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IMAGE PROCESSING METHOD

(57) The ultrasonic diagnostic system estimates a
desired time phase or one cycle period of a moving region
(e.g., a heart) that repeats contraction and relaxation cy-
clically and which can be specified by a presystole, an
end systole, a prediastole, an end diastole, and other
clinical characteristics for one cycle of the moving region
on the basis of the velocity information on multiple posi-
tions of the moving region which is obtained for each time
phase. More specifically, assuming that, for example, the
end systole phase = atime phase in which the myocardial
velocity comes to zero or close to zero, the system cal-
culates |myocardial velocity| for each time phase in a
predetermined period, and estimates a time phase in
which this value comes closest to zero as an end systole
phase.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic system and a system and a method for ultra-
sonic imaging wherein the velocity of biological tissue
such as cardiac muscle is estimated, and the estimated
velocity information is processed to output local motion
information of the tissue, thereby providing information
useful in medical diagnosis, and in particular, it relates
to a method for reducing the time and labor for operation
by automatically detecting an end systole phase.

Background Art

[0002] Objective and quantitative evaluation of func-
tions of biological tissue is generally very important for
diagnosis of biological tissue such as cardiac muscle.
Diagnostic imaging using an ultrasonic imaging system
also tries various quantitative evaluations principally for
hearts as an example. Atypical example is tissue tracking
imaging (TTI) method (e.g., refer to Patent Document 1).
The TTIl method allows quantitative evaluation by local-
wall-motion indices such as distortion and displacement
using tissue velocity.

[0003] To find distortion or displacement using tissue
velocity, time quadrature is required, as described in Pat-
ent Document 1. Since the result of time quadrature de-
pends on an integration interval (time), the importance
of the setting of the interval will easily be understood.
[0004] Of particular importance is a start phase. When
integration start phase is, for example, in an end diastole
phase, systolic distortion and displacement can be ana-
lyzed. Paying attention to distortion, normal cardiac mus-
cle is thickened in the wall thickness direction (the minor
axis), and shortened along the major axis during systole.
In contrast, when the integration start phase is in end
systole phase, diastolic distortion and displacement can
be analyzed. Also paying attention to distortion, normal
cardiac muscle is thinned in the wall thickness direction
(the minor axis), and stretched along the major axis dur-
ing systole.

[0005] Furthermore, integration end time is important
second to the start time phase as a time phase that re-
flects the final state of distortion and displacement in
specified intervals such as systole and diastole. Specif-
ically, the most common way will be that the state of the
whole motion by time quadrature for systole is analyzed
in an end systole phase, and the state of the whole motion
by time quadrature for diastole is analyzed in an end di-
astole phase.

[0006] To determine the integration interval for systole
or diastole for a variety of applications, the end diastole
phase and the end systole phase must be provided as
accurately as possible. To enhance simplicity of the an-
alyzing process, it is desirable that the two time phases
of end diastole phase and end systole phase be set au-
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tomatically. Furthermore, a technique of monopolar dis-
play of distortion is disclosed in JP-A-2003-175041, for
example, as another unique application setting otherthan
the setting of an integration interval in each phase interval
of systole and diastole. To realize accurate and simple
time phase setting is also very useful for the distortion
monopolar display.

[0007] Of the end diastole phase and the end systole
phase, the end diastole phase can be detected automat-
ically as an R-wave phase in an electrocardiogram. On
the other hand, the end systole phase cannot easily be
detected from an electrocardiogram; however, the fol-
lowing automatic setting technique is known.

[0008] With stress echo packages, which are recently
becoming widespread, only systoles are often cut out
from a series of moving images, and are analyzed. In this
case, a specified interval (duration time DT[sec]) from R
wave can be set. Specifically speaking, a DT phase cor-
responds to an end systole phase. It is known that DTs
vary depending on heart rates (HR)[bpm] (DTs decrease
generally as HRs increase). Accordingly, DTs can often
be set by users as a table for each HR.

