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(57) ABSTRACT

There are provided a transmission unit (102) and a reception
unit (103) for transmitting and receiving an ultrasonic wave
with respect to a subject, a tissue tracing unit (115) for ana-
lyzing a received signal to trace the movement of a tissue of
the subject, and a property detection unit (120) for detecting
a property concerning the movement of the tissue of the
subject. The property detection unit (120) subjects either one
of the received signal, a Doppler shift, and the movement of
the tissue of the subject to signal processing, detects a prop-
erty concerning the movement of the tissue of the subject that
is in synchronization with a heartbeat, and generates an ini-
tializing pulse based on the detected property. The tissue
tracing unit (115) is initialized by the initializing pulse. It is
possible to obtain a distribution image of an elastic modulus
of the tissue of the subject as well as a tomographic image of
the subject with a simple operation of only applying a probe
to the subject without the necessity for a special connection
between the subject and the device.
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1
ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

The present invention relates to an ultrasonic diagnostic
apparatus that creates a distribution image of a tissue property
such as an elastic modulus of a tissue of a subject.

BACKGROUND ART

Conventional ultrasonic diagnostic apparatuses irradiate a
subject with an ultrasonic wave and convert the intensity of a
reflected echo signal thereof into the luminance of a corre-
sponding pixel, thereby obtaining a tomographic image of the
structure of the subject. Further, in recent years, it is
attempted to obtain an elastic modulus of a subject based on
the movement of the subject measured precisely by analyzing
the phase of a reflected echo signal.

For example, JP 10(1998)-5226 A describes a method of
tracing a tissue with high accuracy by determining momen-
tary positions of a subject using both the amplitude and the
phase of a demodulation output signal of a reflected echo
signal, thereby capturing micro vibrations on a large ampli-
tude displacement motion caused by heartbeats. The method
of tracing a tissue of a subject described in JP 10(1998)-5226
A will be described with reference to FIG. 21.

In FIG. 21, y(t) and y(t+AT) represent received signals of
ultrasonic pulses transmitted at an interval of AT in the same
direction of a subject. Herein, t represents a time. Assuming
that the pulse transmission time is t=0, the reception time t1 of
a received signal from a certain depth x1 is expressed as
follows: t1=x1/(C/2), where C represents a sound velocity.
Assuming that the phase displacement between y(t1) and
y(t1+AT) is represented by A0, and the center frequency of
the ultrasonic wave in the vicinity of the time t1 is represented
by f, the movement Ax of x1 during the period AT is expressed
as follows:

Ax=—-C-A8/4nf 0

By adding Ax to x1, the position x1' after AT second can be
obtained as follows:

x1'=x1'+Ax Q)

By repeating this operation, it is possible to trace the same
region x1 of the subject.

Further, as an example of an advanced form of the method
described in JP 10(1998)-5226 A, JP 2000-229078 A
describes a method of obtaining a local elastic modulus by
precisely tracing a large amplitude displacement motion
caused by heartbeats on each of an inner surface and an outer
surface of a blood vessel wall. According to this method, the
motion velocity of micro vibrations superimposed on a large
amplitude displacement motion is obtained, a strain of a
blood vessel wall is measured based on a difference in veloc-
ity, and a local elastic modulus is obtained based on the strain
and a difference in blood pressure. This method also makes it
possible to display a space distribution of the elastic modulus
visually. The method of calculating an elastic modulus
described in JP 2000-229078 A will be described with refer-
ence to FIGS. 22A and 22B.

FIG. 22A shows a blood vessel 300 with an atheroma 303
by way of example. A probe 101 irradiates a subject 304 with
an ultrasonic wave and receives an echo from the blood vessel
300, particularly an artery. Measurement points A and B are
set on a blood vessel wall, and received signals from the
measurement points A and B are analyzed by the above-
mentioned method, whereby the movement (position) of each
of the measurement points A and B is traced.
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As shown by an ECG waveform in FIG. 22B, the artery
contracts and expands repeatedly in response to heartbeats.
Accordingly, the movements of the measurement points A
and B are periodic as shown by tracing waveforms TA and
TB, respectively. That is to say, the movements of the mea-
surement points A and B follow the movement of the blood
vessel wall that expands rapidly when the heart contracts and
contracts gradually when the heart expands. A waveform
W(=TB-TA) showing a change in the thickness between the
measurement points A and B can be obtained from the tracing
waveforms TA and TB. Assuming that the change amount of
the thickness change waveform W is represented by AW, and
the reference thickness when the measurement points are
initialized is represented by Ws, the strain e between the
measurement points A and B is expressed as follows:

e=AW/Ws (3)
Assuming that the difference in blood pressure at this time is
represented by AP, the elastic modulus Er between the mea-
surement points A and B can be obtained by the following
equation:

Er=AP/e

= AP Ws/AW

By performing this operation with respect to a plurality of
points on a tomographic image, a distribution image of the
elastic modulus can be obtained.

However, in the method of tracing a tissue described in JP
10(1998)-5226 A, since a position change is added sequen-
tially, errors that have occurred due to various causes such as
noise and hand movement are accumulated, resulting in a
decrease in tracing accuracy. In the method described in JP
2000-229078 A, in order to solve the above-mentioned prob-
lem, the tracing position is initialized regularly by an R wave
detected from an electrocardiogram. However, in order to
carry out an electrocardiogram, it is required to attach elec-
trodes to at least three places of a subject and it takes time and
labor to attach/detach the electrodes.

DISCLOSURE OF INVENTION

An object of the present invention is to provide an ultra-
sonic diagnostic apparatus that is capable of obtaining a tissue
property such as a strain, an elastic modulus, and a viscosity
coefficient with a simple operation of only applying a probe to
a subject without the need for a special connection of an
electrocardiograph, a phonocardiograph, or the like between
the device and the subject. Another object of the present
invention is to provide an ultrasonic diagnostic apparatus that
is capable of tracing the movement of a tissue of a subject with
accuracy.

In order to achieve the above-mentioned objects, an ultra-
sonic diagnostic apparatus according to a first basic configu-
ration of the present invention includes: ultrasonic wave
transmission and reception means for transmitting and
receiving an ultrasonic wave with respect to a subject; tissue
tracing means for analyzing a received signal to trace a move-
ment of a tissue of the subject; and property detection means
for detecting a property concerning the movement of the
tissue of the subject based on the movement of the tissue of
the subject being traced, and outputting a property detection
signal, wherein the tissue tracing means is initialized based on
the property detection signal.
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An ultrasonic diagnostic apparatus according to a second
basic configuration of the present invention includes: ultra-
sonic wave transmission and reception means for transmitting
and receiving an ultrasonic wave with respect to a subject;
tissue tracing means for analyzing a received signal to trace a
movement of a tissue of the subject; and property detection
means for detecting a property concerning the movement of
the tissue of the subject based on an amplitude or a phase of
the received signal in accordance with the movement of the
tissue of the subject, and outputting a property detection
signal, wherein the tissue tracing means is initialized based on
the property detection signal.

An ultrasonic diagnostic apparatus according to a third
basic configuration of the present invention includes: ultra-
sonic wave transmission and reception means for transmitting
and receiving an ultrasonic wave with respect to a subject;
tissue tracing means for analyzing a received signal to trace a
movement of a tissue of the subject; Doppler signal process-
ing means for detecting a Doppler shift of the received signal
in accordance with the movement of the tissue of the subject
being traced; and property detection means for detecting a
property concerning the movement of the tissue of the subject
based on the detected Doppler shift, and outputting a property
detection signal, wherein the tissue tracing means is initial-
ized based on the property detection signal.

