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(57) ABSTRACT

Image data of the interior of a sample (S) are sequentially
created on the basis of reception signals at the time when
ultrasonic waves are transmitted into the sample (S) so as to
scan the interior thereof, movements of respective control
points set on the image data are tracked so as to evaluate
temporal changes of velocities of motions of the sample (S),
and differences of timings of the motions in the sample (S) are
color-displayed on the basis of the temporal changes of the
velocities.

21
W
21a 2
CONTROL UNIT { FIRST PROCESS UNIT | [COLOR DISPLAY UNIT] f
=
7 [/ SECOND PROCESS UNIT] 21c f«=iSTORAGE
S UNIT
: : : : : : —
11 P13 Y i 15 L 17 i
. v Y 1~ BIM!N ARV ¥ ,\19 ,30
FIRST
|| RECEPTON | | prods ERsT . |
ULTRASONIC BEAM il CONVERTER VIDEQ
PROBE i FORU'\W'ON i i INTERFACE | [MONITOR
TRANSMISSION CPM SECOND N
< TRANSHIS { PROCESS SCAN -
UNIT CONVERTER
~ ~ 7
12 16 18
23
" PERSONAL [
COMPUTER




US 2008/0221451 Al

Sep. 11, 2008 Sheet 1 of 7

Patent Application Publication

H3LNANO \
o TNosSkd 7
€2 \
81 9} 2|
Y/ A~ W
N N
LINN NOJ3S | | Ty I NOISSINSNYH.L 7
oLnow| | 30VAHAINI ! ] NOITTRIO4 i T
03iA _ . 1y 7
|[eateamoo] |4 [ iwn " %
) - NYOS ™ (=1 $5300ud
154 W NOLLd303 7
¢ ro Mo 7 AR 7
’ v S N A T i 7
“ I N | 2 ; . ww
LIND i
JVEOLS || a1z LNN $53004d NOOAS, _ 7
\n
LN AV1dSI0 50100] [ LINN S53008d 1513 LINA10KINOO
22 .
Ay
12




Patent Application Publication  Sep. 11,2008 Sheet 2 of 7 US 2008/0221451 A1

FIG. 2

(START FROM ONE FRAME )

Y Yad #1

A PLURALITY OF CONTROL POINTS FOR EVALUATING VELOCITY
CHANGES ARE DETERMINED. SINCE THE NUMBER OF THE CONTROL
POINTS DETERMINES THE RESOLUTION OF A TIMING IMAGE,

A CONSIDERABLY LARGE NUMBER OF CONTROL POINTS ARE SET.
THE CONTROL POINTS MAY WELL BE SET AT ALL PIXELS.

;v Yl #2

SINCE (VELOCITY VALUE * INTERFRAME TIME) BECOMES A MOVEMENT
DISTANCE TO THE NEXT FRAME, THE MOVEMENTS OF THE CONTROL
POINTS ARE TRACKED. WHILE THE MOVEMENTS ARE BEING TRACKED,

THE VELOCITIES OF THE RESPECTIVE CONTROL POINTS IN INDIVIDUAL
FRAMES ARE STORED IN A BUFFER.

#4 #3
™ ALL FRANES BEEN
N
EXT FRAME COMPLETED?

CHANGE CURVES ARE EVALUATED FROM THE TEMPORAL B2
CHANGES OF VELOCITIES STORED IN THE BUFFER AT
THE RESPECTIVE CONTROL POINTS, AND THE DIFFERENCES
OF THE TIMINGS OF MOTIONS ARE EVALUATED.
Y 5#6
AN IMAGE IS CREATED.
! #7
THE COLOR CODING OF THE DIFFERENCES OF S
THE TIMINGS OF THE MOTIONS IS PERFORMED.
Y 5#8
DISPLAY OF TIMING IMAGE

\
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FIG. 10

('START FROM ONE FRAME )

’ /\/#1 0

A PLURALITY OF CONTROL POINTS FOR EVALUATING STRAINS
ARE DETERMINED. SINCE THE NUMBER OF THE CONTROL
POINTS DETERMINES THE RESOLUTION OF A TIMING IMAGE,
A CONSIDERABLY LARGE NUMBER OF CONTROL POINTS ARE
SET. THE CONTROL POINTS MAY WELL BE SET AT ALL PIXELS.

Py

¥ ~H
SINCE (VELOCITY VALUE * INTERFRAME TIME) BECOMES
A MOVEMENT DISTANCE TO THE NEXT FRAME, THE MOVEMENTS
OF THE CONTROL POINTS ARE TRACKED. WHILE
THE MOVEMENTS ARE BEING TRACKED, THE COMPUTED
STRAIN VALUES OF THE RESPECTIVE CONTROL POINTS IN
INDIVIDUAL FRAMES ARE STORED IN A BUFFER.

#3 #12
e LL FH??A\I/E% BEEN
‘ A
NEXT FRAME COMPLETED?

CHANGE CURVES ARE EVALUATED FROM THE TEMPORAL P #4
CHANGES OF THE VELOCITIES STORED IN THE BUFFER AT
THE RESPECTIVE CONTROL POINTS, AND THE DIFFERENCES
OF THE TIMINGS OF MOTIONS ARE EVALUATED.
‘ < #15
AN IMAGE IS CREATED.
y
#16
THE COLOR CODING OF THE DIFFERENCES OF
THE TIMINGS OF THE MOTIONS IS PERFORMED.
‘ SH#17
DISPLAY OF TIMING IMAGE

Y
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FIG. 11
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ULTRASONIC DIAGNOSTIC EQUIPMENT
AND CONTROL METHOD THEREFOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This is a Continuation Application of PCT Applica-
tion No. PCT/IP2006/305106, filed Mar. 15, 2006, which was
published under PCT Article 21(2) in Japanese.

[0002] This application is based upon and claims the ben-
efit of priority from prior Japanese Patent Application No.
2005-073788, filed Mar. 15, 2005, the entire contents of
which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0003] 1. Field of the Invention

[0004] The present invention relates to an ultrasonic diag-
nostic equipment which transmits ultrasonic pulses into a
sample so as to scan the interior of the sample, and which
receives reflected waves from the sample, thereby to acquire
the motion information of a tissue on the basis of the image of
the interior of the sample, and a control method for the ultra-
sonic diagnostic equipment.

[0005] 2. Description of the Related Art

[0006] An ultrasonic diagnostic equipment noninvasively
obtains the tomographic image of a soft tissue in a living
body, from the surface of the body by an ultrasonic pulse echo
method. The ultrasonic diagnostic equipment transmits ultra-
sonic waves from an ultrasonic probe into a sample, it
receives reflected waves created by the mismatching of
acoustic impedances within the sample, by the ultrasonic
probe so as to generate a reception signal, and it images the
interior of the sample on the basis of the reception signal.
[0007] As compared with other medical image equipment,
the ultrasonic diagnostic equipment has the following merits:
By way of example, the ultrasonic diagnostic equipment is
small-sized and inexpensive. It affords a high safety without
exposure to X-rays etc. It is capable of blood flow imaging.
This ultrasonic diagnostic equipment is employed for the
diagnoses of, for example, the heart and the abdomen, and it
is extensively utilized in urology, obstetrics and gynecology,
etc. It has been known that the ultrasonic diagnostic equip-
ment is useful for the diagnosis of the heart. It is very useful
to objectively and quantitatively estimate the function of the
tissue of the living body, such as a cardiac muscle.

