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7) ABSTRACT

There is provides an ultrasonic diagnostic apparatus includ-
ing a judgment unit which judges a folded back phenomenon
of velocity based on signal information of a Doppler spec-
trum among signals received in a circulatory organ diag-
nostic region, a decision unit which decides whether the
signals received are blood flow signals or tissue signals, and
a change/adjustment unit which changes or adjusts at least
one of a velocity range, a baseline position, a transmission/
reception condition, a gain allocation, setting of a Wall
Filter, a scrolling speed, and a range gate size.
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1
ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

This application is based upon and claims the benefit of
priority from prior Japanese Patent Application No. 2005-
373346, filed Dec. 26, 2005, the entire contents of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ultrasonic diagnostic
apparatus, and particularly to an ultrasonic diagnostic appa-
ratus which utilizes Doppler effect of ultrasonic wave to
diagnose kineticism of moving bodies in side the body such
as blood and kineticism of tissues.

2. Description of the Background Art

In circulatory organ routine checkup examinations, deci-
sions of abnormal systolic/diastolic function or decisions of
abnormal valve disorders in a heart are performed by
utilizing blood flow signals, and further evaluations of
systolic/diastolic function in left ventricular cardiac muscle
or abnormal local wall movements are performed by utiliz-
ing wall (tissue) signals. In general, the diagnosis is carried
out by switching between a blood flow analysis mode (PWD
mode) for evaluating only blood flow and a tissue analysis
mode (TDI-PW mode) for evaluating only the wall (tissue)
signals in case of effecting the former and the latter deci-
sions. In this case, when the frequency detected exceeds the
repetition frequency (+'% PRF), the waveform which is
folded back is obtained as shown in FIG. 1. As described
above, it is necessary for an examiner to properly set a pulse
repetition frequency (rate frequency) or a baseline position
in response to a blood velocity (tissue velocity) in order to
cause a waveform which has small amplitudes as shown in
FIG. 2B or which is folded back as shown in FIG. 2C to be
the waveform as shown in FIG. 2A. For this reason, the
adjustment required takes a much operation time, and fur-
ther it is a remarkable burden on the examiner.

In this respect, recently in a Doppler mode, there has been
disclosed a technology for automatically adjusting the veloc-
ity range and the baseline position on an apparatus side in
order that blood flow signals and tissue signals having
various velocities and directions are displayed so as to
facilitate visualization always without being folded back
(see Jpn. Pat. Appln. KOKAI Publication No. 8-308843). In
the technology, a signal existence region is detected with
regard to a range in which detectable frequencies exist,
whereby the repetition frequency and the baseline position
are automatically set. As a result, the burden on an examiner
can be reduced, whereby a time required for diagnosis can
be remarkably shortened. Although there are a variety of
algorithms with respect to the automatic adjustment, when
the function therefor is utilized, complications in the opera-
tions during the routine examination can be remarkably
improved, whereby the examination efficiency is improved.
In the automatic adjustment method, when a user pushes
once the button provided on the panel of an apparatus, it is
usually possible to obtain the Doppler waveform adjusted
automatically.

However, the existing Doppler automatic adjustment
function is a mere function for analyzing the signals
received to adjust the velocity range (repetition frequency),
the baseline position and the like in order to exclude a folded
back phenomenon of the Doppler signals received. Accord-
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2

ingly, the existing Doppler automatic adjustment function
does not include a function for changing the transmission/
reception condition for obtaining a further optimum recep-
tion signal with respect to the received signals.

Moreover, the existing Doppler automatic adjustment
function does not include even a function for deciding
whether the received signal is a blood flow signal or a tissue
signal. Accordingly, there is neither a function for providing
amethod for transmitting/receiving the optimum blood flow
signal together with the existing automatic adjustment func-
tion when the signal received is decided to be a blood flow
signal, nor a function for providing a method for transmit-
ting/receiving the optimum tissue signal together with the
existing automatic adjustment function when the signal
received is decided to be a tissue signal.

BRIEF SUMMARY OF THE INVENTION

The present invention provides an ultrasonic diagnostic
apparatus capable of displaying an appropriate waveform
without particular regard to analysis modes of a blood flow
signal and a tissue signal in the case where the blood flow
signal analysis and the tissue signal analysis are performed.

In the present invention, the parameter change to observe
a better image is performed in addition to the adjustments of
a velocity range and a baseline position, when the waveform
display is not suitable as in the case of the appearance of
folded back received signals.

An ultrasonic diagnostic apparatus according to one
aspect of the present invention comprises: a judgment umt
which judges a folded back phenomenon of velocity based
on signal information of a Doppler spectrum among signals
received in a circulatory organ diagnostic region; a decision
unit which decides whether the signals received are blood
flow signals or tissue signals; and a change/adjustment unit
which changes or adjusts at least one of a velocity range, a
baseline position, a transmission/reception condition, a gain
allocation, setting of a Wall Filter, a scrolling speed, and a
range gate size.

