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ULTRASONIC DIAGNOSTIC APPARATUS

BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic diag-

nostic apparatus, and in particular, to a technique for evalu-
ating or measuring conduction of an electric signal in the
heart.

[0003] 2. Background Art

[0004] An ultrasonic diagnostic apparatus is an apparatus
which forms an ultrasonic image based on a reception signal
obtained by transmitting and receiving ultrasound to and from
a living body. The ultrasonic diagnostic apparatus generally
comprises a probe, a transmitting unit, a receiving unit, an
image forming unit, a measuring unit, etc. The concept of the
ultrasonic diagnostic apparatus in the present application also
includes a computer having an ultrasonic image processing
function.

[0005] In the human heart, contraction of a cardiac muscle
is caused by an electric signal generated in the living body
stimulating the cardiac muscle. The electric signal is trans-
mitted in the heart from a sinus node via a plurality of routes
to the entirety of the heart. The contraction timings of the right
atrium, the left atrium, the right ventricle, and the left ven-
tricle do not match each other. That is, there is a time differ-
ence in the motions of the individual cardiac muscle sites in
the heart. It can be deduced that, by evaluating such a time
difference, it is possible to identify abnormality of the motion
of the cardiac muscle or cardiac disease. However, the ultra-
sonic diagnostic apparatuses of the related art are not
equipped with a function to measure such a conduction time
difference or a contraction time difference. For the heart of a
fetus in the mother’s womb, direct measurement of the elec-
trocardiographic signal is difficult. There is desire for a
method in which the conduction of the electric signal can be
measured for the heart of a fetus.

[0006] JP 2007-75333 A discloses an ultrasonic diagnostic
apparatus having a function to track an observation point
designated by a user by applying a pattern matching (image
matching) technique between adjacent frames. The tracking
is two-dimensional tracking.

[0007] As described, there is desire to measure conduction
of the electric signal in a heart (in particular, the heart of a
fetus). This is because a cardiac muscle motion is primarily
observed with the eyes on a two-dimensional tomographic
image (video image) of the heart and it is difficult to identify
abnormality of an electric signal conducting system or abnor-
mality of the cardiac muscle motion. In order to diagnose a
disease of the heart, it is desired to objectively or quantita-
tively evaluate such abnormality.

SUMMARY

[0008] An advantage of the present invention is provision
ofan ultrasonic diagnostic apparatus which can quantitatively
evaluate the conduction of the electric signal in the heart.

[0009] According to one aspect of the present invention,
there is provided an ultrasonic diagnostic apparatus compris-
ing a setting unit which sets, on an ultrasonic image of a heart,
a plurality of observation points on conduction pathways of
the heart for an electric signal which causes contraction of a
cardiac muscle; a tracking unit which tracks each of the
observation points to determine a temporal displacement of
each of the observation points; a waveform generating unit
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which generates a plurality of displacement waveforms rep-
resenting the temporal displacements for the plurality of
observation points; and an analyzing unit which analyzes the
plurality of displacement waveforms on a common time axis
to calculate a time difference of motion for the plurality of
observation points.

[0010] According to the above-described configuration of
the present invention, on an ultrasonic image of the heart, a
plurality of observation points are set on the conduction path-
ways of the heart, and each observation point is tracked to
determine the temporal displacement of each observation
point. For each observation point, a displacement waveform
(that is, a displacement data array) is generated based on the
temporal displacement each time. The plurality of displace-
ment waveforms are analyzed on a common time axis, to
calculate a time difference of motion caused among the plu-
rality of observation points. The time difference of motion is
provided to the user in a form of a numerical value, a graph,
or the like. Based on such a time difference of motion, it
becomes possible to objectively or quantitatively diagnose
the conduction of the electric signal and the characteristic of
cardiac muscle. This method is particularly desirably applied
to the heart of a fetus for which the electrocardiographic
signal cannot be directly measured. If the heart function mea-
surement can be realized as a diagnosis of a fetus before birth,
it becomes possible to quickly and accurately prepare for the
disease of the heart of the fetus after birth, based on the
measurement result. Therefore, the present invention pro-
vides a significant advantage in the medical field.

