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(57)  The ultrasonic diagnostic apparatus of the
present invention includes: a transmitting section 14 for
driving an ultrasonic probe 13 to send an ultrasonic trans-
mitted wave to an organism’s tissue; a receiving section
15 for amplifying an ultrasonic reflected wave, produced
by getting the transmitted wave reflected by the tissue
and received by the ultrasonic probe 13, to generate a
received signal; a frame calculating section 19 for calcu-
lating shape measured values of the tissue based on the
received signal and figuring out a spatial distribution
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frame, representing the spatial distribution of the shape
measured values and/or property measured values of
the organism every cardiac cycle, based on the shape
measured values of the tissue; a difference calculating
section 19 for calculating a difference between the shape
measured values or property measured values of two of
the spatial distribution frames calculated every cardiac
cycle; a storage section for storing the shape measured
values, property measured values and/or difference; and
a display section 21 for presenting the frames thereon.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic
diagnostic apparatus. More particularly, the present in-
vention relates to an ultrasonic diagnostic apparatus for
inspecting the property of a vital tissue and a method for
controlling such an ultrasonic diagnostic apparatus.

BACKGROUND ART

[0002] Recently, the number of people suffering from
various circulatory system diseases, including heart inf-
arction and brain infarction, has been on the rise, thus
making it more and more urgent to prevent and treat
these diseases.

[0003] The pathopoiesis of heart or brain infarction is
closely correlated to arterial sclerosis. More specifically,
ifan atheromais created on the arterial wall or if no arterial
cells are produced anymore due to various factors such
as elevated blood pressure, then the artery loses its elas-
ticity to become hard and fragile. Also, if the blood vessel
is clogged up where the atheroma has been created or
if a vascular tissue covering the atheroma has ruptured,
then the atheroma will move itself into the blood vessel
to clog up the artery elsewhere or to rupture the hardened
portions of the artery. As a result, these diseases are
caused. Thatis why itis importantto diagnose the arterial
sclerosis as early as possible to prevent or treat these
diseases.

[0004] In the prior art, the lesion of arterial sclerosis is
diagnosed by directly observing the inside of the blood
vessel with a vascular catheter. However, this diagnosis
needs to be carried out with a vascular catheter inserted
into the blood vessel of a patient, thus imposing a heavy
load on him or her. For that reason, the vascular catheter
observation is usually adopted to locate the lesion of ar-
terial sclerosis in a patient who is already known to suffer
from that disease but has never been used to make a
medical checkup on a supposedly healthy person.
[0005] A checkup may be easily made without impos-
ing excessively heavy load on a patient if the index of
cholesterol, which is one of major causes of arterial scle-
rosis, or the blood pressure is measured. However, none
of these values directly indicates the degree of advance-
ment of arterial sclerosis.

[0006] Also, if the arterial sclerosis can be diagnosed
early enough to administer some medicine to its patient,
then the disease can be treated effectively. However, it
is said that once the arterial sclerosis has advanced to a
certain degree, the farther advancement of that disease
can be checked with the administration of medicine but
it is difficult to repair the hardened artery completely.
[0007] For these reasons, a method or apparatus for
diagnosing the arterial sclerosis at an early stage of its
advancement without imposing too much load on its pa-
tient is now in high demand.
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[0008] Meanwhile, an ultrasonic diagnostic apparatus
or an X-ray diagnostic apparatus has been used in the
prior art as a noninvasive medical apparatus that impos-
es only a light load on a person under test. Specifically,
by irradiating the testee with an ultrasonic wave or an x-
ray that has been produced externally, shape information
or information about the variation in the shape of his or
her internal body with time can be acquired without caus-
ing pain to him or her. When the information about the
variation with time (i.e., mobility information) in the shape
of an object under test in his or her body can be obtained,
the property information of the object can be obtained.
That is to say, the vascular elastic property of the organ-
ism can be known and the degree of advancement of the
arterial sclerosis can be detected directly.

[0009] Among other things, the ultrasonic diagnosis is
superior to the X-ray diagnosis because the ultrasonic
diagnosis can be made just by putting an ultrasonic probe
on a person under test. That is to say, in the ultrasonic
diagnosis, there is no need to administer a contrast me-
dium to the person under test and there is no concern
about potential X-ray exposure, either.

[0010] Besides, some ultrasonic diagnostic appara-
tuses can recently have significantly improved measur-
ing accuracy thanks to remarkable advancement of elec-
tronic technologies. As a result, ultrasonic diagnostic ap-
paratuses for measuring the very small motion of a vital
tissue have been developed. For example, according to
the technique disclosed in Patent Document No. 1, vi-
bration components of a vascular motion, having an am-
plitude of several micrometers and a frequency of as high
as several hundreds of Hz, can be measured accurately.
Thus, it was reported that the thickness variation or strain
of the vascular wall could be measured highly accurately
on the order of several micrometers.

[0011] By adopting such a high-accuracy measuring
technique, the two-dimensional distribution of the elastic
property of the arterial wall can be plotted in detail. For
example, Non-Patent Document No. 1 shows an exam-
ple of presenting the two-dimensional distribution of the
elasticity of the iliac bone arterial vascular wall as an im-
age superimposed on a B-mode tomogram. The hard-
ness of the arterial wall is not uniform but has some dis-
tribution. That is why in diagnosing the arterial sclerosis,
itis important to understand properly the local distribution
of the elasticity, which is a characteristic quantity showing
the degree of advancement of the arterial sclerosis.

Patent Document No. 1: Japanese Patent Applica-
tion Laid-Open Publication No. 10-5226
Non-Patent Document No. 1: Hiroshi Kanai et al.,
"Elasticity Imaging of Atheroma with Transcutane-
ous Ultrasound Preliminary Study", Circulation, Vol.
107, pp. 3018-3021, 2003
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DISCLOSURE OF INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0012] As the heart beats, a circulatory tissue such as
the artery repeatedly displaces, shrinks or dilates. That
is why to measure the strain or elastic property of a cir-
culatory tissue using an ultrasonic diagnostic apparatus,
the measurements is preferably taken once every cardiac
cycle. That is to say, the distribution of strain or elastic
property is preferably obtained every cardiac cycle. The
elastic property thus measured, however, often changes
one cardiac cycle after another. The reasons are that a
cardiac cycle is not constant strictly speaking, that the
operator of an ultrasonic probe or a subject will make
unnecessary motions during the measurements, and that
the measurements tend to be affected by various sorts
of noise according to the measuring environment. Due
to these factors, the elastic property measured probably
has some variations and itis difficult to determine whether
the result of measurement has accurate values or not.
[0013] In order to overcome the problems described
above, an object of the present invention is to provide an
ultrasonic diagnostic apparatus that can determine
whether or not the measured values have varied due to
those factors and also provide a method for controlling
an ultrasonic diagnostic apparatus.

MEANS FOR SOLVING THE PROBLEMS

[0014] An ultrasonic diagnostic apparatus according
to the present invention includes: a transmitting section
fordriving an ultrasonic probe that sends out an ultrasonic
transmitted wave toward a tissue of an organism; a re-
ceiving section for amplifying an ultrasonic reflected
wave to generate a received signal, the ultrasonic reflect-
ed wave being produced by getting the ultrasonic trans-
mitted wave reflected by the tissue of the organism and
being received by the ultrasonic probe; a frame calculat-
ing section for calculating shape measured values of the
tissue based on the received signal and figuring out a
spatial distribution frame, representing the spatial distri-
bution of the shape measured values and/or property
measured values of the organism every cardiac cycle,
based on the shape measured values of the tissue; a
difference calculating section for calculating a difference
between the shape measured values or the property
measured values of two frames that have been selected
from the spatial distribution frames calculated every car-
diac cycle; a storage section for storing at least one of
the shape measured values, the property measured val-
ues and the difference; and a display section for present-
ing the spatial distribution frames thereon.

[0015] In one preferred embodiment, the difference
calculating section calculates the difference between the
newest and previous spatial distribution frames.