Additional objects and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out hereinaf-
ter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate embodi-
ments of the invention, and together with the general
description given above and the detailed description of the
embodiments given below, serve to explain the principles of
the invention.

FIG. 1 is a view indicating a condition in which wave-
forms are folded back;

FIGS. 2A to 2C are views indicating a method of which
the folded back waveform or the like is adjusted into an
adequate waveform;

FIG. 3 is a block diagram showing a schematic configu-
ration of an ultrasonic diagnostic apparatus according to an
embodiment of the present invention;

FIGS. 4A to 4C are a flowchart and diagrams, wherein
FIG. 4A is a flowchart showing a flow of operations of the
ultrasonic diagnostic apparatus according to one embodi-
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ment of the present invention as well as FIGS. 4B and 4C are
diagrams each showing a display of the optimum waveform;

FIG. 5 is a diagram showing a relative relationship
between the blood flow signals and the tissue signals;

FIG. 6 is a diagram showing a relative relationship
between the left ventricular inflow blood flow signals and
the tissue signal flow signals;

FIG. 7 is a characteristic diagram showing parameter
examples used in the case where color information is
analyzed; and

FIG. 8 is a characteristic diagram showing parameter
examples used in the case where B information is analyzed

DETAILED DESCRIPTION OF THE
INVENTION

An embodiment of the present invention will be described
referring to the accompanying drawings. FIG. 3 is a block
diagram showing a schematic configuration of an ultrasonic
diagnostic apparatus according to an embodiment of the
present invention.

In FIG. 3, the ultrasonic diagnostic apparatus according to
the present embodiment comprises an ultrasonic probe 10, a
transmitter/receiver 20, a signal processing unit 30, a system
controller 40, a display controller 50, and an ECG (Electro-
cardiogram) unit 60. The ultrasonic probe 10 comprises a
plurality of ultrasonic transducers and functioning to trans-
mit/receive ultrasonic waves with respect to a body to be
diagnosed (not shown). The transmitter/receiver 20 controls
the ultrasonic transducers. The signal processing unit 30
performs the signal processing for the ultrasonic waves
received. The system controller 40 controls the whole sys-
tem. The display controller 50 performs the display control
with respect to a display unit 55. An input unit 45 corre-
sponds, for example, to an automatic adjustment function
switch disposed on a panel (not shown) in the present
embodiment.

The transmitter/receiver 20 includes a transmitter 21, and
a receiver 22. A reference signal is input to the transmitter
21 from a reference signal generator 25 to output a driving
signal to the ultrasonic transducers of the ultrasonic probe
10. The receiver 22 inputs a reception signal from the
ultrasonic probe 10. The signal in which a reception treat-
ment is performed in the receiver 22 is input to the signal
processing unit 30, and the signal processing unit 30 per-
forms a prescribed treatment. The signal from the signal
processing unit 30 is input to a B mode data generator 31 and
a Doppler signal detector 32. The B mode data generator 31
generates B mode data based on the signal input. The
Doppler signal detector 32 detects Doppler signals among
the reception signals output from the receiver 22. The
Doppler signals are output to a color Doppler generator 33
for generating color Doppler data, and a Doppler spectrum
generator 34 for generating Doppler spectra. Thus, the B
mode data, the color Doppler data, and the Doppler spectra
are output from the signal processing unit 30 to the display
controller 50.

The display controller 50 comprises a data storing unit 51,
and a data processing unit 52. The data storing unit 51
temporarily stores the respective data output from the signal
processing unit 30. The respective data stored temporarily in
the storing unit 51 is subjected to a variety of processings
such as image processing, and superposition processing in
the data processing unit 52. The respective data stored
temporarily in the data storing unit 51 is converted further
into the data for display use, and then it is output to the
display unit 55.
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With reference to FIGS. 4A to 4C, operations of the
ultrasonic diagnostic apparatus according to the embodi-
ment of the present invention having the configuration as
described above will be described. FIG. 4A is a flowchart
showing a flow of the operations in the ultrasonic diagnostic
apparatus according to the embodiment of the invention, and
FIGS. 4B and 4C are diagrams each showing a display of the
optimum waveform. It is to be noted herein that since all the
control for the operations indicated in FIG. 4A is carried out
by the system controller 40, unless otherwise particularly
mentioned, it should be considered that the control in
question is made by the system controller 40.