[0011] The displacement measured as the result of the
tracking may be a one-dimensional displacement, a two-di-
mensional displacement (two-dimensional displacement
vector), or an absolute value of the two-dimensional displace-
ment. Alternatively, the displacement may be a three-dimen-
sional displacement. Alternatively, the displacement measur-
ing direction may be individually determined for each
observation point. Alternatively, the displacement measuring
direction may be determined as a direction where each obser-
vation point is present, as viewed from a common reference
point (for example, the center of gravity of the heart). In the
measurement of the displacement, the displacement measur-
ing direction is desirably determined such that a translational
motion component of the heart is cancelled or compensated
for. For the tracking or displacement calculation of the obser-
vation point, there may be employed various known methods
such as an inter-frame matching, an ultrasonic Doppler
method, and an echo tracking method which measures a
phase change. Desirably, the inter-frame matching is applied
and a two-dimensional motion vector between frames is cal-
culated. The matching calculation may be executed between
adjacent frames, or the matching calculation may be applied
between a reference frame and each subsequent frame. In
either case, the motion of the observation point is succes-
sively observed. The plurality of observation points can be
arbitrarily determined, but are desirably determined as points
that are significant in the disease diagnosis. The observation
points may include points indicating sinus nodes correspond-
ing to a source of the electric signal, or points near the sinus
node. In either case, the time difference of motion is evaluated
between a plurality of observation points. In this case, for
example, the difference in timing of start of contraction is
calculated. In general, it is desirable to determine an obser-
vation point proximal to the sinus node and an observation
point distal from the sinus node.
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[0012] According to another aspect of the present inven-
tion, it is desirable that, in the ultrasonic diagnostic apparatus,
the plurality of observation points include a proximal obser-
vation point and a distal observation point, the plurality of
displacement waveforms include a proximal displacement
waveform corresponding to the proximal observation point
and a distal displacement waveform corresponding to the
distal observation point, and the analyzing unit calculates, as
the time difference of motion, a relative delay of the distal
displacement waveform with respect to the proximal dis-
placement waveform. The proximal observation point is a
first observation point and the distal observation point is a
second observation point. Alternatively, other observation
points may be determined. A plurality of observation points in
which the contraction motion is caused at the same temporal
timing may be set, but desirably, two points including an
upstream side site and a downstream side site in the electric
signal conduction system are determined as the observation
points. Such two points are the proximal observation point
and the distal observation point. “Proximal” and “distal” with
regard to the two observation points refer to the temporal
proximity, and do not necessarily correspond to proximity in
the distance. It is expected that with the accumulation of
future clinical research using the present invention, more
accurate observation points will be found.

[0013] According to another aspect of the present inven-
tion, it is preferable that, in the ultrasonic diagnostic appara-
tus, the analyzing unit comprises a first waveform analyzing
unit which analyzes the proximal displacement waveform to
identify a generation timing of local contraction caused by
arrival of the electric signal as a proximal contraction timing,
a second waveform analyzing unit which analyzes the distal
displacement waveform to identify a generation timing of
local contraction caused by arrival of the electric signal as a
distal contraction timing, and a time analyzing unit which
measures a time difference between the proximal contraction
timing and the distal contraction timing to calculate the time
difference of motion. In the analysis of each displacement
waveform, a representative point is identified for each heart-
beat. The representative point is determined, for example, as
a peak point, an inflection point, a zero-cross point, etc., from
the viewpoint of the waveform analysis, and, desirably, a
point representing the muscle contraction start timing due to
arrival of the electric signal or a timing corresponding to such
a start timing is identified as the representative point.

[0014] According to another aspect of the present inven-
tion, it is preferable that, in the ultrasonic diagnostic appara-
tus, the analyzing unit comprises a sorting processor which
executes a sorting process to sort the waveforms for each
heartbeat during the analysis of the proximal displacement
waveform and the distal displacement waveform, and the
time difference of motion is calculated for each heartbeat
after the sorting process is executed. With this configuration,
because the sorting process or dividing process is applied in
advance, a time difference between a plurality of representa-
tive points at the same heartbeat can be determined without an
error.