According to any one of the first to third basic configura-
tions, it is possibleto trace a tissue of a subject accurately with
a simple operation of only applying a probe to the subject
without the necessity for a special connection between the
subject and the device.

It is preferable that any one of the above-mentioned basic
configurations further includes delay means for delaying the
property detection signal for a predetermined delay time,
wherein the tissue tracing means is initialized by the delayed
property detection signal. According to this configuration,
initialization is performed at a more appropriate timing,
whereby the movement ofa tissue of a subject can be detected
with increased accuracy.

In this configuration, the predetermined delay time can be
estimated from several immediately preceding intervals at
which the property concerning the movement is detected.
Consequently, in the case where a tissue of a subject is, for
example, a blood vessel, the timing of initialization can be set
immediately before an end stage of a blood vessel contraction
period. Therefore, each time required for a change in the
thickness of a blood vessel wall to be maximum or minimum
from the timing of the initialization can be shortened,
whereby a tissue property such as an elastic modulus can be
obtained with high tracing accuracy.

An ultrasonic diagnostic apparatus according to a fourth
basic configuration of the present invention includes: ultra-
sonic wave transmission and reception means for transmitting
and receiving an ultrasonic wave with respect to a subject;
delay means for delaying a received signal; tissue tracing
means for analyzing at least the delayed received signal to
trace a movement of a tissue of the subject; and property
detection means for detecting a property concerning the
movement of the tissue of the subject, and outputting a prop-
erty detection signal, wherein the tissue tracing means is
initialized based on the property detection signal.

It is possible that any one of the first to fourth basic con-
figurations includes selection means for analyzing move-
ments of a plurality of tissues of the subject to select one from
the plurality of tissues of the subject, wherein the property
detection means detects a property concerning amovement of
the selected tissue of the subject, and outputs the property
detection signal.
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Tt is possible that any one of the first to fourth basic con-
figurations further includes selection means for analyzing a
plurality of received signals to select one from a plurality of
tissues of the subject, wherein the property detection means
detects a property concerning a movement of the selected
tissue of the subject, and outputs the property detection sig-
nal.

It is possible that any one of the first to fourth basic con-
figurations further includes selection means for analyzing
Doppler shifts of a plurality of received signals to select one
from a plurality of tissues of the subject, wherein the property
detection means detects a property concerning amovement of
the selected tissue of the subject, and outputs the property
detection signal.

It is possible that any one of the first to fourth basic con-
figurations further includes: means for calculating a tissue
property of the subject such as a strain, a viscosity coefficient,
and an elastic modulus based on the movement of the tissue of
the subject; and selection means for analyzing the tissue
property of the subject to select one from a plurality of tissues
of the subject, wherein the property detection means detects a
property concerning a movement of the selected tissue of the
subject, and outputs the property detection signal.

In any one of the above-mentioned configurations, the
property concerning the movement can be a property that is in
synchronization with a heartbeat. Alternatively, the property
concerning the movement can be a property that is in syn-
chronization with pressure relaxation or vibration produced
externally.

Further, it is preferable that any one of the above-men-
tioned configurations includes means for switching between
an initializing operation by the initializing means and an
initializing operation of initializing the tracing means by a
signal that is in synchronization with a heartbeat, the signal
being taken from means for measuring heartbeat information
including an electrocardiogram or a cardiac sound. Conse-
quently, it is possible to switch easily between a conventional
initializing operation by an electrocardiogram and an initial-
izing operation according to any one of the above-mentioned
configurations depending upon the circumstances.

Further, it is possible that any one of the above-mentioned
configurations further includes means for calculating a tissue
property of the subject such as a strain and a viscosity coef-
ficient based on movements of a plurality of tissues of the
subject. Alternatively, it is possible that any one of the above-
mentioned configurations further includes means for obtain-
ing a strain of the tissue of the subject based on movements of
a plurality of tissues of the subject, and calculating an elastic
modulus of the tissue of the subject based on the strain and a
blood pressure value that is taken from blood pressure mea-
surement means.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11s a diagram of waveforms of respective parts show-
ing an operation of an ultrasonic diagnostic apparatus accord-
ing to Embodiment 1 of the present invention.

FIG. 2 is a block diagram of the ultrasonic diagnostic
apparatus according to Embodiment 1.

FIG. 3 is a view illustrating an exemplary display screen of
a monitor 107 of the ultrasonic diagnostic apparatus.

FIG. 4 is a block diagram showing an ultrasonic diagnostic
apparatus according to Embodiment 2 of the present inven-
tion.

FIG. 5 is a waveform diagram for explaining an advantage
of the ultrasonic diagnostic apparatus according to Embodi-
ment 2.
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FIG. 6 is a waveform diagram for explaining an operation
of the ultrasonic diagnostic apparatus according to Embodi-
ment 2.

FIG. 7 is a block diagram showing an exemplary modifi-
cation of the ultrasonic diagnostic apparatus according to
Embodiment 2.

FIG. 8 is a block diagram showing another exemplary
modification of the ultrasonic diagnostic apparatus according
to Embodiment 2.

FIG. 9 is a block diagram showing an exemplary configu-
ration of an ultrasonic diagnostic apparatus according to
Embodiment 3 of the present invention.

FIG. 10A is a schematic view showing places (measure-
ment points) at which the movement of a tissue of a subject is
traced by using the ultrasonic diagnostic apparatus according
to Embodiment 3.

FIG. 10B is a waveform diagram for explaining an opera-
tion of the ultrasonic diagnostic apparatus according to
Embodiment 3.

FIG. 11 is a block diagram showing an exemplary modifi-
cation of the ultrasonic diagnostic apparatus according to
Embodiment 3.

FIG. 12 is a block diagram showing another exemplary
modification of the ultrasonic diagnostic apparatus according
to Embodiment 3.

FIG. 13 is a block diagram showing an ultrasonic diagnos-
tic apparatus according to Embodiment 4 of the present
invention.

FIG. 14 is a view illustrating a screen of the ultrasonic
diagnostic apparatus according to Embodiment 4.

FIG. 15 is a view illustrating another screen of the ultra-
sonic diagnostic apparatus according to Embodiment 4.

FIG. 16A shows respective measurement points of a sub-
ject, and FIG. 16B is a waveform diagram showing exemplary
tracing waveforms obtained from the respective measure-
ment points shown in FIG. 16A.

FIG. 17 is a block diagram showing an exemplary modifi-
cation of the ultrasonic diagnostic apparatus according to
Embodiment 4 of the present invention.

FIG. 18 is a block diagram showing another exemplary
modification of the ultrasonic diagnostic apparatus according
to Embodiment 4.

FIG. 19 1s a block diagram showing still another exemplary
modification of the ultrasonic diagnostic apparatus according
to Embodiment 4.

FIG. 201s a block diagram showing still another exemplary
modification of the ultrasonic diagnostic apparatus according
to Embodiment 4.

FIG. 21 is a waveform diagram for explaining a method of
tracing a tissue of a subject according to a conventional
example.

FIG. 22A is a schematic view showing places (measure-
ment points) at which the movement of a tissue of a subject is
traced according to a conventional example and the embodi-
ments of the present invention.

