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ULTRASOUND IMAGE PICKUP APPARATUS
AND ULTRASOUND IMAGE PICKUP
METHOD

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound image
pickup apparatus and an ultrasound image pickup method and
particularly to an ultrasound image pickup apparatus and an
ultrasound image pickup method which acquire Doppler
information.

BACKGROUND ART

[0002] In ultrasonography, the ultrasonography may be
performed by applying stress to an object with medicine or a
motion to acquire ultrasound images before and after apply-
ing stress, and observing a moving state of biological tissues
(the heart or the blood vessel) of the object. In stress echocar-
diography, a moving state of a part of the heart is evaluated
before and after applying stress, and heart diseases such as
myocardial infarction are determined.

[0003] In stress echocardiography, an ultrasound Doppler
diagnosis device on which a coronary reserve capacity evalu-
ation support system in which blood flow information
acquired using Doppler ultrasonography can be used as an
index for indicating cardiac function, the burden of an opera-
tor when evaluating coronary reserve capacity in transtho-
racic echocardiography can be reduced, and the throughput
can be increased by reducing the coronary reserve capacity
diagnosis time, has been proposed (for example, see PTL 1).

CITATION LIST
Patent Literature
[0004] [PTL 1] Japanese Patent No. 2863624 Summary of
Invention
Technical Problem
[0005] The ultrasound Doppler diagnosis device disclosed

in PTL 1 adjusts a plurality of waveforms of blood flow
velocities before and after drug administration using a prede-
termined velocity range as a reference, displays the adjusted
plurality of waveforms of blood flow velocities using the
predetermined velocity range, but cannot evaluate the stabil-
ity of Doppler information such as the waveforms of blood
flow velocities.

[0006] The invention provides an ultrasound image pickup
apparatus and an ultrasound image pickup method which can
evaluate the stability of Doppler information acquired by
Doppler ultrasonography and can observe a moving state of
biological tissues (heart or a blood vessel) of an object based
on the stabilized Doppler information.

Solution to Problem

[0007] Anultrasound image pickup apparatus of the inven-
tion includes: a probe which transmits and receives an ultra-
sound signal to and from an object; a Doppler information
generation unit which generates Doppler information from
the ultrasound signal; a degree of approximation calculation
unit which calculates a degree of approximation of the plu-
rality of Doppler information items; and an approximate
Doppler information acquisition unit which acquires the
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Doppler information having a predetermined degree of
approximation as approximate Doppler information.

Advantageous Effects of Invention

[0008] According to the invention, it is possible to evaluate
the stability of Doppler information acquired by the Doppler
ultrasonography and to observe a moving state of biological
tissues (heart or a blood vessel) of an object based on the
stabilized Doppler information.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a block diagram showing an ultrasound
image pickup apparatus according to an embodiment.
[0010] FIG. 2 is a flowchart showing movement of the
ultrasound image pickup apparatus.

[0011] FIG. 3is a diagram showing an example of a display
screen of a display unit of the ultrasound image pickup appa-
ratus of the embodiment.

[0012] FIG. 4is a diagram showing an example of a display
screen of a display unit of the ultrasound image pickup appa-
ratus of the embodiment.

[0013] FIG. 5 is a block diagram showing a modification
example of a deformation warning unit of the ultrasound
image pickup apparatus of the embodiment.

[0014] FIG. 6is a diagram showing an example of a display
screen on which approximate Doppler information of each
stage is displayed.

[0015] FIG. 7 is a diagram showing a change of a location
of a heartbeat when acquiring Doppler information.

[0016] FIG. 8 is a diagram showing two types of Doppler
operations performed by a Doppler information generation
unit and generation of Doppler information.

[0017] FIG.9isadiagram showing an example of a display
screen on which approximate Doppler information of each
stage is displayed, when Doppler information is generated
from the plurality of locations of ultrasound signals.

DESCRIPTION OF EMBODIMENTS

[0018] Hereinafter, an ultrasound image pickup apparatus
according to an embodiment of the invention will be
described with reference to the drawings. The ultrasound
image pickup apparatus according to the embodiment of the
invention includes: a probe which transmits and receives an
ultrasound signal to and from an object, a Doppler informa-
tion generation unit which generates Doppler information
from the ultrasound signal, a degree of approximation calcu-
lation unit which calculates a degree of approximation of the
plurality of Doppler information items, and an approximate
Doppler information acquisition unit which acquires the plu-
rality of Doppler information items having a predetermined
degree of approximation as approximate Doppler informa-
tion.

[0019] FIG. 11s a block diagram showing the ultrasound
image pickup apparatus according to the embodiment. As
shown in FIG. 1, an ultrasound image pickup apparatus 1
includes an ultrasound signal generation unit 3, an ultrasound
image generation unit 4, a Doppler information generation
unit 5, a biological signal generation unit 6, a data acquisition
unit 7, a protocol setting unit 13, a protocol execution unit 14,
an output unit 15, an operation unit 18, and a control unit 19.
[0020] The biological signal generation unit 6 includes a
stress determination unit 60. The data acquisition unit 7
includes a corresponding ultrasound image acquisition unit 8,
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a Doppler measurement unit 9, a Doppler information super-
imposing unit 10, a degree of approximation calculation unit
11, and an approximate Doppler information acquisition unit
12. The output unit 15 includes a display unit 16 and a storage
unit 17.

[0021] Theultrasound signal generation unit 3 generates an
ultrasound signal of a biological tissue of an object 2 through
the probe and an ultrasound signal transmission and reception
unit. The probe transmits and receives an ultrasound signal
from a vibrator to a target tissue of the object 2. The probe has
a linear, convex, or sector scanning function. The ultrasound
signal transmission and reception unit transmits and receives
an electrical ultrasound signal to and from the probe. The
ultrasound signal generation unit 3 receives information relat-
ing to power or timing of the transmission and reception from
the control unit 19 and is controlled so as to acquire a desired
ultrasound signal. The ultrasound signal generation unit 3
performs signal processing according to an imaging setting,
with respect to the ultrasound signal received from the ultra-
sound signal transmission and reception unit by a phasing
circuit or an amplifying circuit.

[0022] Theultrasound image generation unit 4 generates an
ultrasound image from the ultrasound signal based on the
imaging setting of the apparatus (for example, a scanning
range ofan ultrasound beam ora gain setting). The ultrasound
image generation unit 4 generates amplitude information
regarding the ultrasound signal and performs imaging. The
ultrasound image or the amplitude information is updated in
real time according to a frame rate, stored in a storage medium
of the storage unit 17, and displayed on a screen as a moving
image by the display unit 16.

[0023] TheDoppler information generation unit5 performs
a Doppler operation of a part set by the operation unit 18 and
generates Doppler information. The Doppler operation is pet-
formed in modes of pulsed Doppler, continuous wave Dop-
pler, color Doppler, power Doppler, and tissue Doppler. The
Doppler information generation unit 5 generates an image of
the Doppler information acquired from the Doppler opera-
tion. For example, a velocity component value acquired from
the Doppler operation is converted into a luminance value and
generates an image thereof. The Doppler information is
updated in real time and stored in the storage medium of the
storage unit 17, and displayed on a screen as a moving image
by the display unit 16.

[0024] The biological signal generation unit 6 receives a
biological signal (signal of electrocardiogram or phonocar-
diogram) of the object 2, converts the biological signal into
biological signal data, displays the biological signal dataona
screen by the display unit 16, and stores the biological signal
data in the storage unit 17. The biological signal data controls
operation timing of the data acquisition unit 7. For example,
the data acquisition unit 7 acquires an ultrasound image or
Doppler information for each R wave of an electrocardio-
gram. In addition, the stress determination unit 60 determines
stress based on the biological signal and determines each
stage of a REST (before applying stress) stage, a stress stage
1 (STAGE1), a stress stage 2 (STAGE2), . . . , and a POST
(after applying stress) stage. The data acquisition unit 7
acquires an ultrasound image or Doppler information for each
stage.

