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(57) ABSTRACT

An ultrasonic diagnostic apparatus includes: a transmitting
section for driving a probe transmitting an ultrasonic wave to
asubject; a receiving section for amplifying a reflected echo,
produced by getting the ultrasonic wave reflected by a tissue
and received at the probe, to generate a received signal; an
image processing section for generating a tomographic image
of the subject based on the signal; a region setting section for
setting an arbitrary range of the tomographic image as a
region of interest; a motion information gathering section for
getting the motion information of the subject at measuring
points on the subject based on the signal; a property value
calculating section for calculating the property values of tar-
get tissues of the subject, specified by the measuring points,
by reference to the motion information; and a distribution
plotting section, which gets the property measured values and

(30) Foreign Application Priority Data plots a frequency distribution of the property values based on
the property values of the target tissues located within the
Oct. 19,2004 (IP) oo 2004-304674  region of interest set by the selting section.
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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for measuring the property of a tissue in an
organism.

BACKGROUND ART

[0002] Recently, the number of people suffering from vari-
ous circulatory system diseases, including heart infarction
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, if an
atheroma is 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 elasticity 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. That is why it is important to 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 subject, thus imposing a heavy load on him or her.
A known method of diagnosing the arterial sclerosis easily
without imposing excessively heavy load on a subject is mea-
suring the index of cholesterol, which is one of major causes
of arterial sclerosis, or the blood pressure. However, neither
of these values directly indicates the degree of advancement
of arterial sclerosis.

[0005] Also, if the arterial sclerosis can be diagnosed early
enough to administer some medicine to its subject, then the
disease can be treated effectively. However, itis 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.

[0006] That is why a method or apparatus for diagnosing
the arterial sclerosis at an early stage of that disease (i.e.,
before the disease has advanced to a certain degree) without
imposing too much load on a subject is now in high demand.
[0007] To meet such a demand, a diagnostic apparatus for
diagnosing the arterial sclerosis at an early stage of that dis-
ease (i.e., before the disease has advanced too far) without
imposing too much load on a subject has been proposed (see
Patent Document No. 1, for example). An ultrasonic diagnos-
tic apparatus is a noninvasive medical apparatus that imposes
only alight load on a subject. The ultrasonic diagnostic appa-
ratus is superior to an X-ray diagnostic apparatus, which is
also a non-invasive medical apparatus, because the ultrasonic
diagnosis can be made without administering a contrast
medium to the subject or concerning about potential X-ray
exposure. Specifically, by irradiating the subject with an
ultrasonic wave that has been produced externally, the con-
ventional ultrasonic diagnostic apparatus can acquire shape
information or information about the variation in the shape of
his or her internal body with time without causing pain to him
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or her. Thus, the vascular elastic property of the organism can
be known and the degree of advancement of the arterial scle-
rosis can be detected directly.
[0008] The ultrasonic diagnostic apparatus disclosed in
Patent Document No. 1 can track the object of measurement
highly precisely by determining the instantaneous location of
the subject by both the amplitude and phase of a detected
output signal. According to this technique, vibration compo-
nents can be measured precisely, and therefore, the thickness
variation or strain of the vascular wall can be measured highly
precisely on the order of several micrometers.
[0009] By adopting such a high-precision measuring tech-
nique, the two-dimensional distribution of the elastic prop-
erty of the arterial wall can be plotted in detail. For example,
Non-Patent Document No. 1 shows an example of presenting
the two-dimensional distribution of the elastic property in
color tones representing the degrees of elasticity by measur-
ing the elastic property of the arterial vascular wall by the
method of Patent Document No. 1.
[0010] Also, according to Non-Patent Document No. 1,
after the elastic property of the iliac bone artery has been
measured, the iliac bone is colored in vitro, thereby identify-
ing the respective tissues of the iliac bone arterial wall. And
by taking measurements based on the location information of
the tissues that have been identified by coloring, it is deter-
mined which tissue each elastic property belongs to in the
resultant two-dimensional distribution. Non-Patent Docu-
ment No. 1 also teaches analyzing the defined elastic property
of the tissue with a histogram and presuming the type of the
tissue by reference to the two-dimensional distribution of the
elastic property of the arterial wall, thereby defining the elas-
tic property of each tissue.
[0011] Patent Document No. 1: Japanese Patent Appli-
cation Laid-Open Publication No. 10-5226
[0012] Non-Patent Document No. 1: Hiroshi Kanaietal.,

“Elasticity Imaging of Atheroma with Transcutaneous

Ultrasound Preliminary Study”, Circulation, Vol. 107,

pp- 3018-3021, 2003

DISCLOSURE OF INVENTION
Problems to be Solved by the Invention

[0013] As disclosed in Non-Patent Document No. 1, for
example, by presenting the elastic property of each portion of
the subject under measurement as a two-dimensional distri-
bution, a unique portion of the elasticity of the subject can be
detected easily. If the tissue in question or a predetermined
region of the subject has various elastic property values, how-
ever, it cannot be seen easily what elastic property value the
overall tissue or region has. In that case, it may be sometimes
difficult to make an accurate pathologic diagnosis based on
the elastic property of the subject.

[0014] Inorderto overcome the problems described above,
an object of the present invention is to provide an ultrasonic
diagnostic apparatus that can make a pathologic diagnosis of
a subject more accurately based on his or her property mea-
sured value (such as the elastic property) that can be obtained
by transmitting and receiving ultrasonic waves.

Means for Solving the Problems

[0015] An ultrasonic diagnostic apparatus according to the
present invention includes: a transmitting section for driving
a probe that transmits an ultrasonic wave toward a subject; a
receiving section for amplifying a reflected echo to generate
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a received signal, the reflected echo being produced by get-
ting the ultrasonic wave reflected by a vital tissue and
received at the probe; an image processing section for gener-
ating a tomographic image of the subject based on the
received signal; a region setting section for setting an arbi-
trary range of the tomographic image as a region of interest;
amotion information gathering section for getting the motion
information of the subject at multiple measuring points,
which have been set on the subject based on the received
signal; a property value calculating section for calculating the
property measured values of multiple target tissues of the
subject, specified by the multiple measuring points, by refer-
ence to the motion information; and a distribution plotting
section, which gets the multiple property measured values
and plots a frequency distribution of the property measured
values based on the property measured values of the target
tissues located within the region of interest that has been set
by the region setting section.