FIG. 22B is a waveform diagram for explaining a method
of tracing a tissue of a subject according to the conventional
example.

DESCRIPTION OF THE INVENTION

(Embodiment 1)

An operation of an ultrasonic diagnostic apparatus accord-
ing to Embodiment 1 of the present invention will be
described with reference to FIG. 1. FIG. 1 is a diagram of
waveforms of respective parts showing an operation of the
ultrasonic diagnostic apparatus according to the present
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embodiment. These waveforms are obtained when an ultra-
sonic wave is applied to a blood vessel of a subject as shown
in FIG. 22A. In FIG. 1, ECG represents an electrocardio-
graphic waveform, TA represents a tracing waveform at a
measurement point A in FIG. 22A, and TB represents a trac-
ing waveform at a measurement point B. W(=TB-TA) repre-
sents a thickness change waveform, TA' represents a differ-
entiated waveform of TA, and RST represents an initializing
pulse.

As described using the equations (1) and (2), the measure-
ment points A and B are set on a blood vessel wall, and the
phases of received signals are analyzed, whereby the move-
ment of each of the measurement points A and B is traced. An
artery contracts and expands repeatedly in response to heart-
beats. Accordingly, the movements of the measurement
points A and B are periodic as shown by the tracing wave-
forms TA and TB in FIG. 1, respectively. The waveform W
showing a change in the thickness between the measurement
points A and B can be obtained from the tracing waveforms
TA and TB.

Assuming that the change amount of'the thickness change
waveform W is represented by AW, and the reference thick-
ness when the measurement points are initialized is repre-
sented by Ws as described above, the strain e between the
measurement points A and B is expressed as follows:

e=AW/Ws

Assuming that the difference in blood pressure at this time is
represented by AP, the elastic modulus Er between the mea-
surement points A and B can be obtained by the following
equation:

Er=AP/e=AP-Ws/ANW

By performing the operation and processing as described
above with respect to a plurality of measurement points on a
tomographic image, a distribution image of the elastic modu-
lus indicating the hardness and softness ofa tissue of a subject
can be obtained.

Further, in the present embodiment, the measurement
points A and B as tracing positions are initialized by using a
change in the tracing waveform TA, i.e., the differentiated
waveform TA' as shown in FIG. 1, while such initialization
conventionally has been performed with an R wave detected
from an electrocardiogram. More specifically, oneinitializing
pulse RST is generated from the differentiated waveform TA'
per one heartbeat, and the measurement positions A and B as
tracing positions are initialized by the initializing pulse. In
this case, the threshold value TH may be a constant value, a
value as a certain percentage of the immediately preceding
maximum value, or a dynamic value that decreases with time.
In order to prevent the initializing pulse RST from being
generated continuously, it is also effective to provide a dead
time of several hundreds of milliseconds. In brief, it is impor-
tant to generate one initializing pulse per one heartbeat reli-
ably.

In the above-mentioned manner, a distribution image of the
elastic modulus can be obtained with a simple operation of
only applying a probe to a subject without the need for a
special connection of an electrocardiograph or the like
between the device and the subject.

InFIG. 1, the initialization is performed by using the tissue
tracing waveform TA. However, a measurement point may be
provided additionally for initialization. In such a case, the
measurement point preferably is provided on a blood vessel
wall, but may be provided on any tissues that move in syn-
chronization with a heartbeat such as a tissue in the vicinity of
a blood vessel.
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According to the configuration in FIG. 1, the initialization
is performed by using the differentiated waveform of the
tissue tracing waveform. However, the present embodiment is
not limited thereto, and various other information may be
used as a property of a subject that is in synchronization with
a heartbeat so as to obtain a property detection signal. For
example, any information that moves in synchronization with
a heartbeat is available such as the tissue tracing waveform
itself, the thickness change waveform W, a change in the
strain e, a pulse wave on a blood vessel, a blood flow velocity,
a blood flow intensity, a pulse, a momentary blood pressure
waveform, a cardiac sound, differentiated waveforms thereof,
and the like.

Next, a specific configuration of the ultrasonic diagnostic
apparatus that achieves the above-described operation will be
described with reference to FIG. 2. FIG. 2 is a circuit block
diagram showing an exemplary configuration of the ultra-
sonic diagnostic apparatus according to the present embodi-
ment.

In FIG. 2, a control unit 100 controls the overall ultrasonic
diagnostic apparatus. A transmission unit 102 generates a
high-voltage transmission pulse for driving a probe 101 on
receipt of instructions concerning a pulse width, a timing, the
number of pulses, and the like from the control unit 100. The
probe 101 converts the high-voltage transmission pulse from
the transmission unit 102 into an ultrasonic wave to irradiate
a subject with the ultrasonic wave and converts an ultrasonic
echo reflected from an inside of the subject into an electronic
signal. A reception unit 103 amplifies a received signal and
detects an ultrasonic wave only from a predetermined posi-
tion and direction. A tomographic image processing unit 104,
which is constituted by a bandpass filter, a logarithmic com-
pressor, a demodulator, and the like, mainly analyzes the
amplitude of the received signal to create an image of the
internal structure of the subject.

An elastic modulus distribution image processing unit 105,
which is constituted by an quadrature demodulation unit 114,
a tissue tracing unit 115, an elastic modulus calculation unit
116 as tissue property calculation means, and an elastic
modulus distribution image creation unit 117, creates an
image of a two-dimensional distribution of an elastic modu-
lus. The quadrature demodulation unit 114 subjects the
received signal to quadrature demodulation. The tissue trac-
ing unit 115, which is one of the central components for
tracing the movement of a tissue of a subject with accuracy in
the present embodiment, mainly analyzes the phase of the
received signal to trace the movement of a tissue. The elastic
modulus calculation unit 116 calculates a strain of the tissue
from a plurality of traced movements of the tissue, and cal-
culates a local elastic modulus of the tissue based on a blood
pressure value measured by a blood pressure measurement
unit 108 and the strain. The elastic modulus distribution
image creation unit 117 creates an image of a two-dimen-
sional distribution of the elastic modulus.

A Doppler signal processing unit 118 analyzes a Doppler
shift of the received signal to detect the movement of the
tissue or a blood flow. A property detection unit 120 analyzes
the amplitude or the phase of the one-dimensional received
signal or the Doppler shift or a tissue tracing waveform
obtained by analyzing the amplitude or the phase of the
received signal, detects a property of the subject that is in
synchronization with a heartbeat, and generates an initializ-
ing pulse for initializing the tissue tracing unit 115 as a prop-
erty detection signal. In the present embodiment, since the
one-dimensional signal before an image is created is used, a
signal that is in synchronization with a heartbeat can be
detected easily and accurately as compared with a method in
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which a signal that is in synchronization with a heartbeat is
detected by analyzing an image. The initializing pulse is also
a timing signal for calculating the elastic modulus in the
elastic modulus calculation unit 116. A heartbeat information
measurement unit 122 detects a property that is in synchro-
nization with a heartbeat from a pulsimeter, a real time sphyg-
momanometer, a sphygmograph, or the like. A switch 119
selects an input signal to the property detection unit 120 from
the outputs of the tissue tracing unit 115, the Doppler signal
processing unit 118, and the reception unit 103. A switch 121
selects an initializing signal to the tissue tracing unit 115 from
the outputs of the property detection unit 120, the heartbeat
information measurement unit 122, and an electrocardiogram
measurement unit 109.