[0008] As a remedy which is recently spotlighted, there is
mentioned a cardiac resynchronization therapy (CRT) for the
patients of serious cardiac failure. It has been attempted to
employ the ultrasonic diagnostic equipment for the quantita-
tive estimation for deciding the applicability of the cardiac
resynchronization therapy or for deciding the effect of the
medical treatment.

[0009] The cardiac resynchronization therapy will be
briefly explained. The patient of serious cardiac failure often
accompanies the contraction dyssynchrony of a cardiac wall
motion. The heart is being moved by the conduction of elec-
tric signals. An intraventricular conduction disturbance
sometimes arises in the patient of the serious cardiac malady.
The intraventricular conduction disturbance is the occurrence
of a deviation in a sequence in which the electric signals
moving the cardiac muscle are conveyed. In a ventricle in
which the electric signals ought to be conveyed substantially
simultaneously over the entirety, the intraventricular conduc-
tion disturbance sometimes develops a part to which the elec-
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tric signal is conveyed earlier and a part to which the electric
signal is conveyed later, on account of the deviation. As a
result, the contraction of the cardiac wall is not synchronized,
and the heart fails to pump out blood sufficiently, to fall into
the state of the cardiac failure.

[0010] The cardiac resynchronization therapy is the medi-
cal treatment in which an electric signal is artificially issued to
such a disturbance, whereby the sequence of the electric
signals to be conveyed to the heart is adjusted to assist in the
pump function of the heart. Concretely, the medical treatment
is done by embedding a pacemaker under the skin of the
breast. The cardiac resynchronization therapy has already
been performed for a large number of patients, and dramatic
improvements in the symptoms have been verified.

[0011] On the other hand, there are cases as to which the
improvements in the symptoms are not observed even when
the cardiac resynchronization therapy is applied. The cases
are cardiac failure ones. The patients of such cardiac failure
cases have been verified to amount to about 30% of all
patients. This is because whether or not the cause of the
cardiac failure cases is the contraction dyssynchrony cannot
be exactly judged.

[0012] In the present situation, the application criteria of
the cardiac resynchronization therapy are stipulated to be less
than 130 msec in the QRS width of an electrocardiogram
waveform and to be 35% in the left ventricular ejection frac-
tion (EF). In accordance with the criteria, patients who suffer
from the cardiac failure, but who do not suffer from the
contraction dyssynchrony are also included.

[0013] Therefore, there has been developed a technique
which is intended to extract only the contraction dyssyn-
chrony by a quantitative estimation method employing the
ultrasonic diagnostic equipment. The technique is disclosed
in, for example, the official gazette of JP-A-10-262970. The
official gazette of JP-A-10-262970 discloses to detect the
motion velocity of a cardiac muscle (cardiac wall) by a Dop-
pler method, and to calculate and analyze this motion veloc-
ity. The technique can automatically detect the peaks of the
changes-with-time of motion velocities, displacements or the
likes at the pluralities of parts of the cardiac muscle. In addi-
tion, the technique calculates time periods from a predeter-
mined cardiac phase till arrivals at the individual peaks and
then colors the ultrasonic image of the cardiac muscle in
accordance with the time periods. Thus, the differences of the
motion states of the whole cardiac muscle are outputted as
color images. The differences of motion timings at the respec-
tive parts of the cardiac muscle can be imaged.

[0014] The ultrasonic diagnostic equipment has realized to
image, not only a structure within a living body, but also the
movement velocity of a tissue, by a tissue Doppler method.
The tissue Doppler method measures the velocity of a part of
intense reflection and comparatively slow movement, such as
cardiac wall, and it presents a two-dimensional color display.
In recent years, techniques for obtaining clinically more
important information have been proposed by applying the
function of imaging the movement velocity of the tissue by
the tissue Doppler method. The techniques are, for example,
the imaging of movement timings as employs the movement
velocity distribution image of the tissue, velocity gradient
imaging, displacement imaging, strain imaging, and tissue
tracking which employs angular corrections.

[0015] The imaging of the movement timings as employs
the movement velocity distribution image of the tissue per-
forms the color coding of time periods in which the tissue
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movement velocities of individual pixels arrive at a certain
threshold value or at peaks, by employing the movement
velocity distribution image of the tissue as obtained by the
tissue Doppler method. Thus, the movement timings of the
tissue are imaged. This imaging is disclosed in, for example,
the official gazette of Japanese Patent No. 3,187,008.

[0016] The velocity gradient imaging acquires a local
velocity gradient in such a way that the velocity difference of
two points spaced a predetermined distance, as to amovement
velocity distribution obtained by the tissue Doppler method,
is divided by the distance between the two points. In addition,
this imaging acquires such local velocity gradients at the large
number of points of the image so as to display the acquired
gradients as an image.

[0017] The displacement imaging computes the quantity of
the movements of the tissue by integrating values obtained in
such a way that the velocity values of individual frames
included in a predetermined time period are multiplied by an
interframe time difference, as to a movement velocity distri-
bution obtained by the tissue Doppler method.

[0018] The strain imaging obtains the strain distribution
image of the tissue by employing the movement quantity
distribution image obtained by the displacement imaging, or
the velocity gradient image.

[0019] In obtaining the displacement image or the strain
image, an integration process employing the values of a plu-
rality of frames is required. As is usually considered, the
integration of the values of the same pixels of the plurality of
frames does not become the integration of the value of the
same tissue as to the moving tissue. The tissue tracking which
employs the angular corrections need to integrate the values
while tracking the movements of the tissue.

BRIEF SUMMARY OF THE INVENTION

[0020] However, problems to be stated below are involved
in the imaging of the movement timings.

[0021] In the first place, the tissue is moving. For this rea-
son, when the velocity values of the same pixels in the indi-
vidual frames are employed, the time of the maximum veloc-
ity of the same tissue is not displayed. By way of example, the
short-axis image of the heart will be considered. FIG. 11
shows a model diagram of, for example, the left ventricular
short-axis image of the heart as is a sample S displayed on, for
example, a monitor. US,; denotes the outer membrane of the
left ventricular short-axis image of the heart. US, denotes the
inner membrane of the left ventricular short-axis image at the
endodiastole of the heart. US; denotes the inner membrane of
the left ventricular short-axis image at the endosystole of the
heart.

