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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for evaluating an attribute property of a
subject’s tissue by tracking the motion of the tissue.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus is used to make
a noninvasive checkup on a subject by irradiating him or her
with an ultrasonic wave and analyzing the information
contained in its echo signal. For example, a conventional
ultrasonic diagnostic apparatus that has been used exten-
sively converts the intensity of an echo signal into its
associated pixel luminance, thereby presenting the subject’s
structure as a tomogram. In this manner, the internal struc-
ture of the subject can be known.

[0003] Meanwhile, some people are attempting recently to
track the motion of a subject’s tissue more precisely and
evaluate the strain and the elasticity, viscosity or any other
physical (attribute) property of the tissue mainly by analyz-
ing the phase of the echo signal.

[0004] Patent Document No. 1 discloses a method for
tracking a subject’s tissue highly precisely by calculating the
magnitude of instantaneous displacement of a local region of
the subject based on the phase difference of an ultrasonic
echo signal to be transmitted and received at regular inter-
vals and by summing the magnitudes of displacements
together. Hereinafter, a method for tracking a subject’s tissue
as disclosed in Patent Document No. 1 will be described
with reference to FIG. 162. Suppose ultrasonic pulses are
transmitted toward the same location of a subject at regular
intervals AT and received signals, generated by converting
the resultant echo signals into electrical signals, are identi-
fied by y(t) and y(t+AT), respectively, where t represents the
receiving time when the transmitting time is zero. The echo
signal obtained from a measuring point, which is located at
a distance x1 from the probe, and its receiving time t1 satisfy
the following Equation (1):

11=x1/(C/2) (1)
where C is the sonic velocity.

[0005] In this case, supposing the phase difference
between y(t) and y(t+AT) is A0 and the detection frequency
is f, the magnitude of displacement Ax of the measuring
point during this interval AT is represented by the following
Equation (2):

Ax=—C-A&/Anf 2

[0006] The location x1' of the measuring point after the
interval AT has passed is given by adding the magnitude of
displacement Ax, given by Equation (2), to the original
measuring point x1 as in the following Equation (3):

x1'=x1+Ax (3)

[0007] By performing this calculation repeatedly, the loca-
tion of the measuring point in the subject can be tracked.

[0008] Patent Document No. 2 further develops the
method of Patent Document No. 1 into a method of calcu-
lating the elasticity of a subject’s tissue (e.g., an arterial
vascular wall, in particular). According to this method, first,
an ultrasonic wave is transmitted from a probe 101 toward
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the blood vessel 222 of a subject 230 as shown in FIG. 17.
And the echo signals, reflected from measuring points A and
B on the vascular wall of the blood vessel 222, are analyzed
by the method of Patent Document No. 1, thereby tracking
the motions of the measuring points A and B. FIG. 18 shows
the tracking waveforms TA and TB of the measuring points
A and B along with an electrocardiographic complex ECG.

[0009] As shown in FIG. 18, the tracking waveforms TA
and TB have the same periodicity as the electrocardio-
graphic complex ECG, which shows that the artery dilates
and shrinks in sync with the cardiac cycle of the heart. More
specifically, when the electrocardiographic complex ECG
has outstanding peaks called “R waves”, the heart starts to
shrink, thus pouring blood flow into the artery and raising
the blood pressure. As a result, the vascular wall is dilated
rapidly. That is why soon after the R wave has appeared on
the electrocardiographic complex ECG, the artery dilates
rapidly and the tracking waveforms TA and TB rise steeply,
too. After that, however, as the heart dilates slowly, the
artery shrinks gently and the tracking waveforms TA and TB
gradually fall to their original levels. The artery repeats such
a motion cyclically.

[0010] The difference between the tracking waveforms TA
and TB is represented as a waveform W showing a variation
in thickness between the measuring points A and B. Sup-
posing the maximum variation of the thickness variation
waveform is AW and the reference thickness between the
measuring points A and B during initialization (i.e., the end
of the diastole) is Ws, the magnitude of maximum strain €
between the measuring points A and B is calculated by the
following Equation (4):

e=AW/Ws )
[0011] As this strain is caused due to the difference
between the blood pressures applied to the vascular wall, the
elasticity Er between the measuring points A and B is given
by:

Er=AP/c=AP-Ws/AW (5)
where AP is the blood pressure difference at this time.

[0012] Therefore, by measuring the elasticity Er for mul-
tiple spots on a tomographic image, an image representing
the distribution of elasticities can be obtained. If an
atheroma 220 has been created in the vascular wall of the
blood vessel 222 as shown in FIG. 17, the atheroma 220 and
its surrounding vascular wall tissue have different elastici-
ties. That is why if an image representing the distribution of
elasticities is obtained, important information can be
acquired in inspecting the attribute of the atheroma (e.g.,
how easily the atheroma may rupture, among other things).

[0013] Patent Document No. 1: Japanese Patent Appli-
cation Laid-Open Publication No. 10-5226

[0014] Patent Document No. 2: Japanese Patent Appli-
cation Laid-Open Publication No. 2000-229078

DISCLOSURE OF INVENTION

Problems to be Solved by the Invention

[0015] According to the conventional method of tracking
a subject’s tissue, however, if the magnitude of displacement
of the subject’s tissue during the transmission/reception
interval AT exceeds a half of the wavelength of the ultra-
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sonic waves, the magnitude of the displacement cannot be
calculated accurately due to aliasing. Also, since the mea-
surements can now be done on the order of several microme-
ters by the method described above, the results of measure-
ments are more and more affected by noise. That is why to
get measuring done as accurately as possible, the influence
of noise needs to be minimized.

[0016] In order to overcome at least one of these problems
of the prior art, an object of the present invention is to
provide an ultrasonic diagnostic apparatus that can track the
motion of a subject’s tissue precisely and can obtain accu-
rate attribute property.

MEANS FOR SOLVING THE PROBLEMS

[0017] An ultrasonic diagnostic apparatus according to the
present invention includes: a transmitting section for driving
an ultrasonic probe that transmits an ultrasonic wave toward
a subject’s tissue; a receiving section for receiving a
reflected wave, produced by getting the ultrasonic wave
reflected by the tissue of the organism, through the ultra-
sonic probe to generate a received signal; a plurality of filters
for extracting multiple signal components, belonging to
mutually different frequency bands, from the received sig-
nal; a plurality of phase detecting sections for detecting the
respective phases of the multiple signal components; and a
tissue tracking section for tracking the motion of the sub-
ject’s tissue on the basis of the phases, thereby outputting
tracking information.