[0016] In one preferred embodiment, the property mea-
sured values calculated by the property value calculating
section are selected from the group consisting of the greatest
thickness difference, strain and elastic property of the subject.

[0017] Inanother preferred embodiment, the region setting
section sets the region of interest in response to a signal
supplied from an external input section.

[0018] In still another preferred embodiment, the region
setting section sets at least one boundary in the subject based
on a characteristic of the received signal that is caused due to
a difference in acoustic property in the subject. And the dis-
tribution plotting section plots the frequency distribution of
the property measured values for each of the regions defined
by the boundary.

[0019] Inthis particular preferred embodiment, the charac-
teristic of the received signal is amplitude information of the
received signal.

[0020] In yet another preferred embodiment, the region
setting section sets at least one boundary in the subject based
on the property measured values, and the distribution plotting
section plots the frequency distribution of the property mea-
sured values for each of the regions defined by the boundary.

[0021] In yet another preferred embodiment, the region
setting section sets at least one boundary in the subject based
on the motion information, and the distribution plotting sec-
tion plots the frequency distribution of the property measured
values for each of the regions defined by the boundary.

[0022] Inthis particular preferred embodiment, the motion
information is at least one of magnitudes of positional dis-
placements of the subject with time between multiple mea-
suring points and a variation in thickness with time between
two points that define the target tissue.

[0023] In yet another preferred embodiment, the subject
has a vascular wall tissue including an endosporium region, a
media region and an adventitia region, and the region setting
section sets at least one boundary between a vascular cavity
and the endosporium region, between the endosporium
region and the media region, between the media region and
the adventitia region, and/or between the adventitia region
and an extravascular tissue.

[0024] In yet another preferred embodiment, the distribu-
tion plotting section plots a histogram as the frequency dis-
tribution of the property measured values.
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[0025] 1Inyetanother preferred embodiment, the ultrasonic
diagnostic apparatus further includes a display for presenting
the tomographic image and the frequency distribution
thereon.

[0026] 1In yet another preferred embodiment, the image
processing section gets the multiple property measured val-
ues and further generates an image representing a two-dimen-
sional distribution of the property measured values in the
subject.

[0027] In this particular preferred embodiment, the ultra-
sonic diagnostic apparatus further includes a display for pre-
senting the tomographic image, the frequency distribution
and the two-dimensional distribution image thereon.

[0028] In a specific preferred embodiment, the property
value calculating section updates the property measured val-
ues at regular intervals, and the distribution plotting section
and the image processing section update the frequency dis-
tribution and the two-dimensional distribution image, respec-
tively, synchronously with the updates of the property mea-
sured values.

EFFECTS OF THE INVENTION

[0029] The ultrasonic diagnostic apparatus of the present
invention can make and present the frequency distribution of
property measured values of a subject within an arbitrary
range based on the property of the subject in that range. As a
result, the operator or a person who is inspecting the subject
can easily know how high the elastic property of the region in
question is. Also, if the operator specifies a region of interest
for each constitutional tissue of the subject, he or she can refer
to the frequency distributions of elastic properties on a con-
stitutional tissue basis. Consequently, the subject can be
inspected more accurately.

BRIEF DESCRIPTION OF DRAWINGS

[0030] FIG. 1 shows an exemplary configuration for mea-
suring the elastic property of a vascular wall using an ultra-
sonic diagnostic apparatus according to a first preferred
embodiment of the present invention.

[0031] FIG. 2 is a block diagram showing a configuration
for the ultrasonic diagnostic apparatus of the first preferred
embodiment.

[0032] FIG. 3 illustrates an exemplary picture presented on
the display by the ultrasonic diagnostic apparatus shown in
FIG. 2.

[0033] FIG. 4illustrates an exemplary picture presented on
the display by an ultrasonic diagnostic apparatus according to
a second preferred embodiment of the present invention.
[0034] FIG. 5(a) is a graph showing an exemplary histo-
gram that represents the elastic property of an adventitia
region; FIG. 5(b) is a graph showing an exemplary histogram
that represents the elastic property of a media region; and
FIG. 5(c) is a graph showing an exemplary histogram that
represents the elastic property of an endosporium region.
[0035] FIG. 6 is a graph showing an exemplary elastic
property histogram of the entire vascular wall including the
endosporium, media and adventitia regions.

[0036] FIG. 7 shows measuring points that are set on a
vascular wall.

DESCRIPTION OF REFERENCE NUMERALS

[0037]
[0038]

1 internal vital tissue
2 body surface
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[0039] 3 blood vessel
[0040] 4 vascular wall
[0041] 5 blood
[0042] 100 ultrasonic diagnostic apparatus
[0043] 101 transmitting section
[0044] 102 receiving section
[0045] 103 time delay control section
[0046] 104 motion information gathering section
[0047] 105 property value calculating section
[0048] 106 computed data storage section
[0049] 107 region setting section
[0050] 108 distribution plotting section
[0051] 109 control section
[0052] 110 image processing section
[0053] 200 ultrasonic probe
[0054] 300 display
[0055] 400 blood pressure manometer
[0056] 500 electrocardiograph
[0057] 600 input section
BEST MODE FOR CARRYING OUT THE
INVENTION
[0058] Hereinafter, preferred embodiments of an ultrasonic

diagnostic apparatus according to the present invention will
be described with reference to the accompanying drawings.

Embodiment 1

[0059] A first preferred embodiment will be described. In
the following example, the elastic property of a vascular wall
1s measured with an ultrasonic diagnostic apparatus.

[0060] FIG. 1 shows an arrangement for measuring the
elasticity of a vascular wall using the ultrasonic diagnostic
apparatus of the first preferred embodiment. As shown in FIG.
1, the ultrasonic diagnostic apparatus 100 is connected to an
ultrasonic probe 200, a display 300, a blood pressure manom-
eter 400, an electrocardiograph 500 and an input section 600.
[0061] The ultrasonic probe 200 is a probe for transmitting
and receiving an ultrasonic wave. As shown in FIG. 1, the
ultrasonic probe 200 is held by the operator in close contact
with the body surface 2 of a subject and transmits an ultra-
sonic wave toward a blood vessel 3. The ultrasonic wave is
reflected by an internal vital tissue 1 and the vascular wall 4
and blood 5 of the blood vessel 3 to be a reflected echo, which
eventually returns to the ultrasonic probe 200.

