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(57) ABSTRACT

There is disclosed an ultrasonic probe which transmits and
receives an ultrasonic wave, including
a vibrator which transmits the ultrasonic wave in response
to a transmission signal, and generates a reception
signal of the reflected ultrasonic wave,
at least one abnormality detector which is provided in the
ultrasonic probe, and detects an abnormality and indi-
cates the abnormality in color, and
a state monitor which is provided in the ultrasonic probe,
and monitors a state of the abnormality detector by the
color, and outputs monitoring information.
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ULTRASONIC PROBE AND ULTRASONIC
DIAGNOSIS DEVICE

BACKGROUND

Technological Field

[0001] The present invention relates to an ultrasonic probe
and an ultrasonic diagnosis device.

Description of the Related Art

[0002] Heretofore, an ultrasonic diagnosis device has been
known in which an internal structure of a subject is irradi-
ated with an ultrasonic wave by use of an ultrasonic probe,
and the reflected ultrasonic wave is received and subjected
to predetermined signal data processing, to generate an
ultrasonic image of the internal structure of the subject. Such
an ultrasonic diagnosis device is broadly for use in various
use applications of inspection for medical purposes, a medi-
cal treatment, inspection of an interior structure of a building
construction, and the like.

[0003] The ultrasonic probe is detachably attached to a
main body of the ultrasonic diagnosis device, and inserted
(connected) or extracted (disconnected) by an operator. For
example, at this time, there is concern that failure or change
of characteristic occurs, if an impact is applied to the
ultrasonic probe due to fall, collision or the like. To solve
this problem, there is known an ultrasonic probe including
an irreversible impact detection element which detects the
impact. When the impact is detected by the irreversible
impact detection element, an operation of the ultrasonic
probe is stopped, and this stop is notified to the ultrasonic
diagnosis device (Japanese Patent No. 3315936). The irre-
versible impact detection element is operated only by using
the impact, and the impact can be therefore detected also
when the ultrasonic probe is unused or stored.

[0004] Furthermore, there is known an ultrasonic probe
including a grip case, an impact detection member which
indicates detection of an impact by change of a color or
change of a shape, a holding member which holds the impact
detection member in the grip case, and a window member
provided in an outer wall of the grip case to confirm the
change of the color or the change of the shape detected by
the impact detection member from outside (Japanese Patent
Laid-Open No. 2015-97626).

[0005] Additionally, in the ultrasonic probe described in
Japanese Patent No. 3315936, the irreversible impact detec-
tion element includes a glass tube and colored ink enclosed
in this glass tube. It is detected that the colored ink is
diffused due to the impact, by detecting that the impact is
applied to the impact detection member, when an amount of
light output from a light emitting diode and transmitted
through the irreversible impact detection element decreases
and an amount of the light received by a phototransistor
decreases. However, in this method, it is necessary for an ink
diffusing portion to sufficiently transmit the light from the
light emitting diode before the ink is diffused due to the
impact. Furthermore, the diffusion of the colored ink cannot
be detected until the impact that is not less than a sensor
detection value is applied and a transmitting portion is
obstructed by the diffusion of the ink after elapse of prede-
termined time. Additionally, a state of the irreversible impact
detection element cannot be seen.
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[0006] 1Inthe ultrasonic probe described in Japanese Patent
Laid-Open No. 2015-97626, it is necessary to provide the
window member for monitoring in the outer wall of the grip
case, so that a structure of the grip case becomes compli-
cated. Furthermore, for example, there is concern that the
color of the window member for monitoring changes due to
disinfection of the window member. Additionally, an opera-
tor who operates the probe visually judges and determines
the color change of the window member or the like, and a
large burden is imposed on the operator. Additionally, if the
operator misses the impact detection, the ultrasonic probe
having a possibility of failure due to the impact might be
used in ultrasonic diagnosis, and an operator of ultrasonic
diagnosis might make a wrong diagnosis to a patient who
undergoes the ultrasonic diagnosis.