[0018] In one preferred embodiment, the filters include a
first filter with a first center frequency and a second filter
with a second center frequency that is higher than the first
center frequency. The tissue tracking section includes an
imperfect tracking section for tracking the motion of the
subject’s tissue on the basis of the phase of the signal
component that has passed through the first filter and out-
putting imperfect tracking information and a detailed track-
ing section for outputting the tracking information about the
subject’s tissue based on the phase of the signal component
that has passed through the second filter and by reference to
the imperfect tracking information.

[0019] In another preferred embodiment, the tissue track-
ing section includes a plurality of tracking sections for
tracking the motion of the subject’s tissue on the basis of the
phases to generate multiple pieces of tracking information
and a computing section for figuring out noise-reduced
tracking information based on the multiple pieces of track-
ing information generated by the tracking sections.

[0020] In this particular preferred embodiment, the com-
puting section figures out at least one of the simple average
and a weighted average of the multiple pieces of tracking
information.

[0021] In still another preferred embodiment, the ultra-
sonic diagnostic apparatus further includes an amplitude
measuring section for measuring the amplitude of at least
one of the multiple signal components. If the amplitude is
equal to or smaller than a predetermined value, the tissue
tracking section generates the tracking information without
using the signal component, of which the amplitude has been
measured.

[0022] In yet another preferred embodiment, the transmit-
ting section generates a signal to be transmitted that drives
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the ultrasonic probe so as to produce an ultrasonic wave, in
which at least one of the frequency bands of the filters is
boosted.

[0023] Inyet another preferred embodiment, the ultrasonic
diagnostic apparatus further includes a property evaluating
section for evaluating an attribute property of the subject
based on the tracking information.

[0024] Inyet another preferred embodiment, the first filter
belongs to a frequency band that passes a fundamental wave
component of the ultrasonic wave and the second filter
belongs to a frequency band that passes an n™ harmonic
component (where n is an integer that is equal to or greater
than two) of the ultrasonic wave.

[0025] An ultrasonic diagnostic apparatus controlling
method according to the present invention is a method for
controlling an ultrasonic diagnostic apparatus using the
control section of the apparatus. The method includes the
steps of: (A) generating a received signal based on a
reflected wave by transmitting and receiving an ultrasonic
wave with an ultrasonic probe, the reflected wave being
produced by getting the ultrasonic wave reflected by a
subject’s tissue; (B) extracting multiple signal components,
belonging to mutually different frequency bands, from the
received signal; (C) detecting the respective phases of the
multiple signal components; and (D) tracking the motion of
the subject’s tissue on the basis of the phases, thereby
outputting tracking information.

[0026] In one preferred embodiment, the step (B) includes
extracting a signal component with a first center frequency
and another signal component with a second center fre-
quency that is higher than the first center frequency. The step
(D) includes the steps of: (D1) tracking the motion of the
subject’s tissue on the basis of the phase of the signal
component that has the first center frequency and outputting
imperfect tracking information and (D2) outputting the
tracking information about the subject’s tissue based on the
phase of the signal component that has the second center
frequency and by reference to the imperfect tracking infor-
mation.

[0027] In another preferred embodiment, the step (D)
includes the steps of (D1) tracking the motion of the
subject’s tissue on the basis of the phases to generate
multiple pieces of tracking information and (D2) figuring
out noise-reduced tracking information based on the mul-
tiple pieces of tracking information generated by tracking
sections.

[0028] In this particular preferred embodiment, the step
(D2) includes figuring out at least one of the simple average
and a weighted average of the multiple pieces of tracking
information.

[0029] In still another preferred embodiment, the method
further includes the step of (E) measuring the amplitude of
at least one of the multiple signal components between the
steps (C) and (D). If the amplitude is equal to or smaller than
a predetermined value, the step (D) includes generating the
tracking information without using the signal component, of
which the amplitude has been measured.

[0030] In yet another preferred embodiment, the step (A)
includes transmitting an ultrasonic wave, in which at least
one of the frequency bands of the filters is boosted, toward
the subject.
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[0031] In yet another preferred embodiment, the method
further includes the step of (F) evaluating an attribute
property of the subject based on the tracking information.

[0032] In yet another preferred embodiment, the signal
component with the first center frequency includes a fun-
damental wave component of the ultrasonic wave and the
signal component with the second center frequency includes
an n™ harmonic component (where n is an integer that is
equal to or greater than two) of the ultrasonic wave.

EFFECTS OF THE INVENTION

[0033] According to the present invention, multiple signal
components, belonging to mutually different frequency
bands, are extracted from a received signal using filters and
then analyzed, thereby defining the features of the respective
signal components in terms of their frequency dependences.
And by taking advantage of these features appropriately, the
measuring accuracy can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0034] FIG. 1 is a block diagram showing a first preferred
embodiment of an ultrasonic diagnostic apparatus according
to the present invention.

[0035] FIG. 2 schematically shows frequency character-
istics that a received signal and a filter have in a conven-
tional ultrasonic diagnostic apparatus.

[0036] FIG. 3 schematically shows frequency character-
istics that a received signal and a filter have in another
conventional ultrasonic diagnostic apparatus.

[0037] FIG. 4 schematically shows frequency character-
istics that a received signal and filters may have in the
ultrasonic diagnostic apparatus shown in FIG. 1.

[0038] FIG. 5 is a flowchart showing a method for con-
trolling the ultrasonic diagnostic apparatus shown in FIG. 1.

[0039] FIG. 6 illustrates a picture that may be presented on
the monitor of the ultrasonic diagnostic apparatus shown in
FIG. 1.

[0040] FIG. 7 schematically shows other frequency char-
acteristics that a received signal and filters may have in the
ultrasonic diagnostic apparatus shown in FIG. 1.

[0041] FIG. 8 schematically shows other frequency char-
acteristics that a received signal and filters may have in the
ultrasonic diagnostic apparatus shown in FIG. 1.

[0042] FIG. 9 is a block diagram showing a second
preferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention.

[0043] FIG. 10 is a flowchart showing a method for
controlling the ultrasonic diagnostic apparatus shown in
FIG. 9.

[0044] FIG. 11 is a block diagram showing a third pre-
ferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention.

[0045] FIG. 12 schematically shows frequency character-
istics that a received signal and filters may have in the
ultrasonic diagnostic apparatus shown in FIG. 11.
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[0046] FIG. 13 is a flowchart showing a method for
controlling the ultrasonic diagnostic apparatus shown in
FIG. 11.