[0009] Despite such devised stress echo packages,
the accuracy required for an end systole phase being set
is so low to be determined uniquely by a predetermined
time in advance. Thus, since it has not a structure deter-
mined to the motion of a signal source, e.g., itis not nec-
essarily a high-accuracy setting method for an end sys-
tole phase. Accordingly, this has the disadvantage of low
time accuracy in view of automatically setting intervals
of time quadrature for finding distortion or displacement.
[0010] Furthermore, a technique of automatically rec-
ognizing an end systole phase using a cardiac-cavity vol-
ume/area or cardiac sound graph by automated contour
tracking (ACT) method is recently disclosed (e.g., refer
to Patent Document 2). As shown in the document, it is
generally known that "an end systole phase in clinical
term is the time when the second sound on a phonocar-
diogram is generated". However, it is difficult to stably
detect only the second sound from a phonocardiogram
waveform having many abrupt changes, and there can
be also some cases in which a phonocardiogram cannot
always be provided at examinations (because many car-
diac ultrasonic examinations use only phonocardiograms
as reference signals). The technique by the ACT method
discloses "finding an end systole phase as a time phase
in which the area or volume of a cardiac cavity is mini-
mized" by estimating the area or volume of a cardiac
cavity from positional information on endocardium that
is automatically detected.

Disclosure of Invention

[0011] However, the ACT method cannot be applied
to cross sections such as a longitudinal image of a left
ventricle in which a cardiac cavity is not clearly drawn.
To increase the accuracy of time for finding an end sys-
tole phase, it is preferable to obtain a cardiac-cavity vol-
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ume with high accuracy. However, only one cross section
allows definition of only an area, so that it is difficult to
ensure an accurate volume. Multiple reference cross sec-
tions are generally required to obtain a high-accuracy
volume. This is complicated technically, thus decreasing
simplicity. Consequently, the ACT method cannot in-
crease the accuracy and lacks in operability in setting
cross sections because of its limitation to available cross
sections.

[0012] The invention has been made in view of the
above-described circumstances. Accordingly, itis an ob-
ject of the invention to provide an ultrasonic diagnostic
system and a system and a method for ultrasonicimaging
capable of simple and high-accuracy automatic detection
of end systole phases for all cross section images used
in general cardiac ultrasonography.

[0013] According to a first aspect of the invention, an
ultrasonic diagnostic system or an ultrasonic imaging
system is provided which includes: a storage unit that
stores time-series velocity information on a moving re-
gion that repeats contraction and relaxation cyclically;
and an estimation unit that estimates any desired time
phase for one cycle including the contraction and relax-
ation of the moving region based on the time-series ve-
locity information.

[0014] According to a second aspect of the invention,
a method for ultrasonic imaging is provided which in-
cludes: obtaining time-series velocity information on a
moving region that repeats contraction and relaxation cy-
clically; and estimating any desired time phase for one
cycle including the contraction and relaxation of the mov-
ing region based on the time-series velocity information.

Brief Description of Drawings
[0015]

FIG. 1 is a block diagram of an ultrasonic diagnostic
system 10 according to a first embodiment.

FIG. 2 is an explanatory diagram of the function of
estimating end systole phase ES, showing a graph
indicating the temporal changes of a myocardial ve-
locity.

FIG. 3 is a diagram of an example of an ROI set in
an ultrasonicimage used for calculating a myocardial
velocity.

FIG. 4 is an example of a table showing the relation-
ship among heart rates, estimation-object-period
start phases (start phases), and the widths of the
estimation object period from the start phase.

FIG. 5 is a graph of an example of the relationship
between the end systole phase ES, indicated by ES-
phase line, and an electrocardiographic complex.
FIG. 6 is a diagram of an example in which the latest
systole 2 is automatically set as an integration inter-
val by TTI method.

FIG. 7 is a diagram of an example in which the latest
diastole 2 is automatically set as an integration in-
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terval by TTI method.

FIG. 8 is a diagram of an example in which the latest
cardiac cycle is automatically set as an integration
interval by TTI method.

FIG. 9 is a flowchart for the procedure of a series of
processes of TTl including automatic time-phase es-
timation.

Best Mode for Carrying Out the Invention

[0016] Embodiments of the invention will be described
wither reference to the drawings. In the following descrip-
tion, components having the same function and structure
will be given the same reference numerals and a dupli-
cated description will be given as required.