SUMMARY

[0007] An object of the present invention is to easily and
securely detect an abnormality such as an impact on an
ultrasonic probe.

[0008] To achieve at least one of the abovementioned
objects, according to an aspect of the present invention, an
ultrasonic probe reflecting one aspect of the present inven-
tion comprises an ultrasonic probe which transmits and
receives an ultrasonic wave, comprising

[0009] a vibrator which transmits the ultrasonic wave in
response to a transmission signal, and generates a reception
signal of the reflected ultrasonic wave,

[0010] at least one abnormality detector which is provided
in the ultrasonic probe, and detects an abnormality and
indicates the abnormality in a color, and

[0011] a state monitor which is provided in the ultrasonic
probe, and monitors a state of the abnormality detector by
the color, and outputs monitoring information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The advantages and features provided by one or
more embodiments of the invention will become more fully
understood from the detailed description given hereinbelow
and the appended drawings which are given by way of
illustration only, and thus are not intended as a definition of
the limits of the present invention:

[0013] FIG. 1 is an overall view of a first ultrasonic
diagnosis device of a first embodiment of the present inven-
tion;

[0014] FIG. 2 is a block diagram showing a functional
constitution of the first ultrasonic diagnosis device;

[0015] FIG. 3Ais a schematic view of an impact detection
element before an impact is applied;

[0016] FIG. 3B is a schematic view of the impact detection
element after the impact is applied;

[0017] FIG. 4 is a view showing a first sensor unit;
[0018] FIG. 5 is a diagram showing a configuration of a
color sensor;

[0019] FIG. 6 is a flowchart showing first abnormality

detection processing;

[0020] FIG. 7 is a block diagram showing a functional
configuration of a second ultrasonic diagnosis device;

[0021] FIG. 8A is a view showing an ultrasonic probe
having a coupling at a left rotation position;

[0022] FIG. 8B is a view showing the ultrasonic probe
having the coupling at a right rotation position;
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[0023] FIG.9Ais a view showing a pin at the left rotation
position;
[0024] FIG. 9B is a view showing the pin at the right

rotation position;

[0025] FIG. 10 is a block diagram showing a functional
configuration of a third ultrasonic diagnosis device;

[0026] FIG. 11 is a block diagram showing a functional
configuration of a fourth ultrasonic diagnosis device;
[0027] FIG. 12 is a block diagram showing a functional
configuration of a fifth ultrasonic diagnosis device;

[0028] FIG. 13A is a view showing a second sensor unit;
[0029] FIG. 13B is a view showing a third sensor unit;
[0030] FIG. 14 is a flowchart showing second abnormality

detection processing; and
[0031] FIG. 15 is a view showing an ultrasonic probe in a
state where a frame is deformed.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] Hereinafter, one or more embodiments of the pres-
ent invention will be described with reference to the draw-
ings. However, the scope of the invention is not limited to
the disclosed embodiments.

[0033] First to fifth embodiments according to the present
invention will be described in order in detail with reference
to the accompanying drawings.

First Embodiment

[0034] A first embodiment according to the present inven-
tion will be described with reference to FIG. 1 to FIG. 6.
First, a device configuration of the present embodiment will
be described with reference to FIG. 1 to FIG. 4. FIG. 1 is a
schematic external view of an ultrasonic diagnosis device
100 of the present embodiment. FIG. 2 is a block diagram
showing a functional configuration of the ultrasonic diag-
nosis device 100.

