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(57) ABSTRACT

An ultrasonograph comprising a probe (10) for transmitting/
receiving an ultrasonic wave to/from a subject, a transmit-
ting section (12) for supplying a drive signal to the probe
(10), a receiving section (12) for receiving a reflection echo
signal outputted from the probe (10), image constructing
sections (17, 19, 21) for reconstructing a diagnosis image
from the received reflection echo signal, a displaying section
(25) for displaying the reconstructed diagnosis image, and a
control section for controlling the other sections, wherein
the rise of temperature of the probe (10) is suppressed by
adequately judging whether the probe (10) is left in the air
or not. The ultrasonograph further comprises a judging
section (22) for judging from diagnosis image information
whether or not the probe (10) is left in the air. If the judging
section (22) judges that the probe (10) is left in the air, the
control section (26) controls the drive signal supplied from
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FIG. 2
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FIG. 11
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ULTRASONIC DIAGNOSTIC APPARATUS

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus, and in particular to technology that pre-
vents the deterioration of a probe.

BACKGROUND ART

[0002] An ultrasonic diagnostic apparatus is an apparatus
that brings a probe into contact with the body surface of a
test subject, repeatedly irradiates an observation sight with
ultrasonic waves via the probe, receives a reflection echo
signal generated from the test subject, and reconstructs an
ultrasound image (e.g., a tomogram).

[0003] In such ultrasonic diagnostic apparatus, when the
ultrasonic waves are continuously transmitted while the
probe is separated from the body surface of the test subject
(called “left in the air” below), the energy of the transmitted
ultrasonic waves changes to thermal energy and the tem-
perature in the vicinity of the surface of the probe (e.g., the
ultrasonic wave transmittance window, etc.) rises. As a
result, sometimes deterioration arises, such as a member like
rubber that forms the probe separating, because a thermal
heat cycle arises in the probe.

[0004] In order to prevent such a temperature rise, con-
ventionally the transmission of the ultrasonic waves has
been automatically stopped when the operation console has
not been operated for a certain period of time or greater. For
example, a timer is activated when an operation has not been
conducted, it is assumed that the probe is left in the air when
the timer counts a preset period of time, and the temperature
of the probe is prevented from rising by stopping the
transmission of the ultrasonic waves (hereinafter referred to
as freezing) (Patent Document 1: Japanese Patent Applica-
tion Publication No. 64-68239).

[0005] Also, when a change in the temperature of the
surface of the probe is recorded and the temperature rise is
calculated and the temperature rise exceeds a stipulated
value, the transmission output is set to be within the stipu-
lated value (Patent Document 2: Japanese Patent Application
Publication No. 2000-5165).

[0006] However, according to the ultrasonic diagnostic
apparatus described in Patent Document 1, when the opera-
tion console has not been operated for the certain period of
time, it is assumed that the probe is left in the air, so that
sometimes the judgment that the probe is left in the air is not
accurate. For example, when the probe is brought into
contact with the test subject and diagnosis is conducted over
a relatively long period of time, it is assumed that the probe
is left in the air and that freezing has started because there
is no command from the operation console, which is a
drawback.

[0007] Also, according to the ultrasonic diagnostic appa-
ratus described in Patent Document 2, there is no sense of
real time and the transmission output cannot be set before
the temperature of the probe rises. Thus, the ultrasonic
diagnostic apparatus is lacking in safety.

[0008] The problem of the present invention is to accu-
rately judge that the probe is left in the air and suppress a rise
in the temperature of the probe.

May 17, 2007

DISCLOSURE OF THE INVENTION

[0009] In order solve this problem, the invention of the
present application provides an ultrasonic diagnostic appa-
ratus comprising: a probe that transmits/receives ultrasonic
waves to/from a test subject; a transmitting section that
supplies a drive signal to the probe; a receiving section that
receives a reflection echo signal outputted from the probe;
an image constructing section that reconstructs a diagnostic
image on the basis of the received reflection echo signal; a
display section that displays the diagnostic image con-
structed by the image constructing section; and a control
section that controls these sections, wherein the ultrasonic
diagnostic apparatus includes a judging section that judges,
on the basis of the diagnostic image information, that the
probe is left in the air, and when the judging unit judges that
the probe is left in the air, the control section controls the
drive signal supplied to the probe from the transmitting
section so as to suppress a rise in the temperature of the
probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram showing a block diagram of an
ultrasonic diagnostic apparatus to which the present inven-
tion has been applied.

[0011] FIG. 2 is a diagram showing the configuration of a
Judging section.

[0012] FIG. 3 is a diagram showing the configuration of a
B image judging section.

[0013] FIG. 4 is a conceptual diagram for describing a
judging method.

[0014] FIG. 5 is a diagram for describing a judging
method.

[0015] FIG. 6 is a flow chart showing a processing
sequence.

[0016]

[0017] FIG. 8 is a diagram showing the configuration of a
Doppler signal judging section.

FIGS. 7 are times chart relating to processing.

[0018] FIG. 9 is a diagram for describing a judging
method.
[0019] FIG. 10 is a diagram showing the configuration of

a CFM judging section.

[0020] FIG. 11 is a diagram showing an example of a
display on a screen.

[0021] FIG. 12 is a diagram showing examples of displays
on a screen.
[0022] FIG. 13 is a diagram showing the configuration of

a judging section.

[0023] FIG. 14 is a flow chart showing a processing
sequence.

[0024] FIG. 15 is a flow chart showing a processing
sequence.

[0025] FIG. 16 is a diagram showing the configuration of
a frame correlation processing circuit.