An image synthesis unit 106 synthesizes the tomographic
image, the distribution image of the elastic modulus, an elec-
trocardiographic waveform, and the like and displays the
synthesized image on a monitor 107. A tomographic image
memory 110, an elastic modulus distribution image memory
111, and a waveform memory 112 record the tomographic
image, the distribution image of the elastic modulus, and the
electrocardiographic waveform or a cardiac sound waveform,
respectively.

FIG. 3 is a view illustrating an exemplary display screen of
the monitor 107. On the monitor screen, a distribution image
201 of the elastic modulus is superimposed on a tomographic
image 200. FIG. 3 shows the tomographic image 200 of a
blood vessel with an atheroma 303 in a long axis direction (an
anterior wall 301 and a posterior wall 302 of the blood vessel)
by way of example. Further, a reflection intensity scale 202
indicating the correspondence between the reflection inten-
sity of the tomographic image 200 and the luminance on the
screen, an elastic modulus scale 203 indicating the correspon-
dence between the elastic modulus and the color tone or
luminance on the screen, an electrocardiographic or cardiac
sound waveform 204, and the like are displayed.

In FIG. 2, the initializing signal to the tissue tracing unit
115 is selected by operating the switch 121. When a moving
contact of the switch 121 selects a b-side contact, the initial-
ization is performed by using the electrocardiographic wave-
form as in a conventional method. When the moving contact
of the switch 121 selects an a-side contact, the initialization
can be performed by the method of the present embodiment.
Consequently, when there is a need to obtain distribution
images of the elastic modulus of a plurality of subjects in a
short time, the distribution images of the elastic modulus can
be obtained promptly without requiring complicated opera-
tions such as reattaching an electrocardiograph by using the
initialization method of the present embodiment. By setting
the switch 121 to the other side, it is also possible to deal with
the case where initialization is required to be performed reli-
ably by using the electrocardiographic waveform.

Further, when the moving contact of the switch 121 selects
a c-side contact, the initialization can be performed by using
a property that is in synchronization with a heartbeat, the
property being detected by the heartbeat information mea-
surement unit 122 such as a pulsimeter, a real time sphygmo-
manometer, a sphygmograph, or the like provided outside the
device. Since a pulsimeter, a real time sphygmomanometer, a
sphygmograph, or the like can be connected between a sub-
ject and the device with fewer cables and attached to the
subject easily as compared with an electrocardiograph, it is
possible to save an operator a lot of time and labor.

Further, the input signal to the property detection unit 120
can be selected by operating the switch 119. When a moving
contact of the switch 119 selects an a-side contact, the initial-
izing pulse can be generated based on the tissue tracing wave-
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form from the tissue tracing unit 115. When the moving
contact of the switch 119 selects a b-side contact, the initial-
izing pulse can be produced based on the velocity or the
intensity of a blood flow in a blood vessel or the Doppler shift
due to the movement of the tissue. Further, when the moving
contact of the switch 119 selects a c-side contact, the initial-
izing pulse can be produced based on the amplitude or the
phase of the received signal or the like.

In the above-described example, the description relates to
the ultrasonic diagnostic apparatus that calculates a strain of
a tissue of a subject in accordance with a change in blood
pressure in one heartbeat so as to obtain an elastic modulus.
However, the present embodiment also can be applied to an
ultrasonic diagnostic apparatus that traces a tissue of a subject
in accordance with pressure relaxation or vibration produced
externally, so as to obtain a tissue property of the subject such
as a strain, an elastic modulus, a viscosity coefficient, or the
like. In such a case, the initializing pulse to the tissue tracing
unit is in synchronization with the external pressure relax-
ation or vibration.

(Embodiment 2)

FIG. 4 is a block diagram showing an exemplary configu-
ration of an ultrasonic diagnostic apparatus according to
Embodiment 2 of the present invention. In FIG. 4, the same
components as those shown in FIG. 2 with regard to Embodi-
ment 1 are denoted with the same reference numerals, and
descriptions thereof will be omitted.

A property detection unit 120, which is one of the central
components for tracing the movement of a tissue of a subject
with accuracy in the present embodiment, analyzes the ampli-
tude or the phase of a one-dimensional received signal or a
Doppler shift or a tissue tracing waveform obtained by ana-
lyzing the amplitude or the phase of the received signal,
detects a property (including a heartbeat) concerning the
movement of the subject, particularly a property that is in
synchronization with the movement, and generates a syn-
chronization pulse SP as a property detection signal from the
timing of detecting the property. In the present embodiment,
since the one-dimensional signal before an image is created is
used, a signal that is in synchronization with a heartbeat can
be detected easily and accurately as compared with a method
in which a signal that is in synchronization with a heartbeat is
detected by analyzing an image. A pulse delay unit 124 as
another principal component delays the synchronization
pulse for a predetermined delay time to generate an initializ-
ing pulse RST as an initializing signal for initializing a tissue
tracing unit 115. The initializing pulse RST is also a timing
signal for calculating an elastic modulus in an elastic modulus
calculation unit 116.

A switch 121 selects the initializing signal to the tissue
tracing unit 115 from the outputs of the pulse delay unit 124
and a biological signal measurement unit 125. The biological
signal measurement unit 125 is means for measuring an elec-
trocardiogram, a cardiac sound, or the like. An exemplary
display screen of a monitor 107 is the same as that shown in
FIG. 3.

Next, operations of the property detection unit 120 and the
pulse delay unit 124 as principal components in the present
embodiment will be described in further detail with reference
to FIGS. 5 and 6. Hereinafter, a description is given of the case
where in FIG. 4, a common contact of the switch 121 selects
an a-side contact so that the property detection signal RST
obtained by delaying by the pulse delay unit 124 is used as the
initializing signal for initializing the tissue tracing unit 115,
and the property detection unit 120 detects the property con-
cerning the movement of the tissue of the subject based on the
tracing waveform of the tissue of the subject.
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FIG. 5 shows from the top an ECG waveform, a tracing
waveform TA at a measurement point A of a blood vessel 300
(FIG. 22A), atracing waveform TB at a measurement point B,
a thickness change waveform W(=TB-TA), a differentiated
waveform TA' of TA, and the synchronization pulse SP. Ini-
tially, the tracing waveform is processed so as to detect one
synchronization pulse SP per one heartbeat. FIG. 5 shows an
exemplary case where the differentiated waveform TA' of the
tracing waveform TA is compared with a threshold value TH
and the synchronization pulse SP is generated at the time
when the differentiated waveform TA' exceeds the threshold
value TH. However, the present embodiment is not limited
thereto. Any information that moves in synchronization with
a heartbeat is available such as a change in the amplitude or
the phase of the received signal, the tissue tracing waveform
itself, the thickness change waveform W, a change in the
strain e, a pulse wave on a blood vessel, a blood flow velocity
or a blood flow intensity detected by the Doppler shift of the
received signal, a pulse, a momentary blood pressure wave-
form, a cardiac sound, differentiated waveforms thereof, and
the like. In brief, it is important to generate one synchroniza-
tion pulse SP per one heartbeat reliably.