[0015] According to another aspect of the present inven-
tion, it is preferable that the ultrasonic diagnostic apparatus
further comprises a unit which determines a displacement
measuring direction for each of the observation points. With
this configuration, the displacement component at the set
displacement measuring direction is measured. The displace-
ment measuring direction is determined, for example, as a
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direction connecting the center-of-gravity point of the heart
and the observation point or a direction connecting a fixedly
determined point and the observation point. A direction set-
ting condition is desirably determined such that the direction
is not affected by the translational motion of the heart, or the
translational motion of the heart is cancelled.

[0016] According to another aspect of the present inven-
tion, it is preferable that the ultrasonic diagnostic apparatus
further comprises a display which displays a displacement
waveform image having the plurality of the displacement
waveforms arranged in a predetermined order in parallel to
the common time. The plurality of displacement waveforms
may be displayed in an overlapping manner while a com-
pletely common axis is employed for the vertical axis, but, in
order to visually easily recognize the time difference, it is
desirable to arrange the displacement waveforms by shifting
the vertical axis (that is, the axis indicating the amount of
displacement or degree of displacement) in the vertical direc-
tion while employing a common horizontal axis (time axis)
for the plurality of displacement waveforms. In other words,
it is desirable to display the plurality of displacement wave-
forms arranged in the vertical direction. In this case, the
plurality of displacement waveforms may be arranged in an
order such as the order of magnitude of the arrival time of the
electric signal so that the time difference of motion of each
site can be easily recognized.

[0017] According to another aspect of the present inven-
tion, it is preferable that the ultrasonic diagnostic apparatus
further comprises a unit which displays, in a combined man-
ner on the displacement waveform image, a plurality of con-
necting curves across the plurality of displacement wave-
forms, wherein each of the connecting curves is a curve
connecting a plurality of representative points for each heart-
beat of the plurality of displacement waveforms. With this
configuration, the time difference of motion can be spatially
understood. In addition, in a case where the time difference of
motion differs for each heartbeat, the difference can be easily
recognized as a difference in a shape or a slope of the con-
necting curve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a block diagram showing an ultrasonic
diagnostic apparatus according to a preferred embodiment of
the present invention.

[0019] FIG. 2 is a diagram showing a plurality of observa-
tion points which are set on a tomographic image of the heart.
[0020] FIG. 3 is a flowchart for explaining a method of
calculating a time difference according to a preferred embodi-
ment of the present invention.

[0021] FIG. 4 is a diagram showing an example display.
[0022] FIG. 5is a diagram showing an example setting of
the displacement measuring direction.

[0023] FIG. 6 is a diagram showing another example set-
ting of the displacement measuring direction.

DESCRIPTION OF EMBODIMENT

[0024] A preferred embodiment of the present invention
will now be described with reference to the drawings.

[0025] FIG. 1 shows an ultrasonic diagnostic apparatus
accordingto a preferred embodiment of the present invention,
and is a block diagram showing an overall structure of the
ultrasonic diagnostic apparatus. The ultrasonic diagnostic
apparatus is used in the medical field, and executes an ultra-
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sonic diagnosis with respect to the heart or the like. In the
present embodiment, the heart for which the ultrasonic diag-
nosis is applied is the heart of a fetus in a mother’s womb.
Alternatively, the present invention can be applied to general
hearts other than the heart of a fetus. The measurement and
image processes of the present invention may be executed on
a computer. In such a case, the computer is understood to be
the ultrasonic diagnostic apparatus.

[0026] In FIG. 1, a probe 10 is an ultrasonic probe which
transmits and receives the ultrasound. In the present embodi-
ment, the probe 10 comprises a 1-D array transducer. An
ultrasonic beam is formed by the array transducer, and a scan
plane which is a two-dimensional echo data capturing space is
formed by an electric scanning of the ultrasonic beam. As the
electronic scanning method, electric linear scanning, elec-
tronic sector scanning, etc. are known. Alternatively, the
probe 10 may be a 3-D probe. Such a 3-D probe comprises a
2-D array transducer; that is, a plurality of transducer ele-
ments arranged in a two-dimensional array. The ultrasonic
beam is formed by the 2-D array transducer, and is electrically
scanned in a first direction and a second direction. With this
process, a three-dimensional echo data capturing space is
formed, and volume data which is a collection of echo data is
obtained from such a three-dimensional space. Alternatively,
in place of the 2-D array transducer, a 1-D array transducer
and a mechanism which mechanically scans the 1-D array
transducer may be provided.