US 2007/0112266 Al

BEST MODES FOR IMPLEMENTING THE
INVENTION

[0026] Embodiments of the invention will be described
below using the drawings.

EMBODIMENT 1

[0027] First, a first embodiment that judges that a probe is
left in the air will be described with reference to FIGS. 1 to
7.

[0028] As shown in FIG. 1, an ultrasonic diagnostic appa-
ratus 1 of the present embodiment is configured to include:
a probe 10, a transmitting/receiving section 12 including a
transmitting unit, a receiving circuit, an AD conversion unit,
and a phasing adding unit; a B image constructing section
17, a Doppler image constructing section 19, and a CFM
constructing section 21, each of which includes an image
constructing unit, a frame memory that is an image record-
ing unit, and a DSC (digital scan converter); a synthesizing
section 23 that synthesizes these images; a judging section
22 that judges that the probe is left in the air; a display
section 25 including a monitor; a control section 26 that
controls these constituent elements; and an operation con-
sole 30. The control section 26 includes a change control
function for outputting a command to the transmitting/
receiving section 12 on the basis of a signal from the judging
section 22 and a display control function for outputting a
display command to the display section 25. The schematic
diagram of the control section 26 and the other sections
shows only the minimum elements necessary for descrip-
tion.

[0029] The operation of the ultrasonic diagnostic appara-
tus 1 configured in this manner will be described. First, the
probe 10 is brought into contact with the body surface of a
test subject. Next, a drive signal for ultrasonic wave trans-
mission is supplied to the probe 10 from the transmitting/
receiving section 12 on the basis of a command from the
control section 26.

[0030] The supplied drive signal is converted into an
ultrasonic wave by the probe 10, and the probe 10 irradiates
aregion of the test subject including an observation site with
the converted ultrasonic wave. The ultrasonic wave gener-
ated from the irradiated region is received by the probe 10
and converted into a reflection echo signal. The converted
reflection echo signal is received by the transmitting/receiv-
ing section 12 and then converted into a digital signal by the
AD conversion unit. The phase of the converted digital
signal is phased by the phasing adding unit, and the digital
signal is reconstructed by the B image constructing section
17 into a tomogram (called a “B image” below), which is a
diagnostic image. A Doppler signal included in the digital
signal is reconstructed by the Doppler image constructing
section 19 into a Doppler image, and a CFM image is
reconstructed by the CFM constructing section 21.

[0031] The reconstructed B image is sequentially stored in
the frame memory. Image information of the B image stored
in the frame memory is detected by the judging section 22,
converted by the DSC into a display-use signal, and dis-
played on the monitor of the display section 25. The Doppler
signal and the CFM are similarly displayed on the monitor
of the display section 25.

[0032] Next, the configuration and operation of the judg-
ing section 22 will be described using FIGS. 2 to 5. As
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shown in FIG. 2, the judging section 22 is configured by a
B image judging unit 13. a Doppler signal judging unit 14,
and a CFM judging unit 15, and judges with the plural
judging units so as to be suited to the respective image
information.

[0033] As shown in FIG. 3, the B image judging unit 13
is configured to include a data extracting portion 23, image
memories 32-1 to 32-n, and a variance judging portion 33
including a brightness calculating circuit, a variance circuit

and a variance calculating circuit. Here, “n” represents an
optional natural number.

[0034] As shown in FIG. 4, temporally continuous plural
B images f; to f are read from the frame memory, and the
read B images f; to f, are arranged in order and stored in the
image memories 32-1 to 32-n. The B images stored in the
image memories 32 are simultaneously read on the basis of
a command from the control section 26. The entire image of
each of the read B images, or the brightness of each pixel in
a preset area of interest 42, is integrated by the brightness
calculating circuit. The integrated brightness, i.e., the inte-
grated value, is inputted to the variance calculating circuit
via the variance circuit together with the B images from the
image memories 32-1 to 32-n. The variance calculating
circuit determines the variance of the data of the same
number (X, y) in regard to the image data of the plural frames
f,, f,, etc., to f. The integrated value referred to here is a
value where the temporal brightness level in the entire image
or the region of interest has been integrated and indexed,
which means that when the integrated value is high, the
image is whitish. Also, the variance is a value where
inter-frame variance in the brightness has been indexed,
which means that when the variance is large, the variation in
the brightness is relatively large.

[0035] Next, the calculation of the variance will be
described. Coordinates are set in the data extracting portion
23 via the control section 26 from the operation console 30.
The data extracting portion 23 reads a reflection brightness
signal obtained from the ultrasonic wave transmitting/re-
ceiving section and extracts the image information of the set
specific coordinates. The data extracting portion continu-
ously records, in the memories 1, 2, etc., to memory n, the
brightness information of the specific coordinates of the
temporally continuous frames and continues updating per
frame. The image information is synchronized with the
frame display timing or single frame transmission timing
and simultaneously outputted. In the brightness graph shown
in FIG. 5, the variance computing circuit compares the
brightness in n frames and calculates the variance from the
brightness information at the same coordinates in the n
frames simultaneously outputted. The variance computing
circuit outputs the variance to the variance judging portion
33 at the same time as it calculates the variance. The
variance judging portion 33 compares the size of the com-
puted variance and with that of a preset variance (threshold).
For the variance (threshold), a variance (threshold) actually
measured beforehand by actual measurement may be deter-
mined and recorded in a storage section. Specifically, the
variance is measured as having characteristics, such as
“brightness is high and variance is large” when the probe is
left in the air as compared to when the test subject is imaged,
and the variance is stored in the storage section. The B image
judging unit 13 outputs a left-in-the-air detection signal
when the integrated value is a high level for a certain period
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of time or greater in the entire image or the region of interest,
or when the calculated variance is larger than the set
variance (threshold). The setting of the conditions of the
integrated value and the variance of the B image judging umt
13 can be optionally conducted by the operator with the
operation console 30.