[0035] The ultrasonic diagnosis device 100 of the present
embodiment is a device to perform ultrasonic diagnosis for
use by operators such as a doctor and an engineer in a
medical institution such as a hospital. As shown in FIG. 1
and FIG. 2, the ultrasonic diagnosis device 100 includes an
ultrasonic probe 2 and an ultrasonic diagnosis device main
body 1. The ultrasonic probe 2 transmits an ultrasonic wave
(a transmission ultrasonic wave) to a subject such as an
unshown patient’s living body, and receives a reflected
ultrasonic wave (an echo) of the ultrasonic wave reflected by
this subject. The ultrasonic diagnosis device main body 1 is
connected via a cable 3 and a connector 4 of the ultrasonic
probe 2, transmits a transmission signal of an electric signal
to a head section 201 of the ultrasonic probe 2, thereby
causing the ultrasonic probe 2 to transmit a transmission
ultrasonic wave to the subject, and images an internal state
of the subject as an ultrasonic image on the basis of a
reception signal that is the electric signal generated by the
ultrasonic probe 2 in response to the reflected ultrasonic
wave from the subject which is received by the ultrasonic
probe 2.

[0036] The ultrasonic probe 2 includes a vibrator unit 2a
including a plurality of vibrators of a piezoelectric element.
In the vibrator unit 2a, for example, the plurality of vibrators
are arranged in the form of a one-dimensional array in an
azimuth direction (a scanning direction or an upward-down-
ward direction). In the present embodiment, there is used the
ultrasonic probe 2 including the vibrator unit 2a of n (e.g.,
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192) vibrators. Note that the vibrator unit 2a may be
arranged in the form of a two-dimensional array.

[0037] As shown in FIG. 2, the ultrasonic probe 2 includes
the head section 201, the cable 3 and the connector 4. The
head section 201 includes the vibrator unit 24, light sources
21a and 215, heat detection elements 22a and 22b and
impact detection elements 23a and 235 which constitute an
abnormality detector, and color sensors 24a and 245 which
constitute a state monitor. The connector 4 includes a setting
memory 25. The head section 201 is stored in an exterior
unit (an exterior cover, a grip or the like) which does not
include any window members. The light source 21a, the heat
detection element 22a, the impact detection element 234 and
the color sensor 24a function as a set of monitors which has
an identification number 1.

[0038] The light source 21a is a light emitting diode
(LED) or a lamp, and emits light at a controlled power
voltage from a state judgment processor 14 by control of a
controller 11. The light source 21a irradiates the heat detec-
tion element 22a and the impact detection element 23a with
light.

[0039] The heat detection element 22a is an element
which changes in color in response to a surface temperature.
The heat detection element 22a has, for example, a structure
containing a temperature indicating material and sealed with
a heat-resistant film. When heat changes from low to high,
the color changes to green, yellow, and orange. The heat
detection element 22a is selected that the color of the
element does not overlap with the color of the impact
detection element 23a.

[0040] FIG. 3Ais a schematic view of the impact detection
element 234 before an impact is applied. FIG. 3B is a
schematic view of the impact detection element 23q after the
impact is applied.

[0041] The impact detection element 23¢ is an element
which changes in color in response to the impact. As shown
in FIG. 3A, the impact detection element 23a has, for
example, a hermetically sealed double structure including an
outer tube 231 of a glass tube and an inner tube 232 of a
glass tube provided in the outer tube 231 and having one
open end. In the outer tube 231, the inner tube 232 and a
white diffusing agent 233 are enclosed. Colored ink 234 of
a color other than white is enclosed in the inner tube 232.
Here, colored ink 234 is red, but is not limited to this color.

[0042] When any impact is not applied to the colored ink
234, the ink is not diffused in the diffusing agent 233 due to
surface tension. When the impact is applied, for example,
from a side of the diffusing agent 233 to a side of the colored
ink 234 in an axial direction, as shown in FIG. 3B, the
surface tension is broken, the colored ink 234 is irreversibly
diffused on the diffusing agent 233 side, and a red region
increases. With elapse of time after the impact is applied, the
red region enlarges due to the diffusion of the colored ink
234,

[0043] Furthermore, the impact detection element 23a has
directivity. When the impact is applied from the colored ink
234 side to the diffusing agent 233 side in the axial direction,
the colored ink 234 is hardly diffused. Consequently, the
ultrasonic probe 2 has two impact detection elements 23a
and 235, and is disposed to reduce a direction in which the
impact detection elements 23a and 23 cannot detect any
impact. A plurality of impact detection elements 23a are
prepared in accordance with a size of the impact to be
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detected, and the impact detection element to detect the
impact that adversely affects the ultrasonic probe 2 is
selected.