[0016] In another preferred embodiment, the differ-
ence calculating section calculates a number (N-1) of
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differences between the newest spatial distribution frame
and previous (N-1) consecutive spatial distribution
frames and further calculates one characteristic quantity,
representing the degree of variation among a number N
of spatial distribution frames, based on the (N-1) differ-
ences.

[0017] In this particular preferred embodiment, the dif-
ference calculating section calculates the difference be-
tween two spatial distribution frames that are continuous
with each other on the time axis.

[0018] In a specific preferred embodiment, the differ-
ence calculating section updates the characteristic quan-
tity every cardiac cycle.

[0019] In another preferred embodiment, the display
section presents the difference.

[0020] In still another preferred embodiment, the dis-
play section presents at least one of the difference and
the characteristic quantity.

[0021] In yet another preferred embodiment, the dif-
ference calculating section generates image information
based on the difference and the display section presents
the image information thereon.

[0022] In yet another preferred embodiment, the ultra-
sonic diagnostic apparatus further includes an acoustic
transducer and the difference calculating section gener-
ates audio information based on the difference and the
acoustic transducer outputs the audio information.
[0023] In yet another preferred embodiment, the dif-
ference calculating section generates the image informa-
tion based on at least one of the difference and the char-
acteristic quantity and the display section presents the
image information thereon.

[0024] In yet another preferred embodiment, the ultra-
sonic diagnostic apparatus further includes an acoustic
transducer, the difference calculating section generates
audio information based on at least one of the difference
and the characteristic quantity and the acoustic trans-
ducer outputs the audio information.

[0025] In yet another preferred embodiment, the dif-
ference calculating section compares either the differ-
ence or the characteristic quantity to a predetermined
value. According to a result of the comparison, the frame
calculating section updates the spatial distribution frame
to be presented on the display section.

[0026] In yet another preferred embodiment, the dif-
ference calculating section finds a difference or a char-
acteristic quantity, showing the smallest variation be-
tween spatial distribution frames, and the display section
presents the spatial distribution frame associated with
the difference or the characteristic quantity that has been
found.

[0027] In yet another preferred embodiment, the dif-
ference is at least one of the average, the average of the
absolute values, the sum, the sum of the absolute values,
the variance, the standard deviation, the root mean
square, and the difference between the maximum and
minimum values of either the shape measured values or
the property measured values in two frames that have
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been selected from the multiple spatial distribution
frames.

[0028] Inyet another preferred embodiment, the char-
acteristic quantity is at least one of the average, the sum,
the variance, the standard deviation, the root mean
square, and the difference between the maximum and
minimum values of the (N-1) differences.

[0029] Inyetanother preferred embodiment, the shape
measured value represents a variation in the maximum
thickness of the organism’s tissue.

[0030] In yetanother preferred embodiment, the prop-
erty measured value is at least one of the strain and the
elastic property of the organism’s tissue.

[0031] An ultrasonic diagnostic apparatus controlling
method according to the present invention is a method
for controlling an ultrasonic diagnostic apparatus using
a control section of the apparatus. The method includes
the steps of: (a) sending out an ultrasonic transmitted
wave from an ultrasonic probe and receiving an ultrason-
ic reflected wave to generate a received signal, the ul-
trasonic reflected wave being produced by getting the
ultrasonic transmitted wave reflected by a tissue of an
organism; (b) calculating shape measured values of the
tissue based on the received signal and figuring out a
spatial distribution frame, representing the spatial distri-
bution of the shape measured values and/or property
measured values of the organism every cardiac cycle,
based on the shape measured values of the tissue; (c)
calculating a difference between the shape measured
values or the property measured values of two frames
that have been selected from the spatial distribution
frames calculated every cardiac cycle; and (d) presenting
the spatial distribution frames.

[0032] In one preferred embodiment, the step (c) in-
cludes calculating the difference between the newest and
previous spatial distribution frames.

[0033] In another preferred embodiment, the step (c)
includes calculating a number (N-1) of differences be-
tween the newest spatial distribution frame and previous
(N-1) consecutive spatial distribution frames and further
calculating one characteristic quantity, representing the
degree of variation among a number N of spatial distri-
bution frames, based on the (N-1) differences.

[0034] In this particular preferred embodiment, the
step (c) includes calculating the difference between two
spatial distribution frames that are continuous with each
other on the time axis.

[0035] In still another preferred embodiment, the step
(c) includes updating the characteristic quantity every
cardiac cycle.

[0036] Inyetanother preferred embodiment, the meth-
od further includes the step (e1) of presenting the differ-
ence.

[0037] Inyetanother preferred embodiment, the meth-
od further includes the step (e2) of presenting at least
one of the difference and the characteristic quantity.
[0038] In yet another preferred embodiment, the step
(e1) includes generating image information based on the
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difference and presenting the image information.
[0039] Inyetanother preferred embodiment, the meth-
od further includes the step (e3) of generating audio in-
formation based on the difference and outputting the au-
dio information from an acoustic transducer.

[0040] In yet another preferred embodiment, the step
(e2) includes generating the image information based on
at least one of the difference and the characteristic quan-
tity and presenting the image information.

[0041] Inyetanother preferred embodiment, the meth-
od further includes the step (e4) of generating audio in-
formation based on at least one of the difference and the
characteristic quantity and outputting the audio informa-
tion from an acoustic transducer.

[0042] In yet another preferred embodiment, the step
(c) includes comparing either the difference or the char-
acteristic quantity to a predetermined value, and the step
(d) includes updating the spatial distribution frame to
present according to a result of the comparison.

[0043] In yet another preferred embodiment, the step
(c) includes finding a difference or a characteristic quan-
tity showing the smallest variation between spatial distri-
bution frames, and the step (d) includes presenting the
spatial distribution frame associated with the difference
or the characteristic quantity that has been found.
[0044] In yet another preferred embodiment, the dif-
ference is at least one of the average, the average of the
absolute values, the sum, the sum of the absolute values,
the variance, the standard deviation, the root mean
square, and the difference between the maximum and
minimum values of either the shape measured values or
the property measured values in two frames that have
been selected from the multiple spatial distribution
frames.

[0045] Inyet another preferred embodiment, the char-
acteristic quantity is at least one of the average, the sum,
the variance, the standard deviation, the root mean
square, and the difference between the maximum and
minimum values of the (N-1) differences.

[0046] Inyetanother preferred embodiment, the shape
measured value represents a variation in the maximum
thickness of the organism’s tissue.

[0047] Inyetanother preferred embodiment, the prop-
erty measured value is at least one of the strain and the
elastic property of the organism’s tissue.

EFFECTS OF THE INVENTION

[0048] According to the presentinvention, a frame-by-
frame difference is calculated between the greatest thick-
ness differences, strains, or elastic properties, which are
figured out based on the location information or motion
information of an arbitrary area of a vital tissue using
ultrasonic waves. This difference shows the degree of
variation of the data that forms a frame. Alternatively, a
number of such differences are calculated and a charac-
teristic quantity showing the degree of variation of the
frame is also produced. As a result, the stability of meas-
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urements can be evaluated based on either the differ-
ence or the characteristic quantity, and an accurate
shape or property of the vital tissue can be measured. In
addition, by presenting the shape or the property using
the difference or the characteristic quantity, the results
of measurements can have higher degree of reliability
and can also be presented visually.

BRIEF DESCRIPTION OF DRAWINGS

[0049]

FIG. 1 is a block diagram showing an arrangement
for a situation where an ultrasonic diagnostic appa-
ratus according to the present invention is used to
inspect the tissue and property of a vascular wall.
FIG. 2 is a block diagram showing a first preferred
embodiment of an ultrasonic diagnostic apparatus
according to the present invention.

FIG. 3 is a block diagram showing the detailed con-
figuration of the computing section of the ultrasonic
diagnostic apparatus shown in FIG. 2.

FIG. 4 schematically illustrates an ultrasonic beam
propagating through a vascular wall and respective
measuring points.

FIG. 5 shows relations between measuring points
and the tissue in question, of which the elasticity
needs to be calculated.

FIG. 6(a) schematically illustrates an ROI that is de-
fined on a vascular wall image and FIG. 6(b) sche-
matically illustrates a spatial distribution frame pre-
sented on the display section.

