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(57) ABSTRACT

An ultrasonic diagnosis apparatus includes an ultrasonic
probe, an image generation unit, a display unit, and a control
unit. The image generation unit generates image data from
a reflected wave received from the ultrasonic probe. The
display unit displays the image data. The ultrasonic probe
includes a plurality of temperature sensors that measure the
temperature of the ultrasonic probe and a switching circuit
that is connected to the respective temperature sensors and
switches connection to any one of the temperature sensors to
a valid state to output data from the temperature sensors to
a temperature detector. The control unit includes an instruc-
tion unit that instructs the switching circuit to switch con-
nection to any one of the temperature sensors to a valid state
at a predetermined time interval and a determination umt
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FIG.5
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FIG.6
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ULTRASONIC DIAGNOSIS APPARATUS AND
ULTRASONIC PROBE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/IP2013/078382, filed on Oct. 18, 2013
which claims the benefit of priority of the prior Japanese
Patent Application No. 2012-231884, filed on Oct. 19, 2012
and Japanese Patent Application No. 2013-217765, filed on
Oct. 18, 2013; the entire contents of all of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate to an ultrasonic
diagnosis apparatus and an ultrasonic probe.

BACKGROUND

Conventionally, in an ultrasonic diagnosis apparatus, the
temperature of a surface of an ultrasonic probe that contacts
a subject sometimes increases. For this reason, the ultrasonic
diagnosis apparatus incorporates a temperature sensor in an
acoustic module of the ultrasonic probe, and the temperature
of a contact surface with the subject is monitored. When the
ultrasonic diagnosis apparatus detects an abnormal increase
in the temperature of the contact surface, the ultrasonic
diagnosis apparatus keeps driving conditions low or stops
the operation at the time of an excessive temperature
increase, thereby maintaining safety of the subject.

For example, in a case of an abdomen convex probe
having a wide contact surface with a subject, because a local
temperature increase at an end portion of the contact surface
cannot be detected only by a temperature sensor solely
provided at the center, a plurality of temperature sensors are
incorporated in an acoustic module. However, when wires of
a probe cable and pins of probe connectors are allocated to
the respective temperature sensors, the probe cable becomes
large and heavy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an example of a configuration of an ultrasonic
diagnosis apparatus according to a first embodiment.

FIG. 2 is an example of a configuration of a transmission
circuit according to the first embodiment.

FIG. 3 is an example of a configuration of a reception
circuit according to the first embodiment.

FIG. 4 1s an explanatory diagram of an operation of a
switching process of a sensor line by a control unit according
to the first embodiment.

FIG. 5 is a flowchart of an example of a process procedure
performed by the control unit according to the first embodi-
ment.

FIG. 6 is an example of a configuration of a probe cable
and a connection unit when a switching circuit is not
included in the ultrasonic probe and the number of tempera-
ture sensors is increased.

FIG. 7 is an example of a configuration of an ultrasonic
diagnosis apparatus according to a second embodiment.

FIG. 8 1s an explanatory diagram of an operation of a
switching process of a sensor line by a control unit according
to the second embodiment.
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2

FIG. 9 is an explanatory diagram of a process operation
performed by an instruction unit according to a third
embodiment.

DETAILED DESCRIPTION

An ultrasonic diagnosis apparatus according to the present
embodiment includes an ultrasonic probe, an image genera-
tion unit, a display unit, and a control unit. The ultrasonic
probe transmits and receives an ultrasonic wave to and from
a subject. The image generation unit generates image data
from a reflected wave received from the ultrasonic probe.
The display unit displays the image data. The control unit
controls transmission and reception of ultrasonic waves by
the ultrasonic probe. The ultrasonic probe includes a plu-
rality of temperature sensors that measure the temperature of
the ultrasonic probe and a switching circuit that is connected
to the respective temperature sensors and switches connec-
tion to any one of the temperature sensors to a valid state to
output data from the temperature sensors to a temperature
detector. The control unit includes an instruction unit that
instructs the switching circuit to switch connection to any
one of the temperature sensors to a valid state at a prede-
termined time interval and a determination unit that deter-
mines whether the temperature measured by the temperature
detector is within a set temperature range.

An ultrasonic diagnosis apparatus and an ultrasonic probe
according to the present embodiments will be explained
below with reference to the accompanying drawings. These
embodiments can be combined to each other within a range
where processing contents thereof do not contradict.

First Embodiment

FIG. 1 is an example of a configuration of an ultrasonic
diagnosis apparatus 1 according to a first embodiment. As
shown in FIG. 1, the ultrasonic diagnosis apparatus 1
according to the first embodiment includes an ultrasonic-
diagnosis-apparatus main unit 10 and an ultrasonic probe 50.
The ultrasonic-diagnosis-apparatus main unit 10 is con-
nected via a connection unit 2 and a probe cable 3 to the
ultrasonic probe 50.

The ultrasonic-diagnosis-apparatus main unit 10 includes
a receiving/scanning circuit 21, an image generation unit 22,
a display unit 25, a temperature detector 30, and a control
unit 40.

The receiving/scanning circuit 21 receives a signal having
a delay added thereto in a reception circuit 80 included in the
ultrasonic probe 50 that is explained later via the probe cable
3. The receiving/scanning circuit 21 further performs pro-
cesses such as signal amplitude adjustment and delay addi-
tion on the received signal. The receiving/scanning circuit
21 then outputs the processed signal to the image generation
unit 22.

The image generation unit 22 includes a blood-flow
information detector 22a, an amplitude detector 22b, and a
display process unit 22¢. An output of the receiving/scan-
ning circuit 21 is supplied to the blood-flow information
detector 22a together with a reference clock. The blood-flow
information detector 224 supplies an average speed (or the
maximum speed), a speed distribution (or a speed distribu-
tion width), and scattering power information from a blood
flow to the display process unit 22¢. That is, the blood-flow
information detector 22a outputs Doppler image informa-
tion to the display process unit 22¢.

An output of the receiving/scanning circuit 21 is supplied
to the amplitude detector 225. The amplitude detector 225
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detects the magnitude of a reflected wave of an ultrasonic
beam in each raster direction. The amplitude detector 225
outputs brightness information of each raster, that is,
B-mode image (cross-sectional image) information to the
display process unit 22¢.

The display process unit 22¢ generates display image data
from image information. In other words, while the raster of
the ultrasonic probe 50 is a fan shape, the raster of the
display unit 25 is horizontal as in a general television
system. Therefore, the display process unit 22¢ performs a
process of converting a raster direction (a scanning direc-
tion) of image data input from the blood-flow information
detector 22a and the amplitude detector 225, and outputs the
processed image data to the display unit 25. The display unit
25 displays image data generated by the image generation
unit 22.