[0017] FIG. 1is a block diagram of an ultrasonic diag-
nostic system 10 according to a first embodiment. The
ultrasonic diagnostic system 10 includes an ultrasonic
probe 11, a transmitting unit 12, a receiving unit 13, a B-
mode processing unit 14, a tissue Doppler processing
unit 15, a motion-information processing unit 16, a dis-
play control unit 17, a display unit 18, an input unit 19, a
storage unit 20, a control unit 21, and an input unit 22.
[0018] The ultrasonic probe 11 includes a plurality of
piezoelectric vibrators that generates ultrasonic waves
in response to a drive signal from the transmitting unit
12, and converts reflected waves from a subject to elec-
tric signals; a matching layer provided to the piezoelectric
vibrators; and a backing material for preventing propa-
gation of the ultrasonic waves from the piezoelectric vi-
brators to the back. When ultrasonic waves are transmit-
ted from the ultrasonic probe 11 to the subject, various
harmonic components are generated with the propaga-
tion of the ultrasonic waves owing to the nonlinearity of
biological tissue. The fundamental waves and harmonic
components that constitute transmission ultrasonic
waves are scattered backward by the boundary of acous-
ticimpedance of in vivo tissue, microscattering etc., and
are received by the ultrasonic probe 11 as reflected
waves (echo). Since this embodiment and the following-
described embodiments explain a case of a heart being
an imaged object as an example, a sector probe is used
as the ultrasonic probe 1.

[0019] The transmitting unit 12 includes a delay circuit
and a pulser circuit (not shown). The pulser circuit re-
peatedly generates a rate pulse for forming transmission
ultrasonic waves at a predetermined rate frequency fr Hz
(cycle: 1/fr sec). The delay circuit provides each rate
pulse with a delay time necessary for converging ultra-
sonic waves into a beam for each channel and determin-
ing transmission directivity. The transmitting unit 12 ap-
plies driving pulses to each vibrator at timing based on
the rate pulses so that the ultrasonic beams are formed
in the direction of a specified scan line.

[0020] The receiving unit 13 includes an amplifier cir-
cuit, an A/D converter, an adder and the like (not shown).
The amplifier circuit amplifies the echo signal taken via
the probe 11 channel by channel. The A/D converter pro-
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vides a delay time necessary for determining reception
directivity to the amplified echo signal, and thereafter,
the adder performs adding process. The addition gener-
ates an ultrasonic echo signal corresponding to a spec-
ified scan line.

[0021] The B-mode processing unit 14 applies an en-
velope detection process to the ultrasonic echo signal
received from the receiving unit 13 to thereby generate
a B-mode signal corresponding to the amplitude intensity
of the ultrasonic echo signal.

[0022] The tissue Doppler processing unit 15 applies
an orthogonal detection process, an autocorrelation
process, and so on to the echo signal received from the
receiving unit 13 to obtain a tissue Doppler signal corre-
sponding to the velocity, dispersion, and power of the
tissue moving in the subject on the basis of the Doppler
displacement component of the ultrasonic echo signal
subjected to the delay and addition process.

[0023] The motion-information processing unit 16 ex-
ecutes various processes for obtaining a motion-infor-
mation image on the basis of the B-mode signal output
from the B-mode processing unit 14 and the Doppler sig-
nal output from the tissue Doppler processing unit 16.
[0024] The motion-information processing unit 16 also
executes the process of estimating a desired time phase
and the process of automatically setting an integration
interval by TTI method, which will be described later, us-
ing velocity-distribution images stored in the storage unit
20.

[0025] The display control unit 17 generates a B-mode
ultrasonicimage indicative of the dimensional distribution
of a B-mode signal on a specified cross section. The dis-
play control unit 17 also generates a tissue Doppler ul-
trasonic image indicative of a two-dimensional distribu-
tion of the velocity, dispersion, and power values on a
specified cross section on the basis on the tissue Doppler
signal. The display control unit 17 also generates a su-
perimposed image of a B-mode ultrasonic image and a
tissue Doppler ultrasonic image, a superimposed image
of a B-mode ultrasonic image and a two-dimensional dis-
tribution image of displacement or distortion, and so on
as needed.