[0062] Theultrasonic diagnostic apparatus 100 receives the
reflected echo with the ultrasonic probe 200 and analyzes the
reflected echo, thereby presenting a tomographic image of the
internal vital tissue 1 on the display 300, which may be a
monitor, for example. The blood pressure manometer 400 is
used to measure the blood pressure of the subject. And the
electrocardiograph 500 is used to monitor the heartbeat of the
subject.

[0063] The input section 600 is an input device such as a
mouse, a keyboard or a touch screen panel. By operating the
input section 600 by the method to be described later, the
operator specifies a region of interest in the subject. The
ultrasonic diagnostic apparatus 100 plots a frequency distri-
bution of elasticities in the region of interest that has been
specified and presents the frequency distribution on the dis-
play 300.

[0064] Next, the configuration of the ultrasonic diagnostic
apparatus 100 will be described with reference to the accom-
panying drawings. FIG. 2 is a block diagram showing a con-
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figuration for the ultrasonic diagnostic apparatus 100. As
shown in FIG. 2, the ultrasonic diagnostic apparatus 100
includes a transmitting section 101, a receiving section 102, a
time delay control section 103, a motion information gather-
ing section 104, an region setting section 107, a property
value calculating section 105, a computed data storage sec-
tion 106, a distribution plotting section 108, a control section
109 and an image processing section 110.

[0065] The control section 109 controls the transmitting
section 101, the receiving section 102, the time delay control
section 103, the motion information gathering section 104,
the region setting section 107, the property value calculating
section 105, the distribution plotting section 108 and the
image processing section 110.

[0066] The transmitting section 101 transmits a predeter-
mined drive pulse signal to the ultrasonic probe 200. On
receiving the drive pulse signal, the ultrasonic probe 200
sends out an ultrasonic wave toward a subject. Also, the
ultrasonic probe 200 receives an echo that has been reflected
from the subject and converts the reflected echo into an elec-
trical signal. The receiving section 102 receives the electrical
signal from the ultrasonic probe 200 and amplifies it, thereby
generating a received signal. Furthermore, the receiving sec-
tion 102 gets the amplified received signal converted into a
digital signal by an A/D converting section (not shown).
[0067] The time delay control section 103 instructs the
transmitting section 101 to control the delay of the drive pulse
signal to be transmitted to a group of piezoelectric elements in
the ultrasonic probe 200. By controlling the time delay of the
drive pulse signal, either the direction or the depth of focus of
the ultrasonic wave to be sent out by the ultrasonic probe 200
is controlled (which is called “transmission focusing”). Also,
the time delay control section 103 gets the received signal
from the receiving section 102 and controls the delay of the
received signal, thereby carrying out processing to get the
received signal accurately from multiple directions (which is
called “reception focusing”) and outputting the received sig-
nal to the motion information gathering section 104 and the
image processing section 110.

[0068] Themotion information gathering section 104 gath-
ers the motion information of the subject at multiple measur-
ing points, which have been set on the subject, based on the
received signal supplied from the time delay control section
103. More specifically, the motion information gathering sec-
tion 104 figures out the magnitudes of positional displace-
ments of the subject with time between the multiple measur-
ing points that have been set on the subject and the temporal
variations in the thicknesses of multiple target tissues of the
subject that are defined by the multiple measuring points by
the methods to be described later. These pieces of motion
information that have been gathered here are output to the
property value calculating section 105 and the computed data
storage section 106. The motion information is output to both
of the property value calculating section 105 and the com-
puted data storage section 106 according to this preferred
embodiment but may also be selectively output to either the
property value calculating section 105 or the computed data
storage section 106 only.

[0069] The property value calculating section 105 calcu-
lates the property measured values of the respective target
tissues of the subject based on the motion information thathas
been obtained by the motion information gathering section
104. More specifically, the property value calculating section
105 calculates the greatest thickness difference and the strain
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between two points that define each ofthe target tissues by the
method to be described later. Furthermore, the property value
calculating section 105 also calculates the elastic property of
each target tissue based on the blood pressure data collected
by the blood pressure manometer 400 and the greatest thick-
ness difference by the method to be described later. The
property measured value is output to the computed data stor-
age section 106 and the distribution plotting section 108. The
property measured value is output to both of the computed
data storage section 106 and the distribution plotting section
108 according to this preferred embodiment but may also be
output selectively to either the computed data storage section
106 or the distribution plotting section 108 only.

[0070] The electrocardiogram obtained by the electrocar-
diograph 500 is output to the motion information gathering
section 104 and the property value calculating section 105
and used as a trigger signal that determines the timings of data
acquisition and data resetting. Any other trigger signal may
also beused as long as the external device is connectible to the
ultrasonic diagnostic apparatus 100 and generates a signal
that can be used as a trigger signal. For example, the electro-
cardiogram obtained by the electrocardiograph 500 may be
replaced with either a phonocardiogram obtained by a phono-
cardiograph or a sphygmogram obtained by a sphygmograph.
[0071] The region setting section 107 gets the region infor-
mation of a region of interest (which will be abbreviated
herein as “ROI”) that has been specified by the operator using
the input section 600. The region information contains infor-
mation about the location and range of the ROI and defines a
region of interest on a tomographic image of the subject as
will be described in detail later. The distribution plotting
section 108 plots a frequency distribution of property mea-
sured values in the ROI based on the region information
obtained by the region setting section 107 and the property
measured value calculated by the property value calculating
section 105 by the method to be described later.

[0072] The image processing section 110 generates image
data (such as atomographic image) of the subject based on the
received signal supplied from the time delay control section
103. Also, the image processing section 110 outputs the fre-
quency distribution generated by the distribution plotting sec-
tion 108, along with the tomographic image of the subject, to
the display 300. Furthermore, the image processing section
110 outputs the region information, collected by the region
setting section 107, to the display 300.