The temperature detector 30 measures the temperature
based on a signal output from a switching circuit 59 that is
explained later. For example, the temperature detector 30
measures a resistance value using a signal output from the
switching circuit 59 and then measures the temperature
using the resistance value. The temperature detector 30
outputs the measured temperature to the control unit 40.
Alternatively, a resistance value measured by the tempera-
ture detector 30 can be output to the control unit 40 and the
control unit 40 can calculate the temperature using the
resistance value measured by the temperature detector 30.

The control unit 40 is a control processor (CPU: Central
Processing Unit) that realizes functions as an information
processing device, and controls the entire processing of the
ultrasonic diagnosis apparatus 1. For example, the control
unit 40 controls transmission and reception of ultrasonic
waves by the ultrasonic probe 50.

For example, the control unit 40 includes an instruction
unit 41, a determination unit 42, and a changing unit 43, and
monitors the temperature detected by the temperature detec-
tor 30. The control unit 40 is configured so as to be able to
cause hardware to forcibly stop operations depending on the
degree of an abnormality. Details of the instruction unit 41,
the determination unit 42, and the changing unit 43 included
in the control unit 40 are explained later with reference to
FIG. 4.

Generally, the ultrasonic probe 50 is an electronic-scan-
ning ultrasonic probe, and includes an acoustic module 51,
temperature sensors 53 to 56, a sensor line 57, a reference
sensor 58, the switching circuit 59, and an electronic circuit
60.

The acoustic module 51 is constituted by a large number
of ultrasonic transducer elements that are one- or two-
dimensionally arrayed. Depending on the type of the ultra-
sonic probe 50, the ultrasonic transducer elements are lin-
early arrayed or arrayed in a shape having curvature. By
changing a timing of a voltage applied to each transducer
element, an ultrasonic beam can be electronically scanned in
a fan shape or can be focused. Further, by moving the range
of used elements, the position where an ultrasonic beam is
generated can be moved.

The temperature sensors 53 to 55 that detect the tempera-
ture of a contact surface with a subject are embedded in the
acoustic module 51. In addition to these sensors, the tem-
perature sensor 56 that detects the temperature of the elec-
tronic circuit 60 is also incorporated in the acoustic module
51. These temperature sensors 53 to 56 are, for example, a
thermistor in which a resistance value changes depending on
a change in the temperature. The reference sensor 58 is a
resistor having a predetermined resistance value. In other
words, the resistance value of the reference sensor 58 does
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not change depending on the temperature. The reference
sensor 58 is used for calibrating a temperature detection
system that estimates the temperature from signals output
from the temperature sensors 53 to 56.

One ends of signal lines of these temperature sensors 53
to 56 and the reference sensor 58 are connected to the
switching circuit 59. The switching circuit 59 is connected
to one sensor line 57. The switching circuit 59 selects any
one of the signal lines of the temperature sensors 53 to 56
and the reference sensor 58 and outputs a signal to the sensor
line 57. The signal output from the switching circuit 59 is
input via the probe cable 3 and the connection unit 2 to the
temperature detector 30 within the ultrasonic-diagnosis-
apparatus main unit 10. The other ends of the signal lines of
the temperature sensors 53 to 56 and the reference sensor 58
are grounded.

Ultrasonic transducer elements arranged in the acoustic
module 51 within the ultrasonic probe 50 are connected to
a transmission circuit 70 and the reception circuit 80
included in the electronic circuit 60 to transmit and receive
ultrasonic waves of the respective elements.

The transmission circuit 70 supplies a drive signal to the
ultrasonic probe 50. A detailed configuration of the trans-
mission circuit 70 is explained later with reference to FIG.
2. The reception circuit 80 adds a delay to a reflected wave
signal received by the ultrasonic probe 50 and outputs the
delay added signal via the probe cable 3 to the ultrasonic-
diagnosis-apparatus main unit 10. As a result, the signal
having a delay added thereto by the reception circuit 80 is
input to the receiving/scanning circuit 21. A detailed con-
figuration of the reception circuit 80 is explained later with
reference to FIG. 3.

A configuration of the transmission circuit 70 is explained
with reference to FIG. 2. FIG. 2 is an example of the
configuration of the transmission circuit 70 according to the
first embodiment. As shown in FIG. 2, the transmission
circuit 70 includes a logic-circuit power supply 71, a high-
voltage power supply 72, a transmission control circuit 73,
a reference-signal delay circuit 74, a pulse generator 75, and
a level converter 76.

The logic-circuit power supply 71 supplies a transmission
delay power supply to the reference-signal delay circuit 74.
The logic-circuit power supply 71 also supplies a power
supply for generating drive pulses to the pulse generator 75.
The high-voltage power supply 72 supplies a high-voltage
power supply that is used in the level converter 76. The
power supply of the logic-circuit power supply 71 and the
high-voltage power supply 72 is supplied from the probe
cable 3.

The transmission control circuit 73 controls the reference-
signal delay circuit 74, the pulse generator 75, and the level
converter 76.

The reference-signal delay circuit 74 delays a clock and a
reference timing signal that are transmitted via the probe
cable 3 for every element. The reference-signal delay circuit
74 is constituted by a large number of delay lines having
different delay times, and outputs of the respective delay
lines are supplied to a large number of transducer elements,
respectively. By changing the delay time, the direction (the
raster direction) of an ultrasonic beam irradiated from the
ultrasonic probe 50 can be changed to an arbitrary direction.

The pulse generator 75 supplies a drive pulse to the level
converter 76 using a reference timing signal at a fixed cycle.
The reciprocal of the period is a repetition frequency (a rate
frequency) of an ultrasonic beam. The level converter 76
generates high-voltage pulses and supplies the pulses to
elements of the acoustic module 51.
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Next, a configuration of the reception circuit 80 is
explained with reference to FIG. 3. FIG. 3 is an example of
the configuration of the reception circuit 80 according to the
first embodiment. As shown in FIG. 3, the reception circuit
80 includes a reception circuit power supply 81, a reception
control circuit 82, a preamplifier 83, and a received-portion
delay-addition circuit 86.

The reception circuit power supply 81 supplies a power
supply to the preamplifier 83 and the received-portion
delay-addition circuit 86. The reception control circuit 82
controls the preamplifier 83 and the received-portion delay-
addition circuit 86.

The preamplifier 83 includes a low noise circuit 84 and a
TGC (Time Gain Compensation) circuit 85, and adjusts the
amplitude of a received reflected wave signal to an appro-
priate amplitude. The low noise circuit 84 is a low noise
amplifier having a fixed amplification degree. The TGC
circuit 85 changes the amplification degree during a recep-
tion period to reduce the amplification degree of a short-
distance strong signal and increase the amplification degree
of a long-distance weak signal. Therefore, the TGC circuit
85 prevents occurrence of practical saturation and noise
characteristic degradation even when the dynamic range of
the subsequent circuit is narrow.