[0027] Inthe present embodiment, the probe 10 is brought
into contact with a surface of the abdominal region of a
pregnant woman, and transmission and reception of the ultra-
sound are executed by the probe 10 contacted in this manner.
The contact position and contact orientation of the probe 10
are adjusted such that the scan plane is positioned on a desired
cross section in the heart of the fetus. Alternatively, there may
be used a probe which is inserted into a body cavity.

[0028] A transmitting unit 12 functions as a transmission
beam former, and supplies, in parallel, a plurality of trans-
mission signals to the array transducer. With this configura-
tion, a transmission beam is formed by the array transducer. A
reflected wave from the living body is received by the array
transducer, and a plurality of reception signals are output
from the array transducer to a receiving unit 14. The receiving
unit 14 functions as a reception beam former, and, with a
phase-alignment and summing process performed on the plu-
rality of reception signals in the receiving unit 14, beam data
(received signal after the phase alignment and summing) are
generated. With this process, a reception beam is electrically
formed.

[0029] A signal processor 16 applies various signal pro-
cesses such as logarithnmic compression and filtering on the
beam data, and the beam data after the signal processes are
output to an image forming unit 18. The image forming unit
comprises a digital scan converter (DSC) having functions for
a coordinate conversion process and an interpolation process.
The image forming unit 18 forms a two-dimensional tomo-
graphic image (B-mode tomographic image) representing a
predetermined cross section of the heart based on a plurality
of beam data forming one frame. The image data which are
output from the image forming unit 18 are output to a display
processor 20. In addition, the image data which are output
from the image forming unit 18 are also output to a conduct-
ing system measuring unit 24 to be described later.

[0030] When the echo data obtained from the three-dimen-
sional space are processed, as the image forming unit 18, a
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3-D memory, a coordinate conversion unit, a three-dimen-
sional image forming unit, a tomographic image forming
unit, etc. are provided. In other words, volume data are
formed by mapping the beam data into the three-dimensional
space. Based on the volume data, a three-dimensional image
and a two-dimensional tomographic image are formed. The
latter image is formed using data corresponding to an arbi-
trary cut plane which is set for the three-dimensional space.
The measurement to be described below may be executed
based on an image which is formed in real time, or, alterna-
tively, the measurement to be described below may be
executed based on data which are read from a cine-memory or
the like, or a reproduced image based on such data.

[0031] The display processor 20 has an image combining
function or the like, and outputs image data to a display 22.
The display 22 displays the tomographic image or the like. In
addition, an image including the plurality of displacement
waveforms or the like to be described below is displayed as
necessary.

[0032] The conducting system measuring unit 24 is a mod-
ule which measures the time difference of motion between a
plurality of observation points determined on the conductive
pathways of the heart for the electric signal. In the present
embodiment, a frame array or a frame line which is output
from the image forming unit 18 is input to the conducting
system measuring unit 24. The frame array comprises a plu-
rality of frames arranged on the time axis, and each frame
corresponds to one tomographic image. Alternatively, a frame
array before coordinate conversion which is input to the
image forming unit 18 may be input to the conducting system
measuring unit 24. In this case, each frame comprises a plu-
rality of sets of beam data. The conducting system measuring
unit 24 may be realized as a function of software, or may be
realized by hardware. Specific processes of the conducting
system measuring unit 24 will be described later in detail with
reference to FIG. 3. Image data or numerical data obtained as
a result of the process are sent through the display processor
20 to the display 22.