[0036] However, the drive signal that is generated such
that the temperature of the probe 10 does not rise is
dependent on the type of the probe 10. Thus, the ultrasonic
diagnostic apparatus 1 may be configured to understand the
type of connected probe, send various information to the
control section 26, and calculate the variance, and the
control section 26 may correlate and record the various
information with the probe and store it in the storage section
as the threshold when the probe is left in the air or as a
reference value. The variance may also be calculated by
n-number of data by a common statistical method, or esti-
mated from a graph pattern. Also, because the fluctuation in
the image is relatively large in a B image in an observation
region whose depth is deep (or shallow), the B image
judging unit 13 may be configured so that when the bright-
ness of the B image is detected, the B image judging unit 13
integrates the brightness limited to the region of interest 42
excluding that region and outputs the left-in-the-air signal by
that integrated value. Thus, the precision of detecting the
brightness can be improved, the amount of data to be
computed can be reduced, and the speed of detection pro-
cessing can be improved. In this case, the brightness of the
pixels may also be integrated across the entire B image.

[0037] In this manner, in the first embodiment, the ultra-
sonic wave transmitted from the probe 10 is multiply
reflected in the vicinity of the ultrasonic wave transmittance
window when the probe is left in the air, whereby the B
image constructed by the image constructing section
becomes whitish with a relatively high brightness level, and
the judgment of whether the probe is left in the air is
conducted using this image information.

[0038] Next, the processing sequence that suppresses a
rise in the temperature of the probe 10 will be described with
reference to FIGS. 6, 7(a) and 11.

[0039] Step 101: In regard to the probe 10 being left in the
air, when the judging section 22 detects (Ta) that the
integrated value of the brightness of the B image has
exceeded the preset threshold for a certain period of time or
greater, or when the calculated variance is greater than the
set variance (threshold) it is assumed that the probe 10 is left
in the air. On the other hand, when the integrated value of the
brightness does not exceed the preset threshold, or when the
computed variance is smaller than the set variance (thresh-
old), the processing of step 101 is repeatedly conducted.
This threshold is set beforehand with the operation console
30 so that the brightness of the B image becomes whitish
when this value has been exceeded.

[0040] At the same time that the judging section 22 detects
the brightness of the B image, the drive condition of the
probe 10 (e.g., the transmission voltage relating to the
transmitted ultrasonic wave, the number of transmitted
waves, the repetition frequency, the transmission range of
the ultrasonic beam, etc.) or the frame rate of the B image,
is identified and saved as data in the storage section (not
shown).
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[0041] Step 102: Setting of the Freeze Start Time

[0042] The drive condition saved in the processing of step
101 is matched with a drive condition (mode where the
transmission voltage is high, mode where the number of
transmitted waves is high, mode where the repetition fre-
quency is large, mode where the scanning range of the
ultrasonic beam is narrow, etc.) where a rise in the tempera-
ture of the probe 10 occurs that was actually measured
beforehand in the design stage, or with the frame rate of the
B image. On the basis of this matching result, the starting
time (Th) of the freezing of the ultrasonic wave transmission
system is set.

[0043]

[0044] As shown in FIG. 11, the control section 26 outputs
a command to the display section 25, and on the basis of that
command, the period of time until freezing is started
(standby time: T2) is displayed on the monitor with a
character string in the Japanese language or a foreign

language.

Step 103: Display of Warning

[0045] Step 104: Detection of Command from Operation
Console 30
[0046] While the standby time (T2) is being counted by

the timer, it is detected whether or not the operation console
30 (e.g., keys, trackball, dial, pointing device, etc.) has been
operated. If the operation console 30 has been operated, the
timer that had been counting is initialized and the processing
of step 102 is again conducted. If the operation console 30
has not been operated, on the other hand, the processing of
step 105 is conducted. If a preset specific operation has been
conducted (e.g., a specific key has been pushed), the pro-
cessing returns to step 101.

[0047] Step 105: Counting of Standby Time (T2)

[0048] When it is detected that the standby time (T2) has
reached zero, the freeze processing of step 106 is conducted.
When this is not detected, the processing of step 105 is again
conducted.

[0049]

[0050] The control section 26 outputs a command to the
transmitting/receiving section 12 and the drive signal sup-
plied to the probe 10 from the transmitting/receiving section
12 is updated, whereby freezing of the ultrasonic wave
transmission system is started and the transmission of the
ultrasonic wave from the probe 10 is stopped (Tb).

[0051]

[0052] While the freeze is being continued, it is detected
whether or not there is an operation from the operation
console 30. When there is an operation (Tc), the drive signal
supplied to the probe 10 from the transmitting/receiving
section 12 is returned to the original drive signal, whereby
the freezing of the ultrasonic wave transmission system is
released and the ultrasonic wave for diagnosis is continu-
ously transmitted from the probe 10 (T4). Thus, the diag-
nostic efficiency can be improved because ultrasound diag-
nosis can be resume data desired time on the basis of the
intent of the examiner.

[0053] The processing of steps 101 to 107 is conducted by
the control section 26, whereby it can be accurately judged
that the probe 10 is left in the air. When it is detected that the

Step 106: Start of Freeze

Step 107: Resumption of Ultrasound Diagnosis
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probe 10 is left in the air, a rise in the temperature of the
probe 10 can be suppressed by stopping the drive signal
supplied to the probe 10 from the transmitting/receiving
section 12 and starting the freezing of the ultrasonic wave
transmission system so that the transmission of the ultra-
sonic wave stops.