Delays that are different for each element are given to the
received-portion delay-addition circuit 86, and the received-
portion delay-addition circuit 86 adds signals of a plurality
of elements together. For example, the received-portion
delay-addition circuit 86 adds signals of the elements so that
the signals create directionality, thereby reducing the num-
ber of the signal lines. The final reception directionality is
created in the receiving/scanning circuit 21. Delays of the
respective elements at this time are adjusted depending on a
direction that signals are desired to be received. According
to the number of added elements, for example, when the
number of elements is 4,000 and the number of channels of
a probe cable is 200, addition is performed for every 20
elements so that the elements fall within the number of
channels of the probe cable. In this way, signals are trans-
mitted via the probe cable 3 and the connection unit 2 to the
ultrasonic-diagnosis-apparatus main unit 10.

In the transmission circuit 70 within the ultrasonic probe
50, the internal temperature of the ultrasonic probe 50
increases due to a loss caused by transmission of ultrasonic
waves. Furthermore, in the reception circuit 80 within the
ultrasonic probe 50, the internal temperature of the ultra-
sonic probe 50 increases because power is consumed by a
bias current. Further, also in the acoustic module 51, the
temperature of the acoustic module 51 or a casing of the
ultrasonic probe 50 increases due to heat generated by a loss
of an transducer element, absorption of acoustic energy
transmitted to a back surface by an attenuation material, a
loss of acoustic energy in a substance interposed between a
subject and the ultrasonic probe 50 such as rubber on an
acoustic emission surface, and the like. In order to prevent
the temperature from abnormally increasing and a subject
and an inspector from being harmed, the temperature sensors
53 to 55 for temperature detection are provided within the
ultrasonic probe 50 to monitor the temperatures.

FIG. 4 is an explanatory diagram of an operation of a
switching process of the sensor line 57 by the control unit 40
according to the first embodiment. As shown in FIG. 4, one
ends of signal lines of the temperature sensors 53 to 55 that
detect the temperature of the acoustic module 51, the tem-
perature sensor 56 that detects the temperature of the elec-
tronic circuit 60, and the reference sensor 58 are commonly
connected to the ground of a substrate of the electronic
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circuit 60. The other ends of the signal lines of the tempera-
ture sensors 53 to 56 and the reference sensor 58 are
connected to the switching circuit 59.

The switching circuit 59 is connected to one sensor line
57. That is, the switching circuit 59 reduces the number of
the signal lines of the temperature sensors 53 to 56 and the
reference sensor 58 to one sensor line 57.

Control of the switching circuit 59 is executed by a
control line connected to the ultrasonic-diagnosis-apparatus
main unit 10. The switching circuit 59 validly connects a
signal line of any one of the temperature sensors 53 to 56 and
the reference sensor 58 that is designated by the control unit
40 to the sensor line 57. The sensor line 57 is then connected
via the probe cable 3 to the connection unit 2. The ultrasonic
probe 50 is connected via the connection unit 2 to the
ultrasonic-diagnosis-apparatus main unit 10.

A signal line to which the signal lines of the temperature
sensors 53 to 56 and the reference sensor 58 are commonly
connected is also connected via the probe cable 3 to the
connection unit 2. The ultrasonic probe 50 is connected via
the connection unit 2 to the ultrasonic-diagnosis-apparatus
main unit 10.

In the connection unit 2, there is a contact resistance
between a connector 2a to the ultrasonic probe 50 connected
to the sensor line 57 and a connector 25 to the ultrasonic-
diagnosis-apparatus main unit 10. Further, in the connection
unit 2, there is a contact resistance between a connector 2¢
to the other signal lines connected in common to the
temperature sensors 53 to 56 and the reference sensor 58 and
a connector 2d to the ultrasonic-diagnosis-apparatus main
unit 10. These contact resistances are equal to or less than
12 in a normal state. However, in a case of bad contact due
to adhesion of dust or the like, a resistance of a few ohms is
generated.

In the ultrasonic-diagnosis-apparatus main unit 10, the
connectors 2b and 2d are connected to the temperature
detector 30. The temperature detector 30 is then connected
to the control unit 40.

When any one of the temperature sensors 53 to 56 is
selected, the temperature detector 30 measures the resistance
value and then the temperature from the measured resistance
value. The temperature detector 30 notifies the measured
temperature to the control unit 40.

When the reference sensor 58 is selected, for example,
when the difference between the resistance value and an
expected value of the resistance value of the reference
sensor is equal to or less than 1Q, the temperature detector
30 notifies the control unit 40 that the temperature is normal.
On the other hand, when the reference sensor 58 is selected,
for example, when it is detected that the difference in the
resistance value is a few ohms, the temperature detector 30
notifies the control unit 40 that a temperature detection
system is abnormal.

As explained above, the control unit 40 includes the
instruction unit 41, the determination unit 42, and the
changing unit 43. The instruction unit 41 instructs the
switching circuit 59 to switch connection to any one of the
temperature sensors 53 to 56 and the reference sensor 58 to
a valid state. For example, before scanning by the ultrasonic
diagnosis apparatus 1 starts, the instruction unit 41 instructs
the switching circuit 59 to switch connection to the reference
sensor 58 to a valid state.

Furthermore, when it is permitted by the determination
unit 42 that connection to any one of the temperature sensors
53 to 56 is switched to a valid state in a predetermined order,
the instruction unit 41 instructs the switching circuit 59 to
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switch connection to any one of the temperature sensors 53
to 56 to a valid state in a predetermined order.

When the reference sensor 58 having a predetermined
resistance value is selected, the determination unit 42 deter-
mines whether a connection state between connectors of the
connection unit 2 is normal. For example, when the refer-
ence sensor 58 is selected and the determination unit 42 is
notified by the temperature detector 30 that the temperature
is normal, the determination unit 42 determines that a
connection state between connectors of the connection unit
2 is normal. On the other hand, when the reference sensor 58
is selected and the determination unit 42 is notified by the
temperature detector 30 that the temperature is abnormal, the
determination unit 42 determines that a connection state
between connectors of the connection unit 2 is abnormal. A
case where a connection state between connectors of the
connection unit 2 is normal refers to a case that connection
between the switching circuit 59 and the temperature detec-
tor 30 and the control unit 40 is normal.

When a connection state between connectors of the con-
nection unit 2 is normal, the determination unit 42 permits
the instruction unit 41 to switch connection to any one of the
temperature sensors 53 to 56 to a valid state in a predeter-
mined order.

Among the temperature sensors 53 to 56, when the
temperature measured by the temperature detector 30 is
equal to or higher than a threshold value, the determination
unit 42 determines that the temperature of the ultrasonic
probe 50 is abnormal.

When it is determined by the determination unit 42 that
the temperature of the ultrasonic probe 50 is abnormal, the
changing unit 43 reduces power consumption of the ultra-
sonic diagnosis apparatus 1 lower than power consumption
when it is determined that the temperature of the ultrasonic
probe 50 is normal.