[0026] The display unit 18 displays in-vivo morpholog-
ical information and blood-flow information according to
a video signal from the display control unit 17 as an im-
age. When a contrast medium is used, the motion-infor-
mation processing unit 16 displays a luminance image
or a color image according to quantitative information on
the spatial distribution of the contrast medium, that is,
the area of blood flow or blood.

[0027] The input unit 19 is connected to the system
main body, and includes a mouse, a track ball, a mode
switch, a keyboard, and so on for bringing various in-
structions from the operator, such as an instruction to set
aregion of interest (ROI) and an instruction to set various
image-quality conditions to the system main body.
[0028] The storage unit 20 stores ultrasonic image da-
ta (ultrasonic reception data) corresponding to each
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phase, a velocity-distribution image corresponding to
time phases generated by the motion-information
processing unit 16, and so on. The ultrasonic image data
assumes tissue-image data taken in a tissue Doppler
mode and tissue-image data taken in other than the tis-
sue Doppler mode. The tissue image data may be so-
called raw image data before scan conversion.

[0029] The control unit 21 has the function of an infor-
mation processor (computer), and controls the operation
of the ultrasonic diagnostic system body statically or dy-
namically.

[0030] The input unit 22 is connected to the system
10, and includes various switch buttons, a track ball, a
mouse, a keyboard, and so on for bringing in various
instructions from the operator, such as an instruction to
set and change various parameters and conditions and
an instruction to set a region of interest (ROI) to the sys-
tem main body.

(Tissue Tracking Imaging)

[0031] Tissue trackingimaging method (TTI) thatis the
prerequisite technique of the embodiment will be briefly
described. The tissue tracking imaging images the pa-
rameters of local displacement and distortion obtained
by integrating a signal based on velocity information, as
tissue-motion information, while tracking the position of
tissue which changes with motion. The technique allows
the image of the distortion and displacement of local car-
diac muscle to be produced and displayed using, e.g., a
minor-axis image, thus supporting the analysis of tem-
poral changes in image output values for a local region.
In the case of using the minor-axis image, the main object
function of cardiac analysis is thickening (change in thick-
ness). The tissue tracking imaging method adopts the
concept of a contraction motion field directed to a con-
traction center and setting therefor to detect a component
relating to the thickening by angular compensation and
to image it. The tissue tracking imaging method is also
applicable to a temporally variable motion field by tem-
porally shifting the contraction center position in consid-
eration of the effects of the translational motion (also re-
ferred to as "translation") of the entire heart. This conse-
quently allows tracking to the variations of the contract
center position due to translational motion. Further de-
tails of the tissue tracking imaging method is described
in JP-A-2003-175041, for example. The contents of the
reference will be added to the description of the embod-
iment.

[0032] The tissue tracking imaging method requires a
space-time distribution image of tissue velocities for mul-
tiple phases (an image indicative of the velocities of the
positions of tissue to be diagnosed. The space-time dis-
tributionimage of the tissue velocities (hereinafter, simply
referred to as "a velocity-distribution image") can be gen-
erated from two-dimensional or three-dimensional ultra-
sonic image data on multiple time phases collected by
tissue Doppler imaging, or alternatively, can be obtained
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by giving pattern-matching to multiple two-dimensional
or three-dimensional tissue images on multiple time
phases collected by the B-mode processing unit or the
like.

[0033] The embodiment uses a two-dimensional ve-
locity distribution image produced by the tissue Doppler
imaging (TDI) to provide a concrete description. Howev-
er, theinvention is not limited to that, but may use a three-
dimensional velocity distribution image produced by tis-
sue Doppler imaging, for example, or a two-dimensional
or three-dimensional velocity distribution image pro-
duced by pattern matching. The embodiment uses a
heart as an diagnostic object by way of example. Accord-
ingly, most of tissue velocities obtained by tissue tracking
imaging can be regarded as myocardial velocity.