[0033] A controller 26 comprises a CPU and an operation
program or the like, and controls the operations of the ele-
ments shown in FIG. 1. In addition, the controller 26 also has
a function of generating a graphic image, and the image data
are sent to the display processor 20. An inputting unit 28
which is connected to the controller 26 comprises an opera-
tion panel, and the operation panel comprises a keyboard, a
track ball, etc. A user can set the plurality of observation
points using the inputting unit 28. Alternatively, the setting of
the observation points may be automated by image analysis.
[0034] FIG. 2 shows a tomographic image 100 representing
the heart of the fetus. The tomographic image 100 is a so-
called four-chamber cross-sectional image, with the upper
partbeing a cardiac apex. Alternatively, a two-chamber cross-
sectional image indicating a long axis view, or other images
may be used.

[0035] More specifically, in the tomographic image 100,
reference numeral 100A represents a cross section of the
heart, and, in the cross section, four heart chambers including
the right atrium (RA), the right ventricle (RV), the left atrium
(LA), and the left ventricle (LV) are shown. Reference
numeral 101 represents the sinus node (sinoauricular node),
which is a source of the electric signal in the heart and from
which the electric signal is sent to the various sites. In addi-
tion, an atrioventricular node is also shown in the heart. Ref-
erence numeral 102 represents a plurality of signal conduc-
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tion pathways from the sinus node 101 to the cardiac muscle.
The form of the conduction network shown in FIG. 2 is a
schematic view, for explaining the invention.

[0036] In the present embodiment, when the tomographic
image 100 of the heart of the fetus is displayed, the user sets
a plurality of observation points. The setting of the observa-
tion points is executed on a predetermined initial image (ini-
tial frame), and, in the images of the subsequent frames, the
position of each observation point (new position) is automati-
cally identified through tracking. In FIG. 2, four observation
points A, B, C, and D are set. These positions are merely
exemplary for explaining the invention. The observation
points are desirably determined as points that are clinically or
anatomically significant. In any case, a point proximal in time
and a point distal in time from the sinus node 101 are deter-
mined, and a time difference of motion in these points is
calculated using the method to be described below. Alterna-
tively, two points which are at the same temporal position
may be determined.

[0037] When the plurality of observation points are deter-
mined in a manner described above, in the present embodi-
ment, the pattern matching method is sequentially applied
between adjacent frames, and two-dimensional motion vec-
tors between frames are successively calculated for each
observation point. That is, the tracking of the motion in the
two-dimensional plane is executed for each observation
point. As the tracking method, in addition to the pattern
matching described above, there maybe used a method using
the Doppler information, an echo tracking method consider-
ing the phase of the RF signal, and other methods. In the
present embodiment, a two-dimensional vector is calculated,
but alternatively, it is also possible to define a displacement
measuring direction for each observation point, and a one-
dimensional amount of displacement maybe calculated in this
direction. In the present embodiment, the pattern matching is
executed based on the image information after coordinate
conversion, but alternatively, the inter-frame matching pro-
cess may be applied to the signal before the coordinate con-
version or to upstream RF signals.

[0038] In any case, in the present embodiment, displace-
ment between frames is successively calculated for each
observation point, and a plurality of displacement waveforms
corresponding to the plurality of observation points are gen-
erated (refer to FIG. 4 to be described later). Each displace-
ment waveform comprises a plurality of displacement data
(displacement data array) on the time axis. Prior to the analy-
sis of the displacement waveform, an averaging process or an
interpolation process may be applied to the displacement
waveform. As will be described below in detail, waveform
analysis is individually executed for the displacement wave-
forms. More specifically, first, a representative point is cal-
culated for each heartbeat in each displacement waveform,
and then, a time difference between representative points
(time difference of motion) between displacement wave-
forms is calculated. By determining numerical values or
graphing such a time difference of motion, it becomes pos-
sible to easily recognize an abnormality in the conducting
system of the electric signal or abnormality in the cardiac
muscle motion. In particular, because the electrocardio-
graphic signal cannot be directly measured for the heart of the
fetus, by executing the multi-point motion analysis based on
the image as described above, there is an advantage that the
heart function measurement can be executed even for the
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heart of the fetus. The representative point may be determined
as a peak point, an inflection point, a zero-cross point, or other
points.