By using the synchronization pulse SP, the tracing wave-
forms can be initialized once per one heartbeat without the
need for a special connection of an electrocardiograph, a
phonocardiograph, or the like between the subject and the
device. In this case, the timing of'the initialization falls within
a period of blood vessel expansion. A blood vessel expands
rapidly and contracts gradually. In order to obtain the elastic
modulus, it is required to obtain a maximum value and a
minimum value (a difference therebetween: AW) of a change
in the thickness ofa blood vessel wall. Although the minimum
value appears at an end stage of the blood vessel expansion
period, i.e., immediately after the initialization (point C in
FIG. 5), the maximum value appears at an end stage of a blood
vessel contraction period, i.e., after the elapse of a consider-
able time from the initialization (point D in FIG. 5).

Since the tissue of the subject is traced by adding a position
change cumulatively as expressed by the equation (2) above,
the tracing accuracy decreases with time from the initializa-
tion. Accordingly, considerable errors are accumulated at the
point D where a considerable time has elapsed from the
initialization. For this reason, in order to increase the tracing
accuracy, the points C and D preferably come immediately
after the initialization.

To this end, in the present embodiment, the tracing wave-
forms are initialized by using a pulse obtained by allowing the
synchronization pulse SP to pass through the pulse delay unit
124 instead of using the synchronization pulse SP directly.
More specifically, as shown in FIG. 6, the synchronization
pulse SP is delayed for a time o T1 that is proportional to an
interval T1 between two synchronization pulses SP (a current
pulse and an immediately preceding pulse), thereby generat-
ing the initializing pulse RST. The tracing waveforms are
initialized by resetting the tissue tracing unit 115 using the
initializing pulse RST thus obtained. The delay time may be
set to approximately 90% of the interval between the two
property detection pulses, i.e., synchronization pulses SP (the
current pulse and the immediately preceding pulse), so that
the timing of the initialization can be set immediately before
an end stage of a blood vessel contraction period. Conse-
quently, both the maximum value and the minimum value of
the change in the thickness of the blood vessel wall are
allowed to appear in a shorter time from the initialization
(points B and C in FIG. 6). As a result, the tracing accuracy is
prevented from decreasing, and the elastic modulus can be
obtained with high tracing accuracy. Further, according to
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this method, the initialization can be performed at about the
same timing as that of conventional initialization using an R
wave of an electrocardiogram.

The heart does not always beat with the same period (pat-
ticularly in the case of an irregular heartbeat). On this
account, the delay time may be changed in accordance with
the subject in a range of approximately 70% to 95% of the
interval between the property detection pulses, set to 70% to
95% of an average value of immediately preceding several
intervals between the property detection pulses, or set to 70%
to 95% of a subsequent pulse interval that is estimated by
approximating immediately processing several pulse intet-
vals by a polynomial expression. Consequently, a heartbeat
interval can be estimated more accurately, and the timing of
the initialization can be set to fall at an end stage of a blood
vessel contraction period accurately, which makes it possible
to perform more appropriate initialization.

Further, as shown in FIG. 7, a Doppler signal processing
unit 118 for detecting a Doppler shift ofa received signal may
be provided, so that a property concerning the movement is
detected from the Doppler shift. The Doppler signal process-
ing unit 118 also is provided in a conventional ultrasonic
diagnostic apparatus to detect a blood flow. The velocity and
the power of a blood flow reflect the movement of the heart
directly. Thus, by using them, it is possible to generate one
pulse per one heartbeat reliably with high accuracy. Further,
as shown in FIG. 8, it is also possible to detect a property by
analyzing a received signal directly. In such a case, the ampli-
tude or the phase of a received signal from a certain depth is
monitored, and a point at which the amplitude or the phase is
changed significantly or the like is detected, whereby it is
possible to generate one pulse per one heartbeat easily.
(Embodiment 3)

FIG. 9 is a block diagram showing an exemplary configu-
ration of an ultrasonic diagnostic apparatus according to
Embodiment 3 of the present invention. The present embodi-
ment is different from Embodiment 2 in that a received signal
memory 113 is provided instead of the pulse delay unit 124
and a tracing waveform for obtaining an initializing pulse
RST is provided separately from tracing waveforms for
obtaining a thickness change. In FIG. 9, the components
having the same configurations and functions as those in
Embodiment 2 will be denoted with the same reference
numerals, and descriptions thereof will be omitted.

In FIG. 9, the received signal memory 113 stores and
reads/writes a received signal in the first-in first-out (FIFO)
system, thereby providing the received signal with a prede-
termined delay time. The received signal may be one obtained
either before or after quadrature demodulation.

Next, operations of a property detection unit 120 and the
received signal memory 113 as principal components in the
present embodiment will be described in detail with reference
to FIGS. 10A and 10B. Hereinafter, a description is given of
the case where a common contact of a switch 122 in FIG. 9
selects an a-side contact.

FIG. 10A is a schematic view showing places (measure-
ment points) at which the movement of a tissue of a subject is
traced, the figure containing a measurement point Z in addi-
tion to the measurement points A and B as shown in FIG. 22A.
FIG. 10B shows from the top an ECG waveform, a tracing
waveform TA at the measurement point A of a blood vessel
300 (FIG. 10A), a tracing waveform TB at the measurement
point B, a thickness change waveform W (TB-TA), a tracing
waveform TZ at the measurement point 7, a differentiated
waveform TZ' of the tracing waveform TZ, and the initializ-
ing pulse RST. In the present embodiment, the tracing wave-
form is processed so as to detect one initializing pulse RST
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per one heartbeat. By using the initializing pulse RST, the
tracing waveforms are initialized once per one heartbeat with-
out the need for a special connection of an electrocardio-
graph, a phonocardiograph, or the like between the subject
and the device. However, as described in Embodiment 2 with
reference to FIG. 5, the timing of initialization falls within a
blood vessel expansion period, and it takes a considerable
time from the initialization until a maximum value of the
thickness change waveform appears.

To solve this problem, in the present embodiment, the
tracing waveform TZ for obtaining the initializing pulse RST
and the tracing waveforms TA and TB for obtaining a thick-
ness change are provided separately. The tracing waveform
TZ for obtaining the initializing pulse is measured immedi-
ately after reception and subjected to processing for detecting
aproperty concerning the movement, whereby the initializing
pulse RST is created. The tracing waveforms TA and TB for
obtaining a thickness change are stored initially in the
received signal memory 113 and then transmitted to a tissue
tracing unit 115 after a predetermined delay time, whereby
the thickness change is obtained.

In order to achieve a sufficient effect and simplify the
processing, the predetermined delay time is preferably a time
T2 between immediately before an end stage of a blood vessel
contraction period and the detection of the initializing pulse
RST, which is obtained by analyzing the tracing waveform
TZ, but may be a fixed value of approximately 0.1 to 0.2
seconds. Consequently, the timing of the initialization can be
set immediately before the end stage of the blood vessel
contraction period, and both the maximum value and a mini-
mum value of the change in the thickness of a blood vessel
wall are allowed to appear in a shorter time from the initial-
ization (points B and C in FIG. 6). As a result, the elastic
modulus can be obtained with high tracing accuracy.

There occurs a problem that an obtained distribution image
of the elastic modulus and a tomographic image are out of
time phase with each other since the elastic modulus is
obtained from the tissue tracing waveforms that are obtained
from the delayed received signals. However, in the present
embodiment, a tomographic image memory 110 is provided
so as to delay the tomographic image, thereby eliminating this
problem.