FIG. 7 schematically shows how spatial distribution
frames, the differences between the spatial distribu-
tion frames and the characteristic quantity of the dif-
ferences correlate with each other.

FIG. 8 is a flowchart showing how an ultrasonic di-
agnostic apparatus according to a second preferred
embodiment of the present invention operates.
FIG. 9 is a graph schematically showing the differ-
ences calculated during measurements in the sec-
ond preferred embodiment.

FIG. 10 is a flowchart showing how an ultrasonic
diagnostic apparatus according to a third preferred
embodiment of the present invention operates.
FIG. 11 is a graph schematically showing the differ-
ences calculated during measurements in the third
preferred embodiment.

DESCRIPTION OF REFERENCE NUMERALS

[0050]

1 extravascular tissue
2 body surface

3 blood vessel

4 vascular anterior wall
5 blood
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11 ultrasonic diagnostic apparatus

12 blood pressure manometer

13 ultrasonic probe

14 transmitting section

15 receiving section

16 time delay control section

17 phase detecting section

18 filter section

19 computing section

20 computed data storage section

21 display section

22 electrocardiograph

31 shape measured value calculating section
32 property measured value calculating section
33 difference calculating section

34 frame calculating section

BEST MODE FOR CARRYING OUT THE INVENTION

[0051] An ultrasonic diagnostic apparatus according
to the presentinvention calculates greatest thickness dif-
ferences, which are shape measured values of respec-
tive portions of a vital tissue as the object of measure-
ment, or strains and elastic properties, which are property
measured values, and figures out the two-dimensional
distribution thereof as a frame every cardiac cycle. Here-
inafter, it will be described how the ultrasonic diagnostic
apparatus of the present invention works in figuring out
the two-dimensional distribution of the elastic properties
of a vascular wall as an example.

(EMBODIMENT 1)

[0052] Hereinafter, a first preferred embodiment of an
ultrasonic diagnostic apparatus according to the present
invention will be described.

[0053] FIG. 1 is a block diagram showing an arrange-
ment for a situation where the ultrasonic diagnostic ap-
paratus 11 of this preferred embodiment is used to in-
spect the tissue and property of a vascular wall. An ul-
trasonic probe 13, connected to the ultrasonic diagnostic
apparatus 11, is held in close contact with the body sur-
face 2 of a person under test and transmits an ultrasonic
wave into a body tissue inside an extravascular tissue 1.
The transmitted ultrasonic wave is reflected by a blood
vessel 3 and blood 5, scattered, and only a portion of it
comes back to, and is received as an echo (i.e., the ul-
trasonic reflected wave) by, the ultrasonic probe 13. The
ultrasonic diagnostic apparatus 11 performs analysis and
computations on the received signal, thereby acquiring
the shape information and mobility information of the vas-
cular anterior wall 4. Also, a blood pressure manometer
12 is connected to the ultrasonic diagnostic apparatus
11 such that data about the blood pressure values of the
person under measurement, collected by the blood pres-
sure manometer 12, is input to the ultrasonic diagnostic
apparatus 11. In accordance with the method disclosed
in Patent Document No. 1, for example, the ultrasonic
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diagnostic apparatus 11 determines the instantaneous
position of the object by a restricted minimum square
method using both the amplitude and phase of a detec-
tion signal, thereby performing phase tracking highly ac-
curately (where the magnitude of positional displacement
has a measuring accuracy of about + 0.2 p. m) and meas-
uring variations in the position and thickness of a very
small spot on the vascular anterior wall 4 with time with
sufficient precision. In addition, by using the blood pres-
sure data obtained with the blood pressure manometer
12, the ultrasonic diagnostic apparatus 11 can also eval-
uate the elastic property of a very small spot on the vas-
cular anterior wall 4. An electrocardiograph 22 is con-
nected to the ultrasonic diagnostic apparatus 11, which
receives an electrocardiogram from the electrocardio-
graph 22 and uses it as a trigger signal that determines
the timings of data acquisition and data resetting. The
electrocardiograph 22 may be replaced with any other
biomedical signal detecting means such as a phonocar-
diograph or a sphygmograph. In that case, a phonocar-
diogram or a sphygmogram may be used as a trigger
signal instead of the electrocardiogram.

[0054] Hereinafter, the configuration and operation of
the ultrasonic diagnostic apparatus 11 will be described
in further detail. FIG. 2 is a block diagram showing a
configuration for the ultrasonic diagnostic apparatus 11.
The ultrasonic diagnostic apparatus 11 includes a trans-
mitting section 14, a receiving section 15, a time delay
control section 16, a phase detecting section 17, a filter
section 18, a computing section 19, a computed data
storage section 20, and a display section 21. The ultra-
sonic diagnostic apparatus 11 further includes a control
section 30 (including a microcomputer, for example) for
performing an overall control on all of these sections.
[0055] The transmitting section 14 generates a prede-
termined drive pulse signal and outputs it to the ultrasonic
probe 13. An ultrasonic transmitted wave, transmitted by
the ultrasonic probe 13 in response to the drive pulse
signal, is reflected and scattered by a body tissue such
as the blood vessel 3 to produce an ultrasonic reflected
wave, which is then detected by the ultrasonic probe 13.
The frequency of the drive pulse that generates the ul-
trasonic wave is determined with the depth of the object
of measurement and the velocity of the ultrasonic wave
into consideration such that no ultrasonic pulses, adja-
cent to each other on the time axis, overlap with each
other.

[0056] Thereceiving section 15 receives the ultrasonic
reflected wave using the ultrasonic probe 13. The receiv-
ing section 15 includes an A/D converting section and
amplifies the ultrasonic reflected wave, thereby generat-
ing a received signal. And then the receiving section 15
further converts the received signal into a digital signal.
The transmitting section 14 and receiving section 15 may
be made of electronic components, for example.

[0057] The time delay control section 16 is connected
to the transmitting section 14 and receiving section 15 in
order to control the time delay of the drive pulse signal
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to be supplied from the transmitting section 14 to a group
of ultrasonic vibrators in the ultrasonic probe 13. In this
manner, an ultrasonic beam of the ultrasonic transmitted
wave to be transmitted from the ultrasonic probe 13 can
have its acoustic line direction and depth of focus
changed. Also, by controlling the time delay of the re-
ceived signal that has been received by the ultrasonic
probe 13 and then amplified by the receiving section 15,
the aperture size and depth of focus can be changed.
The output of the time delay control section 16 is passed
to the phase detecting section 17.

[0058] The phase detecting section 17 detects the
phase of the received signal, of which the time delay has
been controlled by the time delay control section 16,
thereby splitting the signal into a real part signal and an
imaginary part signal, which are then input to the filter
section 18. The filter section 18 filters out RF compo-
nents, the components that have not been reflected by
the object of measurement and other noise components.
The phase detecting section 17 and filter section 18 may
be implemented as either a software program or hard-
ware components.

[0059] The real part signal and the imaginary part sig-
nal of the phase-detected received signal are input to the
computing section 19. FIG. 3 is a block diagram showing
a detailed configuration for the computing section 19,
which includes a shape measured value calculating sec-
tion 31, an property measured value calculating section
32 and a difference calculating section 33. The shape
measured value calculating section 31 and property
measured value calculating section 32 together form a
frame calculating section 34. The computing section 19
may be implemented as either a software program or as
hardware components.

[0060] The shape measured value calculating section
31 calculates the motion velocities of the vital tissue at a
plurality of measuring points based on the real-part and
imaginary-part signals of the received signal and inte-
grates the motion velocities together, thereby obtaining
the magnitude of positional displacement (i.e., the mag-
nitude of the displacement of a position with time). Then,
based on the magnitude of positional displacement thus
obtained, the shape measured value calculating section
31 calculates the variation in the thickness of the vital
tissue (i.e., the magnitude of expansion/shrinkage) be-
tween the measuring points. Also, on receiving informa-
tion about one cardiac cycle from the electrocardiograph
22, the shape measured value calculating section 31 ob-
tains the greatest thickness difference, which is the dif-
ference between the maximum and minimum thickness-
es during one cardiac cycle, and the maximum thickness.
[0061] The property measured value calculating sec-
tion 32 receives the greatest thickness difference and
the maximum thickness value and calculates the strain
of the vital tissue. Also, by using blood pressure data
obtained from the blood pressure manometer 12, the
property measured value calculating section 32 figures
out the elastic property of the tissue between measuring
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points.