[0054] Also, the fact that freezing will start can be visually
understood because the period of time until freezing is
started, i.e., the period of time until the transmission of the
ultrasonic wave from the probe 10 is stopped, is displayed
on the display section 25. Thus, situations can be prevented
where freezing is prevented from occurring counter to the
intent of the examiner, or where the ultrasonic wave freeze
processing is recogrized as a malfunction in the ultrasonic
wave transmission system, e.g., the transmitting/receiving
section 12. In the present embodiment, as shown in FIG.
7(A), freezing is started after the standby time (T2) has
elapsed; however, instead of this, the freezing of the ultra-
sonic wave transmission system may also be immediately
started when it is detected that the probe 10 is left in the air.

EMBODIMENT 2

[0055] A second embodiment of the ultrasonic diagnostic
apparatus to which the invention is applied will be described
using FIGS. 8 to 10. The present embodiment is different
from the first embodiment in that, instead of judging that the
probe 10 is left in the air from the brightness information of
the B image, it is detected that the probe 10 is left in the air
on the basis of the Doppler image or the CFM image. The
same reference numerals will be given to elements having
the same function and configuration as those in the first
embodiment, and description thereof will be omitted.

[0056] As shown in FIG. 8, the Doppler signal judging
unit 14 of the ultrasonic diagnostic apparatus 1 is configured
to be able to judge using a Doppler signal. The Doppler
signal judging unit 14 is configured to include image memo-
ries 34-1 to 34-n, a Doppler variance circuit and an adding
circuit (not shown) and a variance judging portion 35. RF
data outputted from the phasing adding unit are recon-
structed by the Doppler image constructing section 19 into
a Doppler image pertaining to the spectral waveform of
blood flow, for example, and the reconstructed Doppler
image is stored in the frame memory. The stored Doppler
image is read and sequentially arranged and stored in the
image memories 34-1 to 34-n. The Doppler images stored in
the image memories 34 are simultaneously read on the basis
of a command from the control section 26. The variances
(variations in image quality) of the simultaneously read
Doppler images are calculated by the Doppler variance
circuit, and the calculated variances are added by the adding
circuit. Then, when the Doppler signal judging unit 14
detects that the added variance exceeds a preset threshold for
a certain period of time or greater, it judges that the probe 10
is left in the air and outputs the left-in-the-air detection
signal. Specifically, with respect to a Doppler image
acquired when the probe 10 is left in the air, when the
Doppler signal judging unit 14 detects an image where there
is no spectral waveform in which only noise has appeared,
i.e., an image where there is no Doppler signal, the Doppler
signal judging unit 14 sets the threshold to switch to when
the probe is left in the air, and handles this. Then, when the
Doppler signal judging unit 14 judges that the probe 10 is
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left in the air, it freezes the ultrasonic wave transmission
system to prevent the temperature of the probe 10 from
rising.

[0057] Here, the Doppler signal judging unit 14 can also
judge in B mode imaging. The Doppler signal is received for
a certain period of time while the B image is imaged, and the
Doppler signal judging unit 14 judges with the Doppler
signal of that certain period of time. The Doppler signal
judging unit 14 detects whether or not the variances of the
Doppler signal added in the certain period of time have
exceeded the preset threshold, whereby it judges whether or
not the probe 10 is left in the air. The control section 26 may
also set the Doppler signal judging unit 14 to repeatedly
conduct this judging mode.

[0058] Instead of the B image judging unit 13 and the
Doppler signal judging unit 14, the CFM judging section 27
may judge with the CFM image. The CFM image is dis-
played using, as video information, the three types of
information of the speed, direction, and the variance in the
speed of a moving portion inside a living organism. The
speed of the moving portion is displayed by brightness, and
the direction of the movement of the moving portion is
displayed by allocating colors in accordance with the direc-
tion. When the probe 10 is left in the air, the phase of the
Doppler signal becomes inconsistent at each point in the
entire image or the region of interest, so the brightness and
color hue are inconsistently displayed. Using this character-
istic, the CFM judging section 27 judges that the probe 10
is left in the air on the basis of the variance in the brightness
and color hue of the CFM image in the entire image or the
region of interest, and outputs the left-in-the-air detection
signal. The method of determining the variance is as was
described in the preceding embodiment.

[0059] Specifically, the variance in the brightness and
color hue is determined using the pixels on the CFM images,
and as shown in FIG. 9, it is compared with the preset
variance (threshold). Then, the CFM judging section 27
judges whether or not the probe is left in the air on the basis
of the comparison result.

[0060] Ordinarily in the diagnostic mode, it is difficult to
detect that the probe is left in the air because the level of the
Doppler signal is low, but this state is easy to detect when
the gain of the Doppler signal is raised. Thus, the gain rise
time may be optionally set with the operation console 30 in
the CFM judging mode, and the gain may be automatically
raised in this set time.

[0061] Also, as shown in FIG. 1, the B image constructing
section 17, the Doppler image constructing section 19 and
the CFM constructing section 21 are disposed in parallel,
and in the judging section 22, the B image judging unit 13
that judges on the basis of the B image, the Doppler signal
judging unit 14 that judges on the basis of the Doppler
signal, and the CFM judging unit 15 that judges on the basis
of the CFM image are disposed in parallel. Here, means (not
shown) is further disposed which switches between the
mode that judges on the basis of the B image, the mode that
judges on the basis of the Doppler signal and the mode that
judges on the basis of the CFM image. Thus, the modes can
be appropriately separately used as needed. The switching
means may be the operation console 30, so that the operator
can optionally switch modes.