[0047] FIG. 14 is a block diagram showing a fourth
preferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention.

[0048] FIG. 15 is a flowchart showing a method for
controlling the ultrasonic diagnostic apparatus shown in
FIG. 14.

[0049] FIG. 16 shows how to track a tissue based on the
phase difference of an ultrasonic echo signal.

[0050] FIG. 17 is a schematic representation showing how
to calculate the elasticity of a vascular wall.

[0051] FIG. 18 shows how to calculate the magnitude of
strain using a tracking waveform obtained from a vascular
wall.

DESCRIPTION OF REFERENCE NUMERALS

[0052] 100 control section

[0053] 101 probe

[0054] 102 transmitting section

[0055] 103 receiving section

[0056] 104 tomographic image processing section
[0057] 106 image synthesizing section

[0058] 107 monitor

[0059] 113A, 113B, 113X band-pass filter

[0060] 114A, 114B, 114X phase detecting section
[0061] 115 tissue imperfect tracking section
[0062] 116 tissue detailed tracking section

[0063] 117 tissue property evaluating section
[0064] 118 amplitude measuring section

[0065] 119 tissue detailed tracking section

[0066] 121A, 121B, 121X tissue tracking section
[0067] 122 computing section

[0068] 123 computing section

[0069] 171, 172, 173, 174 tissue tracking section
[0070] 200 tomogram

[0071] 201 tissue property image

[0072] 202 tomographic reflection intensity scale
[0073] 203 tissue property image scale

[0074] 204 biomedical signal waveform

[0075] 301, 302, 303, 304 ultrasonic diagnostic apparatus

BEST MODE FOR CARRYING OUT THE
INVENTION
Embodiment 1

[0076] FIG.1 is a block diagram showing a first preferred
embodiment of an ultrasonic diagnostic apparatus according
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to the present invention. As shown in FIG. 1, the ultrasonic
diagnostic apparatus 301 includes a transmitting section
102, a receiving section 103, a tomographic image process-
ing section 104, band-pass filters 113 A, 113B, phase detect-
ing sections 114A, 114B, a tissue tracking section 171, a
tissue property evaluating section 117 and an image synthe-
sizing section 106. The apparatus 301 also includes a control
section 100 for controlling all of these elements. Although
not shown in FIG. 1, an input device such as a keyboard, a
track ball, a switch, a button or a key and an output device
such as an LCD monitor are also connected to the control
section 100. The control section 100 includes an ASIC, an
FPGA, a DSP, a CPU, a memory and so on, stores a program
for performing respective processing steps for controlling
the ultrasonic diagnostic apparatus 301 and reads and
executes the program if necessary.

[0077] In accordance with the instruction given by the
control section 100, the transmitting section 102 generates a
high-voltage signal that drives the probe 101 at a specified
timing. The probe 101 converts the signal that has been
generated by the transmitting section 102 into an ultrasonic
wave and sends out the ultrasonic wave toward a subject,
and also detects an ultrasonic echo that has been reflected by
an internal organ of the subject and converts the echo into an
electrical signal. A number of piezoelectric transducers are
arranged in the probe 101. By changing the piezoelectric
transducers to use, the timing to apply a voltage to the
piezoelectric transducers, or the voltages themselves, the
probe 101 controls the scan line position, angle of deflection
and focus of the ultrasonic waves to transmit and receive.

[0078] The receiving section 103 amplifies the received
signal, and adds appropriate delays to the signals received
from the respective piezoelectric transducers. In this man-
ner, the receiving section 103 detects either only an ultra-
sonic wave that has been reflected from a predetermined
point (i.e., a focused ultrasonic beam) or only an ultrasonic
wave that has come from a predetermined direction (or at a
predetermined angle of deflection). In the latter case, the
receiving section 103 forms an ultrasonic beam so to speak.

[0079] The tomographic image processing section 104
includes a filter, a detector, a logarithmic amplifier and a
scanning converter, and analyzes mainly the amplitude of
the received signal, thereby presenting the internal structure
of the subject as an image.

[0080] The band-pass filters 113A and 113B have mutu-
ally different pass bands and extract signal components in
their respective pass bands from the received signal supplied
from the receiving section. The center frequencies f1 and 2
of the respective pass bands of the band-pass filters 113A
and 113B satisfy the inequality f1<f2. That is why the signal
that has passed the band-pass filter 113A includes the
low-frequency components of the received signal, while the
signal that has passed the band-pass filter 113B includes the
high-frequency components of the received signal.

[0081] As will be described in detail later, by getting
multiple signal components in mutually different frequency
bands extracted from the received signal by the band-pass
filters 113A and 113B and by analyzing those signal com-
ponents, their respective features can be obtained from the
signal components in terms of frequency dependence. Thus,
by taking advantage of these features appropriately, the
measuring accuracy can be increased.
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[0082] The phase detecting sections 114A and 114B may
be implemented as orthogonal detectors, for example, and
detect the phases of the signal components of the received
signal, of which the bands have been limited by the band-
pass filters 113A and 113B.

[0083] The tissue tracking section 171 includes a tissue
imperfect tracking section 115 and a tissue detailed tracking
section 116, and tracks the motion of the subject’s tissue on
the basis of the phases of the signal components that have
been detected by the phase detecting sections 114A and
114B by using Equations (2) and (3), thereby outputting
tracking information. More specifically, the tissue imperfect
tracking section 115 generates the tracking information on
the basis of the phase of the signal component that has been
detected by the phase detecting section 114A by using
Equations (2) and (3). As will be described later, this
tracking information has been generated based on the low
frequency components of the received signal, and therefore,
is imperfect tracking information with a low resolution. The
tracking information includes a tracking waveform repre-
senting a variation in the phase of the received signal at a
measuring point, the magnitude of motion of the measuring
point, and the positional displacement of the measuring
point.

[0084] The tissue detailed tracking section 116 generates
and outputs the detailed tracking information of each tissue
on the basis of the phase of the signal component that has
been detected by the phase detecting section 114B and the
imperfect tracking information provided by the tissue imper-
fect tracking section 115 by using Equations (2) and (3).

[0085] The tissue property evaluating section 117 receives
the detailed tracking information from the tissue tracking
section 171, calculates a parameter representing the tissue’s
property such as strain factor, magnitude of strain, elasticity
or viscosity, and outputs it as a numerical value, a two-
dimensional image, or a sound. In calculating the elasticity
or viscosity, the tissue property evaluating section 117
receives information about the stress that has caused a
kinetic variation in the subject’s tissue from an external
device. If the subject’s tissue is the arterial vascular wall,
then the tissue property evaluating section 117 receives the
systolic and diastolic blood pressure values from a blood
pressure manometer, for example, and figures out the param-
eter using Equation (5).