[0062] The greatest thickness difference, strain or
elastic property that has been obtained in this manner
from the vital tissue is mapped on a measured region
basis, thereby outputting a spatial distribution frame, rep-
resenting the spatial distribution of the shape measured
values or property measured values every cardiac cycle,
to the display section 21.

[0063] Hereinafter, it will be described in further detail
with reference to FIGS. 4 and 5 how the frame calculating
section 34 makes these calculations. FIG. 4 schemati-
cally illustrates an ultrasonic beam 67 propagating
through an organism 60. In FIG. 4, a vascular wall 64
and a vital tissue 62 other than the blood vessel are
shown. The ultrasonic transmitted wave, which has been
sent out from the ultrasonic probe 13 that is put on the
surface of the organism 60, goes inside the organism 60.
The ultrasonic transmitted wave propagates as an ultra-
sonic beam 67 with a certain finite width inside of the
organism 60. In the meantime, a portion of the ultrasonic
wave is either reflected or scattered by the vital tissue 62
and the vascular wall 64 back toward the ultrasonic probe
13 and received there as an ultrasonic reflected wave.
The ultrasonic reflected wave is detected as a time series
signal r(t). The closer to the ultrasonic probe 13 a portion
of the tissue that has reflected the ultrasonic wave to
produce the time series signal, the closer to the origin
the signal is located on the time axis. The width (i.e.,
beam spot size) of the ultrasonic beam 67 can be con-
trolled by changing the time delay.

[0064] A plurality of measuring points P,,, which are
located on an acoustic line 66 (i.e., the center axis of the
ultrasonic beam) on the vascular wall 62, are arranged
at regular intervals L in the order of P4, Py, P3, ..., P, ...
and P, (where n is natural number that is equal to or
greater than three) where P, is a located closest to the
ultrasonic probe. Supposing coordinates are defined in
the depth direction with respect to the surface of the or-
ganism 60 as the origin such that the coordinates of the
measuring points are represented by 24, Z,, Zs, ..., Zy, ...
and Z,,, an ultrasonic wave reflected from a measuring
point Py is located at t,=2Z,/c on the time axis, where ¢
is the velocity of the ultrasonic wave in the organism. The
reflected wave signal r(t) has its phase detected by the
phase detecting section 17 and the phase-detected sig-
nal is split into a real part signal and an imaginary part
signal, which are then passed through the filter section
18. Under the restriction that the amplitude does not
change, but only the phase and reflection spot change,
between the reflected wave signal r(t) and another re-
flected wave signal r(t + At) obtained after a very small
amount of time At, the shape measured value calculating
section 31 of the computing section 10 calculates the
phase difference by a minimum square method so as to
minimize the waveform mismatch between the reflected
wave signals r(t) and r(t + At). The motion velocity V/(t)
of the measuring point P,, is derived from this phase dif-
ference and then integrated, thereby obtaining the mag-
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nitude of positional displacement d, (t).

[0065] FIG. 6 shows the relationship between the
measuring point P, and the tissue under test T,,, of which
the elasticity needs to be calculated. A tissue under test
T\ is located between two adjacent measuring points Py
and P4 so as to have a thickness L. A number (n-1) of
tissues under test T, through T,,_4 can be sampled from
a number n of measuring points P4 through P,,.

[0066] The thickness variation Hk(t), representing the
magnitude of shrinkage or dilation of the tissue under
test Tk, can be calculated as Hk(t)=hk+1(t)-hk(t) based
on the magnitudes of displacements hk(t) and hk + 1(t)
of the measuring points Pk and Pk+1.

[0067] The thickness of the tissue Tk of the vascular
wall 64 changes as the blood pressure changes with the
palmus. And such a variation in thickness recurs almost
every cardiac cycle. That is why the elastic property is
also preferably measured every cardiac cycle (i.e., every
time the heart beats). The maximum and minimum values
are extracted from the thickness variation Hk(t) within
one cardiac cycle and the difference between the maxi-
mum and minimum values is used as the greatest thick-
ness difference Ahk. Also, the difference between the
highest and lowest blood pressures is used as a pulse
pressure Ap. If the maximum thickness of the tissue un-
der test is Hm, the strain Sk and elastic property yk can
be given by:

[0068]

Sk=Ahk/Hm

Xk=Ap/Sk=Ap -+ Hm/Ahk

[0069] The number of the measuring points Pn and
their interval may be set arbitrarily according to the pur-
pose of the measurements or the property of the vital
tissue as the object of measurements. In the example
described above, the thickness variation or the elastic
property is calculated between two adjacent measuring
points. However, the thickness variation or the elastic
property may also be calculated between two points that
interpose one measuring point between them. In that
case, the magnitude of displacement between the two
points is preferably the average of the magnitudes of dis-
placements among those two points and their interme-
diate measuring point.

[0070] The thickness variation or the elastic property
may be evaluated at one point between two arbitrary
points. However, the ultrasonic probe 13 for use in this
preferred embodiment has an array of ultrasonic vibra-
tors, and therefore, can evaluate the elastic property at
every point within an arbitrary area of the given cross-
sectional plane. In this case, the operator can define an
arbitrary area by specifying an ROI (= region of interest).
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The ROl is shown to allow the operator to define the area
in which the elastic property should be measured. And
the size and position of the ROI can be freely specified
by way of the interface section (not shown) of the ultra-
sonic diagnostic apparatus 11 while being checked on
the display section 21.

[0071] The frame calculating section maps the great-
est thickness difference, strain or elastic property that
has been obtained in this manner from the vital tissue,
thereby outputting a spatial distribution of the shape
measured values or property measured values as a spa-
tial distribution frame to the display section 21 every car-
diac cycle. The spatial distribution frame may be one-
dimensional, two-dimensional or even three-dimension-
al. FIG. 6(a) schematically illustrates the vascular wall
40 and ROI 41 that are presented on the display section
21. The image of the vascular wall 40 can be generated
by modulating the received signal with a luminance as-
sociated with the amplitude or intensity differently from
the calculations described above. FIG. 6(b) shows the
elastic property of the vascular wall 40 in the area defined
by the ROI 41. In the area defined by the ROI 41, frame
data items f(k)qq through f(k)gs, which have been
mapped to make a matrix of six rows and five columns,
are arranged, thereby forming a spatial distribution frame
Fk. As described above, the frame data items f(k)4
through f(k)gs5 represent the shape measured value (e.g.,
the greatest thickness difference) or the property meas-
ured value (e.g., strain or elastic property) of a vital tissue.
[0072] The frame calculating section 34 outputs the
spatial distribution frame Fk to the computed data stor-
age section 20 and gets the frame stored there, or outputs
the frame to the display section 21, which presents the
spatial distribution frame Fk received. In FIG. 6(b), the
elastic properties are shown in gradations representing
their values. Alternatively, the distribution of the elastic
properties may be presented as a two-dimensional color
image using a number of colors representing the elastic
property values in the frame.

[0073] Since the greatest thickness difference, strain
or elastic property of the vital tissue is calculated every
cardiac cycle as described above, the frame data items
f(k)44 through f(k)es and the spatial distribution frame Fk
are also updated every cardiac cycle.

[0074] Data about the greatest thickness difference,
strain and elastic property that have been figured out by
the frame calculating section 34 may be stored in, and
readily read out from, the computed data storage section
20 as long as the space is left there. For example, if an
element such as a ring memory is used as the computed
data storage section 20, the data can always be updated
into the newest one and then stored there. Thus, the var-
ious sorts of data that has been stored in the computed
data storage section 20 can be presented on the display
section 21 anytime when necessary.