First, an examiner recognizes a Doppler waveform on the
basis of the signal waveform on a monitor (step S1). Then,
when the examiner decides the requirement for adjusting the
velocity range and the position of baseline, the examiner
turns “ON” the automatic adjustment function switch pro-
vided on the panel and the like on the apparatus (step S2).
In this case, the automatic adjustment function switch may
be provided on the other place than the panel. Furthermore,
it may be arranged in such that the same behavior as in the
case where the above-described automatic adjustment func-
tion switch is turned “ON” may be carried out, when the
system controller 40 decides the requirement for adjusting
the velocity range and the position of baseline, without
providing the automatic adjustment function switch.

When the automatic adjustment function switch is turned
“ON”, it is decided whether the signal received is a tissue
signal or a blood flow signal in a characteristic decision
algorithm among first decision algorithms (step S3). Refer-
ring to FIGS. 5 and 6, the decision algorithms will be
described. FIG. 5 is a diagram showing a relative relation-
ship between blood flow signals and tissue signals, while
FIG. 6 is a diagram showing a relative relationship between
left ventricular inflow blood flow signals and tissue signal
flow signals. From the graphical representation in FIG. 5 of
signal intensity characteristics of the blood flow signals and
tissue signals, it is found that the signal intensity of blood
flow signal is weaker than that of tissue signal by usually
around 30 to 40 dB, and that the frequency characteristics
(velocity characteristics) are distributed extensively. On one
hand, it is found, from the graphical representation of the
frequency characteristics (velocity characteristics) in FIG. 6,
that the frequency characteristics of tissue signal are very
low (the velocity is slow), and more specifically, the move-
ment of a tissue which is usually considered in echocardiog-
raphy is around 10 cm/second, while a blood velocity is
around 70 to 100 cm/second. By utilizing these character-
istics, it is possible to simply decide whether the signal now
being received is a blood flow signal or a tissue signal by
setting, for example, a threshold value. As a result of the
arrangement, it becomes possible to decide automatically
whether the signal received is a blood flow signal or a tissue
signal.

In step S3, when it is decided that the received signal is
a blood flow signal, it is further decided whether or not the
blood flow signal is in a folded back phenomenon, and
whether or not the blood flow signal is properly displayed in
the display region (step S4). In the decision, when the blood
flow signal is properly displayed (“No” in step S4), the
completed waveform is displayed as it is without changing
the repetition frequency and the baseline position (step S5
and step S8). In this case, even if the waveform display is
proper, the transmission/reception condition may be
changed in the case where the range gate is in a depth
position at which the signal can be more sensitively
received. In general, if there is no problem in the frequency
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band of a probe, a neat waveform is obtained in good
sensitivity in such a manner that the transmission/reception
is repeated as a result of transition from the frequency
transmitted/received at present to a lower frequency while
taking the attenuation characteristics of ultrasonic wave in
living body into consideration.

In step S4, when it is decided that the blood flow signal
waveform is improper (“Yes” in step S4), a blood flow
waveform display optimization algorithm is started (step S6)
to change/adjust at least one item in the following items
(step S7). In changing the under-mentioned parameters,
either all the parameters may be changed at the same time,
or a changeable parameter may be selectively determined in
accordance with an examiner’s intention.

(1) An adjustment of velocity range or a baseline position.
(2) A change in a transmission/reception condition for
receiving a signal with good sensitivity for the position of a
range gate.

(3) The optimization of gain allocation for avoiding satura-
tion as a result of deciding presence or absence of a
saturation phenomenon in the signal circuit.

(4) A change in setting a Wall Filter according to the change
of a velocity range.

(5) A change in a scrolling speed in which a properly round
figured number of heart beat, for example, two heart beats or
three heart beats can be displayed in the display region
according to a Doppler waveform display method.

(6) A fine adjustment of a range gate width due to the
characteristics of the signal received.

Thus, the optimum blood flow waveform as shown in
FIG. 4B is displayed (step S8).

Next, when it is decided in step S3 that the signal is a
tissue signal by a decision algorithm of signal characteristics
(“tissue signal” in step S3), it is further decided whether or
not the tissue signal is in a folded back phenomenon, and
whether or not the tissue signal is properly displayed in the
display region (step S9). In the decision, when the tissue
signal is properly displayed, the completed waveform is
displayed as it is without changing the repetition frequency
and the baseline position (step S10 and step S13). In this
case, even if the waveform display is selectively proper, a
gain allocation for avoiding saturation may be applied again
as a result of deciding presence or absence of a saturation
phenomenon in the signal circuit. In the setting, it may be
arranged previously to be selectable which factor should be
adjusted in accordance with the examiner’s intention.