[0086] The image synthesizing section 106 synthesizes
together the tomographic image supplied from the tomo-
graphic image processing section 104, the image or the
numerical value representing the tissue’s property as pro-
vided by the tissue property evaluating section, and other
numerical parameters and presents them on the monitor 107.
The ultrasonic diagnostic apparatus 301 may include a
dedicated monitor 107 for that purpose or use a general
computer monitor.

[0087] Next, the operations of the band-pass filters 113A,
113B, the phase detecting sections 114A, 114B and tissue
tracking section 171, which form the core of the present
invention, will be described in detail.

[0088] FIGS. 2 and 3 schematically show frequency char-
acteristics that band-pass filters and received signals may
have in conventional ultrasonic diagnostic apparatuses. As
shown in FIG. 2, a conventional ultrasonic diagnostic appa-
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ratus gets a fundamental wave component of the received
signal selectively extracted by the filter from around the
center frequency (or transmission frequency) thereof and
performs the calculations by Equations (2) and (3) on the
basis of the phase of the extracted signal component, thereby
tracking the motion of the subject’s tissue. It is known that
if an ultrasonic wave has been sent out toward a subject, the
variations caused by the ultrasonic wave in the subject’s
tissue have non-linearity and the reflected wave includes a
harmonic component. Thus, it is known that to detect that
harmonic component, the pass band of the filter may be
doubled compared to the transmission frequency, the second
harmonic component generated by the subject’s tissue may
be extracted and the motion of the subject’s tissue may be
tracked on the basis of the phase and Equations (2) and (3)
as shown in FIG. 3.

[0089] The higher the frequency of the ultrasonic wave to
be detected, the higher the resolution and the more precisely
the subject’s tissue can be tracked. However, as the fre-
quency rises, the influence of aliasing increases and it
becomes more and more difficult to keep up with quick
motions. That is to say, the phase of the received signal can
no longer be defined unambiguously due to aliasing. For
example, even if a phase of -/2 has been detected by the
phase detecting section 114B, it cannot be determined
whether this phase is really -m/2 or has been detected
erroneously as —t/2 due to aliasing, although it is actually
37/2. As can be seen, a tradeoff is inevitable between the
tracking precision and the ability to keep up with the motion
velocity.

[0090] FIG. 4 schematically shows the frequency charac-
teristics of the band-pass filters 113A, 113B and their
received signals that are used in the ultrasonic diagnostic
apparatus 301 of the present invention. To extract only the
fundamental wave component from the received signal, the
center frequency f1 of the pass band of the band-pass filter
113A is set equal to that of the fundamental wave compo-
nent. And its bandwidth is also defined so as to include only
the fundamental wave component. On the other hand, to
extract only the second harmonic component from the
received signal, the center frequency 2 of the pass band of
the band-pass filter 113B is set equal to that of the second
harmonic component of the received signal. And its band-
width is also defined so as to include only the second
harmonic component. The second harmonic component in
the received signal may either have been generated due to
the non-linearity of the subject’s tissue or be included
beforehand in the ultrasonic wave to be transmitted by the
transmitting section 103. For example, by using a pulsed
transmitted wave, the harmonics can be generated in the
transmitted wave and the second harmonic component of the
received signal may be included beforehand.

[0091] The phase detecting section 114A detects the phase
of the fundamental wave component in the received signal.
The tissue imperfect tracking section 115 generates tracking
information, including a tracking waveform that represents
the variation in the phase of the fundamental wave compo-
nent in the received signal, the magnitude of motion of the
measuring point, and the positional displacement of the
measuring point, on the basis of the phase detected and by
using Equations (2) and (3). At the frequencies of the
fundamental wave component, no aliasing is produced and
the motion of the subject’s tissue can be detected properly
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even if the tissue is moving at high velocities. That is why
these pieces of tracking information may contain some error
depending on the resolution determined by the frequency but
still show accurate results of measurements.

[0092] The phase detecting section 114B detects the phase
of the second harmonic component in the received signal.
The tissue detailed tracking section 116 generates tracking
information, including a tracking waveform that represents
the variation in the phase of the fundamental wave compo-
nent in the received signal, the magnitude of motion of the
measuring point, and the positional displacement of the
measuring point, on the basis of the phase detected and by
using Equations (2) and (3). In this case, as the second
harmonic components include high frequencies, the tracking
could be affected by aliasing as described above. To elimi-
nate the influence of such aliasing, the tissue detailed
tracking section 116 receives the tracking information from
the tissue imperfect tracking section 115. The tracking
information received does not have high resolution but has
an accurate value. That is why even if the phase of the
second harmonic component cannot be defined due to alias-
ing, the phase of the second harmonic component can be
determined properly according to the tracking information
received from the tissue imperfect tracking section 115.
After that, the tracking information, including a tracking
waveform that represents the magnitude of motion of the
measuring point and the positional displacement of the
measuring point, is generated by using Equations (2) and

@)

[0093] A specific example will be described in terms of
numerical values. Suppose the sonic velocity is 1,540 m/s,
the fundamental frequency is 5 MHz, and the second har-
monic is 10 MHz. In that case, if the magnitude of motion
of the measuring point set on the subject is 26 pm, no
aliasing will be produced at the fundamental frequency or
the second harmonic. That is why at the fundamental fre-
quency, the phase is detected to be —n/3 and the magnitude
of motion of 26 um, containing a certain amount of error, can
be figured out based on this phase by Equation (2). At the
second harmonic, on the other hand, the phase is detected to
be -27/3 and the magnitude of motion of 26 um can also be
figured out by Equation (2) with the error reduced.

[0094] On the other hand, if the magnitude of motion of
the measuring point set on the subject is 52 um, no aliasing
will be produced at the fundamental frequency but aliasing
will be produced at the second harmonic. That is why at the
fundamental frequency, the phase is detected to be —2m/3
and the magnitude of motion of 52 pum, containing a certain
amount of error, can be figured out based on this phase by
Equation (2). At the second harmonic, on the other hand, the
phase should be detected to be —4 /3 but is actually detected
as 2 ©/3 and the magnitude of motion of =26 pm is figured
out by Equation (2).