[0073] The computed data storage section 106 may be
implemented as a semiconductor memory or a hard disk, for
example, and stores the motion information gathered by the
motion information gathering section 104 and the property
measured value calculated by the property value calculating
section 105. In accordance with the operator’s instruction, the
motion information and property measured value stored in the
computed data storage section 106 are read out from the
computed data storage section 106, processed by the image
processing section 110 and then presented on the display 300.
In this case, the property measured value is converted by the
distribution plotting section 108 into a frequency distribution,
which is then presented on the display 300. As a result, the
operator can compare the data about the subject under test to
the computed data that was collected in the past. The motion
information and elastic property stored in the computed data
storage section 106 do not have to be presented as frequency
distributions but may also be represented in any other form.
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[0074] Hereinafter, it will be described as an example
exactly how the ultrasonic diagnostic apparatus 100 operates
in a situation where the operator inspects the blood vessel 3 of
a subject.

[0075] When the operator brings the ultrasonic probe 200
into contact with the body surface 2 of the subject, transmis-
sion focusing is done by the time delay control section 103 on
the transmitting section 101, which transmits a drive pulse
signal to the ultrasonic probe 200. In response, the ultrasonic
probe 200 sends out an ultrasonic wave toward the internal
vital tissue 1. The ultrasonic wave is reflected by the internal
vital tissue 1, the vascular wall 4 and the blood 5 to be a
reflected echo signal, which is eventually received by the
ultrasonic probe 200.

[0076] The reflected echo received by the ultrasonic probe
200 is converted into an electrical signal, which is amplified,
turned into a received signal and then converted into a digital
signal by the receiving section 102. The received signal that
has been converted digitally by the receiving section 102 is
output to the time delay control section 103, which controls
the delay ofthe received signal to carry out reception focusing
and then outputs it to the motion information gathering sec-
tion 104 and image processing section 110.

[0077] The motion information gathering section 104
obtains motion information such as a thickness variation from
the received signal by the method to be described later.
According to this preferred embodiment, a phase detection
method, which is qualified for obtaining motion information
with a high resolution, is adopted as a method for gathering
the motion information. However, the motion information
does not have to be collected by this method but may also be
obtained by an envelope detection method, for example.
[0078] The motion information gathering section 104
detects the phase of the received signal, supplied from the
time delay control section 103, thereby splitting the signal
into areal part signal and an imaginary part signal, which are
then subjected to filtering processing to filter out the compo-
nents that have not been reflected by the object of measure-
ment and other noise components.

[0079] FIG. 7 schematically shows the acoustic line 10 of
the ultrasonic wave that has been transmitted from the ultra-
sonic probe 200 and is propagating through the vascular wall
4 of the subject. As shown in FIG. 7, multiple measuring
points a,, a,, as, . .. ,and a, are set at regular intervals on the
acoustic line 10. Also, the target tissues d,, d,, ..., and d,_;
of the vascular wall 4 are defined by respective pairs of
adjacent measuring points a, and a,, a, and a5, ...,and a,_,
and a,. Only one acoustic line 10 is shown in FIG. 7. However,
as the ultrasonic probe 200 scans the vascular wall 4 in its
length direction (i.e., the direction in which the blood vessel
extends), there will be a number of parallel acoustic lines 10
at regular intervals in an actual measurement. As a result, the
measuring points are arranged two-dimensionally in the sub-
ject and the target tissues defined by the measuring points in
the subject are also arranged two-dimensionally. A target
tissue is normally defined by two adjacent measuring points.
Alternatively, a target tissue may also be defined by measur-
ing points that are spaced apart from each other by a distance
of two or more (e.g., the measuring points a, and a,).

[0080] Using the real part signal and imaginary part signal,
the motion information gathering section 104 calculates the
motion velocities of the subject at the respective measuring
points by a restricted minimum square method, for example.
Then, the motion information gathering section 104 inte-
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grates the motion velocities with respect to time, thereby
calculating the magnitudes of positional displacements of the
subject with time between the respective measuring points.
Also, the motion information gathering section 104 calcu-
lates the difference between the magnitudes of positional
displacements with time at two adjacent measuring points on
the same acoustic line, thereby figuring out the variationin the
thickness of each target tissue. If the target tissue is defined by
a pair of measuring points that are spaced apart from each
other by a distance of two or more as described above, then the
motion information gathering section 104 calculates the dif-
ference between the magnitudes of positional displacements
with time at the two measuring points that define the position
of the target tissue.

[0081] For example, the respective measuring points may
be set at an interval of 80 um and the variation in the thickness
of the target tissue, defined at the 80 pm interval, may be
calculated. Alternatively, the target tissues may also be
defined at an interval of 160 pm or 240 um. In this case, the
thickness variation does not have to be calculated by the
method described above but may be calculated by any other
method as long as a variation in thickness between two arbi-
trary points can be calculated.

[0082] The property value calculating section 105 calcu-
lates the greatest thickness difference as a difference between
the maximum and minimum variations in the thicknesses of
multiple target tissues, which have been calculated by the
motion information gathering section 104 during an arbitrary
period, and also figures out a strain between the two points
based on the greatest thickness difference. Supposing the
greatest thickness difference is Ah and the maximum thick-
ness of the subject is H, the strain S may be given by the
following Equation (1):

S=AW/H a

[0083] Furthermore, based on the blood pressure data pro-
vided by the blood pressure manometer 400 and the magni-
tude of the strain calculated by Equation (1), the property
value calculating section 105 figures out an elastic property
between the two points. Supposing the difference between the
maximum and minimum values of the blood pressures (i.e.,
the pulse pressure) acquired from the blood pressure manom-
eter 400 in the periods during which the maximum and mini-
mum thickness variations are obtained is Ap, the elastic prop-
erty E may be given by the following Equation (2):

E=Ap/S=Ap-H/Ah o)

[0084] If the subject is a circulatory organ such as the
vascular wall 4, then the greatest thickness difference Ah, the
pulse pressure Ap and the maximum thickness H change one
cardiac cycle after another. That is why the maximum and
minimum values of the thickness variations of the target
tissues are preferably obtained every cardiac cycle. In that
case, the greatest thickness difference Ah and strain S are also
calculated every cardiac cycle. The elastic property E is also
figured out once a cardiac cycle using the maximum and
minimum blood pressure values that are obtained every car-
diac cycle. That is to say, an property measured value such as
the elastic property E is updated one cardiac cycle after
another.

[0085] The image processing section 110 generates image
data representing a tomographic image of the blood vessel 3
based on the received signal obtained by the time delay con-
trol section 103 and outputs the image data to the display 300.
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Tt should be noted that the data does not have to be presented
on the display 300 as in the following example.