[0044] The impact detection element 23a is the irrevers-
ible detection element, and hence the element can detect not
only an impact due to fall of the ultrasonic probe 2 operated
by the operator during diagnosis or another operation or due
to collision with another object but also an impact during
storage of the ultrasonic probe 2 prior to use of the probe.
[0045] FIG. 4 is a view showing a sensor unit U1. FIG. 5
is a view showing a configuration of the color sensor 24a.
[0046] The color sensor 24a is a detector which detects an
amount of light for each of wavelengths (e.g., red (R), blue
(B), and infrared) and outputs light amount data for each
wavelength to the state judgment processor 14. As shown in
FIG. 4, the light source 21a and the color sensor 24a may
constitute the sensor unit U1 mounted on a circuit substrate
C1. An irradiation surface of the light source 21a and a
detection surface of the color sensor 24a are directed to the
heat detection element 22q and the impact detection element
23a. The heat detection element 224 and the impact detec-
tion element 23¢ which change to different colors are
arranged in the vicinity, so that information of states of the
heat detection element 22 and the impact detection element
23a can be acquired with one color sensor 24a.

[0047] As shown in FIG. 5, the color sensor 24a has, for
example, a filter 241, light receivers 242, switches 243, a
sensor signal processing circuit 244, and an interface 245.
[0048] The filter 241 is an infrared cut filter, and light
emitted from the light source 21a and reflected by the heat
detection element 22a and the impact detection element 23a
is passed through the filter. The light receivers 242 are a
plurality of photodiodes, and detect the light passed through
the filter 241 and convert the light to an electric signal. The
switches 243 are switches which switch on and off the
photodiodes of the light receivers 242. The sensor signal
processing circuit 244 is a circuit which calculates and
outputs wavelength-specific light amount data from the
electric signal input from the light receivers 242. The
interface 245 is a hardware interface between the sensor
signal processing circuit 244 and a bus BU.

[0049] The bus BU is a network connection bus connected
between the ultrasonic probe 2 (the color sensors 24a and
24b) and the ultrasonic diagnosis device main body 1 (the
state judgment processor 14 via a switching unit 13), and is
a bus of a serial communication system, such as RS232,
RS422/RS485, 12C, or SPI. The bus BU may be a bus of
another communication system for network connection,
such as Fthernet (a registered trademark) or a parallel
communication system. By use of the bus BU, the ultrasonic
probe 2 can perform diagnosis by specifying an abnormal
state and a region where the state occur, without increasing
signal lines.

[0050] The setting memory 25 is a non-volatile readable
and writable storage such as a flash memory connected to the
bus BU. The setting memory 25 stores each setting data as
information to judge whether or not the wavelength-specific
light amount data indicates (occurrence of) the impact,
indicates (occurrence of) a heating abnormality, or indicates
(occurrence of) a heating caution. The heating caution
indicates that any heating abnormality does not occur but
heat is so high that caution is required. The setting data is
data including a type of ultrasonic probe 2 and correspond-
ing to identification information of the heat detection ele-
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ments 22a and 225 and the impact detection elements 23a
and 235 which constitute an abnormality detector.

[0051] For example, the setting data has information in a
range from a value R1 to a value R2 in which the light
amount data of red indicates the impact, information in a
range from a value G1 to a value G2 in which the light
amount data of green indicates the impact, and information
in a range from a value B1 to a value B2 in which the light
amount data of blue indicates the impact. Furthermore, the
setting data has information in a range from a value R3 to a
value R4 in which the light amount data of red indicates the
heating abnormality, information in a range from a value G3
to a value G4 in which the light amount data of green
indicates the heating abnormality, and information in a range
from a value B3 to a value B4 in which the light amount data
of blue indicates the heating abnormality. Additionally, the
setting data has information in a range from a value R5 to a
value R6 in which the light amount data of red indicates the
heating caution, information in a range from a value G5 to
a value G6 in which the light amount data of green indicates
the heating caution, and information in a range from a value
B5 to a value B6 in which the light amount data of blue
indicates the heating caution.