(Time-Phase Estimating Function)

[0034] The time-phase estimating function of the ultra-
sonic diagnostic system 10 will be described. The time-
phase estimation is for analytically estimating, for exam-
ple, various time phases, which are clinically important,
using phase-to-phase velocity distribution images stored
in the storage unit 20. Although estimation of an end sys-
tole phase will be described below to simplify the descrip-
tion as an example, in addition to that, the ultrasonic di-
agnostic system 10 can estimate an S-wave generation
phase, an E-wave generation phase, a time phase in
which the velocity reaches a specified velocity on the
rising edge from E-wave, an A-wave generation phase,
and any other phases specified by clinical characteristics.
[0035] The embodiment defines the end systole phase
as the boundary phase between an S wave during a sys-
tole and an E wave during a diastole, and automatically
estimates end systole phase ES from the idea of "end
systole phase ES = time phase in which the motion of
the heart stops = time phase in which myocardial velocity
comes to zero or closest to zero".

[0036] FIG.2is an explanatory diagram of the function
of estimating end systole phase ES, showing a graph
indicating the temporal changes of a myocardial velocity.
As shown in FIG. 2, it is preferable that the end systole
phase ES be estimated by specifying a time phase in
which |myocardial velocity| comes to the minimum in a
predetermined period t0 to t0+tg that is set between an
S-wave phase and an E-wave phase (hereinafter, re-
ferred to as "an estimation object period").

[0037] Here, as the myocardial velocity, for example
the sum of the velocities at the positions of the cardiac
muscle inthe ROl setin the ultrasonicimage (TDlimage),
as shown in FIG. 3, or the sum of the absolute values of
the velocities at the positions of the cardiac muscle in the
ROI (that is, |velocity|) is used.

[0038] When the myocardial velocity is defined as the
sum of the velocities at the positions of the cardiac muscle
in the RO, the tissue velocity of the components toward
beams can be found by the tissue Doppler imaging, so
that the motion of tissue may be not always small if the
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sum is small. However, since the velocity in this estima-
tion is high, a time phase in which the motion of cardiac
tissue stands still can be detected approximately.
[0039] On the other hand, when the myocardial veloc-
ity is defined as the sum of the |velocities| at the positions
ofthe cardiac muscle inthe ROI, the component of motion
is added as the absolute value in all cases, so that, al-
though complicated, a time phase in which the motion of
cardiac tissue stands still can be detected more accu-
rately.

[0040] Itis preferable that the estimation object period
be controlled depending on the heart rate HR because
the time per one heartbeat varies among individuals. As
a specific method of controlling, it is preferable that an
estimation-object-period start phase (start phase) and
the width of the estimation object period from the start
phase be stored in the storage unit 20 in advance as a
table for heart rates, as shown in FIG. 4, and the motion-
information processing unit 16 automatically determine
the estimation object period on the basis of the heart rate
obtained from an electrocardiogram (ECG) or input from
the input unit 19 and the table. Alternatively, an integra-
tion-interval start phase by the TTI and the width of the
estimation object period may be set by a predetermined
function using a heart rate as a variable.

[0041] The end systole phase ES thus estimated is
displayed in a specified form.

[0042] FIG. 5 is a graph of an example of the relation-
ship between the end systole phase ES, indicated by ES-
phase line L, and an electrocardiographic complex. This
allows the user to easily grasp the position of the end
systole phase ES throughout the heartbeat.

(Automatic Setting of Cardiac Phase Interval as Integra-
tion Interval)

[0043] Automatic setting of a cardiac phase interval as
an integration interval of the ultrasonic diagnostic system
10 will next be described. The automatic setting is for
automatically setting a cardiac phase interval, which can
be an integration interval when a systole, a diastole, a
cardiac cycle, and other motion information are calculat-
ed bythe TTImethod, based onthe estimated end systole
phase ES and an R-wave phase found by an ECG. This
allows the motion information defined by time quadrature
in TTI method to be analyzed and acquired easily.

[0044] FIG. 6 is a diagram of an example in which the
latest systole 2 is automatically set as an integration in-
terval by TTl method. As shown in FIG. 6, the motion-
information processing unit 16 first regards the R-wave
phase in each heartbeat detected by an ECG as an end
diastole, and estimates the R-ES phase interval as a sys-
tole using the end diastole and the end systole phase ES
obtained by the estimation, estimates the ES-R phase
interval as a diastole, and estimates the R-R phase in-
terval as one heart cycle. The motion-information
processing unit 16 automatically sets the R2-wave phase
that is the start phase of the latest systole 2 among the
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estimated phase intervals as the lower limit tO of the in-
tegration interval, and sets the end systole phase ES2
that is the end time of the latest systole 2 as the upper
limit tend of the integration interval.