When it is determined by the determination unit 42 that
diagnosis can be performed by the ultrasonic diagnosis
apparatus 1, the changing unit 43 changes the reduced power
consumption to the power consumption before the reduc-
tion. Details of a process performed by the changing unit 43
are explained later with reference to FIG. 5.

Next, a process procedure performed by the control unit
40 is explained with reference to FIG. 5. FIG. 5 is a
flowchart of an example of the process procedure performed
by the control unit 40 according to the first embodiment.

When a target probe is connected to a main unit, the
instruction unit 41 controls the switching circuit 59 to cause
the switching circuit 59 to select the reference sensor 58
(Step S101). In a state where the reference sensor 58 is
selected, the determination unit 42 determines whether a
temperature measured by the temperature detector 30 is
normal (Step S102).

When the determination unit 42 determines that the
measured temperature is not normal (NO at Step S102), the
determination unit 42 informs a user of reinsertion of a
connector (Step S103), and the process proceeds to Step
S101.

When it is determined that the measured temperature is
not normal, the resistance value of a path increases due to a
connection failure of a connector pin and a failure of a wire
of the probe cable 3. As a result, the measured temperature
is lower than a preset value. Therefore, the control unit 40
can recognize a failure of a temperature detection system of
the ultrasonic probe 50 and inform the user of reinsertion of
the connector. When an abnormality occurs repeatedly, the
ultrasonic probe 50 can be energized to inform the user to
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prohibit the use thereof. The ultrasonic diagnosis apparatus
1 can thus maintain the safety of a subject.

When the reference sensor 58 is selected and measure-
ment is performed, for example, there is a case where a
slightly increased resistance value in which the difference
between a resistance value of the reference sensor 58 and an
expected value is 1.2Q and the like is measured repeatedly
and stably. In such a case, the use of the ultrasonic probe 50
can be started after the resistance value of each sensor is
corrected using an increase in the resistance. In this case, it
is desirable to start using the ultrasonic probe 50 after
displaying a caution for the user and correcting temperature
detection.

When the determination unit 42 determines that the
measured temperature is normal (YES at Step S102), the
determination unit 42 energizes the ultrasonic probe 50
(Step S104). The ultrasonic diagnosis apparatus 1 thus starts
to acquire image data. During a period in which the ultra-
sonic diagnosis apparatus 1 acquires image data, the instruc-
tion unit 41 instructs the switching circuit 59 to switch the
temperature sensors 53 to 55 included in the acoustic
module 51 at a fixed interval (Step S105).

The determination unit 42 then determines whether there
is any abnormal temperature increase on a contact surface of
the ultrasonic probe 50 with the subject (Step S106). When
it is determined by the determination unit 42 that there is an
abnormal temperature increase on the contact surface of the
ultrasonic probe 50 with the subject (NO at Step S106), the
instruction unit 41 instructs the switching circuit 59 to
switch to the reference sensor 58 (Step $107). In such a case,
for example, a power consumption operation can be tem-
porarily stopped.

The determination unit 42 determines whether the tem-
perature measured by the temperature detector 30 is normal
(Step S108). When the determination unit 42 determines that
the measured temperature is normal (YES at Step S108), the
changing unit 43 reduces an acoustic output (Step S109) and
suppresses received power (Step S110).

The instruction unit 41 then instructs the switching circuit
59 to switch to the temperature sensors 53 to 56 that are
determined by the determination unit 42 that the temperature
has increased abnormally (Step S111). In a state where an
acoustic output is reduced and/or a state where power of the
reception circuit 80 is suppressed, images are acquired and
the determination unit 42 determines whether the tempera-
ture of the acoustic module 51 has decreased to a normal
range (Step S112). When the ultrasonic probe 50 is under
normal control, generally, the temperature decreases.

When the determination unit 42 determines that the
temperature has decreased (YES at Step S112), the changing
unit 43 returns the acoustic output level and the power of the
reception circuit to the acoustic output level and the power
of the reception circuit before the change (Step S113). After
Step S113, the process proceeds to Step S105. In this way,
the ultrasonic diagnosis apparatus 1 continues acquiring
image data.

When the determination unit 42 determines at Step S108
that the measured temperature is not normal (NO at Step
S108), the determination unit 42 causes the ultrasonic diag-
nosis apparatus 1 to stop acquisition of image data (Step
S114), and the process ends. When the determination unit 42
determines at Step S112 that the temperature has not
decreased (NO at Step S112), the determination unit 42
causes the ultrasonic diagnosis apparatus 1 to stop acquisi-
tion of image data (Step S114), and the process ends.

When the determination unit 42 determines at Step S106
that there is no abnormal temperature increase on the contact
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surface of the ultrasonic probe 50 with the subject (YES at
Step S106), the control unit 40 determines whether the
control unit 40 has acknowledged the end of scanning (Step
S115).

When the control unit 40 determines that the control unit
40 has not acknowledged the end of scanning (NO at Step
S115), the instruction unit 41 proceeds the process to Step
S105, and instructs the switching circuit 59 to switch the
temperature sensors 53 to 55. On the other hand, when the
control unit 40 determines that the control unit 40 has
acknowledged the end of scanning (YES at Step S115), the
process ends.

In a case where when the power use state is returned to a
normal level after the temperature has temporarily
decreased, an abnormal temperature is detected in a short
time, it can be determined that an abnormality occurs and
use of the ultrasonic probe 50 can be stopped.

Furthermore, when a significant and abnormal tempera-
ture increase is detected in a very short time, it can be
determined that there is an excessive and abnormal tem-
perature increase due to an abnormality of a probe or
control, and use of the ultrasonic probe 50 can be stopped.

As explained above, according to the first embodiment,
the number of signal lines can be reduced. Therefore, by
allocating wires of a probe cable and pins of probe connec-
tors to a plurality of temperature sensors, it is possible to
prevent the probe cable from becoming large and heavy.
According to the first embodiment, even when the number
of temperature sensors is increased, the operability of an
ultrasonic probe can be maintained.

FIG. 6 is an example of a configuration of the probe cable
3 and the connection unit 2 when the switching circuit 59 is
not included in the ultrasonic probe 50 and the number of
temperature sensors is increased. Like constitution units as
those shown in FIG. 4 are denoted by like reference signs.

In FIG. 6, the respective signal lines of the temperature
sensors 53 to 56 are connected via the probe cable 3 to the
connection unit 2. In the connection unit 2, the respective
signal lines of the temperature sensors 53 to 56 are con-
nected by connectors to the switching circuit 59 included in
the ultrasonic-diagnosis-apparatus main unit 10. The signal
lines from the temperature sensors 53 to 56 are made to be
redundant and connected in parallel. Therefore, while there
are four temperature sensors, there are nine connector pins
in the connection unit 2. As explained above, by allocating
wires of the probe cable 3 and pins of probe connectors to
the respective temperature sensors, the probe cable 3
becomes large and heavy.

