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FIG. 1A
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FIG. 1B
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ULTRASONOGRAPH

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic apparatus for controlling the test subject contact
surface temperature of an ultrasonic probe.

BACKGROUND ART

[0002] Because the surface of an ultrasonic probe comes
into direct contact with the patient, legal regulations exist
such that the surface is below a predetermined temperature
(for example, 43° C.) in order to avoid injury such as burns
to the patient. As Prior Example 1, a method for controlling
ultrasonic wave output by providing a temperature sensor
within a probe, for example, is proposed, as shown in Patent
Documents 1 and 2, below. In addition, as Prior Example 2,
a method for controlling the applied voltage of a probe by
software and hardware such that surface temperature does
not exceed the regulation value by measuring the relation
between the applied voltage of the probe and surface tem-
perature beforehand, in place of providing a temperature
sensor, for example, is proposed, as shown in Patent Ref-
erence 3, below. Patent Reference 1: Japanese Patent Appli-
cation Publication No. H7-265315 (FIG. 1, Paragraph 0008)
Patent Reference 2: Japanese Patent Application Publication
No. 2001-321377 (FIG. 1, Paragraph 0026) Patent Refer-
ence 3: Japanese Patent Application Publication No. 2000-
5165 (FIG. 1, Paragraph 0020)

[0003] However, in the foregoing Prior Example 1 which
uses temperature sensor, there is a problem in that it
becomes more expensive due to the temperature sensor and,
in addition, there is a problem in that the probe surface
temperature, which is the test subject contact surface tem-
perature, cannot be measured accurately depending on the
arrangement position (Issue 1).

[0004] In addition, in the foregoing Prior Example 2
wherein surface temperature is controlled by software and
hardware, there is a problem in that the surface temperature
sometimes exceeds regulation value due to bugs in the
software, runaway software, hardware malfunction and the
like. Furthermore, in practice, when ultrasonic waves are
received consecutively, the surface temperature gradually
rises according to the specific heat of the probe window or
internal fluid, and even if the regulation value is not
exceeded suddenly, there is a problem in that the sensitivity
of ultrasound image is poor because ultrasonic wave output
is set excessively low in Prior Example 2 (Issue 2).

DISCLOSURE OF THE INVENTION

[0005] 1In light of the foregoing Issues 1 and 2, the object
of the present invention is to provide an ultrasonic diagnos-
tic apparatus which can hold the test subject contact surface
temperature below a predetermined value without providing
a temperature sensor or setting ultrasonic wave output
excessively low, thereby preventing low-temperature burn
injuries.

[0006] Inorderto achieve the foregoing object, the present
invention comprises:

[0007] a sound velocity calculation means for calculating
the sound velocity of ultrasonic waves based on the differ-
ence between the reflex time of ultrasonic wave reflected
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from the inner surface of a window in contact with the test
subject and the reflex time of ultrasonic wave reflected from
the outer surface of the window and the thickness of the
window;

[0008] atemperature calculation means for calculating the
temperature of the window, based on sound velocity calcu-
lated by the sound velocity calculation means; and

[0009] an ultrasonic wave output control means for con-
trolling ultrasonic wave output, based on temperature cal-
culated by the temperature calculation means.

[0010] Because the temperature of the window in contact
with the test subject can be detected by the foregoing
construction, the test subject contact surface temperature can
be held below a predetermined value without providing a
temperature sensor or setting ultrasonic wave output exces-
sively low, thereby preventing low-temperature burn inju-
ries.

[0011] Inaddition, in order to achieve the foregoing objec-
tive, the present invention comprises:

[0012] a sound velocity calculation means for calculating
the sound velocity of ultrasonic waves based on the reflex
time of ultrasonic wave passing through fluid wherein sonic
elements vibrate and reflected from the inner surface of a
window in contact with the test subject and the thickness of
the fluid;

[0013] atemperature calculation means for calculating the
temperature of the fluid based on the sound velocity calcu-
lated by the sound velocity calculation means; and

[0014] an ultrasonic wave output control means for con-
trolling ultrasonic wave output based on temperature calcu-
lated by the temperature calculation means.

[0015] Because the temperature of the window can be
detected by the foregoing construction, the test subject
contact surface temperature can be held below a predeter-
mined value without providing a temperature sensor or
setting ultrasonic wave output excessively low, thereby
preventing low-temperature burn injuries.