[0025] The data acquisition unit 7 acquires an image or a
measurement value necessary for stress echocardiography.
The data acquisition unit 7 follows a protocol (procedure)
executed by the protocol execution unit 14. In stress echocar-
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diography, a protocol (procedure) for acquiring a plurality of
ultrasound images (sectional images) is set in each stage of
the REST (before applying stress) stage, the stress stage 1, the
stress stage 2, . .., and the POST (after applying stress) stage,
and the data acquisition unit 7 acquires an image or data
according to the protocol (procedure). The ultrasound images
(sectional images) of the embodiment includes four types of
an apical 2 chamber A2C (apical two chamber view), apical 4
chamber A4C (apical four chamber view), a parasternal short
axis view SAX (short axis view), and a parasternal long axis
view LAX (long axis view). A moving state of a part of the
heart is evaluated based on each ultrasound image (each sec-
tional image) and heart diseases such as myocardial infarc-
tion are determined. For example, after acquiring each ultra-
sound image (each sectional image), a moving state of a part
of the myocardium is scored while observing a moving
image, an index wall motion score index (WMSI) indicating
a state of the movement of the entire myocardium using the
scores, and heart diseases such as myocardial infarction are
determined. In stress echocardiography, blood flow informa-
tion acquired using Doppler ultrasonography is used as an
index indicating a cardiac function, a mitral orifice blood flow
velocity waveform acquired by a pulse Doppler system and a
mitral annulus exercise velocity waveform acquired by a tis-
suie Doppler system of the left ventricle are used for diagnosis
of heart failure (systolic dysfunction or diastolic dysfunc-
tion).

[0026] The data acquisition unit 7 is controlled by the con-
trol unit 19 so as to acquire an image or a measurement value
according to the timing ofthe biological signal data generated
by the biological signal generation unit 6. The acquired image
or measurement value is transmitted to the output unit 15,
displayed by the display unit 16, and stored by the storage unit
17.

[0027] The corresponding ultrasound image acquisition
unit 8 follows a protocol (procedure) executed by the protocol
execution unit 14. The corresponding ultrasound image
acquisition unit 8 acquires a corresponding ultrasound image
corresponding to the approximate Doppler information
according to the timing of the biological signal data generated
by the biological signal generation unit 6. The corresponding
ultrasound image acquisition unit 8, for example, acquires the
corresponding ultrasound image for one heart beat (R-R
wave) from an R wave to the next R wave of an electrocar-
diogram which is the biological signal data. The correspond-
ing ultrasound image includes an image showing an ampli-
tude value such as a B mode image or an M mode image and
includes an image obtained by superimposing Doppler infor-
mation of color Doppler on the ultrasound image. The corre-
sponding ultrasound image acquisition unit 8 is synchronized
at the timing when the approximate Doppler information
acquisition unit 12 acquires the approximate Doppler infor-
mation and acquires an ultrasound image corresponding to
the approximate Doppler information as the corresponding
ultrasound image. That is, the corresponding ultrasound
image and the approximate Doppler information are acquired
at the synchronized timing. The acquired corresponding
ultrasound image is transmitted to the output unit 15, dis-
played by the display unit 16, and stored by the storage unit
17.

[0028] The Doppler measurement unit 9 calculates the
measurement value representing a moving state of a biologi-
cal tissue (heart or blood vessel) of the object 2 and showing
useful characteristics for diagnosis, based on the Doppler
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information. For example, when calculating the measurement
value based on the mitral orifice blood flow velocity wave-
form in the heart (Doppler information), measurement values
of an E (early diastole) wave velocity, an A (atrial systole)
wave velocity, and a DT (E wave damping time) are calcu-
lated. In this case, it is necessary to set an apex of the E wave,
an apex of the A wave, and a damping width of the E wave, in
order to calculate these measurement values. By using an
automatic tracing function of the Doppler waveform, the
location where the Doppler information is acquired may be
automatically set and the measurement values may be calcu-
lated based on the Doppler information. The measurement
values may be calculated based on the Doppler information
by using the Doppler automatic tracing function in real time,
while performing the scanning in the Doppler mode. The
calculated measurement values are transmitted to the degree
of approximation calculation unit 11 and the output unit 15
and are used for determination of stability of the degree of
approximation calculation unit 11.

[0029] The Doppler information superimposing unit 10
superimposes the plurality of Doppler information items and
displays the information on the display unit 16. The Doppler
information superimposing unit 10 superimposes the plural-
ity of Doppler information items corresponding to the plural-
ity of heartbeats. When superimposing the Doppler informa-
tion items for three heartbeats using the R-R wave as a
reference, the Doppler information superimposing unit 10
superimposes the plurality of Doppler information items cor-
responding to a first, a second, and a third heartbeat. In this
case, the Doppler information superimposing unit 10 makes
each start time of the R wave coincide with each other and
superimposes the plurality of Doppler information items. In
addition, the Doppler information superimposing unit 10 may
make the start time of the R wave and the finish time of the R
wave coincide with each other and may superimpose the
plurality of Doppler information items. For example, the
Doppler information superimposing unit 10 may enlarge or
contract the Doppler waveform of the Doppler information in
atime axis direction and superimpose the plurality of Doppler
information items, in order to make the start time of the R
wave and the finish time of the R wave coincide with each
other. As a method of superimposing the plurality of Doppler
information items and displaying the information items on
the display unit 16, the Doppler information superimposing
unit 10 may superimpose the plurality of Doppler information
items and display the information items on the display unit
16, by displaying an average value of the plurality of Doppler
information items, displaying by respectively changing col-
ors of the plurality of Doppler information items, or display-
ing by respectively changing the transparency of the plurality
of Doppler information items. In addition, the Doppler infor-
mation superimposing unit 10 may superimpose the Doppler
information items acquired in real time and display the infor-
mation items on the display unit 16, to update the plurality of
superimposed Doppler information items. In this case, when
new Doppler information is input, the oldest (firstly input)
superimposed Doppler information is removed and the plu-
rality of superimposed Doppler information items are
updated. Accordingly, the plurality of Doppler information
items are updated in real time. The plurality of superimposed
Doppler information items are transmitted to the output unit
15, displayed by the display unit 16, and stored by the storage
unit 17.
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[0030] The degree of approximation calculation unit 11
calculates a degree of approximation of the plurality of Dop-
pler information items. The degree of approximation calcu-
lation unit 11 determines whether or not the plurality of
Doppler information items are approximate without being
disordered, for each heartbeat, based on the degree of
approximation. For example, when the heartbeat is not stable
such as an irregular pulse, the Doppler information changes
for each heartbeat, and accordingly, reliability of a moving
state of biological tissues (heart or a blood vessel) of the
object based on the Doppler information decreases. Thus, in
order to properly grasp the moving state of the biological
tissues, it is necessary to acquire the stable Doppler informa-
tion.