[0045] FIG. 7 is a diagram of an example in which the
latest diastole 2 is automatically set as an integration
interval by TTI method. As in FIG. 6, the motion-informa-
tion processing unit 16 automatically sets the end systole
phase ES2 that is the start phase of the latest diastole 2
among the estimated phase intervals as the lower limit
t0 of the integration interval, and sets the R3-wave phase
that is the end time of the latest diastole 2 as the upper
limit tend of the integration interval.

[0046] FIG. 8 is a diagram of an example in which the
latest cardiac cycle is automatically set as an integration
interval by TTI method. As in FIG. 6, the motion-informa-
tion processing unit 16 automatically sets the R2-wave
phase that is the start phase of the latest cardiac cycle
2 among the estimated phase intervals as the lower limit
t0 of the integration interval, and sets the R3-wave phase
that is the end time of the latest cardiac cycle 2 as the
upper limit tend of the integration interval. The one car-
diac cycle may not necessarily use the R-wave generat-
ing phase as the reference, and may use the end systole
phase ES or the like, for example.

[0047] The selection of the integration interval among
the systole, the diastole, and the one cardiac cycle de-
scribed above is executed in such a manner that the user
checks one of the items "one cardiac cycle (R-R)", "sys-
tole", and "diastole", as shown in FIG. 5. Another unique
application setting other than the setting of an integration
interval in each selected phase interval is then automatic
switching of distortion monopolar display, for example.
This allows automatic optimization of not only the setting
of the object interval but also other accompanying set-
tings, depending on the object cardiac phase interval,
saving the user from controlling various settings manually
to increase the simplicity of the operation.

[0048] The various object cardiac phase intervals es-
timated by the object cardiac-phase-interval estimation
process agree with actual end systole phases with high
accuracy. However, if the estimated end systole phase
ES has anerror, the integration interval may be fine-tuned
manually, e.g., with reference to the ES-phase line L on
the graph shown in FIG. 5, or may be set manually to
applications.

(Operation)

[0049] A series of the processes of TTl including the
automatic phase estimation and the automatic integra-
tion-interval setting will be described hereinbelow.
[0050] FIG.9isaflowchartforthe procedure of aseries
of processes of the TTI including automatic time-phase
estimation. As shownin FIG. 9, imaging by tissue Doppler
echo cardiography is executed to generate a velocity dis-
tribution image for each time phase according to obtained
echo signals (step S1).
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[0051] The motion-information processing unit 16 next
sets an estimation object period on the basis of a heart
rate HR obtained from, e.g., an electrocardiogram. Also,
a region of interest for finding a myocardial velocity is set
on an TDIl image by the manual operation of an operator.
(step S2).

[0052] The motion-information processing unit 16 then
calculates the absolute value of the myocardial velocity
(Jmyocardial velocity| for each time phase in the set es-
timation object period (step S3), and estimates an end
systole phase (step S4).

[0053] The motion-information processing unit 16 then
estimates a systole, a diastole, and one cardiac cycle
from an R-wave generation phase obtained from an elec-
trocardiogram and the estimated end systole phase (step
S5), and automatically sets an integration interval on the
basis of the obtained estimation result (step S6).

[0054] The motion-information processing unit 16 then
executes time quadrature in the automatically set inte-
gration interval to thereby calculate cardiac motion infor-
mation including a distortion, a distortion factor, and a
displacement (step S7), and for example generates a
distortion image in each time phase based on the result
and displays it on the display unit 18 (step S8).

[0055] The foregoing structure offers the following ad-
vantages.

[0056] The ultrasonic diagnostic system allows auto-
matic estimation of, e.g., a desired time phase, which is
important clinically, using phase-to-phase velocity-distri-
bution images. The automatic estimation can be execut-
ed in an appropriate manner using velocity information.
The operator can therefore set a desired time phase nec-
essary for examination with high accuracy and easily.
This system can also achieve highly objective phase set-
ting without variation in information due to the difference
of the operator as compared with the conventional man-
ual phase setting, thus improving the quality of diagnostic
information.