[0075] The difference calculating section 33 calculates
differences between the shape measured values or prop-
erty measured values of two spatial distribution frames
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that are selected from multiple spatial distribution frames
every cardiac cycle. More specifically, the difference cal-
culating section 33 receives the newest spatial distribu-
tion frame Fk from the frame calculating section 34 or
the computed data storage section 20 and calculates a
root means square (RMS) of the differences between
that newest frame Fk and the previous spatial distribution
frame Fk-1 stored in the computed data storage section
20, thus obtaining a difference dk. That is to say, the
difference calculating section 33 performs the following
calculation:

[0076]

[Equation 1]

f=m-1,j=n-1

QU= f-D,)

dk =

mXn

[0077] The difference dk thus obtained is output to,
and stored in, the computed data storage section 20, and
is also presented on the display section 21. When one
cardiac cycle ends, the frame calculating section 34 cal-
culates the newest spatial distribution frame Fk+1 and
the difference calculating section 33 calculates the dif-
ference dk+1 between the newest frame Fk+1 and the
previous spatial distribution frame Fk and outputs the
difference to the computed data storage section 20 and
also presents the difference dk+1 on the display section
21. In this manner, every time a new spatial distribution
frame Fn is obtained, the difference dn is calculated be-
tween the new frame Fn and the previous spatial distri-
bution frame Fn-1. The value of the difference dn is up-
dated and presented along with the spatial distribution
frame Fn on the display section 21 every cardiac cycle.
[0078] The difference dn is the RMS of the difference
between two consecutive frames. The more stabilized
the measurements, the smaller the difference dn. That
is to say, the difference dn is an estimate indicating the
degree of stability of measurements. That is why the op-
erator of the ultrasonic diagnostic apparatus 11 may
check the value of the difference dn presented and use
it as a reference for stabilizing the measurements while
operating the ultrasonic probe 13.

[0079] The difference dn does not always have to be
presented on the display section 21 as a numerical value.
For example, the difference calculating section 33 may
generate and presentimage information representing the
magnitude of the difference dn. More specifically, if the
difference dn is relatively big, a moving picture showing
a waveform with a large amplitude or a high frequency
or a big figure with an arbitrary shape may be generated.
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On the other hand, if the difference dn is relatively small,
a moving picture showing a waveform with a small am-
plitude or a low frequency or a small figure with an arbi-
trary shape may be generated. When such a moving pic-
ture is presented on the display section 21, the figure or
the waveform presented as the moving picture decreases
its size, amplitude or frequency as the difference dn de-
creases. Consequently, the operator can sense the var-
iation in difference dn more intuitively than the situation
where a numerical value is presented on the display sec-
tion 21.

[0080] Other than that, the luminance, color tone,
length, size, number of pieces, angle or shape of the
figure, drawing, or character may be changed with the
magnitude of the difference dn. Also, not just a moving
picture but also a still picture may be generated to rep-
resent the difference dn.

[0081] Optionally, the difference calculating section 33
may generate audio information representing the mag-
nitude of the difference dn and output the audio informa-
tion generated through an audio converter 31 such as a
loudspeaker included in the ultrasonic diagnostic appa-
ratus 11 for converting an electrical signal into a sound.
For example, if the difference dn is relatively big, a sound
with a high frequency may be produced. On the other
hand, if the difference dn is relatively small, a sound with
a low frequency may be produced. If such audio infor-
mation is output through the audio converter 31, the fre-
quency of the sound output through the audio converter
31 decreases as the difference dn narrows. Alternatively,
a piezoelectric buzzer may be used as the audio con-
verter 31 such that the period of the buzzing sound to be
output discontinuously may be changed with the magni-
tude of the difference dn.

[0082] If the variation in the difference dn is either pre-
sented as image information that can be easily sensed
intuitively or output as audio information that is audibly
perceivable, the operator can concentrate his or her at-
tention on collecting various other sorts of information,
including the position of the probe, the elastic property
and other types of measuring information presented on
the display section, and the status of the subject, while
taking measurements using the ultrasonic diagnostic ap-
paratus 11.

[0083] It should be noted that if the spatial distribution
frame presented on the display section 21 includes an
area in which there is no need to calculate the shape
measured values or property measured values, the dif-
ference calculating section 33 may extract only the area
in which the shape measured values or property meas-
ured values need to be calculated from the spatial distri-
bution frame and calculate the difference. For example,
if the ROI 41 includes a vital tissue area other than the
vascular wall 40 as shown in FIG. 6(a) and if the shape
measured values or property measured values need to
be calculated only in the vascular wall 40, only the frame
data associated with the vascular wall area may be ex-
tracted from the spatial distribution frame and the differ-
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ence may be calculated in the vascular wall tissue. To
extract the vascular wall area from the spatial distribution
frame, the difference in acoustic impedance may be
used, for example. Alternatively, if the ROI 41 includes
a vital tissue area other than the vascular wall 40 as
shown in FIG. 6(a) and if the shape measured values or
property measured values need to be calculated only in
the vascular wall 40, the ROl 41 may be modified so as
to include only the vascular wall 40.

[0084] Also, the difference dn does not have to be cal-
culated as the RMS but may also be calculated as the
average, the average of the absolute values, the sum,
the sum of the absolute values, the variance, the standard
deviation or the difference between the maximum and
minimum values of the differences. The smaller the dif-
ference dn obtained by any of these calculations, the
less variable the shape measured values or property
measured values of the spatial distribution frame and the
more stabilized the measurements. Alternatively, a cal-
culating method in which the greater the difference, the
less variable the shape measured values or property
measured values may also be adopted. For example, the
inverse number of the value obtained as a result of any
of these calculations may be used as the difference dn.
[0085] Also, the stability of measurements may be
evaluated using a number of the differences dn. After
the frame calculating section 34 has calculated the new-
est spatial distribution frame Fk, the difference calculat-
ing section 33 reads a number (N-1) of consecutive data
items of the previous frame Fk-1 (that was presented
one cardiac cycle ago) to another earlier frame Fk-(N-1)
that was presented (N-1) cardiac cycles ago from the
computed data storage section 20. Next, the difference
calculating section 33 calculates the RMS of the frame
data differences between each pair of adjacent frames
in the N consecutive data items of the newest frame Fk
to the frame Fk-(N-1) and uses them as differences dk,
dk-1, dk-2, ..., and dk-(N-2). Then, the difference calcu-
lating section 33 calculates the average of the (N-1) dif-
ferences and regards the average as the characteristic
quantity Dk of the differences, which is stored in the com-
puted data storage section 20 and also presented on the
display section 21. The difference calculating section 33
repeatedly performs these operations every cardiac cy-
cle (i.e., every time the newest spatial distribution frame
is updated).

[0086] As described above, the characteristic quantity
Dk may be presented on the display section 21 either as
a numerical value as it is or as image information such
as amoving picture or a still picture of afigure oradrawing
representing the magnitude of the characteristic quantity
Dk. Alternatively, audio information representing the
magnitude of the characteristic quantity Dk may be gen-
erated and output through the audio converter 31.
[0087] The preferable range of the number N of differ-
ences dn that are used to calculate the characteristic
quantity Dk changes depending on how long the operator
and subject can maintain their stabilized posture. For ex-
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ample, when the carotid artery of a human body is meas-
ured, N preferably falls within the range of two to six.
[0088] As an example, a situation where N = 5 will be
described with reference to FIG. 7. After the frame cal-
culating section 34 has calculated the newest spatial dis-
tribution frame Fk, the difference calculating section 33
reads four consecutive data items of the previous frame
Fk-1 (that was presented one cardiac cycle ago) to an-
other earlier frame Fk-4 that was presented four cardiac
cycles ago from the computed data storage section 20.
Next, the difference calculating section 33 calculates the
RMS of the frame data differences between each pair of
adjacent frames in the five consecutive data items of the
newest frame Fk to the frame Fk-4 and uses them as
differences dk, dk-1, dk-2 and dk-3. Then, the difference
calculating section 33 calculates the average of these
four differences and regards the average as the charac-
teristic quantity Dk of the differences. As shown in FIG.
7, the characteristic quantity Dk-1 when the spatial dis-
tribution frame Fk-1 was obtained one cardiac cycle ago
is calculated based on the differences dk-1, dk-2, dk-3
and dk-4. In this manner, every time the newest spatial
distribution frame is updated, the characteristic quantity
Dk is also updated.