[0039] FIG. 3 shows a flowchart of specific processes of the
conducting system measuring unit shown in FIG. 1. In S10, a
tomographic image of the heart of the fetus is displayed. On
a sequence of tomographic images, an initial image is desig-
nated, and a plurality of observation points are designated by
the user on the initial image. The plurality of observation
points may be set during a real time measurement, but it is
desirable to set the plurality of observation points on a spe-
cific image reproduced from the cine-memory. Alternatively,
an automated method may be applied including automatic
selection of an image of a specific time phase and automatic
determination of the observation points. In S12, the motion of
the observation points are tracked between frames; that is, the
displacement is calculated for each observation point. In this
case, the pattern matching method between the frames as
described above is applied, and the two-dimensional dis-
placement vector is calculated as the displacement. The dis-
placement vector is calculated for each observation point and
for each time phase, and is represented on the time axis as a
graph, to generate a plurality of displacement waveforms
(displacement waveform array). All of these processes after
the designation of the observation points are automatically
executed. The horizontal axis in each displacement waveform
represents the time axis, which is a common time axis. On the
other hand, the vertical axis in each displacement waveform
represents an amount of displacement or a degree of displace-
ment, and, in the present embodiment, represents a length of
the vector.

[0040] In S14, a heartbeat sorting or dividing process is
applied for each displacement waveform. More specifically,
because the waveform moves up and down in a pulsating
manner according to the time phase of the heartbeat, using the
characteristic amount, individual heartbeat period is identi-
fied, for example, as a period from a valley to a valley or a
period from a sign inverting point of the differentiated value
to the next sign inverting point of the differentiated value. In
this case, various known methods may be employed. In S16,
arepresentative point is detected for each displacement wave-
form and for each heartbeat. In this case, the representative
point may be a peak point, an inflection point, a zero-cross
point, or the like. As the representative point, it is desirable to
specify a time phase representing a start timing of a local
cardiac muscle contraction, and a peak point may be used as
such a point.

[0041] In S18, on an image in which the plurality of dis-
placement waveforms are arranged in the up and down direc-
tion, the representative points adjacent in the up and down
direction are connected for each heartbeat, to identify a
sequence of representative points which are correlated to each
other (arrangement of a plurality of representative points in
each heartbeat), and a time difference is calculated between
each representative point. In this case, the pair for which the
time difference is to be determined may be specified in
advance, or may be selected by the user. For example, the time
difference is calculated between the point A and the point B,
between the point A and the point C, between the point A and
the point D, between the point B and the point C, between the
point C and the point D, etc. Alternatively, the time difference
may be calculated for all combinations. Typically, the time
difference is calculated for at least one observation point pair
comprising a proximal point and a distal point viewed from
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the sinus node. In S18, a graph representing the temporal
change of such a time difference is generated. On the other
hand, a plurality of connecting curves connecting the plural-
ity of representative points in individual heartbeat over or
across the plurality of displacement waveforms are gener-
ated. Such a connecting curve as an across line is generated
for each heartbeat. More specifically, as will be described
below, the plurality of horizontal axes of the plurality of
displacement waveforms are parallel to each other, and form
a common time axis. The plurality of vertical axes of the
plurality of displacement waveforms are axes representing
the displacement, and are arranged linearly in the up and
down direction. In addition, a plurality of connecting curves
are displayed across the displacement waveforms in the up
and down direction. The plurality of connecting curves are
arranged in the time axis direction. In this case, the plurality
of displacement waveforms are placed in the order from the
upstream side to the downstream side in the conduction path-
ways of the electric signal, and, thus, the connecting curve is
generally represented as a line from the upper right toward the
lower lett.

[0042] In S20, the image and numerical values formed in
the above-described manner are displayed, or the displayed
content is updated. The steps from S12 are repeatedly
executed until it is determined in S22 that the process is to be
completed. After the above-described process is completed,
the plurality of displacement waveforms and the plurality of
connecting curves may be reproduced and displayed using a
loop reproduction function. Alternatively, the waveform or
the numerical value corresponding to a specific time phase
may be individually displayed when the specific time phase is
designated.