Further, as shown in FIG. 11, a Doppler signal processing
unit 118 for detecting a Doppler shift of a received signal may
be provided, so that a property concerning the movement is
detected from the Doppler shift. The Doppler signal process-
ing unit 118 also is provided in a conventional ultrasonic
diagnostic apparatus to detect a blood flow. The velocity and
the power of a blood flow reflect the movement of the heart
directly. Thus, by using them, it is possible to generate one
pulse per one heartbeat reliably with high accuracy. Further,
as shown in FI1G. 12, it is also possible to detect a property by
analyzing a received signal directly. In such a case, the ampli-
tude or the phase of a received signal from a certain depth is
monitored, and a point at which the amplitude or the phase is
changed significantly or the like is detected, whereby it is
possible to generate one pulse per one heartbeat easily.

In the configuration in each of FIGS. 4 and 9, when the
common contact of each of the switches 121 and 122 selects
a b-side contact, the initialization is performed by using the
electrocardiographic waveform or a cardiac sound waveform
as in a conventional method. When the common contact of
each of the switches 121 and 122 selects the a-side contact,
the initialization can be performed by the method shown in
each of the present embodiments. Consequently, in the case of
a medical examination or the like where there is a need to
obtain distribution images ofthe elastic modulus of a plurality
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of subjects in a short time, it is possible to obtain the distri-
bution images of the elastic modulus promptly without
requiring complicated operations such as reattaching an elec-
trocardiograph or the like by using the method shown in each
of the present embodiments. By setting each of the switches
121 and 122 to the other side, it is also possible to deal with
the case where initialization is required to be performed reli-
ably by using the electrocardiographic waveform or the like.

In each of Embodiments 2 and 3, the description relates to
the ultrasonic diagnostic apparatus that calculates a strain of
a tissue of a subject in accordance with a change in blood
pressure in one heartbeat so as to obtain an elastic modulus.
However, these embodiments also can be applied to an ultra-
sonic diagnostic apparatus that traces a tissue of a subject in
accordance with pressure relaxation or vibration produced
externally, so as to obtain a tissue property indicating a physi-
cal property of the tissue of the subject such as a strain, an
elastic modulus, a viscosity coefficient, or the like. In such a
case, it is important that the synchronization pulse to the
tissue tracing unit is in synchronization with the external
pressure relaxation or vibration, and that the predetermined
delay time is adjusted in a range of 0% to 100% of the interval
between the property detection pulses in accordance with the
external pressure relaxation or vibration so that the maximum
value and the minimum value of the thickness change width
appear in as short a time from initialization as possible.
(Embodiment 4)

FIG. 13 is a block diagram showing an exemplary configu-
ration of an ultrasonic diagnostic apparatus according to
Embodiment 4 of the present invention. The ultrasonic diag-
nostic apparatus has a different configuration from that shown
in FIG. 4 with regard to Embodiment 2 in that a waveform
selection unit 130 is provided further. In FI1G. 13, the compo-
nents having the same configurations and functions as those
in Embodiment 2 will be denoted with the same reference
numerals, and descriptions thereof will be omitted.

The waveform selection unit 130 has two input terminals
(input terminals R and Q), and analyzes waveforms input to
the input terminal R and selects and outputs one from wave-
forms input to the input terminal Q based on the analysis
result. In the configuration in FIG. 13, a plurality of tracing
waveform signals are input to the input terminal Q of the
waveform selection unit 130, and the plurality of tracing
waveform signals are input to the input terminal R. The wave-
form selection unit 130 analyzes the tracing waveform signals
input to the input terminal R, and selects one tracing wave-
form signal from the tracing waveform signals input to the
input terminal Q using the analysis result.

A property detection unit 120 analyzes the selected tracing
waveform in the same manner as shown in FIG. 6, for
example. That s, for example, the property detection unit 120
subjects a change in a tracing waveform TA at a measurement
point A of a subject, i.e., a differentiated waveform thereof, to
threshold processing, and generates one initializing pulse
RST per one heartbeat, so that tracing waveforms in entire
regions are initialized by the initializing pulse RST. The point
of the present embodiment is how to select a measurement
point of a tracing waveform for generating an initializing
pulse.

Hereinafter, an operation of the ultrasonic diagnostic appa-
ratus according to the present embodiment will be described
more specifically. FIGS. 14 and 15 illustrate exemplary dis-
play screens of a monitor 107. In FIG. 14, a tomographic
image 200 of a blood vessel with an atheroma 303 in a long
axis direction and a distribution image 201 of an elastic
modulus for the corresponding position are displayed such
that the distribution image 201 of the elastic modulus is
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superimposed on the tomographic image 200. In FIG. 15, a
tomographic image 205 of the blood vessel with the atheroma
303 in a short axis direction and a distribution image 206 of an
elastic modulus for the corresponding position are displayed
such that the distribution image 206 of the elastic modulus is
superimposed on the tomographic image 205. In FIGS. 14
and 15, C to P denote measurement points of tracing wave-
forms. FIG. 16B shows exemplary tracing waveforms
obtained at respective measurement points shown in FIG.
16A. As shown in FIG. 16B, the amplitudes and S/N ratios of
the tracing waveforms differ greatly from each other due to a
difference between a traveling direction of an ultrasonic wave
and a movement direction of a tissue of a subject or a differ-
ence in the reflectance of the tissue. Thus, in order to generate
an initializing pulse with accuracy, it is important how a
measurement point of the tracing waveform is selected.

As shown in FIG. 14, in the image of a cross section of the
blood vessel in the long axis direction, a measurement point D
or F is most suitable, and a measurement point C or G is
suitable. Since the measurement point D or F is located on a
blood vessel wall, a good S/N ratio is obtained due to a large
amplitude of an ultrasonic echo, and accordingly an accurate
tracing waveform can be obtained, which also is ascribed to
the fact that pulsation of the blood vessel caused by blood
pressure is reflected directly at this point. Although it is pos-
sible to obtain an accurate tracing waveform also at the mea-
surement point C or G similarly, the amplitude of pulsation is
slightly smaller due to the distance from the blood vessel. A
measurement point E is unsuitable since it is located inside
the blood vessel. Accordingly, an S/N ratio is unfavorable due
to a small amplitude of the ultrasonic echo, and it is impos-
sible to obtain an accurate tracing waveform. Further, a mea-
surement point H is unsuitable since it is located inside the
atheroma, where a movement direction of the tissue is not
necessarily in parallel with a traveling direction of the ultra-
sonic wave. Accordingly, itis considered impossible to obtain
an accurate tracing waveform.

As shown in FIG. 15, in the image of a cross section of the
blood vessel in the short axis direction, a measurement point
Jor K is most suitable, and a measurement point [ or L is
suitable. Since the measurement point J or K is located on the
blood vessel wall, a good S/N ratio is obtained due to a large
amplitude of an ultrasonic echo, and accordingly an accurate
tracing waveform can be obtained, which also is ascribed to
the fact that pulsation of the blood vessel caused by blood
pressure is reflected directly at this point. Although it is pos-
sible to obtain an accurate tracing waveform also at the mea-
surement point I or L similarly, the amplitude of pulsation is
slightly smaller due to the distance from the blood vessel. A
measurement point O is unsuitable since it is located inside
the blood vessel. Accordingly, an S/N ratio is unfavorable due
to a small amplitude of the ultrasonic echo, and it is impos-
sible to obtain an accurate tracing waveform. Further, a mea-
surement point P is unsuitable since it is located inside the
atheroma, where a movement direction of the tissue is not
necessarily in parallel with a traveling direction of the ultra-
sonic wave. Accordingly, it is considered impossible to obtain
an accurate tracing waveform. Although a measurement point
M is located on the blood vessel wall, accurate tracing is
impossible because of the fact that a direction of pulsation is
horizontal, whereas the traveling direction of the ultrasonic
wave is vertical at this point. Therefore, the measurement
point M is unsuitable. A measurement point N is also unsuit-
able for similar reasons.