[0062] Also, the control section 26 may automatically
switch the switching means at predetermined time intervals
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so that the respective judging modes can be conducted at
time intervals. In this manner, the judging modes are mea-
sured in order at time intervals, whereby the precision of
detecting that the probe is left in the air can be improved.

[0063] The mode that judges on the basis of the B image,
the mode that judges on the basis of the Doppler signal and
the mode that judges on the basis of the CFM image may
also be combined and simultaneously executed. For
example, by combining the B image judging mode and the
Doppler judging mode, the integrated value and variance
information increase, and the precision of detecting that the
probe is left in the air can be further improved.

EMBODIMENT 3

[0064] A third embodiment of the ultrasonic diagnostic
apparatus to which the present invention is applied will be
described using FIG. 6, FIG. 7(B) and FIG. 12. The present
embodiment is different from the first embodiment and the
second embodiment in that instead of starting the freezing of
the ultrasonic wave transmission system when it is detected
that the probe 10 is left in the air, the energy of the drive
signal of the probe 10 is reduced to be equal to or less than
a set value. Thus, the same reference numerals will be given
to elements having the same function and configuration as
those in the first embodiment and the second embodiment,
and description thereof will be omitted.

[0065] In the present embodiment, first, the condition of
the drive signal when the temperature of the probe 10 left in
the air does not rise is set. For example, whether or not the
temperature of the probe 10 has risen is measured by
changing the transmission voltage of the ultrasonic wave
transmitted from the probe 10, the number of transmitted
waves, the repetition frequency, and the scanning range of
the ultrasonic beam. Then, the measured condition of the
drive signal is set from the operation console 30 as a set
value (o).

[0066] Then, as shown in FIG. 6 and FIG. 7(B), when the
standby time (T2) reaches zero in the processing of step 105,
the drive signal supplied to the probe 10 from the transmit-
ting/receiving section 12 is changed to become equal to or
less than the set value (ct). Namely, the control section 26
issues a command to the transmitting/receiving section 12,
whereby the transmission voltage, the number of transmitted
waves, the repetition frequency, and the scanning range of
the ultrasonic beam, which are transmission conditions of
the ultrasonic wave from the probe 10, are reduced (Td). By
reducing the energy of the drive signal supplied to the probe
10 from the transmitting/receiving section 12 to be equal to
or less than the set value (o) in this manner, the energy of
the ultrasonic wave transmitted from the probe 10 is
reduced. Thus, a rise in the temperature of the probe 10 can
be suppressed even when the energy of the ultrasonic wave
is converted into thermal energy inside the probe 10, so that
it becomes possible to avoid deterioration of the probe
resulting from the thermal heat cycle.

[0067] Also, because the ultrasonic wave is transmitted
from the probe 10 even when the drive signal of the probe
10 is reduced to be equal to or less than the set value (o), a
diagnostic image can be obtained if it is at an observation
site with a shallow depth. Thus, the efliciency of ultrasound
diagnosis can be improved in comparison to when the
ultrasonic wave transmission system is frozen.
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[0068] Also, as shown in FIG. 12, a message representing
the period of time until the drive signal of the probe 10 is
reduced to be equal to or less than the set value (ct), i.e., the
period of time until the image quality changes, may be
displayed on the display section 25. Namely, when the drive
signal of the probe 10 is reduced, sometimes the image
quality of the B image obtained with the ultrasonic wave
transmitted from the probe 10 deteriorates. Thus, it is
preferable to display a message indicating this in order to
inform the examiner that the image quality will deteriorate.

EMBODIMENT 4

[0069] A fourth embodiment of the ultrasonic diagnostic
apparatus to which the present invention is applied will be
described using FIG. 13 and FIG. 14. The present embodi-
ment is different from the preceding embodiments in that the
frame rate of the diagnostic image is reduced when the probe
10 is left in the air. Thus, the same reference numerals will
be given to elements having the same function and configu-
ration as those in the preceding embodiments, and descrip-
tion thereof will be omitted. FIG. 13 is a configural diagram
of a judging section 70 in the present embodiment, and FIG.
14 is a flow chart describing the operation of the present
embodiment.

[0070] In the present embodiment, the judging section 70
is disposed in place of the judging section 22 shown in FIG.
1. As shown in FIG. 13, the judging section 70 is configured
by an image memory 72, a comparison reference data
memory 74, and a judging circuit 76. The image memory 72
stores, as comparison data, the B image read from the frame
memory. The comparison reference data memory 74 stores,
as comparison reference data, the B image imaged when the
probe 10 is left in the air. The judging circuit 76 compares
the B image read from the image memory 72 with the B
image read from the comparison reference data memory 74.

[0071] The operation of the present embodiment will be
described with reference to FIG. 14 and FIG. 15. The same
reference numerals will be given to processing that is the
same as the processing in FIG. 6. First, the comparison
reference data are collected beforehand in order to judge that
the probe 10 is left in the air (step 199). For example, when
the probe 10 is left in the air, ultrasound imaging is executed
and a frame image (F0) is acquired after the frequency,
voltage, and number of waves of the ultrasonic waves
transmitted from the probe 10 have been set to predeter-
mined values (below, inspection mode M). The acquired
frame image (F0) is stored in the comparison reference data
memory 74 as comparison reference data. Comparison ref-
erence data are acquired for each type or product of the
probe. Also, the comparison reference data may also be
stored in a register of the control section 26.