[0052] The connector 4 is connected to the head section
201 via the cable 3, and removably and electrically con-
nected to the ultrasonic diagnosis device main body 1.

[0053] The light source 215, the heat detection element
22b, the impact detection element 235 and the color sensor
2454 function as a set of monitors which has an identification
number 2, and are similar to the light source 21a, the heat
detection element 22a, the impact detection element 234 and
the color sensor 24aq, respectively. Consequently, description
is omitted.

[0054] As shown in FIG. 2, the ultrasonic diagnosis device
main body 1 includes, for example, the controller 11 as an
image former, a transceiver 12, a switching unit 13, the state
judgment processor 14 as a judging unit, a display 15, and
an operation unit 16.

[0055] The controller 11 includes, for example, a central
processing unit (CPU), a read only memory (ROM), and a
random access memory (RAM). The controller 11 reads
various processing programs including a system program
stored in the ROM and the like to develop the programs in
the RAM, and controls respective components of the ultra-
sonic diagnosis device 100 in accordance with the developed
programs. In the ROM, there are stored the program to form
ultrasonic image data, and a first abnormality detection
program to execute first abnormality detection processing
which will be described later.

[0056] The transceiver 12 is a circuit which, in accordance
with the control of the controller 11, supplies the transmis-
sion signal as the electric signal to the head section 201 via
the connector 4 and the cable 3 and generates a transmission
ultrasonic wave.

[0057] Furthermore, the transceiver 12, in accordance
with the control of the controller 11, receives the reception
signal as an electric signal from the head section 201 via the
cable 3 and the connector 4 of the ultrasonic probe 2.

[0058] The controller 11 also functions as the image
former of the ultrasonic image, and an image display con-
troller.
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[0059] Furthermore, the controller 11 performs coordinate
transformation or the like on B-mode image data of a frame
to convert the data to an image signal, and outputs the signal
to the display 15.

[0060] The switching unit 13 has a plurality of ports
connected to the signal line and a power line of the con-
nector 4 of the ultrasonic probe 2 and, in accordance with the
control of the controller 11, opens and closes the port to turn
on/off passage of the signal and power.

[0061] The state judgment processor 14, in accordance
with the control of the controller 11, drives the light sources
2l1a and 215 and the color sensors 24a and 245, judges
whether or not the wavelength-specific light amount data
input from the color sensors 24a and 245 indicates a state of
abnormality (the impact, the heating abnormality or the
heating caution), by use of the setting data read from the
setting memory 25, and stores abnormality information in
the setting memory 25.

[0062] As the display 15, there can be applied a display
such as a liquid crystal display (LCD), a cathode ray tube
(CRT) display, an organic electronic luminescence (EL)
display, an inorganic EL display, or a plasma display. The
display 15 displays the image signal of the ultrasonic image
input from the controller 11, or various types of display
information.

[0063] The operation unit 16 includes, for example, vari-
ous switches, a ball, a track ball, a mouse, and a keyboard
to input data such as a command instructing start of the
diagnosis, and personal information of a subject, and outputs
an operation signal to the controller 11. The operation unit
16 is provided on a display screen of the display 15, and may
include a touch panel which accepts user’s touch input.

[0064] Next, an operation of the ultrasonic diagnosis
device 100 will be described with reference to FIG. 6. FIG.
6 i1s a flowchart showing the first abnormality detection
processing.

[0065] Inthe ultrasonic diagnosis device 100, for example,
upon receiving a trigger generated by inputting an instruc-
tion for generation and display of the ultrasonic image via
the operation unit 16 by the operator and connecting the
ultrasonic probe 2 to the ultrasonic diagnosis device main
body 1, the controller 11 executes the first abnormality
detection processing in accordance with the first abnormality
detection program stored in the ROM. Here, a subject of the
execution of the first abnormality detection processing is the
controller 11, but in steps in which the controller 11 controls
and operates the state judgment processor 14, the state
judgment processor 14 is described as the subject.