[0057] The ultrasonic diagnostic system determines
the integration interval of motion information defined by
time quadrature in TTI method using an automatically set
desired time phase. This can provide highly objective mo-
tion information in TTI method, and reduce the work of
the operator in setting integration intervals. Particularly,
the ultrasonic diagnostic system can automatically sep-
arate a systole and a diastole from each other using an
automatically detected end systole phase and an end
diastole phase that is automatically detected from an
electrocardiogram. Accordingly, highly objective quanti-
tative evaluation method by local-wall-motion indices
such as distortion and displacement using a tissue ve-
locity can be quickly achieved by a simpler operation.
[0058] The invention is not limited to the foregoing em-
bodiment and can be embodied in an actual step by mod-
ification of the components without deviating from the
gist.

(1) For example, the desired-phase estimation proc-
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ess and the automatic integration-interval setting
process which are aforementioned can also be
achieved in such a manner that programs for exe-
cuting each of the processes are installed in com-
puters (including those built in workstations, image
processors, or ultrasonic diagnostic systems), and
are expanded on a memory. The programs for com-
puters to execute the technique may be distributed
in the form of recording media such as magnetic
disks (floppy(TM) disks, hard disks, and so on), op-
tical disks (CD-ROMs, DVDs, and so on), and sem-
iconductor memories.

(2) In the foregoing embodiment, the time phases
including a systole are estimated in response to the
values on the basis of myocardial velocities and ve-
locity changes. However, the indices for phase esti-
mation are not limited to the myocardial velocities
and velocity changes, for example a structure may
be adopted in which the timing at which the velocity
reaches a specified velocity during a specified period
in one cardiac cycle, and the rate of velocity change
(the differential coefficient of velocity waveform) are
used.

(3) The foregoing embodiment has been described
using a heart as an diagnostic object by way of ex-
ample. However, it is to be understood that the in-
vention is not limited to that, the desired-phase es-
timation function of the ultrasonic diagnostic system
can be applied to the diagnosis of moving regions
that cyclically repeat contraction and relaxation of
carotid artery, etc.

[0059] In addition, other various inventions may be
made in appropriate combination of the components dis-
closed in the embodiment. For example, some of the
components of the embodiment may be eliminated, or
some of the components of different embodiments may
be combined as appropriate.

Industrial Applicability

[0060] According to the embodiment, an ultrasonic di-
agnostic system and a system and a method for ultra-
sonic imaging capable of simple and high-accuracy au-
tomatic detection of end systole phases for all cross-sec-
tion images used in general cardiac ultrasonic examina-
tions as described above.

Claims

1. An ultrasonic diagnostic system or an ultrasonic im-
aging system, comprising:

a storage unit that stores time-series velocity in-
formation on a moving region that repeats con-
traction and relaxation cyclically; and

an estimation unit that estimates any desired
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time phase for one cycle including the contrac-
tion and relaxation of the moving region on the
basis of the time-series velocity information.

The ultrasonic diagnostic system or the ultrasonic
imaging system according to claim 1, wherein

the storage unit stores the time-series velocity infor-
mation on a plurality of positions of the moving re-
gion; and

the estimation unit

calculates the velocity of the moving region or the
velocity change rate of the moving region from the
sum of the velocities of the plurality of positions
present in a region of interest set in the moving re-
gion, the mean value, and other statistic calculated
values; and

estimates any desired time phase for one cycle in-
cluding the contraction and relaxation of the moving
region from the velocity of the moving region or the
velocity change rate of the moving region.

The ultrasonic diagnostic system or the ultrasonic
imaging system according to claim 1, further com-
prising a calculation unit that calculates a physical
quantity for the motion of the moving region concern-
ing any one of a distortion, a distortion factor, or a
displacement, defined by time quadrature using the
velocity information on at least two time phases, and
determines an integration interval for the time quad-
rature using the desired time phase estimated by the
estimation unit.