[0031] The degree of approximation calculation unit 11
calculates at least one degree of approximation of a Doppler
waveform of the plurality of Doppler information items syn-
chronized with the biological signal, the time of the plurality
of Doppler information items, and the measurement value of
the plurality of Doppler information items. The degree of
approximation calculation unit 11 sets a reference for calcu-
lating the degree of approximation, calculates the degree of
approximation of the Doppler information based on at least
one of a difference, a ratio, a correlation coefficient, and
pattern matching to the reference, and determines the stability
of the Doppler information based on the degree of approxi-
mation of the Doppler information. For example, when cal-
culating the degree of approximation based on the blood flow
information of the object 2, the degree of approximation
calculation unit 11 enlarges or contracts the waveforms of
blood flow velocities (Doppler information) for making the
start time and the finish time of the R-R wave coincide with
each other, and determines the stability of the Doppler infor-
mation with the fact whether or not at least one of adifference,
aratio, a correlation coefficient, and pattern matching results
of the plurality of waveforms of blood flow velocities (Dop-
pler information) is within a threshold value (or equal to or
greater than a predetermined threshold value). In this case, the
Doppler information superimposing unit 10 superinposes
the plurality of waveforms of blood flow velocities (Doppler
information) based on the R-R wave and displays the wave-
forms of blood flow velocities on the display unit 16.

[0032] Inaddition, when calculating the degree of approxi-
mation of the time of the plurality of Doppler information
items, the degree of approximation calculation unit 11 may
determine the stability of the Doppler information with the
fact whether or not at least one of a difference, a ratio, a
correlation coefficient, and pattern matching results of the
time of the R-R wave (1 heartbeat) corresponding to the
waveform of blood flow velocity (Doppler information) or the
time of the waveform of blood flow velocity (Doppler infor-
mation) corresponding to the R-R wave (1 heartbeat) is within
a threshold value (or equal to or greater than a predetermined
threshold value). In this case, the Doppler information super-
imposing unit 10 superimposes the time of the R-R wave (1
heartbeat) or the time of the waveform of blood flow velocity
(Doppler information) corresponding to the R-R wave (1
heartbeat) and displays the time on the display unit 16.

[0033] Inaddition, when calculating the degree of approxi-
mation of the measurement value based on the plurality of
Doppler information items, the degree of approximation cal-
culation unit 11 may determine the stability of the Doppler
information with the fact whether or not at least one of a
difference, a ratio, a correlation coefficient, and pattern
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matching results of the measurement value calculated by the
Doppler measurement unit 9 based on the plurality of Dop-
pler information items is within a threshold value (or equal to
or greater than a predetermined threshold value). In this case,
the Doppler information superimposing unit 10 displays the
measurement value calculated by the Doppler measurement
unit 9 based on the plurality of Doppler information items on
the display unit 16.

[0034] Inaddition, the degree of approximation calculation
unit 11 may determine the stability of the Doppler informa-
tion based on an index (index indicating stability of the Dop-
pler information) input by an examiner using the Doppler
information displayed on the display unit 16 by the Doppler
information superimposing unit 10.

[0035] The degree of approximation calculated by the
degree of approximation calculation unit 11 is transmitted to
the output unit 15, displayed by the display unit 16, and stored
by the storage unit 17.

[0036] The approximate Doppler information acquisition
unit 12 acquires the plurality of Doppler information items
having a predetermined degree of approximation as approxi-
mate Doppler information having the determined stability,
based on the degree of approximation calculated by the
degree of approximation calculation unit 11, and stores the
Doppler information items in the storage unit 17. The
approximate Doppler information acquisition unit 12 per-
forms synchronization with the corresponding ultrasound
image acquired by the corresponding ultrasound image
acquisition unit 8 and acquires the Doppler information cor-
responding to the ultrasound image. That is, the correspond-
ing ultrasound image and the Doppler information at the same
time are stored in the storage unit 17.

[0037] The storage unit 17 stores data items such as the
ultrasound image, the amplitude information, the biological
signal data, the Doppler information, the measurement value
based on the Doppler information, and the degree of approxi-
mation in a storage medium, while updating the data items in
real time. In this case, when new data is input, the oldest
(firstly input) data may be removed and the updated data may
be stored. For example, when the number of dataitems of 1 set
stored by the storage unit 17 is set by the protocol setting unit
13 in advance, the storage unit 17 stores data items for 3
heartbeats in 1 set, and data regarding a fourth heartbeat is
input, and thus the oldest 1 heartbeat is removed. That is, the
storage unit 17 may operate so as to sequentially remove old
data and sequentially add new data using a first-in first-out
system.

[0038] Inaddition, the storage unit 17 may store the plural-
ity of Doppler information items which are most approximate
to the reference (reference for calculating the degree of
approximation) set by the degree of approximation calcula-
tion unit 11, as the approximate Doppler information. Fur-
ther, the storage unit 17 may store the plurality of Doppler
information items of which a difference from the reference
(reference for calculating the degree of approximation) set by
the degree of approximation calculation unit 11 is within a
predetermined threshold value, as the approximate Doppler
information.

[0039] The protocol setting unit 13 sets the acquisition
order of the images or data items in the stress echocardio-
graphy. For example, in the test using the B mode image
(sectional image), the protocol setting unit 13 programs each
stage of the REST (before applying stress) stage, the stress
stage 1, the stress stage 2, . . ., and the POST (after applying
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stress) stage so that A2C, A4C, SAX, and LAX are acquired.
For example, the protocol setting unit 13 programs each stage
so that, first, the data items are acquired in the order of A2C,
A4C,SAX, and LAX in the REST stage, next, the data items
are acquired in the same order in the stress stage 1, finally, the
data items are acquired in the same order in the POST stage,
and the operation ends. Since the acquisition order of the
images or data items is programmed, when the image or data
is acquired, the tags of each stage and the B mode image
(sectional image) are automatically attached to the data. In
addition, the tag of the B mode image (sectional image) may
be attached to the data later, without limiting the order from
A2C to LAX. Further, the acquisition order of the Doppler
information items may be set. For example, when focusing on
the valve, the data acquisition order regarding Tricuspid Valve
TV, Mitral Valve MV, Aortic Valve AV, and Pulmonic Valve
PV are set. The protocol setting unit 13 may include the B
mode image and the Doppler information in the same proto-
col or may set a protocol for singly acquiring the Doppler
information.

[0040] Theprotocol execution unit 14 executes the protocol
set by the protocol setting unit 13. For example, when the
stress echocardiography is started and the acquisition
completion of A2C in the initial REST stage is confirmed, the
protocol execution unit 14 displays a message on a screen so
as to acquire A4C next. The protocol execution unit 14 repeat-
edly executes the message display in the order of protocols. In
addition, after starting the applying of stress (stress stage 1
start), the protocol execution unit 14 may display a message
promoting the acquisition of the image or the data on a screen,
so as to acquire the data within the acquisition limitation time
for each stage using a timer function.

[0041] The output unit 15 includes the display unit 16 and
the storage unit 17, and the ultrasound image, the amplitude
information, the biological signal data, the Doppler informa-
tion, the measurement value based on the Doppler informa-
tion, the degree of approximation, and the message by the
protocol are stored by the storage unit 17 and output to the
display unit 16.

[0042] The display unit 16 performs a process so that the
plurality of data items are disposed or superimposed so as to
be displayed in an easy to see manner. The display unit 16 is
a display device such as a CRT or an LCD and transmits and
receives data in a wired or wireless manner.

[0043] The storage unit 17 stores various data items. In
addition, the storage unit 17 accommodates programs for
operating various systems configuring the ultrasound image
pickup apparatus 1 or measurement operation methods. The
storage unit 17 includes a storage medium such as a semicon-
ductor memory, an optical disc, or a magnetic disc. The stor-
age medium may be an external storage medium connected
through a network.

[0044] The operation unit 18 is an interface for performing
various operations of the apparatus. The operation unit 18
inputs completion of the acquisition of the B mode image
(sectional image) or the Doppler information in each stage, in
order to promote the operation in the order of the protocols. In
addition, the operation unit 18 is an interface for inputting the
protocols set by the protocol setting unit 13. The operation
unit 18 includes input devices such as a keyboard, a trackball,
aswitch, and a dial. The operation unit 18 may include a voice
input device.