In the ultrasonic diagnostic apparatus having the configu-
ration shown in FIG. 13, the waveform selection unit 130
selects one tracing waveform from the plurality of tracing



US 8,591,417 B2

15

waveform signals input to the input terminal Q using the
result of analyzing the plurality of tracing waveform signals
input to the input terminal R. The tracing waveform selected
by the waveform selection unit 130 is input to the property
detection unit 120. The property detection unit 120 analyzes
a tracing waveform at the corresponding position and genet-
ates a synchronization pulse SP. A pulse delay unit 124 delays
the synchronization pulse SP to generate an initializing pulse
RST. In this manner, a tracing waveform most suitable for
generating the initializing pulse RST can be selected auto-
matically. The most suitable tracing waveform can be
selected as follows.

For example, the most suitable tracing waveform can be
selected by using characteristics that a tracing waveform at
the most suitable measurement point has a large amplitude, a
low noise level, and periodicity. An amount of noise may be
determined as follows. That is, tracing waveforms for several
periods are compared so as to evaluate variations in the wave-
forms, or a tracing waveform that has passed through a low-
pass filter is compared with an original tracing waveform. The
periodicity may be determined by obtaining a period using a
correlation function or the like. It is also effective to use a
frequency domain in an FFT or the like for the periodicity
determination. Further, based on the fact that the movement
on a tracing waveform is different between a blood flow part
and a blood vessel wall part, the blood vessel wall part may be
determined by obtaining a boundary between the blood vessel
wall and the blood flow part. The most suitable tracing wave-
form is selected in the above-mentioned manner, and the
property detection unit 120 and the like are operated as in the
above-described embodiments, whereby it is possible to trace
atissue of a subject more accurately with a simple operation
of only applying a probe to the subject without the need for a
special connection of an electrocardiograph or the like
between the subject and the device.

FIG. 17 shows another configuration of the ultrasonic diag-
nostic apparatus regarding how to select a measurement point
of a tracing waveform. In this configuration, a plurality of
tracing waveform signals are input to an input terminal Q of
a waveform selection unit 130a. Further, a user specifies the
most suitable measurement point via a control unit 100. The
control unit 100 provides the waveform selection unit 1304
with information on the specified position, and the waveform
selection unit 130a selects the corresponding tracing wave-
form and inputs the same to a property detection unit 120. The
property detection unit 120 analyzes a tracing waveform at
the corresponding position and generates a synchronization
pulse SP, and a pulse delay unit 124 generates an initializing
pulse RST. According to this configuration, it is possible to
deal with the case where it is difficult to determine a measure-
ment point automatically due to a deformed blood vessel or
the like.

FIG. 18 shows still another configuration of the ultrasonic
diagnostic apparatus. In this configuration, a local elastic
modulus as an output of an elastic modulus calculation unit
116 is input to an input terminal R of a waveform selection
unit 1305. The waveform selection unit 1305 detects a blood
vessel wall that extends in parallel with an ultrasonic beam
from the local elastic modulus, selects based on the detected
blood vessel wall a tracing waveform at that position from a
plurality of tracing waveform signals Q, and inputs the same
to a property detection unit 120. The property detection unit
120 analyzes the selected tracing waveform and generates an
initializing pulse RST as described above. Since the local
elastic modulus is obviously different between a blood vessel
part and a blood flow part, a distinction therebetween is pos-
sible. In the above-mentioned manner, it is possible to trace a
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tissue of a subject more accurately with a simple operation of
only applying a probe to the subject.

FIG. 19 shows still another configuration of the ultrasonic
diagnostic apparatus. In this configuration, a received signal
from a reception unit 103 is input to an input terminal R of a
waveform selection unit 130¢. The waveform selection unit
130c analyzes the amplitude of the received signal so as to
detect a boundary between a blood flow and a blood vessel
wall. Then, as in the configuration in FIG. 18, a property
detection unit 120 analyzes a tracing waveform at the position
on ablood vessel wall side, and generates an initializing pulse
RST. Since the intensity of the received signal is high on the
blood vessel wall and low in the blood flow part, a distinction
therebetween is possible.

FIG. 20 shows still another configuration of the ultrasonic
diagnostic apparatus. In this configuration, a Doppler signal
processing unit 118 is provided, which analyzes a Doppler
shift ofareceived signal, detects a blood flow, and supplies an
input terminal R of a waveform selection unit 1304 with that
data. The waveform selection unit 1304 estimates a blood
vessel wall existing outside the detected blood flow. Then, as
in the configuration in FIG. 18, a property detection unit 120
analyzes a tracing waveform at the position on a blood vessel
wall side, and generates an initializing pulse RST.

In each of the above-mentioned configurations, signals to
be input to the input terminal Q of the waveform selection unit
130 are not limited to the plurality of tracing waveform sig-
nals. For example, the Doppler shift signal or the received
signal as shown in FIG. 7 or 8 is also available.

In the above, the description relates to the ultrasonic diag-
nostic apparatus that calculates a strain of a tissue of a subject
in accordance with a change in blood pressure in one heart-
beat so as to obtain an elastic modulus. However, the present
embodiment also can be applied to an ultrasonic diagnostic
apparatus that traces a tissue of a subject in accordance with
pressure relaxation or vibration produced externally, so as to
obtain a tissue property of the subject such as a strain, an
elastic modulus, a viscosity coefficient, or the like. In such a
case, the synchronization pulse to the tissue tracing unit is in
synchronization with the external pressure relaxation or
vibration.

Further, the present invention is not limited to the ultra-
sonic diagnostic apparatus whose final output is an elastic
modulus, but also can be applied to an ultrasonic diagnostic
apparatus for detecting a cancerous or tumorous tissue by
obtaining a tissue tracing waveform and measuring a strain,
an elastic modulus, or a viscosity coefficient, or an ultrasonic
diagnostic apparatus for detecting arteriosclerosis from an
Intima-Media Thickness (IMT) of a blood vessel, a change in
the internal diameter of a blood vessel, a stiffness parameter,
a pulse wave velocity, or the like.

Industrial Applicability

The ultrasonic diagnostic apparatus according to the
present invention is capable of tracing the movement of a
tissue of a subject with accuracy with a simple operation of
only applying a probe to the subject without the necessity for
a special connection of an electrocardiograph or the like
between the subject and the device. Therefore, itis possible to
obtain easily a tissue property such as an elastic modulus, a
strain or a strain rate, a viscosity coefficient, or the like. The
ultrasonic diagnostic apparatus according to the present
invention saves an operator time and labor and is useful in a
medical application and the like.