[0095] In that case, according to the present invention,
first, the tissue imperfect tracking section 115 measures the
fundamental wave and figures out the magnitude of motion
of about 52 um. The tissue detailed tracking section 116
receives, from the tissue imperfect tracking section 115, the
tracking information including a magnitude of motion of
about 52 pum. Thus, it is determined that the phase detected
by the phase detecting section 114B is not 2/3w but is —47/3.
And the magnitude of motion of 52 um can be figured out
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based on this phase with the error reduced. Since the second
harmonic component that has higher frequencies than the
fundamental wave component is used, the calculations made
by the tissue detailed tracking section 116 have higher
resolution and higher precision. Consequently, the tracking
information generated by the tissue detailed tracking section
116 has high precision.

[0096] In addition, if the harmonic component produced
by a nonlinear phenomenon of the subject’s tissue is used,
then the influences of various artifacts such as side lobe and
multiple echoes can be reduced, too.

[0097] FIG. 5 is a flowchart showing a method for con-
trolling the ultrasonic diagnostic apparatus 301. As already
described with reference to FIG. 1, the ultrasonic diagnostic
apparatus 301 carries out the measurements by getting the
respective elements thereof controlled by its own control
section 100. More specifically, first, the transmitting section
102 transmits an ultrasonic wave toward the subject by
driving the ultrasonic probe 101 and the receiving section
103 receives the reflected wave from the subject by way of
the probe 101. In this manner, the receiving section 103
generates a received signal based on the wave that has been
reflected from the subject’s tissue (in Step S501).

[0098] Next, the band-pass filters 113A and 113B extract
a plurality of signal components belonging to mutually
different frequency bands (i.e., a fundamental wave compo-
nent and a second harmonic component) from the received
signal (in Step S502). The phases of the signal components
extracted are detected by the phase detecting sections 114A
and 114B, respectively (in Step S503). Then, the tissue
imperfect tracking section 115 obtains the tracking informa-
tion of the subject’s tissue on the basis of the phase of the
signal component detected by the phase detecting section
114A (in Step S504).

[0099] The tissue detailed tracking section 116 obtains the
detailed tracking information of the subject’s tissue in
accordance with the tracking information provided by the
tissue imperfect tracking section 115 and on the basis of the
phase of the signal component detected by the phase detect-
ing section 114B (in Step S505). The tissue property evalu-
ating section 117 evaluates the attribute property of the
tissue based on the detailed tracking information of the
subject’s tissue (in Step S506). By repeatedly performing
this procedure, the location of each tissue of the subject can
be tracked sequentially. FIG. 6 illustrates a picture that may
be presented on the monitor 107 and shows an exemplary
result of measurement of the vascular wall’s elasticity. In
FIG. 6, a two-dimensional elasticity image 201, representing
the distribution of elasticity at a site on the vascular wall in
colors, is superimposed on a vascular wall’s monochrome
tomographic image 200 obtained by the tomographic image
processing section 104 on the monitor. The two-dimensional
elasticity image 201 sets the areas to monitor so as to include
the vascular anterior and posterior walls 210 and 211.

[0100] In transmitting or receiving the ultrasonic wave,
the monochrome tomographic image 200 is updated at a rate
of 10 frames per second as in a conventional ultrasonic
diagnostic apparatus. Meanwhile, the elasticity image 201 is
updated once every cardiac cycle. The monochrome tomo-
graphic image 200 is displayed at monochromatic gray
scales corresponding to the reflection intensities along with
a scale 202 indicating the reflection intensities. On the other
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hand, the elasticity image 201 is displayed in color tones
corresponding to the elasticity values along with a scale 203
indicating the elasticity values. Also displayed under the
monochrome tomographic image 200 is a biomedical signal
waveform 204 such as an electrocardiogram.

[0101] FIG. 6 schematically shows the posterior wall 211
with an atheroma 220. The ultrasonic diagnostic apparatus
301 of this preferred embodiment can track the location of
a subject’s tissue with high precision as described above,
and therefore, can figure out elasticity accurately. That is
why the elasticity distribution of the atheroma 220 produced
on the vascular wall can be obtained and important infor-
mation to determine an attribute of the atheroma 220 (e.g.,
how easily the atheroma may rupture, among other things)
can be acquired with high precision. As described above, the
ultrasonic diagnostic apparatus of this preferred embodi-
ment gets a signal representing a fundamental wave com-
ponent and a signal representing a second harmonic com-
ponent extracted from a received signal by filters. The tissue
imperfect tracking section analyzes the signal representing
the fundamental wave component, thus obtaining accurate
tracking information that is never affected by aliasing even
if the subject’s tissue is moving at high velocities. Also, the
tissue detailed tracking section analyzes the signal repre-
senting the second harmonic component. Even if aliasing is
produced in this case, accurate tracking information can be
acquired based on the tracking information obtained by the
tissue imperfect tracking section. Consequently, the ultra-
sonic diagnostic apparatus of this preferred embodiment can
track the quickly moving subject’s tissue highly precisely.
As aresult, the elasticity distribution of the arterial vascular
wall can be measured highly accurately.

[0102] In the preferred embodiment described above, the
band-pass filters 113A and 113B are used to extract a
fundamental wave component and a second harmonic com-
ponent, respectively, from the received signal. However, the
band-pass filters 113A and 113B may have other band-pass
characteristics. For example, the band-pass filter 113A may
extract a relatively low frequency component from the
fundamental wave components of the received signal, while
the band-pass filter 113B may extract a relatively high
frequency component from the fundamental wave compo-
nents of the received signal as shown in FIG. 7. The low
frequency component does not have to be the relatively low
frequency component of the fundamental wave but may also
be a low frequency component generated due to the non-
linearity of the subject’s tissue or included beforehand in the
ultrasonic wave to transmit.

[0103] Even in that case, the tissue imperfect tracking
section 115 analyzes the low frequency component by
Equations (2) and (3), thereby acquiring imperfect tracking
information as in the example described above. Next, the
tissue detailed tracking section 119 analyzes the high fre-
quency component based on the imperfect tracking infor-
mation, thereby tracking the motion of the subject’s tissue in
detail. As a result, compared to carrying out measurements
using the conventional filter shown in FIG. 2, a quicker
motion of the subject’s tissue can be kept up with by using
the low frequency component and tracking can be done
more precisely by using the high frequency component.