[0066] As shown in FIG. 6, the controller 11 first opens the
ports of the signal line and the power line of the switching
unit 13, to allow transmission and reception of the signal to
and from the ultrasonic probe 2 connected to the ultrasonic
diagnosis device main body 1, and the controller starts
supply of a power voltage to the ultrasonic probe 2 to turn
on the probe (step S11). Then, the state judgment processor
14 reads, from the setting memory 25, the setting data
including the type of connected ultrasonic probe 2 and
corresponding to the identification information of the heat
detection elements 22a¢ and 225 and the impact detection
elements 23q¢ and 23b which constitute the abnormality
detector (step S12). Then, the state judgment processor 14
initializes the color sensors 24a and 245, and the controller
11 substitutes 2 for identification number Nmax of the
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monitor, and substitutes 1 for variable N of the identification
number of the monitor of the ultrasonic probe 2 (step S13).
[0067] Then, the state judgment processor 14 drives a
monitor N and acquires the wavelength-specific light
amount data output from the color sensor of the monitor N
(step S14). Then, the state judgment processor 14 judges
whether or not the wavelength-specific (R, G or B) light
amount data acquired in the step S14 is in the range of the
setting data of each of R, G and B, by use of the setting data
for impact detection which is read in the step S12, to judge
whether or not the impact is detected (step S15). In the step
S15, for example, when the light amount data of R is in the
range from the value R1 to the value R2, the light amount
data of G is in the range from the value G1 to the value G2
and the light amount data of B is in the range from the value
B1 to the value B2, it is judged that the impact is present.
[0068] When any impact is not present (the step S15; NO),
the state judgment processor 14 judges whether or not the
wavelength-specific (R, G, B) light amount data acquired in
the step S14 is in the range of the setting data of R, G or B,
by use of the setting data for heating abnormality detection
which is read in the step S12, to judge whether or not the
heating abnormality is detected (step S16). In the step S16,
for example, when the light amount data of R is in the range
from the value R3 to the value R4, the light amount data of
G is in the range from the value G3 to the value G4 and the
light amount data of B is in the range from the value B3 to
the value B4, it is judged that the heating abnormality is
present.

[0069] When any heating abnormality is not present (the
step S16; NO), the state judgment processor 14 judges
whether or not the wavelength-specific (R, G or B) light
amount data acquired in the step S14 is in the range of the
setting data of R, G or B, by use of the setting data for
heating caution detection which is read in the step S12, to
judge whether or not the heating caution is detected (step
S17). In the step S17, for example, when the light amount
data of R is in the range from the value R5 to the value R6,
the light amount data of G is in the range from the value G5
to the value G6 and the light amount data of B is in the range
from the value BS to the value B6, it is judged that the
heating caution is present.

[0070] When the heating caution is present (the step S17;
YES), the controller 11 displays, in the display 15, heating
caution information which alerts the heating caution of the
ultrasonic probe 2 (step S18). After the step S18 is executed
or when any heating caution is not present (the step S17,
NO), the controller 11 judges whether or not the variable
N=Nmax (here Nmax=2) (step S19). When N=1 (the step
S19; NO), the controller 11 increments the variable N (step
S20), and shifts to the step S14.

[0071] When N=Nmax (the step S19; YES), the controller
11 controls the transceiver 12 so that the ultrasonic wave is
transmitted from the vibrator unit 2q, sound ray data is
generated from the reception signal of the reflected ultra-
sonic wave which is received, and the ultrasonic image data
is generated from the sound ray data (step S21). Then, the
controller 11 judges whether or not switching of the ultra-
sonic probe 2 is input from the operator via the operation
unit 16 (step S22).

