pieces of analysis
information of the cross sections are fixed time intervals
based on a predetermined interval of a time between two
cardiac time phases and maps pieces of analysis information
out of the pieces of analysis information of the cross sections
after correction with the same time phases on the predeter-
mined polar coordinate system to generate the polar coor-
dinate display image with a frame rate corresponding to the
predetermined time intervals.
6. The ultrasonic diagnostic apparatus according to claim
5, wherein the processing circuitry causes display of the
polar coordinate display image with a frame rate corre-
sponding to the predetermined time intervals as a moving
image.
7. The ultrasonic diagnostic apparatus according to claim
1, wherein
the processing circuitry generates the polar coordinate
display image based on a piece of analysis information
of a cross section, for which the wall motion analysis
has been completed, out of the cross sections,
once the wall motion analysis operation for a cross section
other than the cross section, for which the wall motion
analysis has been completed, has been newly com-
pleted, updates the generated polar coordinate display
image based on the piece of analysis information of the
other cross section, and
every time the polar coordinate display image is updated,
causes display of the updated polar coordinate display
image.
8. The ultrasonic diagnostic apparatus according to claim
1, wherein the processing circuitry causes display of an
index value representing a difference in cardiac cycles in the
collection periods of the cross sections.
9. The ultrasonic diagnostic apparatus according to claim
8, wherein the processing circuitry causes display of the
index value when the index value has exceeded a threshold.
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10. The ultrasonic diagnostic apparatus according to
claim 8, wherein the processing circuitry notifies informa-
tion indicating that the index value has exceeded a threshold
or causes display of the index value in an emphasized state
when the index value has exceeded a threshold.

11. The ultrasonic diagnostic apparatus according to claim
1, wherein the cross sections are three cross sections of an
apical two chamber, an apical three chamber, and an apical
four chamber of the heart.

12. An image processing method, comprising:

with respect to pieces of image data of a plurality of cross

sections passing through a heart of a subject that have
been collected by ultrasonically scanning each of the
cross sections for a period of at least one heart beat,
performing tracking processing including two-dimen-
sional pattern matching to generate pieces of analysis
information in each of which a cardiac wall motion of
the heart in each section is analyzed;

matching time phases of the pieces of analysis informa-

tion of the cross sections and mapping the pieces of
analysis information of the cross sections with the
matched time phases on a predetermined polar coordi-
nate system to generate a polar coordinate display
image; and

causing display of the polar coordinate display image.

13. An ultrasonic diagnostic apparatus, comprising a
processing circuitry configured to

with respect to pieces of image data of a plurality of cross

sections passing through a heart of a subject that have
been collected by ultrasonically scanning each of the
cross sections for a period of at least one heart beat,
perform tracking processing including two-dimen-
sional pattern matching to generate pieces of analysis
information in each of which a cardiac wall motion of
the heart in each section is analyzed, and

match time phases of the pieces of analysis information of

the cross sections and causes display of the pieces of
analysis information of the cross sections with the
matched time phases as well as display of an index
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value representing a difference in cardiac cycles in
collection periods of the cross sections.

14. The ultrasonic diagnostic apparatus according to
claim 13, wherein the processing circuitry generates a strain
value that represents a strain of the cardiac wall of the heart
or an arrival time value with which the strain value arrives
at a predetermined threshold as the pieces of analysis
information.

15. The ultrasonic diagnostic apparatus according to
claim 13, wherein the processing circuitry causes display of
the pieces of analysis information as a graph or a numerical
value.

16. The ultrasonic diagnostic apparatus according to
claim 13, wherein the processing circuitry further causes
display of pieces of image data of the cross sections for
which the tracking processing has been performed.

17. The ultrasonic diagnostic apparatus according to
claim 13, wherein the processing circuitry causes display of
the index value when the index value has exceeded a
threshold.

18. The ultrasonic diagnostic apparatus according to
claim 13, wherein the processing circuitry notifies informa-
tion indicating that the index value has exceeded a threshold
or causes display of the index value in an emphasized state
when the index value has exceeded a threshold.

19. An image processing method, comprising,

with respect to pieces of image data of a plurality of cross

sections passing through a heart of a subject that have
been collected by ultrasonically scanning each of the
cross sections for a period of at least one heart beat,
performing tracking processing including two-dimen-
sional pattern matching to cause display of pieces of
analysis information in each of which a cardiac wall
motion of the heart in each section is analyzed as well
as display of an index value representing a difference in
cardiac cycles in collection periods of the cross sec-
tions.
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