Meanwhile, according to the ultrasonic diagnosis appa-
ratus of the first embodiment, the respective signal lines of
the temperature sensors 53 to 56 are connected to the
switching circuit 59, and only one sensor line 57 is allocated
to the probe cable 3. Therefore, while there are four tem-
perature sensors, there are four connectors in the connection
unit 2. According to the ultrasonic diagnosis apparatus 1 of
the first embodiment, it is possible to prevent the probe cable
3 from becoming large and heavy.

While the first embodiment has explained an example of
temperature detection using a thermistor, even when other
temperature detection elements are used, the same configu-
ration can be realized. While an example of mounting the
switching circuit 59 on the same substrate as transmission
and reception circuits has been explained, even when the
switching circuit 59 is mounted on a different substrate,
identical effects can be achieved as long as a switch is
provided on a side of a probe with respect to a probe cable
connector.
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An example of incorporating the electronic circuit 60 that
relates to transmission and reception (the transmission cir-
cuit 70 and the reception circuit 80) in the ultrasonic probe
50 has been explained as the ultrasonic probe 50. However,
even when a switching circuit of the temperature sensors 53
to 56 is configured in the ultrasonic probe 50 having only a
switch that merely switches elements incorporated therein or
in the ultrasonic probe 50 that does not include the electronic
circuit 60 because the transmission circuit 70 and the
reception circuit 80 are included in the ultrasonic-diagnosis-
apparatus main unit 10, identical effects can be achieved. It
is needless to say that not only the two-dimensionally
arrayed ultrasonic probe 50 but also the one-dimensionally
arrayed ultrasonic probe 50 can be applied.

The control unit 40 shown in FIGS. 1 and 4 can be
configured so as to include the instruction unit 41 and the
determination unit 42 but not the changing unit 43.

Second Embodiment

In a second embodiment, a case where the temperature
detector 30 and the control unit 40 are included in the
ultrasonic probe 50 is explained. FIG. 7 is an example of a
configuration of an ultrasonic diagnosis apparatus 1a
according to the second embodiment. As shown in FIG. 7,
the ultrasonic diagnosis apparatus 1a according to the sec-
ond embodiment includes an ultrasonic-diagnosis-apparatus
main unit 10a and an ultrasonic probe 50a. Constituent
elements identical to those of the respective elements shown
in FIG. 1 are denoted by like reference signs and detailed
explanations thereof will be omitted.

FIG. 7 is different from FIG. 1 such that the ultrasonic-
diagnosis-apparatus main unit 10a does not include the
temperature detector 30 and the control unit 40.

FIG. 8 is an explanatory diagram of an operation of a
switching process of the sensor line 57 by the control unit 40
according to the second embodiment. Constituent elements
identical to those of the respective elements shown in FIG.
4 are denoted by like reference signs and detailed explana-
tions thereof will be omitted.

FIG. 8 is different from FIG. 4 such that a signal line to
which signal lines of the temperature sensors 53 to 56 and
the reference sensor 58 are commonly connected is con-
nected to the temperature detector 30. The temperature
detector 30 is connected to the control unit 40 within the
ultrasonic probe 50.

In FIG. 8, when the reference sensor 58 is selected, a
signal that is output by the switching circuit 59 to the sensor
line 57 is input from the connection unit 2 via the ultrasonic-
diagnosis-apparatus main unit 10a to the temperature detec-
tor 30. In FIG. 8, when any one of the temperature sensors
53 to 56 is selected, a signal that is output by the switching
circuit 59 to the sensor line 57 is input via a path in which
Aand B in FIG. 8 are short-circuited by a switch (not shown)
and the like to the temperature detector 30.

The ultrasonic diagnosis apparatus la can be also con-
figured so that the ultrasonic probe 50 includes the tempera-
ture detector 30 and the ultrasonic-diagnosis-apparatus main
unit 10a includes the control unit 40. Further, in the ultra-
sonic diagnosis apparatus la, the respective units included
in the control unit 40 can be distributed to the ultrasonic
probe 50 and the ultrasonic-diagnosis-apparatus main unit
10a. In the ultrasonic diagnosis apparatus la, functions
included in the control unit 40 can be realized by an FPGA
(Field-Programmable Gate Array) to reduce the weight of
the ultrasonic diagnosis apparatus 1a.
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The control unit 40 shown in FIG. 8 can be configured so
as to include the instruction unit 41 and the determination
unit 42 but not the changing unit 43.

As explained above, according to the second embodiment,
the number of signal lines can be reduced. Therefore, by
allocating wires of a probe cable and pins of probe connec-
tors to a plurality of temperature sensors, it is possible to
prevent the probe cable from becoming large and heavy.
Therefore, according to the second embodiment, even when
the number of temperature sensors is increased, the oper-
ability of an ultrasonic probe can be maintained.

Third Embodiment

In the above embodiments, a case where connection to
any one of temperature sensors is switched to a valid state
in a predetermined order has been explained. According to
these embodiments, temperature sensors are switched at a
predetermined time interval. In a third embodiment, control
of the timing of switching temperature sensors is explained
in detail.

Basically, a temperature sensor is incorporated in the
acoustic module 51 to prevent a subject from having a burn
when the temperature of the acoustic module 51 is abnormal.
Therefore, it is desirable to design control of transmission
and reception of ultrasonic waves and control of switching
of temperature sensors independently from each other so
that even when an abnormality occurs in control of trans-
mission and reception of the ultrasonic diagnosis apparatus
1, a temperature abnormality is detectable. For example, in
a case where the control of transmission and reception of
ultrasonic waves cooperates with the control of switching of
temperature sensors, when an abnormality occurs in the
control of transmission and reception, there is a possibility
that a temperature abnormality cannot be detected. For
example, the case where the control of transmission and
reception of ultrasonic waves cooperates with the control of
switching of temperature sensors refers to a case where,
depending on ultrasonic transducer elements driven by scan-
ning, connection to a temperature sensor that is installed
near these ultrasonic transducer elements is switched to a
valid state.

Specifically, in a case where control of transmission and
reception of ultrasonic waves cooperates with control of
switching of temperature sensors and some ultrasonic trans-
ducer elements “a” within the ultrasonic probe 50 are driven,
when an abnormality occurs in the transmission circuit 70,
in practice, some other ultrasonic transducer elements “b”
may be driven even though the ultrasonic transducer ele-
ments “a” are intended to be driven. In this case, the
temperatures of the ultrasonic transducer elements “b”
sometimes increase. However, because the instruction unit
41 switches to a temperature sensor that cooperates with the
ultrasonic transducer elements “a”, the temperatures of the
ultrasonic transducer elements “b” cannot be measured.
Accordingly, when the control of transmission and reception
of ultrasonic waves cooperates with the control of switching
of temperature sensors, because control of transmission and
reception of the ultrasonic diagnosis apparatus 1 itself is
inaccurate, an abnormality in the temperature of ultrasonic
transducer elements cannot be detected.