[0072] When any input of the switching of the ultrasonic
probe 2 is not present (the step S22; NO), the controller 11
judges whether or not acquisition of one frame of the
ultrasonic image data generated in the step S21 is completed
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(step S23). When the acquisition of the one frame of the
ultrasonic image data is not completed (the step S23; NO),
the controller shifts to the step S21. When the acquisition of
the one frame of the ultrasonic image data is completed (the
step S23; YES), the controller 11 substitutes 1 for the
variable N, and shifts to the step S14. The one frame of the
generated ultrasonic image data is displayed, for example, as
one frame of ultrasonic image in live display of the ultra-
sonic image in the display 15.

[0073] When the impact is present (the step S15; YES) or
when the heating abnormality is present (the step S16; YES),
the state judgment processor 14 associates the wavelength-
specific light amount data acquired in the step S14 with the
type of abnormality (the impact or the heating abnormality)
and the current variable N (N=1: the heat detection element
22a or the impact detection element 23a, or N=2: the heat
detection element 225 or the impact detection element 235),
to store the data in the setting memory 25 (step S25).
[0074] Then, the controller 11 displays the information
used in the step S25, including the type of abnormality and
the current variable N, and indicating the abnormality, in the
display 15 (step S26). After the step S26 is executed or when
the input of the switching of the ultrasonic probe 2 is present
(the step S22; YES), the controller 11 stops the transmission
and reception of the signal to and from the connected
ultrasonic probe 2, stops the supply of the power voltage to
the ultrasonic probe 2 to turn off the probe, and closes the
ports of the signal line and power line of the switching unit
13 (step S27), thereby ending the first abnormality detection
processing.

[0075] As described above, according to the present
embodiment, the ultrasonic probe 2 includes the vibrator
unit 2a¢ which transmits the ultrasonic wave in response to
the transmission signal and generates the reception signal of
the reflected ultrasonic wave, the heat detection elements
22a and 22b and the impact detection elements 23a and 235
which are provided in the ultrasonic probe 2, detect the
abnormality and indicate the abnormality by a color, and the
color sensors 24a and 245 which are provided in the
ultrasonic probe 2, monitor the states of the heat detection
elements 22q and 226 and the impact detection elements 23a
and 234 by the color, and output the monitoring information.
[0076] Consequently, there can be provided the ultrasonic
probe 2 and the ultrasonic diagnosis device 100 which have
high safety and high reliability and in which the internal
state of the ultrasonic probe 2 can be monitored and the
abnormality of the ultrasonic probe 2 can be easily and
securely detected in accordance with the color, without
opening the exterior cover of the ultrasonic probe 2 and
without need to provide any window member in the exterior
cover, so that color change of the window member due to
disinfection does not occur.

[0077] Furthermore, in the impact detection element 23a
or 235, the colored ink is diffused in response to the impact
so that monitoring is possible. Consequently, there can be
provided the ultrasonic probe 2 and the ultrasonic diagnosis
device 100 in which the impact resulting from the fall, the
collision or the like can be securely detected by the color and
which have high safety and high reliability.

[0078] Additionally, the color sensors 24a and 245 moni-
tor the heat detection elements 224 and 225 and the impact
detection elements 23a and 235 and output the wavelength-
specific light amount data. Consequently, the internal state
of the ultrasonic probe 2 can be monitored in accordance
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with a wavelength-specific light amount, and the change of
the internal state can be reliably grasped.

[0079] In addition, the heat detection elements 22a and
22b change in color in response to a surface temperature
based on heat. Consequently, there can be provided the
ultrasonic probe 2 and the ultrasonic diagnosis device 100 in
which abnormal heating can be securely detected by the
color and which have high safety and high reliability.
[0080] Furthermore, the impact detection elements 23a
and 235 constitute an irreversible abnormality detector
which holds a detected state upon detecting the impact.
Consequently, also in a state where power is off, for
example, during the storage of the ultrasonic probe 2, the
probe changes the state upon receiving the impact, and can
hold the changed state, and when the power of the ultrasonic
probe 2 is turned on, the impact received in the state where
the power is off can be confirmed. Additionally, the heat
detection elements 22a and 225 may constitute an irrevers-
ible abnormality detector which holds the detected state
upon detecting heat.