[0072] Next, when the ultrasonic diagnostic apparatus is
running, the mode judging whether or not the probe 10 is left
in the air (below, left-in-the-air monitor mode) is interrupted
per certain period of time (step 200). When switched to the
left-in-the-air monitor mode, the ultrasonic wave transmitted
from the probe 10 is changed to the frequency, voltage, and
number of waves of the inspection mode M (step 201). Then,
ultrasound imaging is executed and a frame image (F1) is
acquired (step 202). The acquired frame image (F1) is stored
in the image memory 72.

[0073] Next, the frame image (F0) is read from the com-
parison reference data memory 74 (step 203). The sameness
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of the read frame image (F0) and the frame image (F1) in the
image memory 72 is judged by the judging circuit 76 (step
204). For example, the brightness value of each pixel of the
frame image (F0) is integrated (Q0). and the brightness of
each pixel of the frame image (F1) is integrated (Q1). The
difference between the integrated value (Q0) and the inte-
grated value (Q1) is computed, and it is judged whether or
not the computed difference corresponds to a set range.
When the difference does not correspond to the set range, the
processing returns to step 200. When the difference corre-
sponds to the set range, it is judged that the frame image (F0)
and the frame image (F1) are substantially identical, and a
notice message reducing the frame rate is displayed on the
display section 25 (step 205). The notice message repre-
sents, for example, the period of time remaining until the
reduction of the frame rate is started.

[0074] Then, after the same processing as in step 104 and
step 105 of FIG. 6 is conducted, the reduction of the frame
rate is started (step 106-c). For example, the repeat time of
the ultrasonic waves transmitted from the probe 10 is
lengthened, or the time from when reception of the reflection
echo signal of one frame of a B image is completed to until
transmission of the ultrasonic wave of the next frame is
started is lengthened, whereby the frame rate of the diag-
nostic image drops. Because the ordinary frame rate of the
B image is 30 Fps, it is set to 10 Fps, so as to fall within the
range of 74 (15 Fps) to ¥ (5 Fps) of 30 Fps, which is a frame
rate suflicient for moving image reproduction. Thereafter,
the same processing as in steps 107 and 108 of FIG. 6 is
conducted. Thus, similar to the first to third embodiments,
the fact that the probe is left in the air is accurately judged
and a rise in the temperature of the probe can be suppressed.

[0075] Various aspects are conceivable in the processing
of step 199. For example, when the probe 10 is left in the air,
the comparison reference data may be acquired with all of
the use conditions and not just the specific frequency,
voltage, or number of waves. Also, the acquired comparison
reference data may be stored in other storage means via a
network. Also, in order to accommodate secular changes in
the probe 10, the comparison reference data can be auto-
matically updated or manually updated periodically. The
comparison reference data may also be separately saved in
the probe or the ultrasonic diagnostic apparatus by known
technical means (e.g., Japanese Patent No. 1,997,704). The
comparison reference data can also be collected while
incrementally changing the gain of the reflection echo
signal. The comparison reference data are appropriately
selected and used from data acquired when the temperature
of the probe 10 has started to rise, data when the temperature
is rising, and data when the temperature has risen and
become saturated. Also, when comparison reference data of
different gains are necessary, they may be acquired while
automatically changing the gain. The comparison reference
data can also be acquired before product shipment.

[0076] Various aspects are also conceivable in the switch-
ing of the left-in-the-air monitor mode of step 200. For
example, the mode may be switched to the left-in-the-air
monitor mode when the operation console 30 has not been
operated for a certain period of time. The mode can also be
configured to be remotely switchable via a network auto-
matically or manually. Also, a human sensor using infrared
light, electrostatic capacitance or an ultrasonic wave may be
installed in the ultrasonic diagnostic apparatus, and the
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mode may be switched as a result of the installed human
sensor detecting the presence of the examiner. The ultrasonic
diagnostic apparatus may also be configured to prohibit
switching in order to conduct testing of the apparatus. Also,
when the mode has been switched to the left-in-the-air
monitor mode, a warning message representing that may be
displayed, or a warning sound may be given.

[0077] Also, when the comparison reference data in all of
the setting conditions (transmission voltage, frequency,
number of waves, etc.) are gathered beforehand per probe,
the fact that the probe is left in the air can be detected
without switching the mode to the left-in-the-air monitor
mode. For example, the imaging status of the ultrasonic
diagnostic apparatus may be constantly monitored, and a
setting that is the same as the setting during imaging may be
extracted from a comparison reference data table. The
extracted data may be stored in the comparison reference
data memory 74 as the comparison reference data.

[0078] Also, the present embodiment was configured to
acquire one frame image (F1) and judge, but the embodi-
ment may also be configured so that temporally continuous
frame images (F1, F2, etc,, to Fm) are acquired and the
temporal change in the brightness of the acquired frame
images is detected. In this case, the temporal change in the
brightness may be detected limited to a specific site, i.e., a
set region of interest. In order to detect the temporal change
in the brightness, known techniques can be applied, such as
a method that compares the integrated values of the bright-
ness of each frame image, a method that encodes the
differences in the brightness, and a method that compares the
absolute value of the differences in the brightness. Also, the
present embodiment was described in relation to the B
image, but it may also be made to accommodate the Doppler
signal or CFM image.

EMBODIMENT 5

[0079] A fifth embodiment of the ultrasonic diagnostic
apparatus to which the present invention is applied will be
described by FIG. 15. The present embodiment is different
from the first to fourth embodiments in that energy con-
sumption is reduced by judging not only that the probe is left
in the air but also that a high frame rate is unnecessary
during ultrasound diagnosis. Thus, the same reference
numerals will be given to elements having the same function
and configuration as those in the first to fourth embodiments,
and description thereof will be omitted. FIG. 15 shows a
flow chart describing the operation of the present embodi-
ment. In the present embodiment, the B image judging unit
13 is used as the judging unit.