[0045] The control unit 19 controls the entire system and
controls the timing of the acquisition of the image or the data



US 2016/0113631 Al

based on the protocol set by the protocol setting unit 13. The
control unit 19 performs the control operation in order to
promote the operation in the order of the protocols. The
control unit 19 performs the control operation of acquiring
the image or the measurement value according to the timing
of the biological signal data or superimposing the Doppler
information items. The control unit 19 includes a control
device such as a CPU.

[0046] Next, the operation of the ultrasound image pickup
apparatus 1 and an ultrasound image pickup method accord-
ing to the embodiment will be described using a flowchart.
The ultrasound image pickup method includes: transmitting
and receiving an ultrasound signal to and from an object;
generating Doppler information from the ultrasound signal;
calculating a degree of approximation of the plurality of
Doppler information items; and acquiring the Doppler infor-
mation having a predetermined degree of approximation as
approximate Doppler information.

[0047] In the embodiment, the ultrasound image pickup
apparatus 1 (Doppler measurement unit 9) calculates the
measurement value indicating the moving state of the bio-
logical tissues (heart or a blood vessel) of the object based on
the Doppler information for each stage. In addition, the ultra-
sound image pickup apparatus 1 (degree of approximation
calculation unit 11) determines the stability of the Doppler
information based on the degree of approximation of the
Doppler information in the stress echocardiography. Further,
the ultrasound image pickup apparatus 1 displays the plural-
ity of Doppler information items on the display unit 16 as the
Doppler image in real time.

[0048] FIG. 2 is a flowchart showing the movement of the
ultrasound image pickup apparatus 1. In Step S101, the pro-
tocol setting unit 13 sets the protocols in advance by using the
operation unit 18. The acquisition order of the images or data
items is set in the protocol. For example, the types of images
acquired in each stage of the REST (before applying stress)
stage, the stress stage 1, the stress stage 2, . . ., and the POST
(after applying stress) stage are set. FIG. 3 is a diagram
showing an example ofa display screen of the display unit 16
of the ultrasound image pickup apparatus 1 of the embodi-
ment. As shown in a protocol list 306 on the display screen of
FIG. 3, the protocol is set so that each Doppler image of TV,
MV, AV, and PV is acquired in each stage ofthe REST (before
applying stress) stage, the stress stage 1, the stress stage 2, the
stress stage 3, and the POST (after applying stress) stage.

[0049] In Step S102, the protocol execution unit 14
executes the protocol according to the protocol set by the
protocol setting unit 13. When the acquisition of the image or
the data is completed, the protocol execution unit 14 may
display a message promoting the acquisition of the next
image or data (protocol list or the like) on a screen and
promotes the operation in the acquisition flow of the image or
data. The protocol list 306 of FIG. 3 presents the progressing
state of the protocol to the examiner by displaying check
marks in a case where acquisition of the image or the data is
completed and displaying arrow marks in a case where the
acquisition of the image or the data becomes progressed. For
example, the protocol list 306 of FIG. 3 presents that the
acquisition of each Doppler image of TV, MV, AV, and PV is
completed in the REST (before applying stress) stage and the
stress stage 1, and the acquisition of the Doppler image of TV
is completed and the acquisition of the Doppler image of MV
becomes progressed in the stress stage 2.

Apr. 28,2016

[0050] InStep S103, the Doppler image is scanned in order
to acquire the Doppler information presented by the protocol
list 306. Since the protocol list 306 of FIG. 3 presents that the
acquisition of the Doppler image of MV becomes progressed
in the stress stage 2, the examiner scans the Doppler image of
MYV by placing a Doppler cursor 304 to the position of MV,
while operating the operation unit 18 and scanning a B mode
image (sectional image) 302 of a heart 303 by bringing the
probe into contact with a body surface.

[0051] InStep S104, the ultrasound image generation unit 4
generates an ultrasound image (B mode image or sectional
image) 302 of the heart 303. The generated ultrasound image
(B mode image or sectional image) 302 is displayed on a
screen 301 of the ultrasound image pickup apparatus 1 by the
display unit 16. In this case, the ultrasound image generation
unit 4 generates the ultrasound image (B mode image or
sectional image) 302 from the ultrasound signal and performs
imaging, based on the scanning setting of the apparatus (for
example, a scanning range of an ultrasound beam or a gain
setting). The ultrasound image (B mode image or sectional
image) 302 or the amplitude information is updated in real
time according to a frame rate, stored in a storage medium of
the storage unit 17, and displayed on the screen 301 as a
moving image by the display unit 16.

[0052] When scanning the Doppler image in the color Dop-
pler operation, the Doppler information generation unit 5 may
superimpose a color Doppler image 305 which is Doppler
information on the ultrasound image (B mode image or sec-
tional image) 302 and displays the image on the screen 301 as
a moving image by the display unit 16.

[0053] 1In Step S105, the Doppler information generation
unit 5 performs the Doppler operation of a part set by the
operation unit 18 and generates the Doppler information
(Doppler image) to perform the imaging. The Doppler infor-
mation generation unit 5 performs the Doppler operation of a
part set by the Doppler cursor 304 by the operation unit 18. In
the embodiment, a case of operating velocity distribution
(blood flow information or tissue exercise information) 308
which is Doppler information of the location of the Doppler
cursor 304 performed by the Doppler information generation
unit 5 by a pulse Doppler system will be described. In the
Doppler image (Doppler information) 300 of the velocity
distribution, a horizontal axis indicates time, a vertical axis
indicates velocity, and imaging is performed by allocating
high luminance in a location of velocity distribution with a
large number of velocity components and allocating low
luminance in a location of velocity distribution with a small
number of velocity components. In the Doppler image (Dop-
pler information) 300 of FIG. 3, the velocity distribution
(blood flow information or tissue exercise information) 308 is
displayed so as to sweep from the right to the left of the image
301 over time, and displayed so as to have the same time
phase with the ultrasound image (sectional image) 302 or an
electrocardiogram 309 which is the biological signal data on
the same screen.

[0054] In Step S106, the Doppler measurement unit 9 cal-
culates the measurement value representing a moving state of
a biological tissue (heart or blood vessel) of the object and
showing useful characteristics for diagnosis, based on the
Doppler information. Herein, the measurement value of the
Doppler measurement by Doppler automatic tracing will be
described. In the Doppler automatic tracing, a Doppler wave-
form (blood flow information or tissue exercise information)
is acquired by performing automatic tracing of a boundary
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detected based on the luminance of the Doppler image (Dop-
pler information), and in the Doppler measurement, the mea-
surement value such as the damping time of the velocity or the
maximum velocity is calculated based on a Doppler wave-
form (blood flow information or tissue exercise information)
310. For example, the maximum velocity is calculated by
detecting a peak of the Doppler waveform (blood flow infor-
mation or tissue exercise information) 310 and the measure-
ment value such as the damping time is calculated based on a
change in velocity from the peak of the Doppler waveform
(blood flow information or tissue exercise information) 310.
By using the automatic tracing function of the Doppler wave-
form, the location for acquiring the Doppler information is
automatically set, an apex E of the E wave, an apex A of the A
wave, and a damping width of the E wave are calculated based
on the Doppler information, and the measurement values
such as the E (early diastole) wave velocity, the A (atrial
systole) wave velocity, and the DT (E wave damping time) are
calculated. In addition, the operation unit 18 may set a cursor
in the Doppler waveform (blood flow information or tissue
exercise information) 310 and the Doppler measurement unit
9 may calculate the measurement value of the cursor based on
the Doppler information.