Accordingly, an ultrasonic diagnosis apparatus 15 accord-
ing to the third embodiment executes control of transmission
and reception of ultrasonic waves and control of temperature
sensors independently. The ultrasonic diagnosis apparatus
15 according to the third embodiment switches temperature
sensors at a timing at which a temperature abnormality can
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be detected at a predetermined time interval. A configuration
of the ultrasonic diagnosis apparatus 15 according to the
third embodiment is the same as that of the ultrasonic
diagnosis apparatus 1 shown in FIG. 1 except that a part of
functions of the instruction unit 41 and the determination
unit 42 is different. Therefore, detailed explanations of
functional units other than the instruction unit 41 and the
determination unit 42 according to the third embodiment
will be omitted.

The instruction unit 41 according to the third embodiment
instructs the switching circuit 59 to switch connection to any
one of a plurality of temperature sensors to a valid state at
a predetermined time interval. For example, the instruction
unit 41 outputs a switching signal that instructs the switch-
ing circuit 59 to switch connection to any one of the
temperature sensors to a valid state to the switching circuit
59 at every predetermined time interval. The instruction unit
41 outputs a switching signal to the switching circuit 59 at
a timing at which a temperature sensor can measure the
temperature and detect a temperature abnormality at an
appropriate time interval.

A process operation performed by the instruction unit 41
according to the third embodiment is explained in detail
below. FIG. 9 is an explanatory diagram of the process
operation performed by the instruction unit 41 according to
the third embodiment. FIG. 9 depicts a change in the
temperature of an ultrasonic transducer element according to
an elapsed time. In FIG. 9, the vertical axis indicates the
temperature of an ultrasonic transducer element that is
measured by a temperature sensor, and the horizontal axis
indicates time. A change in the temperature of an ultrasonic
transducer element according to an elapsed time shown in
FIG. 9 (hereinafter, also “temperature increase speed”) is
determined based on “heat capacity of ultrasonic transducer
element” and “transmitted and received ultrasonic energy”.
“Heat capacity of ultrasonic transducer element” is deter-
mined based on at least one of the material of the ultrasonic
probe 50 and the thickness thereof. Further, it is assumed
that the maximum value of energy available from the
ultrasonic diagnosis apparatus 15 is “transmitted and
received ultrasonic energy”. Therefore, the instruction unit
41 according to the third embodiment calculates a tempera-
ture increase speed in advance from at least one of the
material and thickness of the ultrasonic probe 50 and the
maximum value of energy available from the ultrasonic
diagnosis apparatus 15. The instruction unit 41 according to
the third embodiment can hold the temperature increase
speed derived in advance.

The instruction unit 41 determines a predetermined time
interval of instructing the switching circuit 59 to switch
connection to any one of temperature sensors to a valid state
based on the temperature increase speed. It suffices that the
instruction unit 41 determines a time interval during which
a fact that the temperature is increasing can be detected. For
example, it suffices that the instruction unit 41 determines a
predetermined time interval so that temperature sensors are
switched at a timing faster than a temperature increase as
shown in FIG. 9. It is assumed that the range between a
temperature T1 and a temperature T2 shown in FIG. 9 is a
set temperature range in the ultrasonic diagnosis apparatus
15. This set temperature range is a temperature range that is
safe for a subject. The instruction unit 41 determines a time
interval so that the temperature is measured for a fixed
number of times within the set temperature range. For
example, this time interval is desirably an interval during
which a curve of a temperature increase (degree of a
temperature increase) is detected in the middle of the
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increase within the set temperature range. In FIG. 9, a case
where the ultrasonic diagnosis apparatus 15 captures a fixed
area at the maximum value of available energy at a cycle of
30 milliseconds is explained. In FIG. 9, a case where the
number of temperature sensors is three is also explained.

For example, when measurement starts at t1 shown in
FIG. 9 using a temperature sensor A, a temperature T3 at t1
is within the set temperature range. For example, when it is
assumed that a temperature measured by the temperature
sensor A at t2 after 30 milliseconds from t1 is indicated as
T4, T4 is out of the set temperature range. In a case where
atime interval is set so that after the temperature is measured
at tl, the temperature is measured at t2, even when the
temperature T3 measured at t1 is within the set temperature
range, the temperature T4 measured at (2 may no longer be
within the set temperature range.

Therefore, as shown in FIG. 9, the instruction unit 41
determines a time interval of switching temperature sensors
so that each temperature sensor measures the temperature
for 1000 times per second. That is, in the ultrasonic diag-
nosis apparatus 15, the instruction unit 41 switches tempera-
ture sensors for every 0.3 milliseconds and the temperature
is measured by each temperature sensor. According to an
example shown in FIG. 9, the temperature starts to be
measured at t1 and is measured by the temperature sensor A
for every millisecond. In the ultrasonic diagnosis apparatus
15, the temperature is measured by three temperature sen-
sors for 3,000 times in total per second. For example, as
shown in FIG. 9, after the temperature starts to be measured
at t1 by the temperature sensor A, the temperature is
measured by the temperature sensor A for every millisecond.
When it is assumed that a temperature measured by the
temperature sensor A at t11 is indicated as T5, this tempera-
ture T5 is within the set temperature range. Further, when it
is assumed that a temperature measured by the temperature
sensor A at t12 after a millisecond from t11 is indicated as
T6, this temperature T6 is also within the set temperature
range. On the other hand, when it is assumed that a tem-
perature measured by the temperature sensor A at 113 after
amillisecond from t12 is indicated as T7, the temperature T7
is out of the set temperature range. As explained above, the
instruction unit 41 outputs a switching signal that instructs
the switching circuit 59 to switch connection to any one of
temperature sensors to a valid state at a time interval during
which a curve of a temperature increase (the degree of a
temperature increase) is detected in the middle of the
increase within the set temperature range to the switching
circuit 59. Accordingly, even when capturing is performed at
the maximum value of energy available from the ultrasonic
diagnosis apparatus 15, it is possible to detect whether the
ultrasonic probe 50 is within the set temperature range.

When it is instructed to switch temperature sensors at a
timing at which the reception circuit 80 receives a reflected
wave signal, a switching signal is input to the reception
circuit 80. That is, by switching the temperature sensors by
the instruction unit 41, electric noise is input to the reception
circuit 80. In such a case, a bright point is formed at a
position of an ultrasonic image where a reflector is not
present. Therefore, the instruction unit 41 adjusts a timing so
as 1ot to instruct the switching circuit 59 to switch tempera-
ture sensors during a period in which the reception circuit 80
receives a reflected wave signal. For example, the instruc-
tion unit 41 instructs the switching circuit 59 to switch
temperature sensors at a timing at which an ultrasonic wave
is transmitted.