[0016] Furthermore, the present invention further com-
prises:

[0017] a memory means for storing the thickness of the
window and the thickness of the fluid obtained by detecting
the reflex times of ultrasonic waves under a certain tem-
perature beforehand and performing calibrations respec-
tively, for the window and the fluid; and, wherein

[0018] the sound velocity calculation means calculates the
sound velocity of ultrasonic waves based on the thickness of
the window or the thickness of the fluid stored by the
memory means.

[0019] Errors in the measured temperatures due to disper-
sion in the thickness of the window and the thickness of the
fluid can be reduced, and temperature detection of a higher
accuracy can be performed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1A is an internal configuration diagram of an
ultrasonic probe according to the present invention when
viewed from the side;
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[0021] FIG. 1B is a an internal configuration diagram of
the ultrasonic probe according to the present invention when
viewed from the front;

[0022] FIG. 2 is a block diagram showing one embodi-
ment of an ultrasonic diagnosis device according to the
present invention;

[0023] FIG. 3 is a graph showing the “temperature-sound
velocity” attributes of the window in FIG. 1 and oil;

[0024] FIG. 4A is a schematic diagram showing reflection
due to the inner surface of the window in FIG. 1A and 1B;
and

[0025] FIG. 4B is a schematic diagram showing reflection
due to the outer surface of the window in FIG. 1A and FIG.
1B.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0026] Descriptions are hereinafter given of the embodi-
ments of the present invention with reference to the draw-
ings.

[0027] FIG. 1A shows the internal configuration of an
ultrasonic probe 1 according to the present invention when
viewed from the side, and FIG. 1B shows the internal
configuration of the ultrasonic probe 1 when viewed from
the front. In FIG. 1A and FIG. 1B, the ultrasonic probe 1 is
connected to an ultrasonic diagnostic apparatus main unit
10, shown in FIG. 2, via cable such as to enable connection
and detachment. In the inner part which is separated from
the outer part by window 5 at the tip of the ultrasonic probe
1, an arc-shaped sonic element 2 is supported by an ultra-
sonic motor (M) 3 such as to enable back and forth rotation
within oil 6 in the direction perpendicular to the arc direc-
tion. Ultrasonic motor 3 is driven by providing driving
electrical power from the ultrasonic diagnostic apparatus
main unit 10, shown in FIG. 2, via a two-phase transformer
(T) 4. Then, as shown in FIG. 2, the output of sonic element
2 is transmitted to the ultrasonic diagnostic apparatus main
unit 10, processed by an image processing section 11 into a
three-dimensional image in the arc direction, scanning direc-
tion and depth direction of the sonic element 2, and this
three-dimensional image is shown on monitor 13.

[0028] Incidentally, the attribute of “temperature-sound
velocity of polymethylpentene as window 5 and 1.3 butane-
diol as oil 6 is as shown in Table 1 and the graph in FIG. 3,
below:

TABLE 1
10 20 30 40° C.
Window 5 1984 1929 1870 1810 m/s
0il 6 1583 1555 1528 1498 m/s

[0029] In addition, if ultrasonic pulses are outputted from
the sonic element 2 when the ultrasonic probe 1 is not
touching the test subject, they pass through oil 6, are
reflected by the inner surface of window 5, and returns via
oil 6, as shown in FIG. 4A, and therefore, are received by
sonic element 2 after time t1 has passed from output.
Furthermore, on the other hand, they pass through window
5, are reflected by the outer surface of window 5, and returns
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via window 5 or oil 6, as shown in FIG. 4B, and therefore,
are received by sonic element 2 after time t2 has passed from
output.

[0030] Consequently, sound velocity of window 5=(thick-
ness of window 5x2)/(t2-t1) is measured by main system 14
within the ultrasonic diagnostic apparatus main unit 10, and
the surface temperature of window 5 can be detected from
this measured sound velocity with reference to a graph such
as that shown in FIG. 3. Then, if this temperature exceeds
the predetermined value, the output of ultrasonic waves can
be terminated or reduced.

[0031] In addition, in a three-dimensional device which
rotates sonic element 2, such as this embodiment, oil 6 is
agitated and there is little difference between the tempera-
tures of window 5 and oil 6, and therefore, by measuring

sound velocity of oil 6=(thickness of oil 6x2)/ ¢,

the surface temperature of widow 5 can be detected indi-
rectly.