[0022] A point “A” is set in the short-axis image of the
heart. In a case where the cardiac muscle of the left ventricle
has moved in the short-axis image, the point A lies in a cardiac
cavity at the endodiastole. This point A lies in the cardiac
muscle at the endosystole. FIG. 12 shows the velocity change
ofasystolic motion at the time when the cardiac muscle of the
left ventricle has moved in the short-axis image. The temporal
change of the velocity of the point A reflects the velocity of
the cardiac muscle in the latter half. In contrast, the temporal
change of the velocity of the point A becomes the velocity
within the cardiac cavity, in the first half. Therefore, the peak
of the movement velocity of the cardiac muscle is not cor-
rectly detected.

[0023] Secondly, the peaks of the changes-with-time of
motion velocities, displacements or the likes at a plurality of
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parts of the cardiac muscle are automatically detected. FIG.
13 shows the change of the velocity of a certain part of the
cardiac muscle versus the lapse of time. The change of the
velocity exhibits flatness near a top. In such a case where the
change of the velocity is flat near the top, the time of a peak
position sometimes moves greatly due to a slight fluctuation.

[0024] Thirdly, the way how the movement velocity
changes might be clinically useful. Whether the cardiac
muscle has contracted abruptly in a short time or has con-
tracted slowly in a comparatively long time, is not known
from a peak time.

[0025] Fourthly, the velocity is influenced by ambient car-
diac muscles. The velocity reflects the movement of the car-
diac muscle. The velocity does not reflect if the particular part
of the cardiac muscle has contracted. In case of, for example,
an apical image, the movement velocity of any limited part of
the cardiac muscle is determined by the contraction of the
whole part which extends from an apex to the limited part.
The movement velocity of the limited part of the cardiac
muscle does not represent the strength of the contraction of
the particular part. Accordingly, as an index which represents
the contraction timing of the limited part, it is not always
appropriate to employ the velocity.

[0026] Fifthly, the peak of the velocity represents a time at
which the contraction is the most active, and it does not
represent the completion time of the contraction. By way of
example, the time at which the cardiac muscle is contracting
most actively is known. However, the time when the systolic
phase has ended is not known.

[0027] Heretofore, any of the velocity gradient imaging,
the displacement imaging, the strain imaging, and the tissue
tracking which employs the angular corrections has been
sometimes used. Also in these cases, a technique whose pre-
cision is high and which can image a timing concerning the
movement or transformation of a tissue has been eagerly
desired.

[0028] An object of the present invention is to provide an
ultrasonic diagnostic equipment whose precision is high and
which can image a timing concerning the movement or trans-
formation of a tissue, and a control method for the equipment.

[0029] An ultrasonic diagnostic equipment according to
the first aspect of the invention comprises a scan unit which
transmits ultrasonic waves into a sample, which receives
reflected waves from the sample, and which outputs reception
signals; and an arithnietic/display unit which evaluates tem-
poral changes of velocities of motions of the sample on the
basis of the reception signals outputted from the scan unit,
and which displays differences of timings of the motions in
the sample on the basis of the temporal changes of the veloci-
ties.

[0030] An ultrasonic diagnostic equipment according to
the second aspect of the invention comprises a scan unit
which transmits ultrasonic waves into a sample, which
receives reflected waves from the sample, and which outputs
reception signals; a detection unit which detects velocities of
motions of the sample on the basis of the reception signals
outputted from the scan unit; and an arithnietic/display unit
which evaluates at least one sort of strain values, velocity
gradient values and displacement values on the basis of the
velocities of the motions of the sample as have been detected
by the detection unit, and which displays differences of tim-
ings of the motions in the sample on the basis of changes of
the evaluated values.



US 2008/0221451 Al

[0031] A control method for anultrasonic diagnostic equip-
ment according to another aspect of the invention transmits
ultrasonic waves from a scan unit into a sample, receives
reflected waves from the sample and outputs reception sig-
nals, evaluates temporal changes of velocities of motions of
the sample on the basis of the reception signals outputted
from the scan unit, and displays differences of timings of the
motions in the sample on the basis of the temporal changes of
the velocities.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0032] FIG.1is a block arrangement diagram showing the
first embodiment of an ultrasonic diagnostic equipment
according to the present invention.

[0033] FIG. 2 is a control-process flow chart in the equip-
ment.
[0034] FIG. 3 is a diagram showing two control points

which have been set on image data in the equipment.

[0035] FIG. 4 is a diagram showing peak positions in the
change curves of'the respective control points versus the lapse
of time, in the heart of the contraction dyssynchrony of a
cardiac wall motion, the change curves being obtained by the
equipment.

[0036] FIG. 5 is a diagram showing peak positions in the
change curves of respective control points versus the lapse of
time, in the normal heart as is obtained by the equipment.
[0037] FIG. 6 is a diagram showing color coding which
employs a color bar, for the heart of the contraction dyssyn-
chrony of the cardiac wall motion, the color coding being
based on the equipment.

[0038] FIG. 7 is a diagram showing an example of the
color-coded ultrasonic image of the heart of the contraction
dyssynchrony as is displayed on the monitor of the equip-
ment.

[0039] FIG. 8 is a diagram showing color coding which
employs a color bar, for the normal heart, the color coding
being based on the equipment.

[0040] FIG. 9 is a diagram showing an example of the
color-coded ultrasonic image of the normal heart as is dis-
played on the monitor of the equipment.

[0041] FIG. 10is a control-process flow chart in the second
embodiment of the ultrasonic diagnostic equipment accord-
ing to the invention.

[0042] FIG. 11 is a model diagram of a monitor display
example of that left ventricular short-axis image of the heart
which has been created by the equipment.

[0043] FIG. 12 is a diagram showing the velocity change of
a systolic motion at the time when the cardiac muscle of the
left ventricle has moved in the short-axis image.

[0044] FIG. 13 is a diagram showing the change of the
velocity of acertain part of the cardiac muscle versus the lapse
of time.

DETAILED DESCRIPTION OF THE INVENTION

[0045] Now, the first embodiment of the present invention
will be described with reference to the drawings.

[0046] FIG. 1 shows a block arrangement diagram of an
ultrasonic diagnostic equipment. A transmission unit 12 and a
reception unit 13 are connected to an ultrasonic probe 11. The
ultrasonic probe 11 includes a plurality of piezoelectric trans-
ducers, matching layers which are disposed for the respective
piezoelectric transducers, backing members which prevent
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ultrasonic waves from being propagated backward from the
respective piezoelectric transducers, and so forth. The respec-
tive piezoelectric transducers generate ultrasonic pulses on
the basis of drive signals from the transmission unit 12, and
they receive reflected waves from a sample S and convert the
waves into electric signals. Accordingly, the ultrasonic probe
11 transmits the ultrasonic pulses into, for example, the
sample S. The ultrasonic pulses transmitted into the sample S
are successively reflected at the discontinuous surfaces of
acoustic impedances in the sample S, such as “in vivo” tissues
and blood flows, and the resulting reflected waves enter the
ultrasonic probe 11. The ultrasonic probe 11 receives the
reflected waves, and converts the received waves into the
electric signals so as to output the signals.