At Step S105 shown in FIG. 5, during a period in which
the ultrasonic diagnosis apparatus 15 acquires image data,
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the instruction unit 41 according to the third embodiment
instructs the switching circuit 59 to switch the temperature
sensors 53 to 55 included in the acoustic module 51 at a
predetermined time interval. While the third embodiment
has explained that the instruction unit 41 determines the time
interval, the embodiment is not limited thereto. For example,
the instruction unit 41 according to the third embodiment
can be configured so as to hold a time interval derived in
advance and output a switching signal that instructs the
switching circuit 59 to switch connection to any one of a
plurality of temperature sensors to a valid state to the
switching circuit 59 at this timer interval.

As explained above, the ultrasonic diagnosis apparatus 16
according to the third embodiment executes control of
transmission and reception of ultrasonic waves and control
of temperature sensors independently, and instructs the
switching circuit 59 to switch connection to any one of
temperature sensors to a valid state at a predetermined time
interval. According to the third embodiment, it is possible to
detect a fact that the temperature is increasing within a set
temperature range.

On the other hand, when the control of transmission and
reception of ultrasonic waves cooperates with the control of
switching of temperature sensors, as a capturing cycle
becomes longer, it becomes more difficult to appropriately
switch the temperature sensors. For example, when an
ultrasonic diagnosis apparatus acquires Doppler image
information, the ultrasonic diagnosis apparatus captures the
same portion to acquire an average speed (or the maxinmum
speed), a speed distribution (or a speed distribution width),
scattering power information from a blood flow, and the like.
For this reason, to acquire Doppler image information, the
ultrasonic diagnosis apparatus captures a fixed area at a
cycle of, for example, 100 milliseconds. In such a case,
when control of transmission and reception of ultrasonic
waves cooperates with control of switching of temperature
sensors, a timing of switching the temperature sensors
becomes slower and it may be impossible to detect a
temperature increase. Accordingly, when the control of
transmission and reception of ultrasonic waves cooperates
with the control of switching of temperature sensors, it may
be impossible to detect a fact that the temperature is increas-
ing.

Furthermore, because an update speed is slow in three-
dimensional scanning, the number of captures per second
may be one or two. In such three-dimensional scanning,
when control of transmission and reception of ultrasonic
waves cooperates with control of switching of temperature
sensors, a timing of switching the temperature sensors
becomes slower than a timing when Doppler image infor-
mation is an observation target, and it is impossible to detect
a temperature increase.

In the above embodiments, while a case where tempera-
ture sensors are arranged in a line has been explained, the
embodiments are not limited thereto. For example, tempera-
ture sensors can be arranged in multiple lines, for example,
three lines.

Other Embodiments

The determination unit 42 can be configured so as to
determine that the temperature of the ultrasonic probe 50 is
abnormal when a temperature measured by the temperature
detector 30 is out of a set temperature range. Also in such a
case, the ultrasonic diagnosis apparatus 15 can further
determine whether a connection state between connectors of
the connection unit 2 is normal. For example, when it is
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determined by the determination unit 42 that a temperature
measured by a temperature sensor whose connection is in a
valid state is out of the set temperature range, the instruction
unit 41 instructs the switching circuit 59 to switch connec-
tion to the reference sensor 58 to a valid state. When
connection to the reference sensor 58 is in a valid state and
connection of the temperature detector 30 and the control
unit 40 is normal, the determination unit 42 determines that
the temperature of the ultrasonic probe 50 is abnormal.

By switching the temperature sensors at a predetermined
time interval, the determination unit 42 can detect a fact that
the temperature is increasing within the set temperature
range. For example, when a temperature measured by the
temperature detector 30 is within the set temperature range
and the difference between this temperature and a previously
measured temperature is equal to or larger than a predeter-
mined threshold, the determination unit 42 can determine
that the temperature of the ultrasonic probe 50 is abnormal.
Therefore, for example, even when the temperature changes
rapidly, the ultrasonic diagnosis apparatus 15 can prevent a
subject from having a burn. Also in such a case, the
ultrasonic diagnosis apparatus 15 can further determine
whether a connection state between connectors of the con-
nection unit 2 is normal. For example, when it is determined
by the determination unit 42 that the difference between a
measured temperature and a previously measured tempera-
ture is equal to or larger than a predetermined threshold, the
instruction unit 41 instructs the switching circuit 59 to
switch connection to the reference sensor 58 to a valid state.
When connection to the reference sensor 58 is in a valid state
and connection of the temperature detector 30 and the
control unit 40 is normal, the determination unit 42 deter-
mines that the temperature of the ultrasonic probe 50 is
abnormal.

For example, when a temperature measured by the tem-
perature detector 30 is within the set temperature range but
the temperature continuously increases for a predetermined
period, before the temperature is out of the set temperature
range, the determination unit 42 can determine that the
temperature of the ultrasonic probe 50 is abnormal. There-
fore, for example, even when the temperature continuously
increases, the ultrasonic diagnosis apparatus 15 can prevent
a subject from having a burn. Also in such a case, the
ultrasonic diagnosis apparatus 15 can further determine
whether a connection state between connectors of the con-
nection unit 2 is normal. For example, when it is determined
by the determination unit 42 that the temperature continu-
ously increases for a predetermined period, the instruction
unit 41 instructs the switching circuit 59 to switch connec-
tion to the reference sensor 58 to a valid state. When
connection to the reference sensor 58 is in a valid state and
connection of the temperature detector 30 and the control
unit 40 is normal, the determination unit 42 determines that
the temperature of the ultrasonic probe 50 is abnormal.

According to at least one of the embodiments explained
above, even when the number of temperature sensors is
increased, the operability of the ultrasonic probe can be
maintained.

Although several embodiments of the present invention
have been explained above, these embodiments are pre-
sented as illustrative examples, and the scope of the inven-
tion is not intended to be limited thereto. These embodi-
ments can be also carried out by various other modes, and
various omissions, replacements, and changes can be made
without departing from the scope of the invention. Such
embodiments and modifications thereof are included in the
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spirit and scope of the invention and are also included in the
scope of the inventions described in the claims as well as in
equivalents thereof.

What is claimed is:

1. An ultrasonic diagnosis apparatus, comprising:

an ultrasonic probe that transmits and receives an ultra-

sonic wave to and from a subject;

image generation circuitry that generates image data from

a reflected wave received from the ultrasonic probe;
a display that displays the generated image data; and
control circuitry that controls transmission and reception
of the ultrasonic wave by the ultrasonic probe, wherein

the ultrasonic probe includes a plurality of temperature
sensors that are installed at a plurality of positions
within the ultrasonic probe, and a switching circuit that
is connected to the respective temperature sensors and
switches a connection to any one of the temperature
sensors to an on state to successively output data from
the respective temperature sensors to a temperature
detector that measures a temperature using output data
of the temperature sensors, and

the control circuitry further includes instruction circuitry

that instructs the switching circuit to switch the con-
nection to any one of the temperature sensors to the on
state at a predetermined time interval, and determina-
tion circuitry that determines whether a temperature
measured by the temperature detector is within a set
temperature range.