The invention claimed is:

1. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic wave transmitter that transmits an ultrasonic

wave to a subject;
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an ultrasonic wave receiver that receives the ultrasonic
wave from the subject and outputs a received signal
based upon the received ultrasonic wave;

a tissue tracing unit that generates a tissue tracing wave-
form by analyzing the received signal supplied from the
ultrasonic wave receiver, said tissue tracing waveform
including a waveform that traces a position of a tissue of
the subject; and

a detection unit that detects initialization timings by ana-
lyzing a change to an aspect of the tissue tracing wave-
form without using information from an electrocardio-
graph, and outputs initializing pulses corresponding to
the initialization timings

wherein said tissue tracing unit is repeatedly initialized
based on the initialization pulses.

2. The ultrasonic diagnostic apparatus according to claim

1, further comprising a selection unit that analyzes tissue
tracing waveforms of a plurality of tissues of the subject to
select one from the plurality of tissues of the subject,
wherein the detection unit detects the initialization timings
by analyzing the tissue tracing waveform of the selected
tissue of the subject. and outputs the initializing pulses
corresponding to the initialization timings.

3. The ultrasonic diagnostic apparatus according to claim

1, further comprising a selection unit which analyzes a plu-
rality of received signals to select one from a plurality of
tissues of the subject,

wherein the detection unit detects the initialization timings
by analyzing the tissue tracing waveform of the selected
tissue of the subject, and outputs the initializing pulses
corresponding to the initialization timings.

4. The ultrasonic diagnostic apparatus according to claim

1, further comprising a selection unit that analyzes Doppler
shifts of a plurality of received signals to select one from a
plurality of tissues of the subject,

wherein the detection unit detects the initialization timings
by analyzing the tissue tracing waveform of the selected
tissue of the subject, and outputs the initializing pulses
corresponding to the initialization timings.

5. The ultrasonic diagnostic apparatus according to claim

1, further comprising: a tissue property calculating unit that
calculates a tissue property of the subject based on the tissue
tracing waveform; and a selection unit that analyzes the tissue
property of the subject to select one from a plurality of tissues
of the subject,

wherein the detection unit detects the initialization timings
by analyzing the tissue tracing waveform of the selected
tissue of the subject, and outputs the initializing pulses
corresponding to the initialization timings.

6. The ultrasonic diagnostic apparatus according to claim

1, further comprising a switching unit that switches between
an initializing operation of initializing the tissue tracing
waveform based on the initializing pulses and an initializing
operation of initializing the tissue tracing waveform by a
signal that is in synchronization with a heartbeat, the signal
being taken from a heartbeat information measurement unit
that measures heartbeat information including an electrocar-
diogram or a cardiac sound.

7. The ultrasonic diagnostic apparatus according to claim

1, further comprising a tissue property calculating unit that
calculates a tissue property of the subject based on tissue
tracing waveforms of a plurality of tissues of the subject.

8. The ultrasonic diagnostic apparatus according to claim

1, further comprising a delay unit that delays the initialization
pulses for a predetermined delay time,

wherein the tissue tracing unit is initialized by the delayed
initializing pulses.
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9. The ultrasonic diagnostic apparatus according to claim
8, wherein the predetermined delay time is estimated from
several immediately preceding heartbeat intervals.

10. The uvltrasonic diagnostic apparatus according to claim
1,

wherein the detection unit outputs each of the initializing
pulses for each heartbeat of the subject, respectively.

11. The ultrasonic diagnostic apparatus according to claim
1,

wherein each tissue tracing wave unit is corresponding to
each heartbeat of the subject.

12. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic wave transmitter that transmits an ultrasonic
wave to a subject;

an ultrasonic wave receiver that receives the ultrasonic
wave from the subject and outputs a received signal
based upon the received ultrasonic wave;

a tissue tracing unit that generates a tissue tracing wave-
form by analyzing the received signal supplied from the
ultrasonic wave receiver, said tissue tracing waveform
including a waveform that traces a position of a tissue of
the subject;

a detection unit that detects initialization timings by ana-
lyzing a change in an amplitude or a phase of the
received signal supplied from the ultrasonic wave
receiver without using information from an electrocar-
diograph, and outputs initializing pulses corresponding
to the initialization timings,

wherein said tissue tracing unit is repeatedly initialized
based on the initialization pulses.

13. The ultrasonic diagnostic apparatus according to claim
12, further comprising a delay unit that delays the initializa-
tion pulses for a predetermined delay time, wherein the tissue
tracing unit is initialized by the delayed initializing pulses.

14. The ultrasonic diagnostic apparatus according to claim
13, wherein the predetermined delay time is estimated from
several immediately preceding heartbeat intervals.

15. The ultrasonic diagnostic apparatus according to claim
12,

wherein the detection unit outputs each of the initializing
pulses for each heartbeat of the subject, respectively.

16. The ultrasonic diagnostic apparatus according to claim
12,

wherein each tissue tracing wave unit is corresponding to
each heartbeat of the subject.

17. An ultrasonic diagnostic apparatus, comprising:

an ultrasonic wave transmitter that transmits an ultrasonic
wave to a subject;

an ultrasonic wave receiver that receives the ultrasonic
wave from the subject and outputs a received signal
based upon the received ultrasonic wave;

adelay unit that outputs a delayed received signal by delay-
ing a received signal from the ultrasonic wave receiver;

a tissue tracing unit that generates a delayed tissue tracing
waveform and a not-delayed tissue tracing waveform by
analyzing the delayed received signal from the delay
unit and the received signal from the ultrasonic wave
receiver, said delayed tissue tracing waveform including
a waveform that traces a position of a tissue of the
subject; and

a detection unit that detects initialization timings by ana-
lyzing a change to an aspect of the not-delayed tissue
tracing waveform without using information from an
electrocardiograph, and outputs initializing pulses cor-
responding to the initialization timings,

wherein said tissue tracing unit is repeatedly initialized
based on the initialization pulses.
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18. The ultrasonic diagnostic apparatus according to claim
17,
wherein the detection unit outputs each of the initializing
pulse for each heartbeat of the subject, respectively.
19. The ultrasonic diagnostic apparatus according to claim
17,
wherein each tissue tracing wave unit is corresponding to
each heartbeat of the subject.
20. An ultrasonic diagnostic apparatus, comprising:
an ultrasonic wave transmitter that transmits an vltrasonic
wave to a subject;
an ultrasonic wave receiver that receives the ultrasonic
wave from the subject and outputs a received signal
based upon the received ultrasonic wave;
adelay unit that outputs a delayed received signal by delay-
ing a received signal from the ultrasonic wave receiver;
atissue tracing unit that generates a delayed tissue tracing
waveform by analyzing the delayed received signal from
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the delay unit, said delayed tissue tracing waveform
including a waveform that traces a position of a tissue of
the subject; and
a detection unit that detects initialization timings by ana-
lyzing a change to an amplitude or a phase of the
received signal supplied from the ultrasonic wave
receiver without using information from an electrocar-
diograph, and outputs initializing pulses corresponding
to the initialization timings,
wherein said tissue tracing unit is repeatedly initialized
based on the initialization pulses.
21. The ultrasonic diagnostic apparatus according to claim
20,
wherein the detection unit outputs each of the initializing
pulses for each heartbeat of the subject, respectively.
22. The ultrasonic diagnostic apparatus according to claim
20,
wherein each tissue tracing wave unit is corresponding to
each heartbeat of the subject.
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