[0047] Thetransmissionunit 12 delivers the drive signals to
the respective piezoelectric transducers of the ultrasonic
probe 11, so as to generate the ultrasonic pulses. The trans-
mission unit 12 controls the phases of the drive signals to be
delivered to the respective piezoelectric transducers, within a
preset fixed range. The transmission unit 12 phase-controls
the drives of the respective piezoelectric transducers, and
causes the transmitted ultrasonic pulses to scan the sample.

[0048] Thereception unit 13 amplifies and outputs the elec-
tric signals from the ultrasonic probe 11.

[0049] A beam formation unit 14 digitally converts the
electric signals outputted from the reception unit 13 and
delays the digital electric signals predetermined time periods,
and it thereafter subjects the electric signals to a phasing
addition and focusing. The beam formation unit 14 feeds the
focused signal to a B/M (B-mode/M-mode) process unit 15
and a CFM (color Doppler mode) process unit 16.

[0050] The B/M process unit 15 subjects the output signal
of the beam formation unit 14 to band-pass filtering, and it
thereafter detects the envelope component of the resulting
signal and executes a LOG compression process for the com-
ponent. The B/M process unit 15 may well execute a process
such as edge emphasis.

[0051] The CFM process unit 16 subjects the output signal
of the beam formation unit 14 to high-pass filtering, and it
thereafter executes an autocorrelation process. The high-pass
filtering separates tissue signals and blood flow signals. The
high-pass filtering is executed by, for example, using an MTI
filter or a Wall filter. The invention is premised on a tissue
Doppler method. In this case, the MTI filter becomes an
all-frequency-pass or low-pass filter. Thus, the MTI filter
passes the tissue signals. Otherwise, the high-pass filtering
sometimes executes a nonlinear process for reducing or
removing the tissue signals. The autocorrelation process
detects the movement velocity of the blood flow or the tissue.

[0052] A first scan converter 17 maps the output signals of
the B/M process unit 15 to positions corresponding to the
transmissions/receptions of the ultrasonic pulses, and
sequentially creates a plurality of image data every frame.

[0053] A second scan converter 18 maps the output signals
of'the CFM process unit 16 to the positions corresponding to
the transmissions/receptions of the ultrasonic pulses, and
sequentially creates a plurality of image data every frame.

[0054] A video interface unit 19 receives the image data for
the B/M as are outputted from the first scan converter 17, or
the image data for the CFM as are outputted from the second
scan converter 18, and it combines these image data with
various information items on an image, so as to display the
laid-out ultrasonic image on a monitor 20.
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[0055] A control unit 21 controls the transmission unit 12,
reception unit 13, beam formation unit 14, B/M process unit
15, CFM process unit 16, first scan converter 17, second scan
converter 18 and video interface unit 19. The control unit 21
accepts the output signal of the B/M process unit 15, the
output signal of the CFM process unit 16, and the image data
which are respectively outputted from the first and second
scan converters 17 and 18.

[0056] The control unit 21 sets as control points, pixels on
the image data sequentially created by the first scan converter
17 and the second scan converter 18, it tracks the movements
of the control points on the image data of respective frames
created in succession, and it executes the correlation process
between the image data of the respective frames, thereby to
evaluate the velocities of the control points, and it displays the
differences of the timings of motions in the sample S, on the
monitor 20 on the basis of the changes of the velocities.
[0057] The control unit 21 sets the control points at all
pixels or some pixels in the image data.

[0058] The control unit 21 includes a first process unit 214,
a second process unit 215 and a color display unit 21¢ which
are arithmetic/display units. The first process unit 21a evalu-
ates the peak positions of the changes of the velocities of the
motions of the tissue of the sample S versus the lapse of time.
[0059] The second process unit 215 evaluates the differ-
ences of the timings of the motions of the tissue as based on
the systolic motion of the sample S, on the basis of the
individual peak positions obtained by the first process unit
21a.

[0060] The second process unit 215 displays the ultrasonic
image on the monitor 20 on the basis of the image data which
are sequentially created by the first scan converter 17 and the
second scan converter 18. The second process unit 215 dis-
plays the differences of the timings of the motions of the
tissue as based on the systolic motion of the sample S, in
juxtaposed fashion by way of example, on the ultrasonic
image displayed on the monitor 20. Thus, the second process
unit 215 displays whether the motions of the tissues of the
sample S are abrupt or slow.

[0061] The color display unit 21¢ color-displays on the
monitor 20, the differences of the timings of the motions of
the tissue of the sample S as have been obtained by the second
process unit 215.

[0062] The control unit 21 may well receive the respective
output signals of the B/M process unit 15 and CFM process
unit 16 and perform a scan conversion so as to analyze the
differences of the timings of the motions of the tissue of the
sample S.

[0063] Incidentally, a storage unit 22 is connected to the
control unit 21. The image data which are sequentially cre-
ated by the first scan converter 17 and the second scan con-
verter 18, are sent to a personal computer 23.

[0064] Next, the operation of the equipment configured as
described above will be described.

[0065] First, when a diagnostic process for the sample S is
started, the transmission unit 12 delivers drive signals to the
individual piezoelectric transducers of the ultrasonic probe
11. On this occasion, the transmission unit 12 controls the
phases of the drive signals to be delivered to the respective
piezoelectric transducers, within a preset fixed range. Thus,
the ultrasonic probe 11 transmits ultrasonic pulses into, for
example, the sample S so as to scan this sample. The ultra-
sonic pulses transmitted into the sample S are successively
reflected at the discontinuous surfaces of acoustic imped-
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ances in the sample S, such as “in vivo” tissues and blood
flows, and the resulting reflected waves enter the ultrasonic
probe 11. The ultrasonic probe 11 receives the reflected
waves, and converts the received waves into electric signals
so as to output the signals. The reception unit 13 amplifies and
outputs the electric signals from the ultrasonic probe 11.
[0066] The beam formation unit 14 digitally converts the
electric signals outputted from the reception unit 13 and
delays the digital electric signals predetermined time periods,
and it thereafter subjects the electric signals to a phasing
addition and focusing.

[0067] The B/M process unit 15 subjects the output signal
of the beam formation unit 14 to band-pass filtering, and it
thereafter detects the envelope component of the resulting
signal and executes a LOG compression process for the com-
ponent.

[0068] Simultaneously therewith, the CFM process unit 16
subjects the output signal of the beam formation unit 14 to
high-pass filtering by, for example, an MTI filter, thereby to
separate the output signal into tissue signals and blood flow
signals. Subsequently, the CFM process unit 16 executes an
autocorrelation process for the tissue signals and the blood
flow signals, thereby to detect the movement velocity of the
blood flows or the tissues.

[0069] The first scan converter 17 maps the output signals
of the B/M process unit 15 to positions corresponding to the
transmissions/receptions of the ultrasonic pulses, and
sequentially creates a plurality of image data every frame.
[0070] Simultaneously therewith, the second scan con-
verter 18 maps the output signals of the CFM process unit 16
to the positions corresponding to the transmissions/recep-
tions of the ultrasonic pulses, and sequentially creates a plu-
rality of image data every frame.