[0086] FIG. 3 illustrates an exemplary mode of presenta-
tion on the display 300. As shown in FIG. 3, the picture
presented on the display 300 includes a tomographic image
display area 301, an elastic property ROI 302, and histogram
display areas 3034, 3035 and 303c.

[0087] In the tomographic image display area 301, tomo-
graphic images of the subject, which have been generated
based on the image data supplied from the image processing
section 110, are presented. In this preferred embodiment, the
vascular wall 4 of the blood vessel 3 as a subject is presented
in B mode in the tomographic image display area 301. The
vascular wall 4 includes an adventitia 41, a media 42 and an
endosporium 43. It should be noted that the adventitia 41, the
media 42 and the endosporium 43 are illustrated in FIG. 3
schematically, not to scale.

[0088] Theelastic property ROI 302 is an ROI, of which the
size (or range) and the location may be specified arbitrarily by
the operator. The motion information gathering section 104
and property value calculating section 105 calculate the great-
est thickness difference, the strain, the elastic property and
other property measured values of the subject’s target tissues
at least in the range that has been set in the elastic property
ROI 302. As described above, the target tissues are arranged
two-dimensionally and the elastic property ROI302 includes
a two-dimensional arrangement of target tissues. The elastic
property ROI 302 representing the size and location that have
been set is presented in real time in the tomographic image
display area 301. For example, the size and location of the
elastic property ROI 302 may be defined so as to cover the
vascular wall 4 both vertically and horizontally as shown in
FIG. 3.

[0089] The elastic property ROI 302 includes histogram
ROIs 3024, 30256 and 302¢, of which the number, the sizes
(ranges) and locations may be specified arbitrarily by the
operator. The histogram ROIs 302a,3025 and 302¢ are ranges
in which histograms should be plotted. The histogram ROIs
302a, 3026 and 302c¢ in the arbitrarily specified sizes, loca-
tions and numbers are presented in real time in the tomo-
graphic image display area 301. For example, the sizes, loca-
tions and number of the histogram ROIs 302a, 3025 and 302¢
may be defined so as to respectively represent the adventitia
41, media 42 and endosporium 43 of the vascular wall 4 as
shown in FIG. 3. Each of these histogram ROIs 302, 3020
and 302c¢ includes a two-dimensional arrangement of target
tissues.

[0090] Hereinafter, it will be described how the operator
may specify the elastic property ROI 302 and histogram ROIs
302a, 3025 and 302¢ in the tomographic image representing
the vascular wall 4 of the blood vessel 3 in the tomographic
image display area 301.

[0091] The sizes and number of the ROIs in the elastic
property ROI 302 may be defined by letting the operator
determine the vertical and horizontal sizes (i.e., the height and
the width) and the number of the ROIs with the input section
600 (which may be a control panel, for example). To allow
him or her to determine the sizes easily, several combinations
of sample heights, widths and numbers may be prepared in
advance for the input section 600. By selecting desired values
from those sample values, the operator can specify the elastic
property ROI 302. The location of the elastic property ROI
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302 may be determined by letting the operator specify his or
her desired location with the input section 600 (which may be
a trackball, for example).

[0092] The elastic property ROI 302 may be set not only by
using a control panel and a trackball as the input section 600
as in the histogram ROIs 3024, 30256 and 302¢ but also by
operating the input section 600 (which may be a pointing
device such as a mouse) in the following manner.

[0093] For example, the operator may handle the mouse
such that a mouse pointer (not shown) on the tomographic
image display area 301 points to an arbitrary point (which will
be referred to herein as a “start point”). When the operator
clicks the left button of the mouse at the start point (with
coordinates (X1, Y1)) pointed to by the mouse pointer, the
location of the start point is fixed.

[0094] To define his or her desired ROI, the operator further
makes a drag operation with the mouse, thereby moving the
mouse pointer to another arbitrary point (which will be
referred to herein as an “end point™). When the operator lifts
his or her finger from the mouse button at the end point (with
coordinates (X2, Y2)) pointed to by the mouse pointer, the
location of the end point is fixed. Values representing either
the location (e.g., the information about the coordinates on
the display 300) of a rectangular area, of which the diagonal
is defined by the line segment connecting the start and end
points together, or its range (i.e., the vertical and horizontal
lengths of the rectangular area) are used as pieces of region
information.

[0095] The ROIs are set at least twice when the region for
measuring the thickness variation, the strain or the elastic
property (i.e., the elastic property ROI 302) is defined and
when regions for plotting the histograms (i.e., the histogram
ROIs 3024, 3025 and 302¢) are defined.

[0096] The region information of the elastic property ROI
302 and that of the histogram ROIs 3024, 3025 and 302¢ are
output as measuring region information and histogram region
information, respectively, to the ROI setting section 107. It
should be noted that the ROIs do not always have to be defined
as described above according to this preferred embodiment.
For example, if the input section 600 is a keyboard, the ROTs
may also be defined by letting the operator enter the coordi-
nates directly with the keyboard.

[0097] Next, it will be described how to plot histograms
based on the measuring region information and the histogram
region information that have been defined for the region set-
ting section 107.

[0098] The distribution plotting section 108 gets the prop-
erty measured value such as the thickness variation, strain or
elastic property of the target tissue, included in the range
defined by the measuring region information in the region
setting section 107, from the property value calculating sec-
tion 105. Also, the distribution plotting section 108 plots the
frequency distributions of the elastic properties of multiple
target tissues, included in the range defined by the histogram
region information in the region setting section 107, thereby
making histograms. Every time the property value calculating
section 105 updates the property measured value, the distri-
bution plotting section 108 preferably plots the frequency
distribution and makes new histograms all over again at the
same intervals as the update.

[0099] For example, the distribution plotting section 108
may plot the frequency distribution of elastic properties and
make histograms by counting the frequencies of elastic prop-
erties onan elastic property level (of 100 mmHg, for instance)
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basis. The histograms are output by the image processing
section 110 to the display 300. In the histogram display area
303a, presented is a histogram representing the elastic prop-
erty of a target tissue included in some region of the adventitia
41, which has been defined in the histogram ROT302a. In the
same way, histograms representing the elastic properties of
respective target tissues included in some region of the media
42 and in some region of the endosporium 43, which have
been defined in the histogram ROIs 3025 and 302c, are pre-
sented in the histogram display areas 3035 and 303 ¢, respec-
tively.