[0032] Here, errors in measured temperatures occur due to
dispersions between “thickness of window 5” and “thickness
of oil 6”. Therefore, by providing a memory which stores
“thickness of window 5 and “thickness of oil 6,” obtained
by measuring the ultrasonic propagation time of window 5
and oil 6 for each ultrasonic probe 1, when the ultrasonic
probe 1 is in an assembled state, under a certain temperature
beforehand and performing calibration, within the ultrasonic
probe 1 and calculating the sound velocity of ultrasonic
waves based on the “thickness of window 5 and “thickness
of 0il 6” which are stored in this memory, errors in measured
temperature due to dispersions between “thickness of win-
dow 5” and “thickness of oil 6” can be reduced and
temperature detection of a higher accuracy can be per-
formed.

[0033] Although the detection of sound velocity and tem-
perature is performed on the ultrasonic diagnostic apparatus
main unit 10 side in the foregoing embodiment, it can also
be performed on the ultrasonic probe 1 side, and in this case,
the existing ultrasonic diagnostic apparatus main unit 10
side can have a fail safe function. In addition, although a
three-dimensional ultrasonic diagnostic apparatus is given
as an example in the foregoing embodiment, it can be
applied to a two-dimensional ultrasonic diagnostic appara-
tus, as well. Here, if the temperature exceeds the predeter-
mined value when the user is using a three-dimensional
ultrasonic diagnostic apparatus in two-dimensional mode
(ultrasonic motor 3 is in a stop-state), temperature rise can
be controlled by agitating oil 6 by rotating ultrasonic motor
3, without stopping or reducing the output of ultrasonic
waves, and therefore, the amount of time in an high-output
state can be extended.

INDUSTRIAL APPLICABILITY

[0034] According to the present invention as described
above, because the temperature of the window which comes
into contact with the test subject can be detected, the test
subject contact surface temperature can be held below a
predetermined value without providing a temperature sensor
or setting ultrasonic wave output excessively low, thereby
preventing low-temperature burn injuries.

[0035] In addition, according to other embodiments of the
present invention, because the temperature of the window
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can be detected, the test subject contact surface temperature
can be held below a predetermined value without providing
a temperature sensor or setting ultrasonic wave output
excessively low, thereby preventing low-temperature burn
injuries.

[0036] Furthermore, according to other embodiments of
the present invention, errors in the measured temperatures
due to dispersion in the thickness of the window and the
thickness of the fluid can be reduced, and temperature
detection of a higher accuracy can be performed.

1. An ultrasonic diagnostic apparatus, comprising:

a sound velocity calculation means for calculating the
sound velocity of ultrasonic waves based on the dif-
ference between the reflex time of ultrasonic wave
reflected from the inner surface of a window in contact
with a test subject and the reflex time of ultrasonic
wave reflected from the outer surface of the window
and the thickness of the window;

a temperature calculation means for calculating the tem-
perature of the window based on sound velocity cal-
culated by the sound velocity calculation means; and

an ultrasonic wave output control means for controlling
ultrasonic wave output based on temperature calculated
by the temperature calculation means.

2. An ultrasonic diagnostic apparatus, comprising:

a sound velocity calculation means for calculating the
sound velocity of ultrasonic waves based on the reflex
time of ultrasonic wave passing through fluid wherein
sonic elements vibrate and reflected from the inner
surface of a window in contact with a test subject and
the thickness of the fluid;
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a temperature calculation means for calculating the tem-
perature of the fluid based on the sound velocity
calculated by the sound velocity calculation means; and

an ultrasonic wave output control means for controlling
ultrasonic wave output based on temperature calculated
by the temperature calculation means.

3. The ultrasonic diagnostic apparatus according to claim

1, further comprising:

a memory means for storing the thickness of said window
and the thickness of said fluid obtained by detecting
said reflex times of ultrasonic waves under a certain
temperature beforehand and performing calibrations
respectively, for the window and the fluid; and, wherein

said sound velocity calculation means calculates the
sound velocity of ultrasonic waves based on the thick-
ness of the window or the thickness of the fluid stored
by the memory means.

4. The ultrasonic diagnostic apparatus according to claim

2, further comprising:

a memory means for storing the thickness of said window
and the thickness of said fluid obtained by detecting
said reflex times of ultrasonic waves under a certain
temperature beforehand and performing calibrations
respectively, for the window and the fluid; and, wherein

said sound velocity calculation means calculates the
sound velocity of ultrasonic waves based on the thick-
ness of the window or the thickness of the fluid stored
by the memory means.
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