[0071] The video interface unit 19 receives the image data
for the B/M as are outputted from the first scan converter 17,
or the image data for the CFM as are outputted from the
second scan converter 18, and it combines these image data
with various information items on an image, so as to display
the laid-out ultrasonic image of the interior of the sample S on
the monitor 20.

[0072] FIG. 11 shows a model diagram of the left ventricu-
lar short-axis image of, for example, the heart being the
sample S displayed on the monitor 20. US, denotes the outer
membrane of the left ventricular short-axis image of the heart.
US, denotes the inner membrane of the left ventricular short-
axis image at the endodiastole of the heart. US; denotes the
inner membrane of the left ventricular short-axis image at the
endosystole of the heart. A point “A” is set in the short-axis
image of the heart. In a case where the cardiac muscle of the
left ventricle has moved in the short-axis image, the point A
lies in a cardiac cavity at the endodiastole. This point A lies in
the cardiac muscle at the endosystole. FIG. 12 shows the
velocity change of a systolic motion at the time when the
cardiac muscle of the left ventricle has moved in the short-
axis image. The temporal change of the velocity of the point
A reflects the velocity of the cardiac muscle in the latter half.
In contrast, the temporal change of the velocity of the point A
becomes the velocity within the cardiac cavity, in the first
half. Therefore, the peak of the movement velocity of the
cardiac muscle is not correctly detected.

[0073] To cope with this, the control unit 21 of this embodi-
ment executes a control-process flow chart shown in FIG. 2.
[0074] The control unit 21 accepts the image data of indi-
vidual frames as are created by the first and second scan
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converters 17 and 18, and it temporally stores the image data
in, for example, the storage unit 22. At a step #1, the control
unit 21 automatically sets control points at all the pixels of the
image data of one frame accepted from each of the first and
second scan converters 17 and 18. Incidentally, the control
unit 21 may well set control points at pixels which constitute
at least some of the image data of one frame. In the ensuing
description, however, only two control points shall be
referred to for the sake of convenience.

[0075] FIG. 3 shows the two control points C, and C, seton
the image data of a frame F . These control points C, and C,
are set in order to evaluate the change of a velocity at which a
tissue moves on the basis of the systolic motion of the heart.
[0076] Subsequently, ata step #2, the control unit 21 tracks
the movements of the respective control points C, and C, on
the image data of a frame F, which is created later than the
frame F,. The control points C, and C, track the same tissue
of the heart on the image data of the respective frames F, and
F,. The tracking is performed using velocity information
obtained by the tissue Doppler method. Thus, the movements
of'the respective control points C, and C, between the image
data of the frames F, and F, are tracked.

[0077] The control unit 21 evaluates the velocity values of
the respective control points C; and C, on the basis of the
movement distances of these control points C, and C, on the
image data of the frames F, and F, and the interval of the
image data of the frames F, and F,. Incidentally, the move-
ment distance between the frames is evaluated by the follow-
ing formula:

Movement distance to Next frame=Velocity valuex
Interframe time (Constant) (1)

[0078] The control unit 21 stores the velocity values of the
respective control points C, and C, in, for example, the stor-
age unit 22.

[0079] Subsequently, ata step #3, the control unit 21 judges
whether or not the evaluations of the velocity values of the
respective control points C,; and C, on the image data of all
frames F,-F,, have been completed. If, as the result of the
judgment, the evaluations have not been completed, the con-
trol unit 21 returns from a step #4 to the step #2, and it tracks
the respective control points C,; and C, on the image data of
the frame F, and the next frame F;. Thus, the control unit 21
evaluates the velocity values of the respective control points
C, and C, on the basis of the movement distances of the
respective control points C,; and C, on the image data of the
frames F, and F and the interval of the image data of the
frames F, -F,,. The control unit 21 stores the velocity values of
the respective control points C, and C, in, for example, the
storage unit 22.

[0080] Thenceforth, the control unit 21 similarly iterates
the steps #2 through #4, and it tracks the respective control
points C, and C, between the image data of all the frames
F,-F,, so as to evaluate the velocity values of these control
points C; and C,. The control unit 21 stores the individual
velocity values of the respective control points C, and C, in,
for example, the storage unit 22. Incidentally, the individual
velocity values of the respective control points in all the pixels
in the image data of all the frames F,-F,, are stored in the
storage unit 22.

[0081] When the velocity values of the respective control
points C,; and C, between the image data of all the frames
F -F, have been evaluated, the control unit 21 operates at a
step #5 to read out the velocity values of the respective control
points C; and C, between the image data of all the frames
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F,-F, as have been stored in the storage unit 22, and to evalu-
ate the temporal changes of the velocities of the respective
control points C, and C,.

[0082] FIG. 4 shows the change curves of the velocities of
the respective control points C, and C, versus the lapse of
time. The change curves indicate the changes of the velocities
of the motions of the heart at the respective control points C,
and C,. It is seen from the figure that, in the systolic motion of
the heart, the tissue observed at the control point C, moves
later than the tissue observed at the control point C,.

[0083] The change curves of the control points have been
obtained at all the pixels in the image data of all the frames
F,-F,. Thus, the change curves of the respective control
points in the whole heart being the sample S are obtained.

[0084] The first process unit 21a evaluates the peak posi-
tions in the individual change curves of the two control points
C, and C,. FIG. 4 shows the peak positions P, and P, in the
change curves of the respective control points C, and C,. In
the figure, the peak positions P, and P, are different.

[0085] The second process unit 215 evaluates the differ-
ence of the timings of the tissue motions based on the systolic
motion of the sample S, on the basis of the peak positions
evaluated by the first process unit 21a. The second process
unit 215 may well display on the monitor 20, the peak posi-
tions P, and P, in the change curves of the respective control
points C, and C, as shown in FIG. 4. It is seen that, since the
peak positions P, and P, are different, the timings of the tissue
motions in the systolic motion of the sample S, at the respec-
tive control points C, and C, are different. It can be diagnosed
as the contraction dyssynchrony of the cardiac wall motion
that the timings of the tissue motions based on the systolic
motion of the heart are different.

[0086] Incidentally, FIG. 5 shows peak positions P, and P,
in the change curves of two control points C, and C, in the
normal heart. In the figure, the peak positions P, and P, are
substantially the same. Thus, it is seen that the timings of
tissue motions based on the systolic motion of the sample S,
at the respective control points C, and C, are substantially the
same.

[0087] Subsequently, at astep #6, the control unit 21 creates
the image data of the movements of, for example, the respec-
tive control points C, and C,, on the basis of all the change
curves including the respective control points C, and C, as
have been evaluated at all the pixels of the image data.

[0088] Subsequently, ata step #7, the color display unit 21¢
performs the color coding of the differences of the timings of
the tissue motions based on the systolic motion of the heart
being the sample S, on the basis of all the change curves
including the respective control points C, and C, as have been
evaluated at all the pixels of the image data, so as to display a
timing image on the monitor 20.