[0055] The Doppler information superimposing unit 10
superimposes the plurality of Doppler information items and
displays the information on the display unit 16. The Doppler
information superimposing unit 10 superimposes the plural-
ity of Doppler information items corresponding to the plural-
ity of heartbeats. As shown in FIG. 3, a superimposing region
312 for displaying the plurality of superimposed Doppler
information items is set. The Doppler information superim-
posing unit 10 superimposes and displays the swept Doppler
information (blood flow information or tissue exercise infor-
mation) items 310-1, 310-2, and 310-3 in the superimposing
region 312. When superimposing the Doppler information
items for three heartbeats using the R-R wave as a reference,
the Doppler information superimposing unit 10 superim-
poses the plurality of Doppler information (blood flow infor-
mation or tissue exercise information) items 310-1, 310-2,
and 310-3 corresponding to a first, a second, and a third
heartbeat. The sweeping direction of the velocity distribution
(blood flow information or tissue exercise information) 308 is
from the right to the left ofthe screen 301. When new Doppler
information is input, the Doppler information superimposing
unit 10 removes the oldest superimposed Doppler informa-
tion, updates the plurality of Doppler information items to
superimpose and display the information items in the super-
imposing region 312. As the timing of the updating, the plu-
rality of Doppler information items may be updated each time
the R wave is input, or the plurality of Doppler information
items may be continuously updated each time the Doppler
information (blood flow information or tissue exercise infor-
mation) is input while sweeping the Doppler information. In
addition, since the Doppler waveform 310 is acquired by the
Doppler automatic tracing, the Doppler information superim-
posing unit 10 may superimpose the plurality of Doppler
waveforms 310 as the Doppler information (blood flow infor-
mation or tissue exercise information) items 310-1, 310-2,
and 310-3. Further, the Doppler information superimposing
unit 10 may calculate an average value of the plurality of
superimposed Doppler information (blood flow information
or tissue exercise information) items 310-1, 310-2, and 310-3
and superimpose an average Doppler information 311 on the
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plurality of Doppler information (blood flow information or
tissue exercise information) items 310-1, 310-2, and 310-3.

[0056] The Doppler information superimposing unit 10
may make the start times of the R-R wave (biological signal)
which corresponds to (is synchronized with) each of the Dop-
pler information items 310-1, 310-2, and 310-3 coincide with
each other and may superimpose a plurality of Doppler infor-
mation items 310-1, 310-2, and 310-3. In addition, when the
start time and the finish time of the R-R wave (biological
signal) which corresponds to (is synchronized with) each of
the Doppler information items 310-1, 310-2, and 310-3 are
different from each other, the Doppler information superim-
posing unit 10 may enlarge or contract the waveform of the
Doppler information items 310-1, 310-2, and 310-3 in the
time axis direction, in order to make the start time of the R
wave and the finish time of the R wave coincide with each
other, and superimpose the plurality of Doppler information
items 310-1, 310-2, and 310-3. Further, the Doppler informa-
tion superimposing unit 10 may superimpose the plurality of
R-R waves (biological signals) regarding the electrocardio-
gram 309 and displays the waves on the display unit 16, in the
same manner as the Doppler information. In addition, the
Doppler information superimposing unit 10 may display only
the R-R wave (biological signal) for the third heartbeat lastly
input, on the display unit 16.

[0057] In Step S107, the degree of approximation calcula-
tion unit 11 calculates a degree of approximation of the plu-
rality of Doppler information items. The degree of approxi-
mation calculation unit 11 determines the stability of the
Doppler information based on the degree of approximation of
the Doppler information. The stability of the Doppler infor-
mation is a quantified index and the approximation of the
Doppler information which corresponds to (is synchronized
with) the plurality of heartbeats is the condition of the stabil-
ity. When the plurality of Doppler information items are
approximate, it is determined that the plurality of heartbeats
are approximate and in a stable state, and accordingly, it is
important to acquire the stable Doppler information, in order
to improve accuracy of the diagnosis.

[0058] As shown in FIG. 3, when calculating the degree of
approximation based on the velocity distribution (blood flow
information or tissue exercise information) 308 which is the
Doppler information of the object 2, the degree of approxi-
mation calculation unit 11 determines the stability of the
Doppler information with the fact whether or not a difference
of the plurality of velocity distribution (blood flow informa-
tion or tissue exercise information) items 308 is within a
threshold value. In FIG. 3, the Doppler information superim-
posing unit 10 superimposes plurality of Doppler information
(blood flow information or tissue exercise information) items
310-1, 310-2, and 310-3 based on the R-R wave and displays
the Doppler information in the superimposing region 312. In
addition, an average value of the plurality of superimposed
Doppler information (blood flow information or tissue exet-
cise information) items 310-1,310-2, and 310-3 is calculated
and the average Doppler information 311 is superimposed
and displayed in the superimposing region 312. The degree of
approximation calculation unit 11 calculates a difference of
each of the plurality of Doppler information items 310-1,
310-2, and 310-3 as a degree of approximation and deter-
mines that the plurality of Doppler information items having
a predetermined degree of approximation is the approximate
Doppler information (stable Doppler information). In addi-
tion, the degree of approximation calculation unit 11 may
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calculate a difference between the average Doppler informa-
tion 311 and the plurality of Doppler information items 310-
1, 310-2, and 310-3 as a degree of approximation, and may
determine that the plurality of Doppler information items
having a predetermined degree of approximation is the
approximate Doppler information (stable Doppler informa-
tion).

[0059] In addition, when calculating a degree of approxi-
mation of the time of the plurality of Doppler information
items, the degree of approximation calculation unit 11 may
calculate each difference of time T1 of the R-R wave (1
heartbeat) corresponding to the Doppler information items
310-1, 310-2, and 310-3 as a degree of approximation and
may determine that the plurality of Doppler information
items having a predetermined degree of approximation is the
approximate Doppler information (stable Doppler informa-
tion). Further, the degree of approximation calculation unit 11
may calculate each difference of time T2 of the Doppler
information items 310-1, 310-2, and 310-3 corresponding to
the R-R wave (1 heartbeat) as a degree of approximation and
may determine that the plurality of Doppler information
items having a predetermined degree of approximation is the
approximate Doppler information (stable Doppler informa-
tion). The Doppler information superimposing unit 10 super-
imposes and displays the time T1 of the R-R wave (1 heart-
beat) or the time T2 of the Doppler information items 310-1,
310-2, and 310-3 in the superimposing region 312.

[0060] In addition, when calculating the degree of approxi-
mation of the measurement value based on the plurality of
Doppler information items, the degree of approximation cal-
culation unit 11 may calculate a difference of the measure-
ment value calculated by the Doppler measurement unit 9
based on the plurality of Doppler information items as a
degree of approximation and determine that the plurality of
Doppler information items having a predetermined degree of
approximation is the approximate Doppler information
(stable Doppler information). In this case, the Doppler infor-
mation superimposing unit 10 displays the measurement
value calculated by the Doppler measurement unit9 based on
the plurality of Doppler information items on the display unit
16. In FIG. 3, the measurement value is displayed in a mea-
surement value region 307. The displayed measurement value
is selected from a measurement value list 314. Since the
measurement value is stored in each stage by the automatic
measurement of the Doppler waveform by the Doppler auto-
matic tracing, the plot in the measurement value region 307 is
added each time the protocol proceeds.

[0061] As described above, the degree of approximation
calculation unit 11 calculates the degree of approximation of
the Doppler information based on the difference of the plu-
rality of Doppler information items and determines the sta-
bility of the Doppler information based on the degree of
approximation of the Doppler information. For example, the
stability of the Doppler information may be determined with
the fact whether or not the difference of the plurality of
Doppler information items is within a threshold value. The
difference of the plurality of Doppler information items
includes a total value such as a deviation of the plurality of
Doppler information items, in addition to the subtraction
value of the plurality of Doppler information items.