[0104] Still alternatively, the band-pass filter 113A may
extract a relatively low frequency component in a narrower



US 2007/0213614 Al

band from the fundamental wave components of the
received signal, while the band-pass filter 113B may extract
the entire fundamental wave components from the received
signal as shown in FIG. 8. The band-pass filter 113B has a
pass band that partially overlaps with, but is broader than,
that of the band-pass filter 113A. That is why the band-pass
filter 113B may be regarded as extracting a higher frequency
component than the band-pass filter 113A. Even by using the
band-pass filters 113A and 113B with such frequency char-
acteristics, a quicker motion of the subject’s tissue can be
kept up with by using the low frequency component and
tracking can be done more precisely by using the high
frequency component, compared to carrying out measure-
ments using the conventional filter shown in FIG. 2. On top
of that, as the high frequency component has a broader
bandwidth, a higher resolution is realized.

[0105] Furthermore, in the preferred embodiment
described above, two band-pass filters are used to extract
signal components belonging to two different frequency
bands from the received signal. However, the number of
signal components to be extracted does not have to be two
but may also be three or more. Also, the frequency bands of
the signal components to be extracted by the band-pass
filters just may not be quite equal to, but may partially
overlap with, each other. An even quicker motion of the
subject’s tissue can be kept up with by using a lower
frequency component of the received signal. And tracking
can be done even more precisely by using a higher frequency
component of the received signal.

[0106] Furthermore, in the preferred embodiment
described above, a second harmonic component is extracted.
Alternatively, an n™-order harmonic component (where n is
an integer that is equal to or greater than three) may be
extracted to acquire the tracking information. Optionally, a
transmitted signal in which at least one of the signal com-
ponents extracted by the band-pass filters is boosted may be
used such that the at least one of the signal components
extracted by the band-pass filters can be detected with
predetermined amplitude.

Embodiment 2

[0107] FIG. 9 is a block diagram showing a second
preferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention. As shown in FIG. 9, the
ultrasonic diagnostic apparatus 302 further includes an
amplitude measuring section 118, which is not included in
the ultrasonic diagnostic apparatus 301 of the first preferred
embodiment described above.

[0108] The amplitude measuring section 118 measures the
amplitude of the second harmonic component that has been
extracted by the band-pass filter 113B from the received
signal. If the amplitude is equal to or smaller than a
predetermined threshold value, the amplitude measuring
section 118 generates a signal representing that amplitude
and outputs it to the tissue detailed tracking section 119. In
response to that signal supplied from the amplitude measur-
ing section 118, the tissue detailed tracking section 119 does
not generate the tracking information based on the second
harmonic component but outputs as it is the tracking infor-
mation provided by the tissue imperfect tracking section
115.

[0109] If either the received signal itself or the signal
component extracted from the received signal has small
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amplitude, the signal or its component has been affected by
noise seriously and has a small SNR. Therefore, even if the
phase is detected using such a signal, the precision is too low
to make accurate measurements.

[0110] According to this preferred embodiment, by not
generating the tracking information from the received signal
or a signal component extracted from it in that case, the
decrease in tracking precision is avoided.

[0111] FIG. 10 is a flowchart showing a method for
controlling the ultrasonic diagnostic apparatus 302. Herein-
after, a method for controlling the ultrasonic diagnostic
apparatus 302 will be described with reference to FIGS. 9
and 10. First, the transmitting section 102 transmits an
ultrasonic wave toward the subject by driving the ultrasonic
probe 101 and the receiving section 103 receives the
reflected wave from the subject by way of the probe 101. In
this manner, the receiving section 103 generates a received
signal based on the wave that has been reflected from the
subject’s tissue (in Step S511).

[0112] Next, the band-pass filters 113A and 113B extract
a plurality of signal components belonging to mutually
different frequency bands from the received signal (in Step
S512). The phases of the signal components extracted are
detected by the phase detecting sections 114A and 114B,
respectively (in Step S513). Then, the tissue imperfect
tracking section 115 obtains the tracking information of the
subject’s tissue on the basis of the phase of the signal
component detected by the phase detecting section 114A (in
Step S514).

[0113] The amplitude measuring section 118 measures the
amplitude of the signal component extracted by the band-
pass filter 113B (in Step S514). In Step S516, if the ampli-
tude is equal to or greater than a predetermined threshold
value, the tissue detailed tracking section 119 obtains the
detailed tracking information of the subject’s tissue in
accordance with the tracking information provided by the
tissue imperfect tracking section 115 and on the basis of the
phase of the signal component detected by the phase detect-
ing section 114B (in Step S517). On the other hand, if the
amplitude is smaller than the predetermined threshold value
in Step S516, then the tissue detailed tracking section 116
does not use the signal component extracted by the band-
pass filter 113B but outputs as it is the tracking information
provided by the tissue imperfect tracking section 115.

[0114] The tissue property evaluating section 117 evalu-
ates the attribute property of the tissue based on the tracking
information provided by the tissue detailed tracking section
116 (in Step S518). By repeatedly performing this proce-
dure, the location of each tissue of the subject can be tracked
sequentially.

Embodiment 3

[0115] FIG. 11 is a block diagram showing a third pre-
ferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention. As shown in FIG. 11, the
ultrasonic diagnostic apparatus 303 further includes a plu-
rality of band-pass filters 113 A through 113X, a plurality of
phase detecting sections 114 A through 114X and a tissue
tracking section 173 unlike the ultrasonic diagnostic appa-
ratus 301 of the first preferred embodiment described above.

[0116] The band-pass filters 113A through 113X extract
signal components belonging to mutually different fre-



US 2007/0213614 Al

quency bands from the received signal. The phase detecting
sections 114A through 114X detect the phases of those
signal components belonging to the mutually different fre-
quency bands.

[0117] The tissue tracking section 173 includes tissue
tracking sections 121A through 121X and a computing
section 122. Each of the tissue tracking sections 121A
through 121X acquires the tracking information of the
subject’s tissue based on the phase detected and by using
Equations (2) and (3). If there is no noise, the same tracking
information should be acquired by the tissue tracking sec-
tions 121A through 121X. If there is noise, however, the
noise level will be different from one frequency band to
another, thus causing an error in the tracking waveform.

[0118] The computing section 122 generates noise-re-
duced tracking information based on multiple pieces of
tracking information provided by the respective tissue track-
ing sections 121A through 121X. More specifically, the
computing section 122 calculates either a simple average or
a weighted average of those pieces of tracking information
provided by the respective tissue tracking sections 121A
through 121X, thereby outputting averaged tracking infor-
mation. The weighted average may be calculated by giving
the heaviest weight to a frequency band around the center
frequency of the transmitted or received waveform and
decreasing weights to its surrounding bands. Alternatively,
the average may also be calculated with some of those pieces
of tracking information, provided by the tissue tracking
sections 121A through 121X, excluded if their values are far
different from the others.