[0089] The more stabilized the measurements, the
smaller the characteristic quantity Dn of the differences
thus obtained. That is to say, the characteristic quantity
Dn of the differences also indicates the degree of stability
of measurements. That is why the operator of the ultra-
sonic diagnostic apparatus 11 of the present invention
may check the value of the characteristic quantity Dn of
differences presented and use it as a reference for sta-
bilizing the measurements while operating the ultrasonic
probe 13. In this case, the difference dn may also be
presented on the display section 21.

[0090] Also, the characteristic quantity Dn of differenc-
es does not have to be calculated as the average of mul-
tiple differences dn but may also be calculated as the
sum, the variance, the standard deviation, the RMS or
the difference between the maximum and minimum val-
ues of the differences. As already described for the dif-
ferences dn, the smaller the characteristic quantity Dn
obtained by any of these calculations, the less variable
the measured values. Alternatively, a calculating method
in which the greater the difference, the less variable the
measured values may also be adopted.

[0091] Also, the differences to figure out the charac-
teristic quantity do not have to be calculated between two
adjacent or consecutive spatial distribution frames. For
example, in calculating the characteristic quantity of dif-
ferences using five consecutive spatial distribution
frames Fk-4 through Fk, the difference d’k between Fk
and Fk-1, the difference d’k-1 between Fk and Fk-2, the
difference d’k-2 between Fk and Fk-3, and the difference
d’k-3 between Fk and Fk-4 may be calculated and the
average D’k of these four differences d’k through d’k-3
may also be calculated.

[0092] In the preferred embodiment described above,
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the two-dimensional distribution of the elastic property of
a vascular wall is figured out. Alternatively, the ultrasonic
diagnostic apparatus of the present invention is also ef-
fectively applicable for use in other circulatory organs
such as heart and in liver, mamma and other body tis-
sues.

[0093] Also, the preferred embodiment described
above is an ultrasonic diagnostic apparatus that figures
out the two-dimensional distribution of shape property
values or property measured values and presents it as
aframe every cardiac cycle. Alternatively, a three-dimen-
sional distribution of shape property values or property
measured values may be figured out by using a 3D me-
chanical probe, for example, and presented as a frame
every cardiac cycle.

(EMBODIMENT 2)

[0094] Hereinafter, an ultrasonic diagnostic apparatus
that presents spatial distribution frames using either the
differences dn or the characteristic quantity Dn of the
differences as already described in detail for the first pre-
ferred embodiment and a method for controlling such an
apparatus will be described as a second preferred em-
bodiment of the present invention. The method of calcu-
lating the differences dn or the characteristic quantity Dn
of the differences is just as already described for the first
preferred embodiment. Also, although not described
again, the ultrasonic diagnostic apparatus of the second
preferred embodiment has the same configuration as the
counterpart of the first preferred embodiment.

[0095] FIG.8is aflowchartshowing an exemplary pro-
cedure of controlling the ultrasonic diagnostic apparatus
11 using the differences dn. In FIG. 8, shown is a method
of controlling the presentation of spatial distribution
frames based on the result of comparison between the
differences dn calculated by the difference calculating
section 33 and the threshold value ds of differences that
has been set in advance by the operator of the ultrasonic
diagnostic apparatus 11. The procedure to be described
below may be stored as a computer executable program
or a piece of firmware on a ROM or any other storage
medium provided for the ultrasonic diagnostic apparatus
1.

[0096] First, before starting measurements, the oper-
ator sets the threshold value ds of differences and enters
itinto the ultrasonic diagnostic apparatus 11 (in Step $1).
More specifically, ds is the threshold value of the RMS
of differences between two consecutive spatial distribu-
tion frames.

[0097] Next, the operator handles the ultrasonic diag-
nostic apparatus 11 and gets the shape measured values
or property measured values of a desired area (e.g., a
spatial distribution frame F that represents the spatial
distribution of elastic property) calculated by the frame
calculating section 34 and gets the frame F stored in the
computed data storage section 20 (in Step S2) as already
described in detail for the first preferred embodiment. The
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spatial distribution frame F calculated in this processing
step will be identified herein by FO because this is the
first frame after the measurements have been started.
Furthermore, the frame calculating section 34 gets the
frame FO presented on the display section 21 (in Step
S3).

[0098] In the next cardiac cycle, the frame calculating
section 34 calculates a frame F1 and gets it stored in the
computed data storage section 20 (in Step S4). Also, the
frame calculating section 34 calculates a difference d1
between the frame FO0 stored in the computed data stor-
age section 20 and the frame F1 just calculated and gets
it presented on the display section 21 (in Step S5).
[0099] The difference calculating section 33 compares
the difference d1 to the threshold value ds (in Step S6),
and determines whether or not the difference d1 just cal-
culated indicates a higher degree of stability of measure-
ments than the threshold value ds. More specifically, the
difference calculating section 33 determines whether the
RMS is smaller than the threshold value ds or not (in
Step S7). Ifthe difference d1 is smaller than the threshold
value ds, the difference calculating section 33 gets the
frame F1 presented on the display section 19 (in Step
S$8) to end the operation in this cardiac cycle. Then, the
process goes back to the processing step S4 to repeat
the same processing steps S4 through S7 all over again.
[0100] It should be noted that in comparing the differ-
ence dn to the threshold value ds in the processing step
S7, the degree of stability of measurements may be es-
timated sometimes high and sometimes low depending
on how the difference dn has been defined. That is to
say, according to the definition of the difference dn, the
degree of stability of measurements may be high when
the difference dn is greater than the threshold value ds.
[0101] Ifthe difference d1 is greater than the threshold
value ds, the computing section 19 ends the operation
for this cardiac cycle, and the process goes back to the
processing step $4 without presenting the newest spatial
distribution frame to perform the same processing steps
S4 through S7 all over again.

[0102] If the operator wants to stop or end the meas-
urements, he or she may input a freeze signal to the
ultrasonic diagnostic apparatus 11. The freeze signal
may be input at any of the processing steps shown in
FIG. 8. On sensing that the freeze signal has been input,
the ultrasonic diagnostic apparatus 11 stops all meas-
urements immediately. On the display section 21, pre-
sented are the last one F of the frames showing that the
difference d ensure a higher degree of stability than the
threshold value ds and that difference d. To perform such
an operation, in Step S8, the frame F needs to be pre-
sented and the frame F and the difference d at that time
need to be stored in the computed data storage section
20.

[0103] FIG. 9 is a graph showing the differences dn
that were calculated by the ultrasonic diagnostic appa-
ratus of this preferred embodiment every cardiac cycle.
The abscissa represents the number of times the spatial
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distribution frames have been generated since the meas-
urements were started, i.e., the number of cardiac cycles
since the beginning of the measurements. The difference
dn was big for a while after the measurements were start-
ed because the position or respiratory state of the oper-
ator holding the ultrasonic probe 13 was still not fixed.
But the difference dn decreased gradually. As indicated
by the encircled numbers on the axis of abscissas shown
in FIG. 9, the differences dn of the fifth to eighth cardiac
cycles and the tenth cardiac cycle are smaller than the
threshold value ds. The ultrasonic diagnostic apparatus
11 presents the spatial distribution frame on the display
section 21 when the difference is smaller than the thresh-
old value ds. Specifically, no spatial distribution frames
are presented on the display section 21 from the begin-
ning of the measurements through the fourth cardiac cy-
cle. And a spatial distribution frame F5 is presented for
the first time in the fifth cardiac cycle. Thereafter, an up-
dated spatial distribution frame is presented every car-
diac cycle through the eighth cardiac cycle. The differ-
ence dn of the ninth cardiac cycle is greater than the
threshold value ds. Thus, in the ninth cardiac cycle, the
spatial distribution frame is not updated but the previous
spatial distribution frame F8 is presented continuously.
After that, the frame is refreshed again into the spatial
distribution frame F10 in the tenth cardiac cycle.