In step S9, when it is decided that the tissue signal
waveform is improper (“Yes” in step S89), a tissue waveform
display optimization algorithm is started (step S11) to
change/adjust at least one parameter in the changeable
parameters as in the case of step S7 (step S12). In this case,
a transmission/reception condition may be changed in order
to obtain a sharp and neat tissue signal waveform at the same
time of adjusting properly a velocity range and a baseline
position. In general, since the reception signal from a tissue
shows sufficient sensitivity, it is better to select a higher
frequency, which can more narrows the beam. Since a tissue
signal has usually a velocity of around 10 cm/second, it is
suitable to set the Wall Filter for removing a clutter signal
which forms an obstacle to watch a blood flow signal at a
comparatively low level. Moreover, since it is desired to
clearly display both the signals during diastole and systole in
case of observing tissue signals, a scrolling speed is usually
set at a higher level than that of observing a blood flow. At
the same time, it 1s preferred to set usually a broader range
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6

gate width than that in case of evaluating a blood flow. As
a result, the optimum tissue waveform is displayed as shown
in FIG. 4C (step S13).

Conventionally, when a blood flow signal is diagnosed, a
blood flow analysis mode is selected as described above; and
either a variety of setting operations are adjusted manually
or adjusted automatically. In case of diagnosis of a tissue
signal, it is required to select a tissue signal analysis mode.
On the other hand, it is possible to provide an examiner with
the optimum diagnostic image without regard to these two
modes in the present embodiment. Although the decision for
signal whether it is a blood flow signal or a tissue signal may
be performed by using only characteristics of Doppler signal
waveform by analyzing at least one of velocity, signal
intensity, and duration, the decision for signal may be made
by using the color information and B information in addition
to the characteristics of Doppler signal waveform. FIG. 7 is
a characteristic diagram of parameter examples used in case
of analyzing color information, while FIG. 8 is a character-
istic diagram of a parameter example used in case of
analyzing B information. In FIG. 7, it is possible to utilize
velocity information, Power information, and distribution
information, while in FIG. 8, it is possible to utilize lumi-
nance information (intensity).

As shown in FIGS. 7 and 8, when a Doppler signal is
acquired, a range gate is set in addition to the display by a
B mode or a color mode, so that it is found that the range
gate set is provided on the tissue or in the heart chamber, i.e.
a position where the so-called blood flow signals shall be
present.

As described above, according to the present invention, it
becomes possible to provide always the optimum transmis-
sion/reception condition, velocity range, and zero shift posi-
tion at once by utilizing usually characteristics of blood flow
and core wall movement without applying mode transition
to each of the signals of blood flow and core wall being quite
different from one another. As a result, the work flow in
circulatory organ routine checkup examinations is made to
be simple, resulting in improvements in the checkup exami-
nation efficiency. In the present invention, as described
above, when signal characteristics of blood flow and tissue
are used, a Doppler spectrum having no folded back is
provided without switching particularly intentionally
between a blood flow analysis mode and a tissue analysis
mode, and further the Doppler spectrum which is easily
observed by an examiner is automatically provided at once.
Thus, a burden is reduced with respect to the examiner,
whereby a term for the diagnosis may be shortened. Besides,
the work flow in circulatory organ routine checkup exami-
nations may also be made simple, and it results in improve-
ments in the examination efficiency.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the present
invention in its broader aspects is not limited to the specific
details, representative devices, and illustrated examples
shown and described herein. Accordingly, various modifi-
cations may be made without departing from the spirit or
scope of the general inventive concept as defined by the
appended claims and their equivalents.

What is claimed is:

1. An ultrasonic diagnostic apparatus, comprising: a sys-
tem controller configured to judge whether signals received
in a circulatory organ diagnostic region are blood flow
signals or tissue signals by analyzing B-mode luminance
information at a range gate position; and
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a display configured to display a waveform regarding the
blood flow signals or a waveform regarding the tissue
signals, wherein

the system controller is further configured to, when the
received signals are judged to be the blood flow signals, 5
scroll the waveform regarding the blood flow signals at
a predetermined first speed on the display, and when the
received signals are judged to be the tissue signals,
scroll the waveform regarding the tissue signals at a
predetermined second speed on the display, the second 10
speed being faster than the first speed, to display the
tissue signals during diastole and systole.

2. An ultrasonic diagnostic apparatus, comprising: a sys-

tem controller configured to judge whether signals received

in a circulatory organ diagnostic region are blood flow 15
signals or tissue signals by analyzing color information at
least one of power and velocity of the received signals at a
range gate position; and

a display configured to display a waveform regarding the
blood flow signals or a waveform regarding the tissue 20
signals, wherein

the system controller is further configured to, when the
received signals are judged to be the blood flow signals,
scroll the waveform regarding the blood flow signals at
a predetermined first speed on the display, and when the 25
received signals are judged to be the tissue signals,
scroll the waveform regarding the tissue signals at a
predetermined second speed on the display, the second
speed being faster than the first speed, to display the
tissue signals during diastole and systole. 30
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