[0119] FIG. 12 shows exemplary pass band characteristics
and the frequency characteristics of the received signal in a
situation where three band-pass filters are used. By perform-
ing tracking and averaging using multiple frequency bands
in this manner, the influence of noise can be reduced and
tracking can be carried out more accurately. Also, the noise
superposed on the received signal does not affect equally the
entire frequency band of the received signal. If multiple
signal components belonging to mutually different fre-
quency bands are extracted from the received signal, some
of the signal components have been affected by noise
heavily but others only lightly. Those signal components that
are heavily affected by the noise should have pieces of
tracking information that are far apart from those of the other
signal components. That is why by calculating an average
with those signal components excluded, tracking can be
carried out highly accurately with the influence of noise
further reduced.

[0120] Also, if low frequency components are extracted
from the received signal as the pass bands of the band-pass
filters 113 A through 113X and are used to carry out tracking,
an even quicker motion of the subject’s tissue can be kept up
with. On the other hand, if high frequency components are
extracted from the received signal, tracking can be carried
out more precisely.

[0121] FIG. 13 is a flowchart showing a method for
controlling the ultrasonic diagnostic apparatus 303. Herein-
after, a method for controlling the ultrasonic diagnostic
apparatus 303 will be described with reference to FIGS. 11
and 13. First, the transmitting section 102 transmits an
ultrasonic wave toward the subject by driving the ultrasonic
probe 101 and the receiving section 103 receives the

Sep. 13,2007

reflected wave from the subject by way of the probe 101. In
this manner, the receiving section 103 generates a received
signal based on the wave that has been reflected from the
subject’s tissue (in Step S521).

[0122] Next, the band-pass filters 113A through 113X
extract a plurality of signal components belonging to mutu-
ally different frequency bands from the received signal (in
Step S522). The phases of the signal components extracted
are detected by the phase detecting sections 114A through
114X, respectively (in Step S523). Then, the tissue tracking
sections 121 A through 121X acquire the tracking informa-
tion on the basis of the phases detected (in Step S524).

[0123] The computing section 123 calculates the average
of those pieces of tracking information provided by the
respective tissue tracking sections 121A through 121X (in
Step S525). The tissue property evaluating section 117
evaluates the attribute property of the tissue based on the
tracking information provided by the computing section 122
(in Step S526). By repeatedly performing this procedure, the
location of each tissue of the subject can be tracked sequen-
tially.

Embodiment 4

[0124] FIG. 14 is a block diagram showing a fourth
preferred embodiment of an ultrasonic diagnostic apparatus
according to the present invention. As shown in FIG. 14, the
ultrasonic diagnostic apparatus 304 further includes ampli-
tude measuring sections 118A through 118X, which are not
included in the ultrasonic diagnostic apparatus 303 of the
third preferred embodiment described above.

[0125] The amplitude measuring sections 118A through
118X measure the amplitudes of the signal components that
have been extracted by the band-pass filters 113A through
113X from the received signal. If the amplitude is equal to
or smaller than a predetermined threshold value, the ampli-
tude measuring sections 118A through 118X generate a
signal representing that amplitude and output it to the
computing section 123. On receiving that signal from any of
the amplitude measuring sections 118A through 118X, the
computing section 123 excludes the piece of tracking infor-
mation, obtained from the associated signal component,
from the object of averaging and calculates the average of
the other pieces of tracking information. As already
described for the third preferred embodiment, various aver-
aging methods may be used. Optionally, a weighted average
may be calculated according to the amplitudes.

[0126] Ifthe signal component extracted from the received
signal has small amplitude, the signal component has been
affected by noise seriously and has a small SNR. Therefore,
even if the phase of the tracking information is detected
using such a signal, the precision is too low to make accurate
measurements. According to this preferred embodiment, by
not generating the tracking information from the received
signal or a signal component extracted from it in that case,
the decrease in tracking precision is avoided.

[0127] FIG. 15 is a flowchart showing a method for
controlling the ultrasonic diagnostic apparatus 304. Herein-
after, a method for controlling the ultrasonic diagnostic
apparatus 303 will be described with reference to FIGS. 14
and 15. First, the transmitting section 102 transmits an
ultrasonic wave toward the subject by driving the ultrasonic
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probe 101 and the receiving section 103 receives the
reflected wave from the subject by way of the probe 101. In
this manner, the receiving section 103 generates a received
signal based on the wave that has been reflected from the
subject’s tissue (in Step S531).

[0128] Next, the band-pass filters 113A through 113X
extract a plurality of signal components belonging to mutu-
ally different frequency bands from the received signal (in
Step S532). The phases of the signal components extracted
are detected by the phase detecting sections 114 A through
114X, respectively (in Step S533). Then, the tissue tracking
sections 121A through 121X acquire the tracking informa-
tion on the basis of the phases detected (in Step S534).
Furthermore, the amplitude measuring sections 118A
through 118X detect the amplitudes of the respective signal
components (in Step S535).

[0129] The computing section 122 calculates the average
of those pieces of tracking information provided by the
respective tissue tracking sections 121A through 121X (in
Step S536). In this processing step, the computing section
123 receives the amplitude values of the respective signal
components from the amplitude measuring sections 118A
through 118X. If the amplitude is smaller than a predeter-
mined threshold value, then the computing section 123 does
not use the piece of tracking information obtained from the
signal component in calculating the average. The tissue
property evaluating section 117 evaluates the attribute prop-
erty of the tissue based on the tracking information provided
by the computing section 123 (in Step S537). By repeatedly
performing this procedure, the location of each tissue of the
subject can be tracked sequentially.

INDUSTRIAL APPLICABILITY

[0130] The present invention is preferably implemented as
an ultrasonic diagnostic apparatus for tracking the motion of
a subject’s tissue. Among other things, the present invention
can be used particularly effectively as an ultrasonic diag-
nostic apparatus for evaluating the attribute property of a
tissue (such as the elasticity of the arterial vascular wall of
an organism).

1. An ultrasonic diagnostic apparatus comprising:

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

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

a plurality of filters for extracting multiple signal com-
ponents, belonging to mutually different frequency
bands, from the received signal;

a plurality of phase detecting sections for detecting the
respective phases of the multiple signal components;
and

a tissue tracking section for tracking the motion of the
subject’s tissue on the basis of the phases, thereby
outputting tracking information.