[0089] Concretely, the color display unit 21¢ sets a color
bar CB for all the change curves including the respective
control points C, and C,, as shown in FIG. 6 by way of
example. The color bar CB is in a color scheme which
changes, for example, from green to red with the lapse of time
by way of example. The color scheme of the color bar CB is
not restricted to the change from green to red, but other colors
may well be employed. The color bar CB is set at a length
which includes the peak positions P, and P, of all the change
curves including the respective control points C, and C,. That
is, the color bar CB is set in order to itemize the different peak
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positions P, and P, which are ascribable to the different tim-
ings of the tissue motions based on the systolic motion of the
heart.

[0090] The color display unit 21¢ obtains the colors corre-
sponding to the respective peak positions P, and P,, from the
color bar CB, and it codes these colors as the colors of the
respective control points C, and C,. By way of example, the
peak position P, of the change curve of the control point C, is
coded green. The peak position P, of the change curve of the
control point C, is coded red. In this way, the colors of the
peak positions of the change curves of the respective control
points as have been obtained at all the pixels of the image data
are coded.

[0091] Subsequently, at a step #8, the control unit 21 sends
the image data of the movements of the respective control
points C, and C, and the image data of the color coding to the
video interface unit 19. The video interface unit 19 receives
the image data for the B/M as are outputted from the first scan
converter 17, or the image data for the CFM as are outputted
from the second scan converter 18, and it combines the image
data with the image data of the movements of the respective
control points C, and C,, the image data of the color coding,
and various information items on an image, so as to display
the laid-out ultrasonic image of the interior of the sample S on
the monitor 20.

[0092] FIG. 7 shows an example of the ultrasonic image
displayed on the monitor 20. The ultrasonic image displays
the systolic motion of the heart as a dynamic image. This
ultrasonic image indicates the image of the endosystole of the
heart. The peak position P, of the change curve of, for
example, the control point C; among all the control points is
coded and displayed green. The peak position P, of the
change curve of the control point C, is coded and displayed
red. Accordingly, the colors of green and red are coded and
displayed in the ultrasonic image of the heart. The difference
ofthe coded colors of green and red indicates that the timings
of'the tissue motions based on the systolic motion of the heart
are different. As a result, the contraction dyssynchrony of the
cardiac wall motion can be diagnosed from the coded colors
of the ultrasonic image displayed on the monitor 20.

[0093] On the other hand, FIG. 8 shows a color bar CB
which is set for the change curves of the respective control
points C, and C, in the normal heart. The peak positions P,
and P, lie at substantially the same positions. Thus, the peak
position P, of the change curve of, for example, the control
point C; among all the control points is coded and displayed
green. Also the peak position P, of the change curve of the
control point C, is coded and displayed green. Accordingly,
the ultrasonic image displayed on the monitor 20 is coded and
displayed in the single color of green as shown in FIG. 9 by
way of example. As a result, the normal heart can be diag-
nosed from the coded color of the ultrasonic image displayed
on the monitor 20.

[0094] By the way, in the above processing, the velocity
images obtained by the tissue Doppler method may well be
directly used, but a precise result is obtained in such a way
that angular corrections are first made, and that velocity
images subjected to the angular corrections are used.

[0095] In this manner, according to the first embodiment,
control points C, and C,, for example, are set on image data,
the respective control points C,; and C, between the image
data of all frames F,-F,, are tracked, the velocity values of
these control points C, and C, are evaluated, and the change
curves of the respective control points C, and C, are obtained.
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In addition, colors which correspond to the peak positions P,
and P, versus the lapse of time, in the change curves of these
control points C, and C, are coded. Thus, the differences of
the timings of tissue motions based on, for example, the
systolic motion of the heart are displayed in terms of the
differences of the colors.

[0096] Asaresult, whenthe heartis normal, the whole heart
moves at substantially the same timing, and hence, an ultra-
sonic image is coded and displayed in the single color of, for
example, green. In contrast, when the heart suffers from the
contraction dyssynchrony of a cardiac wall motion, differ-
ences arise in the timings of the tissue motion based on the
systolic motion of the heart. Thus, an ultrasonic image is
coded and displayed, for example, green and red. Accord-
ingly, the differences of the timings of the tissue motion based
on the systolic motion of the heart can be visually recognized.
The contraction dyssynchrony, for example, can be diag-
nosed.

[0097] Incidentally, although the first process unit 21a has
evaluated the peak positions P, and P, in the change curves of,
for example, the two control points C, and C, as shown in
FIG. 4, this is not restrictive, but the positions of the centroids
of the change curves or the positions of the standard devia-
tions thereof may well be evaluated.

[0098] Next, the second embodiment of the invention will
be described with reference to the drawings. Incidentally, the
same parts as in the first embodiment shall be omitted from
description, and only differences will be described.

[0099] The control unit 21 sets as control points, all pixels
on image data which are sequentially created by the first scan
converter 17 and the second scan converter 18. The control
unit 21 detects the velocities of the motions of the sample S
from the respective control points on the image data of indi-
vidual frames created in succession.

[0100] The control unit 21 evaluates at least one sort of
strain values, velocity gradient values and displacement val-
ues on the basis of the velocities of the motions of the sample
S. The control unit 21 color-displays the differences of the
timings of the motions in the sample S, on the monitor 20 on
the basis of the temporal changes of at least one sort of the
strain values, the velocity gradient values and the displace-
ment values.

[0101] Next, the operation of the equipment configured as
stated above will be described in conjunction with a control-
process flow chart shown in FIG. 10.

[0102] The control unit 21 accepts the image data of indi-
vidual frames created by the first and second scan converters
17 and 18, and it temporarily stores them in, for example, the
storage unit 22. At a step #10, the control unit 21 sets control
points at all the pixels of the image data of one frame accepted
from each of the first and second scan converters 17 and 18.
Control points may well be set at pixels which constitute at
least some of the image data of one frame. Also here, how-
ever, only two of the control points shall be referred to for the
sake of convenience.

[0103] At a step #11, the control unit 21 tracks the move-
ments of the two control points C, and C, on the image data of
a frame F, which is created later than the frame F,. While
tracking the respective control points C, and C, on the image
data of the frames F, and F,, the control unit 21 detects the
movement velocities of the respective control points C, and
C,. The control unit 21 evaluates the individual strain values
from the movement velocities of the respective control points
C, and C,. The strain values indicate how much the distances
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between the respective control points C, and C, have changed
between, for example, the frames F; and F,.