[0104] Asdescribed above, according to this preferred
embodiment, the difference d calculated by the differ-
ence calculating section 33 is compared to the threshold
value ds that has been set in advance by the operator
and a frame F is presented only when the difference d
is smaller than the threshold value ds. Thus, the operator
can selectively view only results of measurements that
have a certain degree of stability and can make an even
more accurate diagnosis.

[0105] In the preferred embodiment described above,
a control method using the differences dn has been de-
scribed in detail. Alternatively, an ultrasonic diagnostic
apparatus that compares the characteristic quantity Dn
of differences to a preset threshold value Ds and controls
the presentation of spatial distribution frames based on
the result of the comparison can also be realized. In con-
trolling the presentation of spatial distribution frames us-
ing the characteristic quantity Dn of differences, the
processing step S2 of the flowchart shown in FIG. 8 is
carried out five times to calculate five differences d0
through d4 and then the average of the differences d0
through d4 is calculated to obtain the first characteristic
quantity D4 of differences, unlike the control method us-
ing the differences dn. In that case, in the five cardiac
cycles before D4 is obtained, the frame Fn may or may
not be presented every time the processing step S3 is
performed. To show the operator that the measurements
are carried on, the frame Fn is preferably presented.
[0106] Optionally, the end of the measurements may
be controlled by using either the difference dn or the char-
acteristic quantity Dn of differences. For example, avalue
showing that the results of measurements have sufficient
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stability may be set as the threshold value d"s or D"s
anditis determined whether the difference dn or the char-
acteristic quantity Dn of differences shows a higher de-
gree of stability of measurements than the threshold val-
ue d"s or D"s or not. If the answer is YES, the measure-
ments are finished and the last spatial distribution frame
is either printed out or stored on a storage medium. This
control technique may be combined with the method of
controlling the presentation of the spatial distribution
frame described above. If the spatial distribution frame
is also presented, then the threshold value d"s or D"s
for use to control the end of the measurements preferably
shows a higher degree of stability of measurements than
the threshold value ds or Ds for use to present the spatial
distribution frame. Then, the measurements can be fin-
ished automatically and a desired spatial distribution
frame can be generated when the stability of measure-
ments reaches a sufficiently high level after the meas-
urements were started.

(EMBODIMENT 3)

[0107] Hereinafter, an ultrasonic diagnostic apparatus
that presents spatial distribution frames using either the
differences dn or the characteristic quantity Dn of the
differences as already described in detail for the first pre-
ferred embodiment and a method for controlling such an
apparatus will be described as a third preferred embod-
iment of the present invention as in the second preferred
embodiment. The method of calculating the differences
dn or the characteristic quantity Dn of the differences is
just as already described for the first preferred embodi-
ment. Also, although not described again, the ultrasonic
diagnostic apparatus of the third preferred embodiment
has the same configuration as the counterpart of the first
preferred embodiment.

[0108] FIG. 10 is a flowchart showing an exemplary
procedure of controlling the ultrasonic diagnostic appa-
ratus 11 using the differences dn. In FIG. 10, shown is a
method of controlling the presentation of spatial distribu-
tion frames based on the result of comparison between
the differences dn calculated by the difference calculating
section 33 and the threshold value ds of differences that
has been set in advance by the operator of the ultrasonic
diagnostic apparatus 11.

[0109] First, the operator handles the ultrasonic diag-
nostic apparatus 11 and gets the shape measured values
or property measured values of a desired area (e.g., a
spatial distribution frame F that represents the spatial
distribution of elastic property) calculated by the frame
calculating section 34 and gets the frame F stored in the
computed data storage section 20 (in Step S21) and pre-
sented on the display section 21 as already described in
detail for the first preferred embodiment. The spatial dis-
tribution frame F calculated in this processing step will
be identified herein by FO because this is the first frame
after the measurements have been started.

[0110] In the next cardiac cycle, the frame calculating
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section 34 calculates a spatial distribution frame F1 and
gets it stored in the computed data storage section 20
and presented on the display section 21 (in Step $22).
Also, the frame calculating section 34 calculates a differ-
ence d1 between the spatial distribution frame FO0 stored
in the computed data storage section 20 and the spatial
distribution frame F1 just calculated and gets it presented
on the display section 21 (in Step S23).

[0111] The difference calculating section 33 stores the
frame F1 and the difference d1 as the best values Fq¢¢
and dy,q¢ at that time (in Step S24).

[0112] In the next cardiac cycle, the frame calculating
section 34 calculates a frame F2 and gets it stored in the
computed data storage section 20 (in Step $25). Also,
the frame calculating section 34 calculates a difference
d2 between the frame F1 stored in the computed data
storage section 20 and the frame F2 just calculated and
gets it presented on the display section 21 (in Step $26).
[0113] Thedifference calculating section 34 compares
the difference d2 to its best value dyq¢ (in Step S$27),
and determines whether or not the difference d2 just cal-
culated indicates a higher degree of stability of measure-
ments than the best value dy .. More specifically, the
difference calculating section 33 determines whether the
RMS is smaller than dyeg or not (in Step $28). If the
difference d2 is smaller than dy,.; (i.€., if the difference
d2 guarantees a higher degree of stability of measure-
ments than d, ), the difference calculating section 33
stores the frame F2 and the difference d2 as new best
values Fpost and dqg¢ (in Step $29) and gets the frame
Fpest Presented on the display section 19 (in Step S30)
to end the operation for this cardiac cycle. Then, the proc-
ess goes back to the processing step S25 to repeat the
same processing steps S25 through S28 all over again.
[0114] If the difference d2 is greater than d, ., the
difference calculating section 33 ends the operation for
this cardiac cycle, and the process goes back to the
processing step $25 without presenting the newest spa-
tial distribution frame to perform the same processing
steps S$25 through $28 all over again.

[0115] FIG. 11 is a graph showing the differences dn
that were calculated by the ultrasonic diagnostic appa-
ratus of this preferred embodiment every cardiac cycle.
AsinFIG. 9, the abscissa represents the number of times
the spatial distribution frames have been generated since
the measurements were started, i.e., the number of car-
diac cycles since the beginning of the measurements.
The difference dn was big for a while after the measure-
ments were started because the position or respiratory
state of the operator holding the ultrasonic probe 13 was
still not fixed. But the difference dn decreased gradually.
In the cardiac cycles indicated by the encircled numbers
on the axis of abscissas shownin FIG. 11, the best values
Fpest and dy.q; Were updated, and therefore, updated
spatial distribution frames were presented. Thatis to say,
right after the measurements have been started, the dif-
ference dn goes on decreasing one cardiac cycle after
another and the spatial distribution frame is updated eve-
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ry cardiac cycle. The measurements will get settled soon
and the difference dn will become substantially constant.
Then, the spatial distribution frame is updated only if the
difference dn shows an even higher degree of stability
of measurements.

[0116] Asdescribed above, according to this preferred
embodiment, right after the measurements have been
started, the spatial distribution frames are frequently up-
dated and presented. However, as the measurements
get settled, the spatial distribution frame that guarantees
the highest degree of stability is maintained. Thus, the
operator can selectively view only results of measure-
ments that ensure a high degree of stability and can make
an even more accurate diagnosis.

[0117] In this preferred embodiment, a similar control
can also be performed by using the characteristic quan-
tity Dn of differences instead of the difference dn. In con-
trolling the presentation of spatial distribution frames us-
ing the characteristic quantity Dn of differences, the
processing step S$23 of the flowchart shown in FIG. 10
is carried out five times to calculate five differences d0
through d4 and then the average of the differences d0
through d4 is calculated to obtain the first characteristic
quantity D4 of differences, unlike the control method us-
ing the differences dn. In that case, in the five cardiac
cycles before D4 is obtained, the frame Fn may or may
not be presented every time the processing step $23 is
performed. To show the operator that the measurements
are carried on, the frame Fn is preferably presented.

INDUSTRIAL APPLICABILITY

[0118] The ultrasonic diagnostic apparatus of the
present invention can be used effectively to accurately
evaluate the attribute and shape properties of not only a
vascular wall but also any other circulatory organ tissue
like the heart, the liver, the mamma or any other vital
tissue. Also, the ultrasonic diagnostic apparatus is par-
ticularly effective in allowing the doctor to make an ac-
curate diagnosis of the shape and property of the given
vital tissue.