[0100] As soonas the motion information gathering section
104 and the property value calculating section 105 get calcu-
lations done, the distribution plotting section 108 makes his-
tograms in the ranges defined by the measuring region infor-
mation. Thus, no sooner have the measurements been done
than the respective histograms are presented in the histogram
display areas 303a, 3035 and 303¢ of the display 300.
[0101] FIG. 5 shows histograms that were made based on
results obtained by measuring the elastic property of the
carotid arterial vascular wall of a 36 years old healthy man.
Specifically, FIG. 5(a) is a graph showing an exemplary his-
togram that represents the elastic property of an adventitia
region; FIG. 5(b) is a graph showing an exemplary histogram
that represents the elastic property of a media region; and
FIG. 5(c) is a graph showing an exemplary histogram that
represents the elastic property of an endosporium region. In
FIGS. 5(a) through 5(c), the abscissa represents the elastic
property (in mmHg) and the ordinate represents the fre-
quency within the region.

[0102] The histogram shown in FIG. 5(a) is obtained by
plotting the frequency distribution of the elastic properties of
target tissues included in the histogram ROI 3024 shown in
FIG. 3. In the histogram ROI 3024, 12 target tissues are
arranged in the vascular wall thickness direction, 50 target
tissues are arranged in the direction in which the blood vessel
extends, and 500 target tissues are included in total. In the
same way, the histogram shown in FIG. 5(b) is obtained based
on the elastic properties of target tissues included in the
histogram ROT 3024. In the histogram ROI 3025, 6 target
tissues are arranged in the vascular wall thickness direction,
50 target tissues are arranged in the direction in which the
blood vessel extends, and 300 target tissues are included in
total. The histogram shown in FIG. 5(c) is obtained based on
the elastic properties of target tissues included in the histo-
gram ROT 302¢. In the histogram ROI 302¢, 3 target tissues
are arranged in the vascular wall thickness direction, S0 target
tissues are arranged in the direction in which the blood vessel
extends, and 150 target tissues are included in total. As men-
tioned above, the adventitia 41, media 42 and endosporium 43
are not illustrated to scale in FIG. 3, and therefore, the histo-
gram ROIs 302q, 30256 and 302¢ are also shown schemati-
cally there.

[0103] FIG. 5(a) shows that the frequencies of elastic prop-
erties of 150 mmHg to 550 mmHg are high, which indicates
that most of the tissues in the adventitia region defined by the
histogram ROI 302a have elastic properties falling within this
range. FIG. 5(b) shows that most of the tissues in the media
region defined by the histogram ROI 3025 have elastic prop-
erties falling within the range of 150 mmHg to 250 mmHg.
[0104] FIG. 5(c) shows that most of the tissues in the
endosporium region have elastic properties falling within the
range of 50 mmHg to 750 mmHg. Itcan also be seen that there
are tissues with elastic properties of 1,000 mmHg or more.
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These high elastic properties are isolated from the main elas-
tic property distribution within the range of 50 mmHg to 750
mmHg. Thus, it can be seen that there are some tissues with
outstandingly high elastic properties within the region
defined by the endosporium histogram ROI 302¢.

[0105] For the purpose of comparison, FIG. 6 shows an
exemplary histogram made by defining a single histogram
ROI, covering the histogram ROIs 302a, 3025 and 302c,
using the ultrasonic diagnostic apparatus 100 and plotting the
frequency distribution of elastic properties of target tissues
included in the region defined. The histogram ROI defined
includes the adventitia, media and endosporium of the vas-
cular wall. The histogram shown in FIG. 6 indicates that there
are some tissues with elastic properties of more than 1,000
mmHg. According to the distribution of elastic properties,
however, it is difficult to determine whether the presence of
tissues with such high elastic properties is exceptional or not.

[0106] As can be seen, the adventitia, media and endospo-
rium regions have different elastic property histograms. That
is why in measuring the elastic property of a vascular wall and
determining the degree of advancement of sclerosis, it would
be very effective to make histograms on a constitutional tissue
basis in order to make an accurate pathologic diagnosis.

[0107] It should be noted that the number of histograms
made for each histogram ROI does not have to be one. For
example, if the operator has specified only the histogram ROI
302a, the distribution plotting section 108 may measure the
elastic properties, thickness variations and strains in the his-
togram ROI 302a, make three histograms representing the
elastic properties, thickness variations and strains, respec-
tively, and present those histograms in the histogram display
areas 303a, 3035 and 303c.

[0108] As described above, according to this preferred
embodiment, the region setting section 107 gets the region
information of the ROI that has been specified by the operator
and the distribution plotting section 108 makes a histogram
representing the frequencies of elastic properties in the
defined ROI based on the region information and the elastic
properties measured by the property value calculating section
105. In this manner, the frequency distribution of elastic
properties in the region defined in the subject is shown. As a
result, the operator or a person who is inspecting the subject
can easily know how high the elastic property of the region in
question is. Also, if the operator specifies an ROI for each
constitutional tissue of the subject, he or she can refer to
histograms representing the elastic properties of the consti-
tutional tissues. Thus, the operator can understand the exact
degree of advancement of sclerosis in the subject by reference
to the elastic properties of respective constitutional tissues of
the subject, and can make an even more accurate pathologic
diagnosis. Furthermore, in the ultrasonic diagnostic appara-
tus of this preferred embodiment, the property value calcu-
lating section 105 obtains computed data and the distribution
plotting section 108 makes histograms based on the com-
puted data. As a result, the operator can understand the degree
of advancement of sclerosis in the subject immediately, and
can make an even more accurate diagnosis.

[0109] In the preferred embodiment described above, the
vascular wall 4 is supposed to be made up of the adventitia41,
media 42 and endosporium 43, for which histograms are
made separately. However, as the endosporium and media are
often used as an intima-media complex (IMC) region, the
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vascular wall 4 may also be supposed to include the adventitia
41 and the IMC region and histograms may be made for these
two regions.