[0062] Inaddition, the degree of approximation calculation
unit 11 may determine the stability of the Doppler informa-
tion based on the index (index indicating stability of the
Doppler information) input by an examiner using the Doppler
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information displayed on the display unit 16 by the Doppler
information superimposing unit 10. The degree of approxi-
mation and determined results of'the stability are displayed in
a stability index region 313 on the screen.

[0063] InStep S107, when itis determined that the Doppler
information is stable, the process proceeds to Step S108. In
Step S108, the approximate Doppler information acquisition
unit 12 acquires the Doppler information having a predeter-
mined degree of approximation as the approximate Doppler
information having the determined stability. For example, the
approximate Doppler information acquisition unit 12
acquires the Doppler information (blood flow information or
tissue exercise information) items 310-1, 310-2, and 310-3
for three heartbeats of FIG. 3 as 1 set. In this case, the corre-
sponding ultrasound image acquisition unit 8 is synchronized
at the timing when the approximate Doppler information
acquisition unit 12 acquires the approximate Doppler infor-
mation and acquires the corresponding ultrasound image (ul-
trasound image 302) corresponding to the approximate Dop-
plerinformation. That is, the corresponding ultrasound image
and the Doppler information at the same time are stored in the
storage unit 17.

[0064] Inaddition, since the approximate Doppler informa-
tion items are approximate to each other, the approximate
Doppler information acquisition unit 12 may acquire one of
the plurality of approximate Doppler information items. For
example, the approximate Doppler information acquisition
unit 12 may acquire one of the Doppler information (blood
flow information or tissue exercise information) items 310-1,
310-2, and 310-3 for three heartbeats of FIG. 3. The Doppler
information (blood flow information or tissue exercise infor-
mation) to be acquired may be previously set.

[0065] In Step S107, when it is not determined that the
Doppler information is stable, the process returns to Step
S103. In this case, the Doppler image is scanned until the
stable Doppler information is acquired.

[0066] In Step S109, the approximate Doppler information
(including the plurality of superimposed approximate Dop-
pler information) and the corresponding ultrasound image are
transmitted to the output unit 15, displayed by the display unit
16, and stored by the storage unit 17. When the Doppler
information items 310-1, 310-2, and 310-3 of FIG. 3 are
approximate to each other, the plurality of Doppler informa-
tion items 310-1, 310-2, and 310-3 are superimposed as the
approximate Doppler information, transmitted to the output
unit 15, displayed by the display unit 16, and stored by the
storage unit 17. In this case, the plurality of sets from the set
having highest degree of approximation may be transmitted
to the output unit 15 and displayed by the display unit 16. The
display unit 16 displays the plurality of sets of the approxi-
mate Doppler information in the descending order of the
degree of approximation. The approximate Doppler informa-
tion (including the plurality of superimposed approximate
Doppler information items) stored by the storage unit 17 and
the corresponding ultrasound image are readout after the
protocol completion and are used in ex-post diagnosis.

[0067] In Step S110, the protocol execution unit 14 deter-
mines the completion of the protocol. The protocol execution
unit 14 completes the image acquisition of stress echocardio-
graphy, when the acquisition of the final image or data is
completed according to the protocol list 306 set by the pro-
tocol setting unit 13. When the acquisition of the final image
or data is not completed, the operation proceeds to the next
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protocol and the protocol execution unit 14 continues the
acquisition of the image or the data.

[0068] According to the embodiment, it is possible to
acquire the ultrasound image and the Doppler information at
the same time according to the protocol, to evaluate the sta-
bility of the Doppler information, and to observe the moving
state of the biological tissues (heart or a blood vessel) of the
object based on the stable approximate Doppler information.
In addition, it is possible to observe the moving state of the
biological tissues (heart or ablood vessel) of the object based
on the stable approximate Doppler information in real time.
For example, it is possible to acquire the stable approximate
Doppler information in a state of stable heartbeat in real time
and to observe the moving state of the heart in real time. In
addition, it is possible to acquire the ultrasound image and the
measurement value (Doppler information) at the same time
by the Doppler automatic tracing and to observe the moving
state of the biological tissues (heart or a blood vessel) of the
object for each stage based on the stable approximate Doppler
information, by displaying a graph of the approximate mea-
surement value (approximate Doppler information) for each
stage of stress echocardiography.

[0069] Hereinabove, the embodiment according to the
invention has been described, but the invention is not limited
thereto and changes and modifications can be performed
within a range disclosed in claims.

[0070] For example, in FIG. 3, the plurality of Doppler
information items are continuously updated and superim-
posed and displayed in the superimposing region 312, but as
shown in FIG. 4, the Doppler information superimposing unit
10 may superimpose the plurality of Doppler information
items having a predetermined degree of approximation and
display the information items on the display unit 16. In addi-
tion, the Doppler information superimposing unit 10 may
superimpose the plurality of Doppler information items cor-
responding to intervals of predetermined heartbeats and dis-
play the information items on the display unit 16. In the
embodiment, the Doppler information superimposing unit 10
may update a plurality of (for example, for three heartbeats)
continuous Doppler information items 315 and superimpose
and display the Doppler information items in the superimpos-
ing region 312, may update a plurality of (for example, for
three heartbeats) Doppler information items 316 having a
predetermined degree of approximation and superimpose and
display the Doppler information items in the superimposing
region 312, or may update a plurality of (for example, for
three heartbeats) Doppler information items 316 correspond-
ing to intervals of predetermined heartbeats (for example, for
two heartbeats) and superimpose and display the Doppler
information items in the superimposing region 312. As shown
in FIG. 4, the Doppler information superimposing unit 10 sets
the Doppler information (Doppler waveform) which is a ref-
erence for calculating the degree of approximation, among
the swept Doppler information (blood flow information or
tissue exercise information), and superimposes and displays
the reference Doppler information and the plurality of Dop-
pler information items 310-1, 310-2, and 310-3 having a
predetermined degree of approximation in the superimposing
region 312, based on the degree of approximation calculated
by the degree of approximation calculation unit 11. In addi-
tion, the Doppler information superimposing unit 10 may
superimpose and display the plurality of Doppler information
items 310-1,310-2, and 310-3 which are most approximate to
the reference Doppler information (Doppler waveform)
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among the swept Doppler information (blood flow informa-
tion or tissue exercise information), in the superimposing
region 312.

[0071] As a result, even when the heartbeat is not stable
such as an irregular pulse, it is possible to extract Doppler
information (Doppler waveform) corresponding to the stable
heartbeat which is suitable for the measurement of the mea-
surement values, and to observe the moving state of biologi-
cal tissues (heart or a blood vessel) of the object based on the
stable approximate Doppler information.