2. The ultrasonic diagnostic apparatus of claim 1, wherein
the filters include a first filter with a first center frequency
and a second filter with a second center frequency that is
higher than the first center frequency,
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wherein the tissue tracking section includes: an imperfect
tracking section for tracking the motion of the subject’s
tissue on the basis of the phase of the signal component
that has passed through the first filter and outputting
imperfect tracking information; and a detailed tracking
section for outputting the tracking information about
the subject’s tissue based on the phase of the signal
component that has passed through the second filter and
by reference to the imperfect tracking information.

3. The ultrasonic diagnostic apparatus of claim 1, wherein
the tissue tracking section includes: a plurality of tracking
sections for tracking the motion of the subject’s tissue on the
basis of the phases to generate multiple pieces of tracking
information; and a computing section for figuring out noise-
reduced tracking information based on the multiple pieces of
tracking information generated by the tracking sections.

4. The ultrasonic diagnostic apparatus of claim 3, wherein
the computing section figures out at least one of the simple
average and a weighted average of the multiple pieces of
tracking information.

5. The ultrasonic diagnostic apparatus of claim 1, further
comprising an amplitude measuring section for measuring
the amplitude of at least one of the multiple signal compo-
nents,

wherein if the amplitude is equal to or smaller than a
predetermined value, the tissue tracking section gener-
ates the tracking information without using the signal
component, of which the amplitude has been measured.

6. The ultrasonic diagnostic apparatus of claim 1, wherein
the transmitting section generates a signal to be transmitted
that drives the ultrasonic probe so as to produce an ultrasonic
wave, in which at least one of the frequency bands of the
filters is boosted.

7. The ultrasonic diagnostic apparatus of claim 1, further
comprising a property evaluating section for evaluating an
attribute property of the subject based on the tracking
information.

8. The ultrasonic diagnostic apparatus of claim 2, wherein
the first filter belongs to a frequency band that passes a
fundamental wave component of the ultrasonic wave and the
second filter belongs to a frequency band that passes an n™
harmonic component (where n is an integer that is equal to
or greater than two) of the ultrasonic wave.

9. A method for controlling an ultrasonic diagnostic
apparatus using the control section of the apparatus, the
method comprising the steps of:

(A) generating a received signal based on a reflected wave
by transmitting and receiving an ultrasonic wave with
an ultrasonic probe, the reflected wave being produced
by getting the ultrasonic wave reflected by a subject’s
tissue;

(B) extracting multiple signal components, belonging to
mutually different frequency bands, from the received
signal,

(C) detecting the respective phases of the multiple signal
components; and

(D) tracking the motion of the subject’s tissue on the basis

of the phases, thereby outputting tracking information.

10. The method of claim 9, wherein the step (B) includes

extracting a signal component with a first center frequency

and another signal component with a second center fre-
quency that is higher than the first center frequency,
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wherein the step (D) includes the steps of

(D1) tracking the motion of the subject’s tissue on the
basis of the phase of the signal component that has the
first center frequency and outputting imperfect tracking
information and

(D2) outputting the tracking information about the sub-
ject’s tissue based on the phase of the signal component
that has the second center frequency and by reference
to the imperfect tracking information.

11. The method of claim 9, wherein the step (D) includes

the steps of

(D1) tracking the motion of the subject’s tissue on the
basis of the phases to generate multiple pieces of
tracking information and

(D2) figuring out noise-reduced tracking information

based on the multiple pieces of tracking information.

12. The method of claim 11, wherein the step (D2)

includes figuring out at least one of the simple average and

a weighted average of the multiple pieces of tracking
information.
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13. The method of claim 9, further comprising the step of
(E) measuring the amplitude of at least one of the multiple
signal components between the steps (C) and (D),

wherein if the amplitude is equal to or smaller than a
predetermined value, the step (D) includes generating
the tracking information without using the signal com-
ponent, of which the amplitude has been measured.

14. The method of claim 9, wherein the step (A) includes
transmitting an ultrasonic wave, in which at least one of the
frequency bands of the filters is boosted, toward the subject.

15. The method of claim 9, further comprising the step of
(F) evaluating an attribute property of the subject based on
the tracking information.

16. The method of claim 9, wherein the signal component
with the first center frequency includes a fundamental wave
component of the ultrasonic wave and the signal component
with the second center frequency includes an n™ harmonic
component (where n is an integer that is equal to or greater
than two) of the ultrasonic wave.

#* * # ok %



RiES

[ i (S RIR) A ()

RIB(ERR)AGE)

HERB(ERR)AE)

BEHNRE

US20070213614A1 NI (»&E)B

US11/574140 RiEH

#KRTAKAO
Disk , Hagiwara HISASHI
iz 34

£ RTAKAO
Disk , Hagiwara HISASHI
INEEMAKOTO

MT R IR a4

2007-09-13

2005-08-30

patsnap

30
5

Rt

106

MONITOR

\

FRI& B A SUZUKI TAKAO
HAGIWARA HISASHI
KATO MAKOTO
KA SUZUKI, TAKAO
HAGIWARA, HISASHI
KATO, MAKOTO
IPCH%S A61B8/08
CPCH%%E AB61B5/02007 A61B8/08 A61B8/0858 A61B8/463 A61B8/485 G01S15/8954 G01S7/52038 G01S7
/52042 G01S7/52071 G01S7/52074 G01S7/52087 G01S7/52026
£ 5 2004253884 2004-09-01 JP
SNERaE Espacenet USPTO
BEGE)
BEALXBENBEEROMBEESE K20 , ATRIBHE KRS ,
BBERRL AN ROBARGBER ERHS , AT RGBTSR @ Eﬁﬁﬁﬂ
BLREHEMTALARFNWES F-ENREE , WFEBRESZ |y —
ANREE , AFNERESPRIBETHETRAFNSMES SRS = | 1 -
MBS  BFRUSMES BN M ANBRESS B | & et (i
FRFMAMNERENRAELNIZS) , M HRERER, SECTION PROCESSNG SECTION

1134

BAND-PASS
FILTER (LOW)

ECTNG
SECTION

114A

1138

| FLTER (HIGH)

BAND-PASS DETECTING
SECTION

SECTION

171

116

Tl
DETAILED
TRACKING
SECTION

IMAGE
SYNTHESIZING
SECTION

117

TISSUE
PROPERTY
EVALUATING
SECTION

1148



https://share-analytics.zhihuiya.com/view/4bcfb418-5c03-4273-9c20-ae7f6791c0b9
https://worldwide.espacenet.com/patent/search/family/036000016/publication/US2007213614A1?q=US2007213614A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220070213614%22.PGNR.&OS=DN/20070213614&RS=DN/20070213614