Claims
1. An ultrasonic diagnostic apparatus comprising:

a transmitting section for driving an ultrasonic
probe that sends out an ultrasonic transmitted
wave toward a tissue of an organism;

a receiving section for amplifying an ultrasonic
reflected wave to generate a received signal,
the ultrasonic reflected wave being produced by
getting the ultrasonic transmitted wave reflected
by the tissue of the organism and being received
by the ultrasonic probe;

aframe calculating section for calculating shape
measured values of the tissue based on the re-

10

15

20

25

30

35

40

45

50

55

13

ceived signal and figuring out a spatial distribu-
tion frame, representing the spatial distribution
of the shape measured values and/or property
measured values of the organism every cardiac
cycle, based on the shape measured values of
the tissue;

a difference calculating section for calculating a
difference between the shape measured values
or the property measured values of two frames
that have been selected from the spatial distri-
bution frames calculated every cardiac cycle;

a storage section for storing at least one of the
shape measured values, the property measured
values and the difference; and

a display section for presenting the spatial dis-
tribution frames thereon.

The ultrasonic diagnostic apparatus of claim 1,
wherein the difference calculating section calculates
the difference between the newest and previous spa-
tial distribution frames.

The ultrasonic diagnostic apparatus of claim 1,
wherein the difference calculating section calculates
a number (N-1) of differences between the newest
spatial distribution frame and previous (N-1) consec-
utive spatial distribution frames and further calcu-
lates one characteristic quantity, representing the
degree of variation among a number N of spatial dis-
tribution frames, based on the (N-1) differences.

The ultrasonic diagnostic apparatus of claim 3,
wherein the difference calculating section calculates
the difference between two spatial distribution
frames that are continuous with each other on the
time axis.

The ultrasonic diagnostic apparatus of claim 4,
wherein the difference calculating section updates
the characteristic quantity every cardiac cycle.

The ultrasonic diagnostic apparatus of claim 1,
wherein the display section presents the difference.

The ultrasonic diagnostic apparatus of claim 3,
wherein the display section presents at least one of
the difference and the characteristic quantity.

The ultrasonic diagnostic apparatus of claim 6,
wherein the difference calculating section generates
image information based on the difference and the
display section presents the image information ther-
eon.

The ultrasonic diagnostic apparatus of claim 1, fur-
ther comprising an acoustic transducer,

wherein the difference calculating section generates
audio information based on the difference and the
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11.

12.

13.

14.

15.

16.

17.

25
acoustic transducer outputs the audio information.

The ultrasonic diagnostic apparatus of claim 6,
wherein the difference calculating section generates
the image information based on at least one of the
difference and the characteristic quantity and the dis-
play section presents the image information thereon.

The ultrasonic diagnostic apparatus of claim 3, fur-
ther comprising an acoustic transducer, wherein the
difference calculating section generates audio infor-
mation based on at least one of the difference and
the characteristic quantity and the acoustic transduc-
er outputs the audio information.

The ultrasonic diagnostic apparatus of claim 5,
wherein the difference calculating section compares
either the difference or the characteristic quantity to
a predetermined value, and wherein according to a
result of the comparison, the frame calculating sec-
tion updates the spatial distribution frame to be pre-
sented on the display section.

The ultrasonic diagnostic apparatus of claim 5,
wherein the difference calculating section finds a dif-
ference or a characteristic quantity, showing the
smallest variation between spatial distribution
frames, and the display section presents the spatial
distribution frame associated with the difference or
the characteristic quantity that has been found.

The ultrasonic diagnostic apparatus of one of claims
1 to 13, wherein the difference is at least one of the
average, the average of the absolute values, the
sum, the sum of the absolute values, the variance,
the standard deviation, the root mean square, and
the difference between the maximum and minimum
values of either the shape measured values or the
property measured values in two frames that have
been selected from the multiple spatial distribution
frames.

The ultrasonic diagnostic apparatus of one of claims
3 to 5, wherein the characteristic quantity is at least
one of the average, the sum, the variance, the stand-
ard deviation, the root mean square, and the differ-
ence between the maximum and minimum values of
the (N-1) differences.

The ultrasonic diagnostic apparatus of one of claims
1 to 15, wherein the shape measured value repre-
sents a variation in the maximum thickness of the
organism’s tissue.

The ultrasonic diagnostic apparatus of one of claims
1 to 15, wherein the property measured value is at
least one of the strain and the elastic property of the
organism’s tissue.
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18.

19.

20.

21.

22,

23.

24,

25.

26.

26

A method for controlling an ultrasonic diagnostic ap-
paratus using a control section of the apparatus, the
method comprising the steps of:

(a) sending out an ultrasonic transmitted wave
from an ultrasonic probe and receiving an ultra-
sonic reflected wave to generate a received sig-
nal, the ultrasonic reflected wave being pro-
duced by getting the ultrasonic transmitted wave
reflected by a tissue of an organism;

(b) calculating shape measured values of the
tissue based on the received signal and figuring
out a spatial distribution frame, representing the
spatial distribution of the shape measured val-
ues and/or property measured values of the or-
ganism every cardiac cycle, based on the shape
measured values of the tissue;

(c) calculating a difference between the shape
measured values or the property measured val-
ues of two frames that have been selected from
the spatial distribution frames calculated every
cardiac cycle; and

(d) presenting the spatial distribution frames.

The method of claim 18, wherein the step (c) includes
calculating the difference between the newest and
previous spatial distribution frames.

The method of claim 18, wherein the step (c) includes
calculating a number (N-1) of differences between
the newest spatial distribution frame and previous
(N-1) consecutive spatial distribution frames and fur-
ther calculating one characteristic quantity, repre-
senting the degree of variation among a number N
of spatial distribution frames, based on the (N-1) dif-
ferences.

The method of claim 20, wherein the step (c) includes
calculating the difference between two spatial distri-
bution frames that are continuous with each other
on the time axis.

The method of claim 17, wherein the step (c) includes
updating the characteristic quantity every cardiac cy-
cle.

The method of claim 18, further comprising the step
(e1) of presenting the difference.

The method of claim 20, further comprising the step
(e2) of presenting at least one of the difference and
the characteristic quantity.

The method of claim 23, wherein the step (e1) in-
cludes generating image information based on the

difference and presenting the image information.

The method of claim 18, further comprising the step
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29.

30.

31.

32.

33.

34.
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(e3) of generating audio information based on the
difference and outputting the audio information from
an acoustic transducer.

The method of claim 24, wherein the step (e2) in-
cludes generating the image information based on
at least one of the difference and the characteristic
quantity and presenting the image information.

The method of claim 8, further comprising the step
(e4) of generating audio information based on at
least one of the difference and the characteristic
quantity and outputting the audio information from
an acoustic transducer.

The method of claim 22, wherein the step (c) includes
comparing either the difference or the characteristic
quantity to a predetermined value, and wherein the
step (d) includes updating the spatial distribution
frame to present according to a result of the com-
parison.

The method of claim 22, wherein the step (c) includes
finding a difference or a characteristic quantity show-
ing the smallest variation between spatial distribution
frames, and

wherein the step (d) includes presenting the spatial
distribution frame associated with the difference or
the characteristic quantity that has been found.

The method of one of claims 18 to 30, wherein the
difference is at least one of the average, the average
of the absolute values, the sum, the sum of the ab-
solute values, the variance, the standard deviation,
the root mean square, and the difference between
the maximum and minimum values of either the
shape measured values or the property measured
values in two frames that have been selected from
the multiple spatial distribution frames.

The method of one of claims 20 to 26, wherein the
characteristic quantity is at least one of the average,
the sum, the variance, the standard deviation, the
root mean square, and the difference between the
maximum and minimum values of the (N-1) differ-
ences.

The method of one of claims 18 to 32, wherein the
shape measured value represents a variation in the
maximum thickness of the organism’s tissue.

The method of one of claims 18 to 32, wherein the
property measured value is at least one of the strain
and the elastic property of the organism’s tissue.
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