[0110] Also, in the preferred embodiment described above,
the property measured values calculated by the property value
calculating section 105 are presented only as a frequency
distribution such as a histogram. Alternatively, a two-dimen-
sional distribution image, representing the property measured
values as locations in the subject, may be further generated
and presented. For example, if the operator has specified the
elastic property ROI 302 as shown in FIG. 3, the image
processing section 110 may generate a two-dimensional dis-
tribution image representing the elastic properties of target
tissues included in the elastic property ROI 302 based on the
elastic property values supplied from the property value cal-
culating section 105 and the region information of the elastic
property ROI 302 provided by the region setting section 107.
Then, the image processing section 110 may get a two-di-
mensional distribution image 304 of the elastic properties
superimposed on the tomographic image display area 301 on
the display 300. Since the elastic property value is updated
every cardiac cycle as described above, the image processing
section 110 also preferably updates the two-dimensional dis-
tribution image every cardiac cycle synchronously with the
update of the elastic property. As a result, the elastic property
histogram and the two-dimensional distribution image are
updated synchronously with each other every cardiac cycle.
[0111] Optionally,inthat case, the elastic property ROI 302
may be aligned with the histogram ROI such that if the elastic
property ROI 302 is selected, the histogram ROI is also
defined automatically. By adopting such a technique, even if
the operator does not specify a region in which the frequency
distribution of elastic properties needs to be obtained, a two-
dimensional distribution image representing elastic propet-
ties and their histogram can also be presented.

[0112] As described above, if a two-dimensional distribu-
tion image representing elastic properties is also presented, a
specific portion of the subject’s elastic property can be
detected easily by reference to the two-dimensional distribu-
tion image of the elastic properties. In addition, as described
above, it can also be determined easily, by reference to the
elastic property histogram, how much the elastic properties
are varied and whether or not the elastic property value in
question is a specific value on the frequency distribution of
elastic properties. Consequently, the operator can make an
even more accurate pathologic diagnosis based on these
pieces of information.

Embodiment 2

[0113] Hereinafter, a second preferred embodiment of the
present invention will be described with reference to the
accompanying drawings. The ultrasonic diagnostic apparatus
of the second preferred embodiment is the same as the coun-
terpart of the first preferred embodiment described above
except how the region setting section 107 sets the ROI.
[0114] FIG. 4illustrates an exemplary picture presented on
the display of the ultrasonic diagnostic apparatus of this pre-
ferred embodiment. In FIG. 4, any component of the display
300, having the same function as the counterpart of the first
preferred embodiment described above, is identified by the
same reference numeral as that used in FIG. 3 and the descrip-
tion thereof will be omitted herein.

[0115] As shown in FIG. 4, the ultrasonic diagnostic appa-
ratus of'this preferred embodiment gets a tomographic image
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display area 301, an elastic property ROI 302, and histogram
display areas 303a, 303d presented on the display 300.
[0116] Inthetomographicimage displayarea 301, apicture
of the vascular wall 4 of the blood vessel 3 as a subject may be
presented as a B-mode image, for example. The vascular wall
4 is made up of an adventitia 41 and an IMC region 44
including a media and an endosporium.

[0117] According to this preferred embodiment, the opera-
tor can specify an ROI by setting a boundary in the elastic
property ROI 302 presented on the display 300. If one or more
boundaries are set, the elastic property ROI 302 is divided
into two or more regions to be histogram ROIs, for which
histograms should be made separately. A histogram ROI may
be defined as a region interposed between two boundaries.
[0118] Inthe exampleillustrated in FIG. 4, the region inter-
posed between the boundaries 3024 and 302e (i.e., a portion
of the adventitia 41 of the vascular wall 4) is specified as a
ROI and the region interposed between the boundaries 302¢
and 302/ (i.e., a portion of the IMC region 44 of the vascular
wall 4) is specified as another ROI.

[0119] The ROIs defined by the boundaries 3024, 302¢ and
302f are presented in real time in the tomographic image
display area 301. The sizes, locations and number of the ROIs
are determined by the boundaries 3024, 302¢ and 302f'and the
elastic property ROI 302. That is why these pieces of infor-
mation of the ROIs need not be presented on the display 300.
[0120] Hereinafter, it will be described how the operator
specifies ROIs using the boundaries 302d, 302¢ and 302/ on
the tomographic image of the vascular wall 4 of the blood
vessel 3 that is presented on the tomographic image display
area 301.

[0121] The operator sets the boundary 302d by operating
the input section 600 (e.g., a pointing device such as a mouse).
For example, the operator may handle the mouse such that the
mouse pointer on the tomographic image display area 301
points to an arbitrary point (which will be referred to herein as
a “Point A”). When the operator clicks the mouse at Point A
pointed to by the mouse pointer, the boundary 3024, of which
the length is substantially equal to the horizontal length of the
elastic property ROT 302, is presented.

[0122] By repeatedly performing this operation, the other
boundaries 302¢ and 302/ are also set in the same way.
Optionally, the operator may also move the boundaries 3024,
302¢ and 302/ by dragging them, for example.

[0123] Values representing the location of each region
interposed between two boundaries (such as coordinate infor-
mation on the display 300) and values representing the range
of that region (i.e., the horizontal and vertical lengths of a
rectangular region) are used as pieces of region information.
The region information defined by the boundaries 3024, 302¢
and 302f'is output as histogram region information to the
region setting section 107.

[0124] However, the ROI does not have to be defined in this
manner. For example, if the input section 600 is a keyboard,
the operator may specify the ROI by directly entering coor-
dinates with the keyboard. Alternatively, using a pointing
device such as a mouse as the input section 600, the operator
may manipulate the mouse freely while viewing the pointer
on the tomographic image display area 301 and may use the
mouse’s trace as a boundary. Then, even complex boundaries
can also be set relatively easily.

[0125] Still alternatively, the boundaries may be set by the
ultrasonic diagnostic apparatus automatically. The tissues
included in the subject have mutually different acoustic prop-
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erties. That is why the received signals, generated by receiv-
ing reflected echoes, have different characteristics that are
caused due to the difference in acoustic property. More spe-
cifically, the intensities (i.e., amplitude information) of the
received signals reflect the various acoustic properties of the
respective tissues. For that reason, the boundary may be set
automatically in accordance with the amplitude information
of the received signal. In this preferred embodiment, the
image processing section 110 generates image data such as a
subject’s tomographic image based on the received signal.
This image data is generated by getting the amplitude of the
received signal amplified by a log amplifier. And the intensi-
ties of the received signals may be characterized on a tissue-
by-tissue basis or on a boundary between different tissues.
Consequently, by receiving the image data such as a tomo-
graphic image that has been generated by the image process-
ing section 110, the region setting section 107 can set the
boundaries based on the difference in the amplitude of the
image data.