[0104] Accordingly, the strain value between the control
point C, on the image data of the frame F, and the control
point C, on the image data of the frame F, is evaluated.
Simultaneously therewith, the strain value between the con-
trol point C, on the image data of the frame F | and the control
point C, on the image data of the frame F, is evaluated. The
control unit 21 stores the strain values of the respective con-
trol points C, and C, in, for example, the storage unit 22.
[0105] Subsequently, at a step #12, the control unit 21
judges whether or not the evaluations of the strain values of
the respective control points C, and C, on the image data ofall
frames F,-F,, have been completed. If, as the result of the
judgment, the evaluations have not been completed, the con-
trol unit 21 returns from a step #13 to the step #11, and it
tracks the respective control points C, and C, on the image
data of the frame F, and the next frame F;. Thus, the control
unit 21 evaluates the strain values of the respective control
points C, and C, on the image data of the frames F, and F;.
[0106] Thenceforth, the control unit 21 similarly iterates
the steps #11 through #13, and it tracks the respective control
points C; and C, between the image data of all the frames
F,-F,,, so as to evaluate the strain values between these control
points C, and C,.

[0107] When the strain values between the respective con-
trol points C, and C, between the image data of all the frames
F,-F, have been evaluated, the control unit 21 operates at a
step #14 to read out the strain values between the respective
control points C, and C, between the image data of all the
frames F, -F,, as have been stored in the storage unit 22, and to
evaluate individual change curves which indicate the tempo-
ral changes of the strain values at the respective control points
C, and C,. Since the change curves of the control points are
evaluated at all the pixels in the image data of all the frames
F,-F,, the change curves of the control points in the whole
heart are evaluated.

[0108] Subsequently, at a step #15, the control unit 21 cre-
ates the image data of the movements of, for example, the
respective control points C; and C,, on the basis of all the
change curves including the respective control points C, and
C, as have been evaluated at all the pixels of the image data.

[0109] Subsequently, the first process unit 21a evaluates
peak positions in the individual change curves of all the
control points including the respective control points C, and
C,.

[0110] Subsequently, at a step #16, the second process unit
215 displays the differences of the timings of the tissue
motions based on the systolic motion of the heart or the like
sample S, on the monitor 20 on the basis of all the change
curves including the respective control points C, and C, as
have been evaluated at all the pixels of the image data.

[0111] Concretely, the color display unit 21¢ sets a color
bar CB for all the change curves including the respective
control points C, and C,, similar to the one shown in FIG. 6 by
way of example.

[0112] The color display unit 21¢ obtains the colors corre-
sponding to the respective peak positions P, and P,, from the
color bar CB, and it codes these colors as the colors of the
respective control points C,; and C,. By way of example, the
peak position P, of the change curve of the control point C, is
coded green. The peak position P, of the change curve of the
control point C, is coded red. In this way, the colors of the
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peak positions of the change curves of the respective control
points as have been obtained at all the pixels of the image data
are coded.

[0113] Subsequently, ata step #17, the control unit 21 sends
the image data of the movements of the respective control
points C, and C, and the image data of the color coding to the
video interface unit 19. The video interface unit 19 receives
the image data for the B/M as are outputted from the first scan
converter 17, or the image data for the CFM as are outputted
from the second scan converter 18, and it combines the image
data with the image data of the movements of the respective
control points C, and C,, the image data of the color coding,
and various information items on an image, so as to display
the laid-out ultrasonic image of the interior of the sample S on
the monitor 20.

[0114] As aresult, if the sample S suffers from the contrac-
tion dyssynchrony of a cardiac wall motion, the ultrasonic
image which is displayed on the monitor 20 are coded green
and red, similarly to the ultrasonic image shown in FIG. 7.
Accordingly, the contraction dyssynchrony of the cardiac
wall motion can be recognized from the fact that the coded
colors are the different ones of green and red.

[0115] In contrast, if the sample S is the normal heart, the
ultrasonic image which is displayed on the monitor 20 is
coded and displayed in the single color of green as shown in
FIG. 9 by way of example. Thus, the normal heart can be
recognized.

[0116] In this manner, according to the second embodi-
ment, control points C, and C,, for example, are set on image
data, the respective control points C, and C, between the
image data of all frames F', -F,, are tracked, the strain values at
the respective control points C, and C, in the individual
frames are evaluated, and the change curves of the strain
values at the respective control points C, and C, are obtained.
Thus, the same advantage as in the first embodiment can be
achieved.

[0117] The invention is not restricted to the foregoing
embodiments, but it may well be modified as stated below.
[0118] By way of example, the personal computer 23 may
well accept respective image data which are outputted from
the first and second scan converters 17 and 18. The personal
computer 23 may well process the image data and analyze, for
example, the motion of the tissue of the sample S.

[0119] The control unit 21 need not always evaluate the
velocity values or strain values of two control points C, and
C,, but it may well evaluate at least one sort of velocity
gradient values and displacement values. The velocity gradi-
ent value is acquired in such a way that the velocity difference
of'two points spaced a fixed distance in a movement velocity
distribution obtained by the tissue Doppler method is divided
by the distance between the two points. The acquisitions of
such velocity gradient values are performed at all the pixels of
the respective image data. The displacement value is evalu-
ated as the quantity of the movements of the tissue by inte-
grating values obtained in such a way that the velocity values
of'individual frames which are included in a fixed time period
in the movement velocity distribution obtained by the tissue
Doppler method are multiplied by an interframe time differ-
ence. The displacement value indicates how much the tissue
within the sample S has moved within any desired time
period. The control unit 21 evaluates change curves which
indicate the temporal changes of the respective velocity gra-
dient values or the respective displacement values at all con-
trol points.
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[0120] In each of the foregoing embodiments, the velocity
values, strain values, velocity gradient values or displacement
values of the control points are evaluated and are stored in the
storage unit 22, whereupon the change curves of the velocity
values, strain values, velocity gradient values or displacement
values are automatically evaluated. This is not restrictive, but
the control unit 21 may well once store the velocity values,
strain values, velocity gradient values or displacement values
of the control points in the storage unit 22. Thereafter, the
control unit 21 may well wait for the input of, for example, a
user’s instruction. When the user’s instruction is inputted to
the control unit 21, this control unit 21 may well evaluate the
change curves of the velocity values, strain values, velocity
gradient values or displacement values.

[0121] Otherwise, the configuration of the ultrasonic diag-
nostic equipment, the function of the control unit, the timing
image generation procedure and the contents thereof, the
sorts of the change quantities of the control points, and so
forth, can be variously modified and performed within a
scope not departing from the purport of the invention.

‘What is claimed is:
1. An ultrasonic diagnostic equipment comprising:

a scan unit which transmits ultrasonic waves into a sample,
which receives reflected waves from the sample, and
which outputs reception signals; and

an arithmetic/display unit which evaluates temporal
changes of velocities of motions of the sample on the
basis of the reception signals outputted from the scan
unit, and which displays differences of timings of the
motions in the sample on the basis of the temporal
changes of the velocities.