The ultrasonic diagnostic system or the ultrasonic
imaging system according to claim 1, wherein

the estimated desired time phase is an end systole
phase; and

the estimation unit estimates a time phase in which
the motion of the moving region stands still as the
end systole phase on the basis of at least the moving
velocity of the tissue during a predetermined period
set in the vicinity of the end systole phase.

The ultrasonic diagnostic system or the ultrasonic
imaging system according to claim 4, wherein

the estimation unit

obtains the sum of the moving velocities of the tissue
obtained from a predetermined space or the sum of
the moving velocities;

detects a time phase in which the absolute value of
the sum comes to the minimum in the predetermined
period set in the vicinity of the end systole phase; and
estimates the time phase in which the detected ab-
solute value of the sum comes to the minimum as
the time phase in which the motion of the moving
region stands still.

The ultrasonic diagnostic system or the ultrasonic
imaging system according to claim 5, further com-
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prising:

an information obtaining unit that obtains infor-
mation on the heart rate of the subject; and

a setting unit capable of setting the predeter-
mined period set in the vicinity of the end systole
phase according to the obtained heart rate as
appropriate.

The ultrasonic diagnostic system or the ultrasonic
imaging system according to claim 1, further com-
prising a display unit that displays the desired time
phase estimated by the estimation unit in a specified
form.

The ultrasonic diagnostic system or the ultrasonic
imaging system according to claim 1, wherein the
time-series velocity information is generated on the
basis of ultrasonic image data on a plurality of time
phases obtained by tissue Doppler imaging or by
applying pattern matching to tissue images for a plu-
rality of time phases obtained by B-mode imaging.

A method for ultrasonic imaging, comprising:

obtaining time-series velocity information on a
moving region that repeats contraction and re-
laxation cyclically; and

estimating any desired time phase for one cycle
including the contraction and relaxation of the
moving region on the basis of the time-series
velocity information.

10. The method for ultrasonicimaging according to claim

9, comprising:

obtaining the time-series velocity information on
a plurality of positions of the moving region; and
for the estimation,

calculating the velocity of the moving region or
the velocity change rate of the moving region
from the sum of the velocities of the plurality of
positions present in a region of interest set in
the moving region, the mean value, and other
statistic calculated values; and

estimating any desired time phase for one cycle
including the contraction and relaxation of the
moving region from the velocity of the moving
region or the velocity change rate of the moving
region.

11. The method for ultrasonicimaging according to claim

9, further comprising: calculating a physical quantity
for the motion of the moving region concerning any
one of a distortion, a distortion factor, or a displace-
ment, defined by time quadrature using the velocity
information on at least two time phases, and calcu-
lating to determine an integration interval for the time
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12,

13.

14.

15.

16.

quadrature using the desired time phase estimated
by the estimation unit.

The method for ultrasonicimaging according to claim
9, wherein

the estimated prescribed time phase is an end sys-
tole phase; and

for the estimation, a time phase in which the motion
of the moving region stands still is estimated as the
end systole phase on the basis of at least the moving
velocity of the tissue during a predetermined period
set in the vicinity of the end systole phase.

The method for ultrasonicimaging according to claim
12, comprising:

for the estimation,

the sum of the moving velocities of the tissue
obtained from a predetermined space or the sum
of the moving velocities is obtained;

a time phase in which the absolute value of the
sum comes to the minimum in the predeter-
mined period set in the vicinity of the end systole
phase is detected; and

the time phase in which the detected absolute
value of the sum comes to the minimum is esti-
mated as the time phase in which the motion of
the moving region stands still.

The method for ultrasonicimaging according to claim
13, further comprising:

obtaining information on the heart rate of the
subject; and

setting the predetermined period set in the vi-
cinity of the end systole phase according to the
obtained heart rate as appropriate.

The method for ultrasonicimaging according to claim
9, further comprising displaying the estimated de-
sired time phase in a specified form.

The method for ultrasonicimaging according to claim
9, wherein the time-series velocity information is
generated on the basis of ultrasonic image data on
a plurality of time phases obtained by tissue Doppler
imaging or by applying pattern matching to tissue
images for a plurality of time phases obtained by B-
mode imaging.
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