[0126] Also, the difference in property measured value
such as the greatest thickness difference, strain or elastic
property may be sensed as a subject’s boundary. Just like the
amplitude of the received signal, the property measured value
is also specific to each tissue. That is why the region setting
section 107 may detect the boundary between tissues auto-
matically by sensing the difference in the greatest thickness
difference, strain or elastic property.

[0127] Furthermore, the difference in motion information
such as the magnitude of positional displacement or the thick-
ness variation of the subject may also be sensed as a subject’s
boundary. The motion information is also specific to each
tissue. That is why the region setting section 107 may detect
the boundary between tissues automatically by sensing the
difference in the greatest thickness difference, strain or elastic
property.

[0128] In the preferred embodiments described above, the
subject is supposed to be the arterial vascular wall. However,
the subject that can be measured with the ultrasonic diagnos-
tic apparatus of the present invention does not have to be the
blood vessel. Alternatively, the ultrasonic diagnostic appara-
tus of the present invention can also be used effectively to
measure and inspect the heart, liver, stomach or any other
tissue and make a pathologic diagnosis based on an property
measured value such as elastic property as described above.
[0129] Also, in any of the preferred embodiments of the
present invention described above, if it is difficult for the
operator to specify an ROI while operating the ultrasonic
probe 200, then the apparatus may go offline once using a
freeze function and then present an intra-ROT histogram after
the ROI has been specified.

[0130] Furthermore, in the preferred embodiments
described above, the regions where histograms should be
made (e.g., the histogram ROIs 302a, 3025 and 302¢) are
supposed to be defined on the elastic property ROI 302.
However, it is not always necessary to set the elastic property
ROI 302. For example, if the ultrasonic diagnostic apparatus
has such high processability as to figure out the elastic prop-
erty over the entire screen, those regions where histograms
should be made may be directly defined on the tomographic
image display area 301.

INDUSTRIAL APPLICABILITY

[0131] The ultrasonic diagnostic apparatus of the present
invention can be used effectively to measure a subject’s prop-
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erty measured value such as the elastic property and make a
pathologic diagnosis or analyze the property of a tissue
included in the subject.

1. An ultrasonic diagnostic apparatus comprising;

a transmitting section for driving a probe that transmits an
ultrasonic wave toward a subject;

a receiving section for amplifying a reflected echo to gen-
erate a received signal, the reflected echo being pro-
duced by getting the ultrasonic wave reflected by a vital
tissue and received at the probe;

an image processing section for generating a tomographic
image of the subject based on the received signal;

aregion setting section for setting an arbitrary range of the
tomographic image as a region of interest;

a motion information gathering section for getting the
motion information of the subject at multiple measuring
points, which have been set on the subject, based on the
received signal;

a property value calculating section for calculating the
property measured values of multiple target tissues of
the subject, specified by the multiple measuring points,
by reference to the motion information; and

a distribution plotting section, which gets the multiple
property measured values and plots a frequency distri-
bution of the property measured values based on the
property measured values of the target tissues located
within the region of interest that has been set by the
region setting section.

2. The ultrasonic diagnostic apparatus of claim 1, wherein
the property measured values calculated by the property value
calculating section are selected from the group consisting of
the greatest thickness difference, strain and elastic property of
the subject.

3. The ultrasonic diagnostic apparatus of claim 1, wherein
the region setting section sets the region of interest in
response to a signal supplied from an external input section.

4. The ultrasonic diagnostic apparatus of claim 1, wherein
the region setting section sets at least one boundary in the
subject based on a characteristic of the received signal that is
caused due to a difference in acoustic property in the subject,
and

wherein the distribution plotting section plots the fre-
quency distribution of the property measured values for
each of the regions defined by the boundary.

5. The ultrasonic diagnostic apparatus of claim 4, wherein

the characteristic of the received signal is amplitude informa-
tion of the received signal.
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6. The ultrasonic diagnostic apparatus of claim 1, wherein
the region setting section sets at least one boundary in the
subject based on the property measured values, and

wherein the distribution plotting section plots the fre-

quency distribution of the property measured values for
each of the regions defined by the boundary.

7. The ultrasonic diagnostic apparatus of claim 1, wherein
the region setting section sets at least one boundary in the
subject based on the motion information, and

wherein the distribution plotting section plots the fre-

quency distribution of the property measured values for
each of the regions defined by the boundary.

8. The ultrasonic diagnostic apparatus of claim 7, wherein
the motion information is at least one of magnitudes of posi-
tional displacements of the subject with time between mul-
tiple measuring points and a variation in thickness with time
between two points that define the target tissue.

9. The ultrasonic diagnostic apparatus of claim 4, wherein
the subject has a vascular wall tissue including an endospo-
rium region, a media region and an adventitia region, and

wherein the region setting section sets at least one bound-

ary between a vascular cavity and the endosporium
region, between the endosporium region and the media
region, between the media region and the adventitia
region, and/or between the adventitia region and an
extravascular tissue.

10. The ultrasonic diagnostic apparatus of claim 1, wherein
the distribution plotting section plots a histogram as the fre-
quency distribution of the property measured values.

11. The ultrasonic diagnostic apparatus of claim 1, further
comprising a display for presenting the tomographic image
and the frequency distribution thereon.

12. The ultrasonic diagnostic apparatus of claim 1, wherein
the image processing section gets the multiple property mea-
sured values and further generates an image representing a
two-dimensional distribution of the property measured val-
ues in the subject.

13. The ultrasonic diagnostic apparatus of claim 12, further
comprising a display for presenting the tomographic image,
the frequency distribution and the two-dimensional distribu-
tion image thereon.

14. The ultrasonic diagnostic apparatus of claim 13,
wherein the property value calculating section updates the
property measured values at regular intervals, and wherein
the distribution plotting section and the image processing
section update the frequency distribution and the two-dimen-
sional distribution image, respectively, synchronously with
the updates of the property measured values.
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