2. An ultrasonic diagnostic equipment as defined in claim
1, comprising:
an image data creation unit which sequentially creates
image data of the interior of the sample on the basis of
the reception signals outputted from the scan unit;

wherein the arithmetic/display unit sets control points on
the image data sequentially created by the image data
creation unit, it tracks movements of the control points
on the sequentially created image data so as to evaluate
the temporal changes of the velocities of the motions of
the sample, and it displays the differences of the timings
of'the motions in the sample on the basis of the temporal
changes of the velocities.
3. An ultrasonic diagnostic equipment as defined in claim
1, wherein:
the image data creation unit creates the image data in a
plurality of frames with lapse of time; and
the arithmetic/display unit sets pixels in the image data as
the control points, it tracks movements of the control
points on the image data of the respective frames as are
created later, so as to evaluate the temporal changes of
the velocities of the control points, and it displays the
differences of the timings of the motions in the sample
on the basis of the temporal changes of the velocities.
4. An ultrasonic diagnostic equipment as defined in claim
1, wherein the arithmetic unit sets the control points at all
pixels in the image data or some of the pixels.
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5. An ultrasonic diagnostic equipment as defined in claim
1, wherein:

the sample contains a tissue; and

the arithmetic/display unit includes:

a first process unit which evaluates individual peak posi-
tions of the temporal changes of the velocities of the
motions of the tissue of the sample; and

a second process unit which evaluates the differences of the
timings of the motions of the tissue on the basis of the
individual peak positions evaluated by the first process
unit, so as to display the differences of the timings of the
motions.

6. An ultrasonic diagnostic equipment as defined in claim

5, comprising a color display unit which color-displays the
differences of the timings of the motions of the tissue of the
sample.

7. An ultrasonic diagnostic equipment as defined in claim
6, wherein:

the sample performs a contraction motion; and

the color display unit color-displays the differences of the
timings of the motions of the tissue at individual parts of
the sample as are based on the contraction motion of the
sample.

8. An ultrasonic diagnostic equipment as defined in claim
5, wherein the first process unit evaluates centroids or stan-
dard deviations of the temporal changes of the velocities of
the motions of the tissue of the sample.

9. An ultrasonic diagnostic equipment as defined in claim
6, comprising:

a display device;

wherein the color display unit displays an ultrasonic image
on the display device on the basis of the image data
sequentially created by the image data creation unit, and
it presents the color display of the differences of the
timings of the motions of the tissue in superposition on
the ultrasonic image.

10. An ultrasonic diagnostic equipment comprising;

a scan unit which transmits ultrasonic waves into a sample,
which receives reflected waves from the sample, and
which outputs reception signals; and

an arithmetic/display unit which detects velocities of
motions of the sample on the basis of the reception
signals outputted from the scan unit, which evaluates at
least one sort of strain values, velocity gradient values
and displacement values on the basis of the velocities of
the motions of the sample, and which displays differ-
ences of timings of the motions in the sample on the
basis of temporal changes of the evaluated values.

11. An ultrasonic diagnostic equipment as defined in claim

10, comprising:

an image data creation unit which sequentially creates
image data of the interior of the sample in a plurality of
frames on the basis of the reception signals outputted
from the scan unit;

wherein the arithmetic/display unit sets pixels in the image
data as control points, and it evaluates at least one sort of
the strain values, the velocity gradient values and the
displacement values of the control points on the image
data of the respective frames as are created later.

12. An ultrasonic diagnostic equipment as defined in claim

10, wherein the arithmetic/display unit sets the control points
at all pixels in the image data or some of the pixels.
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13. An ultrasonic diagnostic equipment as defined in claim
10, wherein:

the arithmetic/display unit includes:

a first process unit which evaluates peak positions of the
changes of at least one sort of the strain values, the
velocity gradient values and the displacement values;
and

asecond process unit which evaluates the differences of the
timings of the motions in the sample on the basis of the
peak positions evaluated by the first process unit.

14. An ultrasonic diagnostic equipment as defined in claim
13, wherein the first process unit evaluates centroids or stan-
dard deviations of the changes of at least one sort of the strain
values, the velocity gradient values and the displacement
values.

15. An ultrasonic diagnostic equipment as defined in claim
13, comprising a color display unit which color-displays the
differences of the timings of the motions of a tissue of the
sample.

16. An ultrasonic diagnostic equipment as defined in claim
15, wherein:

the sample performs a contraction motion; and

the color display unit color-displays the differences of the
timings of the motions of the tissue at individual parts of
the sample as are based on the contraction motion of the
sample.

17. An ultrasonic diagnostic equipment as defined in claim

15, comprising:
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a display device;

wherein the color display unit displays an ultrasonic image
on the display device on the basis of the image data
sequentially created by the image data creation unit, and
it presents the color display of the differences of the
timings of the motions of the tissue in superposition on
the ultrasonic image.

18. A control method for an ultrasonic diagnostic equip-

ment, comprising:

transmitting ultrasonic waves from a scan unit into a
sample, receiving reflected waves from the sample, and
outputting reception signals; and

evaluating temporal changes of velocities of motions of the
sample on the basis of the reception signals outputted
from the scan unit, and displaying differences of timings
of the motions in the sample on the basis of the temporal
changes of the velocities.

19. A control method for an ultrasonic diagnostic equip-

ment, comprising:

transmitting ultrasonic waves from a scan unit into a
sample, receiving reflected waves from the sample, and
outputting reception signals;

detecting velocities of motions ofthe sample on the basis of
the reception signals; and

evaluating at least one sort of strain values, velocity gradi-
ent values and displacement values on the basis of the
detected velocities of the motions of the sample, and
displaying differences of timings of the motions in the
sample on the basis of temporal changes of the values.

* * * #* ok



LR EH(F)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

#RI&ZBAA
4PN

IPCH %5
CPCH %5
£ %X

H A2 FF 30k
SERaERE

BEG®F)

ETHEFERBERIER (S) MNBRBESIRFREIEER (S) WA
BHEGHE  WELAFHERS , REEFAR NS MEEIRNB.
REREGHELAETMEER (S) NEFHRENNEEL , FAETRE

BERY MRS R ERESE %

US20080221451A1

US11/855191

HHR—

HHR—

REZEITRENT

KANDA RYOICHI

KANDA, RYOICHI

A61B8/00

A61B8/0883 A61B8/08

2005073788 2005-03-15 JP

US9173630

Espacenet USPTO

BBt E R LKA B R REAR (S ) RHIEFIETEZE.

patsnap

2008-09-11

2007-09-14

a
“LLFRSTPROCESSUNT ] [COLOR DSPLAYUNT]
bl P

SECOND PROCESS UNIT

17
N

)

FIRST

SCAN
CONVERTER
i

t
3

SECOND

SCAN
CONVERTER

2

S

N—|

> STORAGE
UNIT
—

2

VIDEO
INTERFACE
NI

MONITOR

7
18

COMPUTER

4]



https://share-analytics.zhihuiya.com/view/8f474c33-33a7-4988-b984-bf60651ba5cd
https://worldwide.espacenet.com/patent/search/family/036991696/publication/US2008221451A1?q=US2008221451A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080221451%22.PGNR.&OS=DN/20080221451&RS=DN/20080221451