[0043] FIG. 4 shows an example display. On the left side of
FIG. 4, atomographic image is displayed as a first image, and
4 observation points, points A, B, C, and D, are set by the user
for the tomographic image. On the top right of FIG. 4, a
second image including 4 displacement waveforms is dis-
played. More specifically, displacement waveforms L1, L2,
L3, and L4 are displayed. The horizontal axis represents the
time axis, and the vertical axis represents the magnitude of
displacement. The plurality of actual vertical axis of the plu-
rality of displacement waveforms are arranged in the up and
down direction. Each waveform or each curve shown in FIG.
4 is merely exemplary for explaining the invention.

[0044] At the lower right of FIG. 4, a third image including
a plurality of graphs M1, M2, and M3 representing the time
difference of motion between the observation points is dis-
played. The horizontal axis represents the heartbeat and the
vertical axis represents the time difference. When abnormal
signal conduction is suddenly caused, such an abnormality
can be easily identified from disturbance in the graph. As
shown at the upper right of FIG. 4, a plurality of connecting
curves 104 are displayed in an overlapping manner for the
plurality of displacement waveforms. Each connecting curve
104 is generated by connecting a plurality of representative
points in the up and down directions at each heartbeat. In the
present embodiment, one connecting curve 104 is generated
through spline interpolation for 4 representative points. On
the other hand, a time difference At is calculated between two
predetermined connecting curves, and this process is
executed for each observation point pair which is set in
advance. By calculating the time difference for such an obser-
vation point pair for each heartbeat, it is possible to generate
the graphs M1, M2, and M3 described above and generate a
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fourth image displayed on the lower part of the screen and
including a plurality of numerical value displays (time differ-
ence displays).

[0045] In the example display of FIG. 4, as shown by ref-
erence numeral 106, when a specific heartbeat time phase is
designated by the user, a numerical value representing the
time difference corresponding to the heartbeat time phase is
displayed, and, in the second image, the connecting curve
corresponding to the designated heartbeat time phase is dis-
played in a highlighted manner (refer to 104A).

[0046] Next, amethod of determining a displacement mea-
suring direction will be described with reference to FIGS. 5
and 6. In the above-described embodiment, the two-dimen-
sional displacement vector is calculated between frames for
each observation point, and the length of the vector is deter-
mined as the displacement. In the example configuration of
FIG. 5, a center-of-gravity point G of the heart is measured for
each frame, measurement directions 200 and 202 are desig-
nated as directions connecting the center-of-gravity point G
and observation points E and F, and the displacement com-
ponents are calculated in the directions 200 and 202 as the
inter-frame displacements of the observation points. With
such a configuration, even when the heart is moved in a
translating motion, because the center-of-gravity G also
moves with the translating motion of the heart, the relative
motion of each site of the cardiac muscle can be objectively
identified without being significantly affected by the transla-
tional motion component. In addition, because each a cardiac
muscle tissue generally moves in the forward and backward
direction with respect to the center of the heart cavity, mea-
surement of the amount of the relative motion with respect to
the center of gravity is practical. The calculation of the center-
of-gravity point G may be executed as the center of gravity of
the overall heart or as the center of gravity of the bloodstream
section in the heart. Alternatively, a center of gravity of a
specific heart cavity may be calculated.

[0047] In an example configuration of FIG. 6, points J and
K for determining the displacement measuring directions for
observation points H and I are designated, and displacement
measuring directions 204 and 206 are determined as direc-
tions connecting the points J and K. The points J and K may
be fixed points on the screen or may be points within or
outside the heart. According to this configuration, because the
motion component in the specific direction can be observed,
an optimal motion component can be observed according to
the object of measurement or the like.