[0072] With the corresponding ultrasound image acquisi-
tion unit 8 and the approximate Doppler information acqui-
sition unit 12, the approximate Doppler information (includ-
ing the plurality of superimposed approximate Doppler
information) of the plurality of sets and the corresponding
ultrasound image are stored by the storage unit 17 and the
approximate Doppler information representing a moving
state of a biological tissue (heart or blood vessel) of the object
2 and showing useful characteristics for diagnosis may be
selected from the plurality of sets. For example, the plurality
of sets from the set having highest degree of approximation
may be stored in the storage unit 17 and the set having highest
degree of approximation may be selected therefrom. In addi-
tion, the plurality of sets may be displayed on the display unit
16 and the examiner may select the approximate Doppler
information showing useful characteristics for diagnosis
using a selection screen of the display unit 16. FIG. 5 is a
diagram showing an example of a selection screen 401. As
shown in FIG. 5, one set is selected from approximate Dop-
pler information items 405-1, 405-2, and 405-3 of the plural-
ity of sets. In FIG. 5, the stress stage 1 (STAGE1) is selected
in a stage list 402 of the selection screen 401 and MV is
selected ina part selection list 403. The approximate Doppler
information items 405-1, 405-2, and 405-3 and the corre-
sponding ultrasound images 406-1, 406-2, and 406-3
acquired in this condition are read out from the storage unit 17
and displayed on the selection screen 401. The approximate
Doppler information items and the corresponding ultrasound
images on the selection screen 401 are reproduced as a mov-
ing image, the Doppler waveform and the movement of the
heart are synchronized to each other, and the observation can
be performed. Stability index regions 313-1, 313-2, and
313-3 and a measurement value list 314 are displayed on the
selection screen 401. The examiner can select the approxi-
mate Doppler information and the corresponding ultrasound
image showing useful characteristics for diagnosis while
observing the images, and can employ the approximate Dop-
pler information and the corresponding ultrasound image as
images used in the stress echocardiography. For example, a
frame of the selected approximate Doppler information 405-1
may be displayed with a solid line and frames of the other
approximate Doppler information 405-2 and 405-3 may be
displayed with a broken line.

[0073] As a result, it is possible to select the approximate
Doppler informationrepresenting a moving state of a biologi-
cal tissue (heart or blood vessel) of the object 2 and showing
useful characteristics for diagnosis, while observing the cor-
responding ultrasound image, stability index region (degree
of approximation and determined results of the stability), and
the measurement value, in addition to the approximate Dop-
pler information.

[0074] In addition, in order to observe the moving state
(change in blood flow or the like) of the biological tissue
(heart or blood vessel) of the object 2 before and after apply-
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ing stress, the display unit 16 may display the approximate
Doppler information (including the plurality of superim-
posed approximate Doppler information) and the correspond-
ing ultrasound image corresponding to each stage of the stress
echocardiography. FIG. 6 is a diagram showing an example of
adisplay screen 501 on which the approximate Doppler infor-
mation of each stage is displayed. As shown in FIG. 6,
approximate Doppler information 503 of each stage, a corre-
sponding ultrasound image 504, a measurement value region
505 of the measurement value, the part selection list 403, and
the measurement value list 314 are displayed on the display
screen 501. Herein, a cursor 506 showing the measurement
part of the measurement value may be moved and the mea-
surement value of the location of the cursor 506 may be
reflected and displayed in the measurement value region 505
in real time.

[0075] As aresult, it is possible to observe the moving state
of a biological tissue (heart or blood vessel) of the object 2
while comparing the corresponding ultrasound image and the
measurement value, in addition to the approximate Doppler
information of each stage.

[0076] Inaddition, as showninFIG.7,the operation unit 18
may change the location of the superimposing region 312 set
in the velocity distribution (blood flow information or tissue
exercise information) 308 swept from the right to the left of
the screen 301 over time. FIG. 7 is a diagram showing a
change of the location of the heartbeat when acquiring the
Doppler information. In FIG. 3, the Doppler information
items corresponding to the plurality of heartbeats (three
heartbeats) are superimposed in the order from the early input
(first input) of the swept Doppler waveform (velocity distri-
bution 308), and, when new Doppler information is input, the
Doppler information superimposing unit 10 removes the old-
est superimposed Doppler information, updates the plurality
of Doppler information items, and superimposes and displays
the information items in the superimposing region 312. In
FIG. 7, the Doppler information at the arbitrary location
(location of heartbeat) is superimposed, not in the order from
the early input of the swept Doppler waveform (velocity
distribution 308). The superimposing region 312 is moved by
the operation unit 18. By moving the location of the super-
imposing region 312, the Doppler information superimpos-
ing unit 10 selects the reference Doppler information for
calculating the degree of approximation from the temporarily
continuous Doppler information items, and superimposes the
plurality of Doppler information items including the refer-
ence Doppler information and displays the Doppler informa-
tion items on the display unit. In FIG. 7, the superimposing
region 312 is set in the center of the Doppler image (Doppler
information) 300 of the velocity distribution. For example,
the superimposing region 312 set in the center and the Dop-
pler information corresponding to the three heartbeats before
after the movement are superimposed. The movement opera-
tion of the superimposing region 312 may be performed in
real time during the acquisition of the Doppler information or
the ultrasound image and may be performed after acquiring
the image or data. In addition, when the location of the super-
imposing region 312 is moved, the stability index region 313
or the measurement value region 307 in the moved location
are updated and displayed as required.

[0077] As aresult, it is possible to shorten the time until the
swept Doppler waveform (velocity distribution 308)
approaches the superimposing region 312. In addition, it is
possible to acquire the Doppler information (velocity distri-
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bution 308) at an arbitrary location. Accordingly, it is possible
to select the approximate Doppler information representing a
moving state of a biological tissue (heart or blood vessel) of
the object 2 and showing useful characteristics for diagnosis,
while observing the swept Doppler information (velocity dis-
tribution 308).

[0078] Inaddition, the Doppler information generation unit
5 may generate the Doppler information from the ultrasound
signal of the plurality of parts of the object 2, the degree of
approximation calculation unit 11 may calculate the degree of
approximation of the Doppler information of the plurality of
parts, and the approximate Doppler information acquisition
unit 12 may acquire the approximate Doppler information of
the Doppler information of the plurality of parts. The Doppler
information generation unit 5 performs the Doppler operation
of the plurality of parts set by the operation unit 18 and
generates the Doppler information. Herein, a case of acquir-
ing the two types of Doppler images (pulsed Doppler system
and tissue Doppler system) will be described. FIG. 8 is a
diagram showing the two types of Doppler operations pet-
formed by the Doppler information generation unit 5 and
generation of the Doppler information. As shown in FIG. 8,
the Doppler cursors 304 and 702 are set in MV and MA
(mitral Annulus) which are the plurality of parts, and the
Doppler information generation unit 5 acquires the mitral
orifice blood flow velocity waveform and the mitral annulus
exercise velocity waveform (Doppler information of the plu-
rality of parts).

[0079] In the Doppler image (Doppler information) 300,
the Doppler waveform (blood flow information) 310 of MV
and the Doppler waveform (tissue exercise information) 703
of MA are displayed on the display unit 16 at the same time
and are displayed in a line by being synchronized with the
electrocardiogram 309. The measurement values of MV and
MA are selected from the measurement value list 314. As a
result, it is possible to evaluate the stability of the Doppler
information and to observe the moving state of the biological
tissues (heart or a blood vessel) of the object based on the
stable approximate Doppler information.

[0080] Herein, the Doppler waveform (blood flow informa-
tion) 310 of MV and the Doppler waveform (tissue exercise
information) 703 of MA are displayed as an integrated Dop-
pler information superimposed in the superimposing region
312, the degree of approximation of the plurality of Doppler
information items is calculated as an integrated Doppler
image, and the Doppler information items of plurality of parts
are integrated and the stability of the Doppler information is
evaluated. In this case, the Doppler information generation
unit 5 generates the Doppler information from the ultrasound
signals of the plurality of parts of the object 2, the degree of
approximation calculation unit 11 calculates the degree of
approximation by integrating the Doppler information items
of the plurality of parts, and the approximate Doppler infor-
mation acquisition unit 12 acquires the approximate Doppler
information by integrating the Doppler information items of
the plurality of parts.