[0080] First, temporally continuous plural B images are
acquired (step 300). For example, the B images f1 to fm are
read in order from the frame memory, and the read B images
fl to fin are arranged in order and stored in the image
memories 32-1 to 32-n. Step 300 is configured to interrupt
per set time. Next, a temporal change in the brightness of the
acquired B images is detected (step 301). Here, that which
is different from the first embodiment is that it is not judged
that the brightness of the B images corresponds to a set
range, i.e., that they are whitish. Namely, the B image
judging unit 13 correlates each inter-frame brightness,
whereby it detects only the temporal change in the bright-
ness.
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[0081] When a temporal change in the brightness of the B
images is detected, the processing returns to step 300. When
none is detected, the same processing as in steps 205, 104
and 105 shown in FIG. 14 is conducted in order. Then, the
frame rate is lowered by the processing of step 106-c.
Namely, when it is judged that there is substantially no
temporal change in the brightness of the B images, it is
understood that a site accompanied by virtually no bodily
movement (e.g., the abdomen) is presently being imaged,
i.e., that the probe 10 is left in the air. In this case, it is judged
that it is alright for the value of the frame rate not to increase
that much, and the frame rate is lowered. In order to lower
the frame rate, the repeat time of the ultrasonic wave
transmitted from the probe 10 may be lengthened, or the
period of time from when reception of the reflection echo
signal of one frame of the diagnostic image is completed to
until transmission of the ultrasonic waves of the next frame
is started may be lengthened.

[0082] Next, temporally continuous plural B images are
again acquired (step 302). The detection of a temporal
change in the brightness of the acquired B images is con-
ducted in the same manner as in step 301. (Step 303). When
it is judged that there is no temporal change in the bright-
ness, the processing of step 302 is again executed. When it
is judged that there is a temporal change in the brightness,
processing that returns the frame rate to its original status is
conducted (step 108). Namely, in step 303, by detecting that
the brightness of the B images has changed temporally, it is
understood that movement has arisen in the site presently
being imaged, or that the probe 10 has been moved from
being left in the air to contact the test subject. In this case,
it is judged that a high frame rate is necessary, and the value
of the frame rate is returned to its original value.

[0083] According to the present embodiment, it is accu-
rately judged that a high frame rate is unnecessary during
ultrasound diagnosis, and the frame rate is lowered. Thus,
the drive energy inputted to the probe 10 is reduced and the
consumed energy can be reduced. Moreover, even if the
frame rate is lowered, there is virtually no change in the
image quality of the image that is imaged when the diag-
nostic site is virtually unaccompanied by movement, so
appropriate diagnosis can continue to be conducted. Simi-
larly, even when the probe 10 is left in the air, there is
similarly no temporal change in the brightness of the image,
so processing which lowers the frame rate is executed and a
rise in the temperature of the probe is suppressed.

[0084] Also, because the frame rate may be automatically
lowered or raised as needed, the ease of use of the apparatus
can be improved. such as it not being necessary for the
examiner to manually switch the frame rate.

EMBODIMENT 6

[0085] A sixth embodiment of the ultrasonic diagnostic
apparatus to which the present invention is applied will be
described using FIG. 16. The present embodiment is differ-
ent from the first to fifth embodiments in that a frame
correlation processing circuit 60 is used instead of the
judging units in the judging section 22.

[0086] The frame correlation processing circuit 60 is con-
figured to include an arithmetic processing circuit 62 and a
frame memory 63. For example, the first B image outputted
from the image constructing section 18 is stored in the frame
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memory 63 via the arithmetic processing circuit 62. The
stored B image is fed back to the arithmetic processing
circuit 62. The feedback B image and the B image next
inputted to the arithmetic processing circuit 62 from the
image constructing section 18 are simultaneously processed.
For example, a temporal change in the brightness of the B
images is detected by correlating the brightness per pixel. In
this case, it is also detected that the brightness of the B
images is whitish, so a threshold (P4) is delivered to the
arithmetic processing circuit 62 from the control section 26.
Thus, it is detected that the brightness has exceeded the
preset threshold (P4) for a certain period of time or greater,
so that it can be detected that the probe 10 is left in the air.
Also, because this is realized by a single frame memory and
not plural frame memories, the scale of the circuit configu-
ration can be reduced.

[0087] An ultrasonic diagnostic apparatus pertaining to
the present invention has been described on the basis of
embodiments, but the present invention is not limited
thereto. For example, it was detected that the probe 10 is left
in the air on the basis of a temporal change in the brightness
of the frame image, but this may also be detected on the
basis of a temporal change in the reflection echo signal
including a conveyance wave from the transmitting/receiv-
ing section 12. Namely, the reflection echo signal when the
probe 10 is left in the air becomes different from the
reflection echo signal from the tissue of a living organism
because it is a multiple signal multiply reflected by an
oscillator matching layer and lens inside the probe 10. Thus,
by using the characteristic of the reflection echo signal as the
Judgment standard, it can be detected that the probe 10 1s left
in the air. The reflection echo signal differs for each type of
probe, so it is good to measure, per probe, the reflection echo
signal used as the comparison reference data. This may also
be detected on the basis of a complex signal from the AD
conversion unit 14.

[0088] Also, the acquired B image, the reflection echo
signal, or the setting information of the detection mode may
be recorded, and a graph with which temporal changes in the
recorded information can be understood may be displayed,
or a report or the like may be outputted. Thus, fluctuations
in the B image accompanying secular deterioration of the
probe can be understood, whereby accurate judgment in
consideration of such fluctuations can be conducted.