[0048] The above-described methods are merely exem-
plary, and in all cases, it is desirable that the displacement be
calculated to allow quantitative observation of the motion of
the heart wall for each observation point. In the above-de-
scribed embodiment, 4 observation points are determined, but
it is sufficient to determine at least two observation points. For
such setting of the plurality of observation points, the plural-
ity of observation points may be determined from the
upstream side toward the downstream side along a specific
(one line of) signal conducting route in the heart. By deter-
mining the observation points in this way, it is possible to
obtain an advantage that the heart function can be evaluated,
including the conducting abnormality of the signal. However,
the observation points can be arbitrarily determined, and the
observation points are desirably determined as the most clini-
cally significant points. Alternatively, the observation points
may be determined on the sinus node. According to the
present embodiment, there can be obtained advantages that
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behavior of the electric signal in the heart and motion of the
local site of the cardiac muscle can be evaluated even for a
heart of a fetus for which the electrocardiographic signal
cannot be directly obtained, and that the heart of the fetus can
be diagnosed before birth.

What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

a setting unit which sets, on an ultrasonic image of a heart,
a plurality of observation points on conduction path-
ways of the heart for an electric signal which causes
contraction of a cardiac muscle;

a tracking unit which tracks each of the observation points
to determine a temporal displacement of each of the
observation points;

a waveform generating unit which generates a plurality of
displacement waveforms representing the temporal dis-
placements for the plurality of observation points; and

an analyzing unit which analyzes the plurality of displace-
ment waveforms on a common time axis to calculate a
time difference of motion for the plurality of observation
points.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein

the plurality of observation points include a proximal
observation point and a distal observation point,

the plurality of displacement waveforms include a proxi-
mal displacement waveform corresponding to the proxi-
mal observation point and a distal displacement wave-
form corresponding to the distal observation point, and

the analyzing unit calculates, as the time difference of
motion, a relative delay of the distal displacement wave-
form with respect to the proximal displacement wave-
form.

3. The ultrasonic diagnostic apparatus according to claim

2, wherein

the analyzing unit comprises:

a first waveform analyzing unit which analyzes the proxi-
mal displacement waveform to identify a generation
timing of local contraction caused by arrival of the elec-
tric signal as a proximal contraction timing;

a second waveform analyzing unit which analyzes the dis-
tal displacement waveform to identify a generation tim-
ing of local contraction caused by arrival of the electric
signal as a distal contraction timing; and

a time analyzing unit which measures a time difference
between the proximal contraction timing and the distal
contraction timing to calculate the time difference of
motion.

4. The ultrasonic diagnostic apparatus according to claim

3, wherein

the analyzing unit includes a sorting processor which

executes a sorting process to sort the waveforms for each
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heartbeat during the analysis of the proximal displace-
ment waveform and the distal displacement waveform,
and
the time difference of motion is calculated for each heart-
beat after the sorting process is executed.
5. The ultrasonic diagnostic apparatus according to claim
1, further comprising
a unit which determines a displacement measuring direc-
tion for each of the observation points.
6. The ultrasonic diagnostic apparatus according to claim
1, further comprising
a display which displays a displacement waveform image
having the plurality of the displacement waveforms
arranged in a predetermined order in parallel to the com-
mon time axis.
7. The ultrasonic diagnostic apparatus according to claim
6, further comprising
a unit which displays, in a combined manner on the dis-
placement waveform image, a plurality of connecting
curves across the plurality of displacement waveforms,
wherein
each of the connecting curves is a curve connecting a
plurality of representative points for each heartbeat of
the plurality of displacement waveforms.
8. The ultrasonic diagnostic apparatus according to claim
5, wherein
the displacement measuring direction for each of the obser-
vation points is a direction connecting a reference point
in the heart and the corresponding observation point.
9. The ultrasonic diagnostic apparatus according to claim
5, wherein
the displacement measuring direction for each ofthe obser-
vation points is a direction connecting a corresponding
reference point among a plurality of reference points
which are set outside of the heart and the corresponding
observation point.
10. The ultrasonic diagnostic apparatus according to claim
1, wherein
the heart is the heart of a fetus.
11. The ultrasonic diagnostic apparatus according to claim
1, wherein
the setting unit is a unit with which a user designates a
coordinate on the ultrasonic image.
12. The ultrasonic diagnostic apparatus according to claim
1, further comprising
a display which displays the ultrasonic image, a plurality of
observation point markers displayed in a combined
manner with the ultrasonic image, the plurality of dis-
placement waveforms, and information indicating the
time difference of motion.
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