2. The ultrasonic diagnosis apparatus according to claim
1, wherein the instruction circuitry further instructs the
switching circuit to switch the connection to one of the
temperature sensors to the on state at the predetermined time
interval that is determined based on a rate of temperature
increase.

3. The ultrasonic diagnosis apparatus according to claim
2, wherein the rate of temperature increase is derived based
on at least one of a material and a thickness of the ultrasonic
probe and transmitted and received ultrasonic energy.

4. The ultrasonic diagnosis apparatus according to claim
1, wherein

the ultrasonic probe further includes a reference sensor

that outputs data for the temperature detector to detect
whether a connection of the temperature detector and
the control circuitry is normal,

the switching circuit is further connected to the reference

sensor and switches the connection to any one of the
temperature sensors and the reference sensor to the on
state to successively output output data of the respec-
tive sensors to the temperature detector,

the instruction circuitry further instructs the switching

circuit to switch the connection to any one of the
temperature sensors and the reference sensor to the on
state at the predetermined time interval, and

when the connection to the reference sensor is in the on

state and the connection of the temperature detector and
the control circuitry is normal, the determination cir-
cuitry permits the instruction circuitry to switch the
connection to any one of the temperature sensors to the
on state.

5. The ultrasonic diagnosis apparatus according to claim
2, wherein

the ultrasonic probe further includes a reference sensor

that outputs data for the temperature detector to detect
whether a connection of the temperature detector and
the control circuitry is normal,

the switching circuit is further connected to the reference

sensor and switches the connection to any one of the
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temperature sensors and the reference sensor to the on
state to successively output output data of the respec-
tive sensors to the temperature detector,

the instruction circuitry further instructs the switching

circuit to switch the connection to any one of the
temperature sensors and the reference sensor to the on
state at the predetermined time interval, and

when the connection to the reference sensor is in the on

state and the connection of the temperature detector and
the control circuitry is normal, the determination cir-
cuitry permits the instruction circuitry to switch the
connection to any one of the temperature sensors to the
on state.

6. The ultrasonic diagnosis apparatus according to claim
3, wherein

the ultrasonic probe further includes a reference sensor

that outputs data for the temperature detector to detect
whether a connection of the temperature detector and
the control circuitry is normal,

the switching circuit is further connected to the reference

sensor and switches the connection to any one of the
temperature sensors and the reference sensor to the on
state to successively output output data of the respec-
tive sensors to the temperature detector,

the instruction circuitry instructs the switching circuit to

switch the connection to any one of the temperature
sensors and the reference sensor to the on state at the
predetermined time interval, and

when the connection to the reference sensor is in the on

state and the connection of the temperature detector and
the control circuitry is normal, the determination cir-
cuitry permits the instruction circuitry to switch the
connection to any one of the temperature sensors to the
on state.

7. The ultrasonic diagnosis apparatus according to claim
1, wherein when a temperature measured by the temperature
detector is out of the set temperature range, the determina-
tion circuitry stops transmission and reception of the ultra-
sonic wave.

8. The ultrasonic diagnosis apparatus according to claim
1, wherein when a temperature measured by the temperature
detector is within the set temperature range and a difference
between the temperature and a previously measured tem-
perature is equal to or larger than a predetermined threshold,
the determination circuitry stops transmission and reception
of the ultrasonic wave.

9. The ultrasonic diagnosis apparatus according to claim
1, wherein when a temperature measured by the temperature
detector is within the set temperature range and a tempera-
ture continuously increases for a predetermined period, the
determination circuitry stops transmission and reception of
the ultrasonic wave.

10. The ultrasonic diagnosis apparatus according to claim
4, wherein

when it is determined by the determination circuitry that

a temperature measured by the temperature sensor
whose connection is in the on state is out of the set
temperature range, the instruction circuitry instructs the
switching circuit to switch the connection to the refer-
ence sensor to the on state, and

when the connection to the reference sensor is in the on

state and the connection of the temperature detector and
the control circuitry is normal, the determination cir-
cuitry stops transmission and reception of the ultrasonic
wave.

11. The ultrasonic diagnosis apparatus according to claim
4, wherein
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when it is determined by the determination circuitry that
a temperature measured by the temperature detector is
within the set temperature range and a difference
between the temperature and a previously measured
temperature is equal to or larger than a predetermined
threshold, the instruction circuitry instructs the switch-
ing circuit to switch the connection to the reference
sensor to the on state, and
when the connection to the reference sensor is in the on
state and the connection of the temperature detector and
the control circuitry is normal, the determination cir-
cuitry stops transmission and reception of the ultrasonic
wave.
12. The ultrasonic diagnosis apparatus according to claim
4, wherein
when it is determined by the determination circuitry that
a temperature measured by the temperature detector is
within the set temperature range and a temperature
continuously increases for a predetermined period, the
instruction circuitry instructs the switching circuit to
switch the connection to the reference sensor to the on
state, and
when the connection to the reference sensor is in the state
and the connection of the temperature detector and the
control circuitry is normal, the determination circuitry
stops transmission and reception of the ultrasonic
wave.
13. The ultrasonic diagnosis apparatus according to claim
1, wherein when a temperature measured by the temperature
detector is out of the set temperature range, the determina-
tion circuitry informs a user that the temperature of the
ultrasonic probe is out of the set temperature range.
14. The ultrasonic diagnosis apparatus according to claim
1, wherein when a temperature measured by the temperature
detector is out of the set temperature range, the determina-
tion circuitry stops use of the ultrasonic probe.
15. The ultrasonic diagnosis apparatus according to claim
1, further comprising changing circuitry that, when the
temperature measured by the temperature detector is within
the set temperature range, reduces power consumption of the
ultrasonic diagnosis apparatus more than power consump-
tion at a time when a temperature measured by the tempera-
ture detector is out of the set temperature range.
16. The ultrasonic diagnosis apparatus according to claim
15, wherein
after a process of reducing power consumption is per-
formed by the changing circuitry, when connection to
the temperature sensor is in the on state and a tempera-
ture measured by the temperature sensor is within the
set temperature range, the determination circuitry
determines that diagnosis by the ultrasonic diagnosis
apparatus can be performed, and
when it is determined by the determination circuitry that
diagnosis by the ultrasonic diagnosis apparatus can be
performed, the changing circuitry changes the reduced
power consumption to power consumption before the
reduction.
17. The ultrasonic diagnosis apparatus according to claim
1, wherein one ends of signal lines of the temperature
sensors are connected to the switching circuit and other ends
of the signal lines of the temperature sensors are commonly
connected to a ground.
18. The ultrasonic diagnosis apparatus according to claim
1, wherein
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the temperature sensors are constituted by a plurality of
first temperature sensors that are installed at a plurality
of positions of an acoustic module included in the
ultrasonic probe, and

at least one second temperature sensor that is installed in 5
an electronic circuit included in the ultrasonic probe.

19. The ultrasonic diagnosis apparatus according to claim

1, wherein the temperature sensor is a thermistor.
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