[0081] Inaddition, regarding the Doppler waveform (blood
flow information) 310 of MV and the Doppler waveform
(tissue exercise information) 703 of MA, the degree of
approximation of the Doppler information may be separately
calculated and the stability of the Doppler information of the
plurality of parts may be separately evaluated. As aresult, it is
possible to generally evaluate the stability of the Doppler
information from the Doppler waveform (blood flow infor-
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mation or tissue exercise information) 310 of MV and the
Doppler waveform (blood flow information or tissue exercise
information) 703 of MA, and it is possible to generally
observe the moving state of the biological tissues (heart or a
blood vessel) of the object based on the stable approximate
Doppler information. In this case, the Doppler information
generation unit 5 generates the Doppler information from the
ultrasound signal of the plurality of parts of the object 2, the
degree of approximation calculation unit 11 calculates the
degree of approximation in each of the plurality of parts, and
the approximate Doppler information acquisition unit 12
acquires the approximate Doppler information in each of the
plurality of parts.

[0082] FIG. 9 is a diagram showing an example of the
display screen 501 on which the approximate Doppler infor-
mation of each stage is displayed, when the Doppler infor-
mation is generated from the ultrasound signals of the plural-
ity of parts. As shown in FIG. 9, regarding each of the plurality
of parts, the approximate Doppler information 503 of each
stage, the measurement value region 505 of the measurement
value, the part selection list 403, and the measurement value
list 314 are displayed on the display screen 501. In addition,
the corresponding ultrasound image 504 of each stage is
displayed on the display screen 501. Herein, regarding each
of the plurality of parts, the cursor 506 showing the measure-
ment part of the measurement value may be moved and the
measurement value of the location of the cursor 506 may be
reflected and displayed in the measurement value region 505
in real time. The cursor 506 can be set respectively for MV
and MA.

[0083] As a result, regarding the each of the plurality of
parts, it is possible to observe the moving state of a biological
tissue (heart or blood vessel) of the object 2 while comparing
the corresponding ultrasound image and the measurement
value, in addition 1o the approximate Doppler information of
each stage, it is possible to generally evaluate the stability of
the Doppler information, and to generally observe the moving
state of the biological tissues (heart or a blood vessel) of the
object based on the stable approximate Doppler information.

INDUSTRIAL APPLICABILITY

[0084] The invention is advantageous for an ultrasound
image pickup apparatus and an ultrasound image pickup
method which can evaluate the stability of the Doppler infor-
mation acquired by the Doppler ultrasonography and can
observe the moving state of biological tissues (heart or a
blood vessel) of an object based on the stabilized Doppler
information.

REFERENCE SIGNS LIST

[0085] 1 ULTRASOUND IMAGE PICKUP APPARA-
TUS

[0086] 3 ULTRASOUND SIGNAL GENERATION
UNIT

[0087] 4 ULTRASOUND IMAGE GENERATION
UNIT

[0088] 5 DOPPLER INFORMATION GENERATION
UNIT

[0089] 6 BIOLOGICAL SIGNAL GENERATION
UNIT

[0090] 7 DATA ACQUISITION UNIT

[0091] 8 CORRESPONDING ULTRASOUNDIMAGE

ACQUISITION UNIT
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[0092] 9 DOPPLER MEASUREMENT UNIT

[0093] 10 DOPPLER INFORMATION SUPERIMPOS-
ING UNIT

[0094] 11 DEGREE OF APPROXIMATION CALCU-
LATION UNIT

[0095] 12 APPROXIMATE DOPPLER INFORMA-
TION ACQUISITION UNIT

[0096] 13 PROTOCOL SETTING UNIT

[0097] 14 PROTOCOL EXECUTION UNIT

[0098] 15 OUTPUT UNIT

[0099] 16 DISPLAY UNIT

[0100] 17 STORAGE UNIT

[0101] 18 OPERATION UNIT

[0102] 19 CONTROL UNIT

[0103] 60 STRESS DETERMINATION UNIT

1. An ultrasound image pickup apparatus comprising:

a probe which transmits and receives an ultrasound signal
to and from an object;

a Doppler information generation unit which generates
Doppler information from the ultrasound signal;

a degree of approximation calculation unit which calcu-
lates a degree of approximation of the plurality of Dop-
pler information items; and

an approximate Doppler information acquisition unit
which acquires the Doppler information having a prede-
termined degree of approximation as approximate Dop-
pler information.

2. The ultrasound image pickup apparatus according to

claim 1, further comprising;

a Doppler information superimposing unit which superim-
poses the plurality of Doppler information items and
displays the information items on a display unit.

3. The ultrasound image pickup apparatus according to

claim1,

wherein the degree of approximation calculation unit cal-
culates at least one degree of approximation of a Doppler
waveform of the plurality of Doppler information items
synchronized with a biological signal, the time of the
plurality of Doppler information items, and a measure-
ment value based on the plurality of Doppler informa-
tion items.

4. The ultrasound image pickup apparatus according to

claim 1,

wherein the degree of approximation calculation unit
enlarges or contracts a Doppler waveform of the Dop-
pler information synchronized with a biological signal
and calculates a degree of approximation of the Doppler
waveform.

5. The ultrasound image pickup apparatus according to

claim 1,

wherein the degree of approximation calculation unit cal-
culates the degree of approximation based on at least one
of blood flow information and tissue exercise informa-
tion of the object.

6. The ultrasound image pickup apparatus according to

claim 1,

wherein the degree of approximation calculation unit cal-
culates a degree of approximation of the Doppler infor-
mation based on at least one of difference, a ratio, a
correlation coefficient, and pattern matching of the plu-
rality of Doppler information items.

7. The ultrasound image pickup apparatus according to

claim 1,
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wherein the degree of approximation calculation unit cal-
culates a degree of approximation of the plurality of
Doppler information items according to the stress
applied to the object.

8. The ultrasound image pickup apparatus according to

claim 7, further comprising:

a stress determination unit which determines the stress
based on a biological signal.

9. The ultrasound image pickup apparatus according to

claim 1,

wherein the Doppler information superimposing unit
superimposes the Doppler information as a reference
and the plurality of Doppler information items having a
predetermined degree of approximation and displays the
information items on a display unit.

10. The ultrasound image pickup apparatus according to

claim 1, further comprising:

a display unit which displays a plurality of sets of the
approximate Doppler information in the descending
order of the degree of approximation.

11. The ultrasound image pickup apparatus according to

claim 1, further comprising:

a display unit which displays the approximate Doppler
information corresponding to each stage of stress
echocardiography.

12. The ultrasound image pickup apparatus according to

claim 1,

wherein the Doppler information superimposing unit
selects reference Doppler information for calculating
the degree of approximation from the temporarily con-
tinuous Doppler information items, and

the ultrasound image pickup apparatus further includes a
display unit which superimposes and displays the plu-
rality of Doppler information items including the refer-
ence Doppler information.
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13. The ultrasound image pickup apparatus according to
claim 1,

wherein the Doppler information generation unit generates
Doppler information from ultrasound signal of the plu-
rality of parts of the object,

the degree of approximation calculation unit calculates the
degree of approximation with the Doppler information
items of the plurality of parts as an integrated item, and

the approximate Doppler information acquisition unit
acquires the approximate Doppler information with the
Doppler information items of the plurality of parts as an
integrated item.

14. The ultrasound image pickup apparatus according to

claim1,

wherein the Doppler information generation unit generates
Doppler information from ultrasound signal of the plu-
rality of parts of the object,

the degree of approximation calculation unit calculates the
degree of approximation in each of the plurality of parts,
and

the approximate Doppler information acquisition unit
acquires the approximate Doppler information in each
of the plurality of parts.

15. An ultrasound image pickup method comprising:

transmitting and receiving an ultrasound signal to and from
an object;

generating Doppler information from the ultrasound sig-
nal;

calculating a degree of approximation of the plurality of
Doppler information items; and

acquiring the Doppler information having a predetermined
degree of approximation as approximate Doppler infor-
mation.
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