[0089] Also, in order to fix the probe in a stand and
appropriately conduct simulated imaging for measuring a
phantom image, i.e., the performance of the apparatus,
switching means maybe disposed which can appropriately
switch between a mode in which freezing is started and a
mode in which freezing is not started when it is detected that
the probe 10 is left in the air. Because phantom imaging is
conducted while actually imaging the test subject, the
acquired frame image or reflection echo signal resembles
that which is acquired when the test subject is normally
imaged.

[0090] Moreover, with respect to the notice message for
warning that freezing will start, that the image quality will
change, or that the frame rate will be lowered, the display
size may be enlarged or the display color may be changed
over time, or the notice message may be displayed while
causing it to blink. Audio may be generated, and new
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symbols may be displayed. Thus, the clarity of the notice
message improves, so that the examiner less fails to notice
the message.

[0091] Also, the ultrasonic diagnostic apparatus of the
present invention can comply with the index stipulated by
the TEC because it can suppress a rise in the temperature of
the probe 10 left in the air. Thus, ultrasound diagnosis can
be safely conducted even when the probe 10 is again brought
into contact with the body surface of the test subject.

[0092] According to the present invention, it can be accu-
rately judged that the probe is left in the air and a rise in the
temperature of the probe can be suppressed. Also, the
constituent elements or functions described in the first to
sixth embodiments can be appropriately combined, added,
deleted, or switched.

1. An ultrasonic diagnostic apparatus comprising:

a probe that transmits/receives ultrasonic waves to/from a
test subject;

a transmitting section that supplies a drive signal to the
probe;

a receiving section that receives a reflection echo signal
outputted from the probe;

an image constructing section that reconstructs a diag-
nostic image on the basis of the received reflection echo
signal;

a display section that displays the diagnostic image con-
structed by the image constructing section; and

a control section that controls these sections,

wherein the ultrasonic diagnostic apparatus includes a
judging section that judges, on the basis of the diag-
nostic image information, that the probe is left in the
air, and when the judging unit judges that the probe is
left in the air, the control section controls the drive
signal supplied to the probe from the transmitting
section so as to suppress a rise in the temperature of the
probe.

2. The ultrasonic diagnostic apparatus of claim 1, wherein
the judging section includes at least one of a B image
judging unit that judges on the basis of a B image, a Doppler
signal judging unit that judges on the basis of a Doppler
signal, and a CFM judging unit that judges on the basis of
a CFM image.

3. The ultrasonic diagnostic apparatus of claim 2, wherein
the B image judging unit outputs a left-in-the-air detection
signal when an integrated value of brightness is a high level
for a certain period of time or greater, or when a calculated
variance is greater than a set variance.

4. The ultrasonic diagnostic apparatus of claim 2, wherein
the Doppler signal judging unit outputs a left-in-the-air
detection signal when an added variance of the Doppler
signal exceeds a preset threshold for a certain period of time
or greater.
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5. The ultrasonic diagnostic apparatus of claim 2, wherein
the CFM judging unit outputs a left-in-the-air detection
signal when it judges, on the basis of variance of the
brightness and color hue of the CFM image, that the probe
is left in the air.

6. The ultrasonic diagnostic apparatus of claim 2, further
comprising switching means that switches between the B
image judging unit, the Doppler signal judging unit, and the
CFM judging unit, wherein the switching means switches at
desired time intervals.

7. The ultrasonic diagnostic apparatus of claim 2, wherein
the Doppler signal is received for a certain period of time
while the B image is being imaged, and the Doppler signal
judging unit judges with the Doppler signal.

8. The ultrasonic diagnostic apparatus of claim 1, wherein
when the control section judges that the probe is left in the
air, the control section stops the drive signal supplied to the
probe from the transmitting section or reduces the energy of
the drive signal to be equal to or less than a set value.

9. The ultrasonic diagnostic apparatus of claim 1, wherein
when the control section judges that the probe is left in the
air, the control section reduces the frame rate of the diag-
nostic image.

10. The ultrasonic diagnostic apparatus of claim 8 or 9,
wherein before the energy of the drive signal supplied to the
probe from the transmitting section is reduced, or before the
frame rate is reduced, information giving notification thereof
is displayed on the display section.

11. The ultrasonic diagnostic apparatus of claim 10,
wherein the information giving notification is the period of
time until the ultrasonic waves transmitted from the probe
are stopped, the period of time until the image quality of the
diagnostic image changes, or the period of time until the
frame rate of the diagnostic image is reduced.

12. The ultrasonic diagnostic apparatus of claim 8 or 9,
wherein the control section returns the energy of the drive
signal supplied to the probe from the transmitting section, or
the frame rate, to its original status on the basis of a
command from an operation section, and transmits the
ultrasonic waves to the test subject from the probe.

13. The ultrasonic diagnostic apparatus of claim 8§,
wherein a message representing the period of time until the
energy of the drive signal supplied to the probe from the
transmitting section is reduced to be equal to or less than the
set value is displayed on the display section.

14. The ultrasonic diagnostic apparatus of claim 13,
wherein the message is information giving notification of the
period of time until the ultrasonic waves transmitted from
the probe are stopped, the period of time until the image
quality of the diagnostic image changes, or the period of
time until the frame rate of the diagnostic image is reduced.

15. The ultrasonic diagnostic apparatus of claim 13 or 14,
wherein the message is displayed while the display size, the
display color, or other display aspects of the message change
over time.
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