[0081] Additionally, the color sensor 24a (24b) simulta-
neously monitors the heat detection element 22a (22b) and
the impact detection element 23a (23b) as a plurality of
types of abnormality detectors. Consequently, one color
sensor can sinmultaneously detect a plurality of types of
abnormalities (the impact and the heating).

[0082] In addition, the heat detection element 22a (225)
and the impact detection element 23a (234) as the plurality
of types of abnormality detectors indicate the detection of
the abnormalities in mutually different colors.

[0083] Consequently, there can be provided the ultrasonic
probe 2 and the ultrasonic diagnosis device 100 in which one
color sensor can simultaneously and accurately detect a
plurality of types of abnormalities (the impact and the
heating) and which have high reliability.

[0084] Furthermore, the ultrasonic probe 2 includes the
setting memory 25 to store the setting data which corre-
sponds to the identification information of the ultrasonic
probe 2 and which is threshold information for use in
judgment of the abnormality from the wavelength-specific
light amount data. Consequently, the color sensors 24a and
24b, the heat detection elements 22 and 225 and the impact
detection elements 23a and 234 individually differ in initial
state and installation position, but the setting data for the
judgment is provided on an ultrasonic probe 2 side, so that
individual variations are corrected and the reliability of the
judgment improves.

[0085] Additionally, the ultrasonic diagnosis device 100
includes the ultrasonic probe 2, the transceiver 12 which
inputs the transmission signal into the vibrator unit 2a and
acquires the reception signal, the controller 11 which forms
the ultrasonic image data from the input reception signal,
and the state judgment processor 14 which judges the
abnormality of the ultrasonic probe 2 from the setting data
stored in the setting memory 25 and the wavelength-specific
light amount data output from the color sensors 24a and 244.
When it is judged that the abnormality is present, the
controller 11 stops the operation of the ultrasonic probe 2.
Consequently, there can be provided the ultrasonic diagnosis
device 100 which prevents the ultrasonic probe 2 from being
used when it is judged that the abnormality is present, to
improve safety.

[0086] Furthermore, when itis judged that the abnormality
is present, the controller 11 stops the transmission and



US 2019/0357885 Al

reception of the signal to and from the ultrasonic probe 2 and
the power supply to the ultrasonic probe 2. Consequently,
there can be provided the ultrasonic diagnosis device 100
which prevents the ultrasonic probe 2 from being used when
it is judged that the abnormality is present, so that safety can
further improve and power consumption can be decreased.

[0087] Additionally, when itis judged that the abnormality
is present, the controller 11 stores, in the setting memory 25,
the abnormality information including the wavelength-spe-
cific light amount data corresponding to the abnormality.
Consequently, there can be provided the ultrasonic probe 2
and the ultrasonic diagnosis device 100 in which a cause for
the abnormality can be easily identified, when a repairer
reads and confirms the abnormality information from the
setting memory 25 during repair or inspection of the ultra-
sonic probe 2.

[0088] In addition, when it is judged that the abnormality
is present, the controller 11 displays the abnormality infor-
mation indicating the abnormality in the display 15. Con-
sequently, there can be provided the ultrasonic probe 2 and
the ultrasonic diagnosis device 100 in which the abnormality
can be easily identified, when the repairer visually confirms
the abnormality information.

[0089] Furthermore, the state judgment processor 14 and
the color sensors 24a and 24b are connected to the bus BU
as a network. Thus, the plurality of color sensors are
connected to the network, so that required information can
be set and acquired from the color sensors without increas-
ing lines which connect the ultrasonic probe 2 and a main
body side of the ultrasonic diagnosis device.

[0090] Additionally, when the state judgment processor 14
is connected to the ultrasonic probe 2, the processor auto-
matically judges the abnormality of the ultrasonic probe 2
from the wavelength-specific light amount data output from
the color sensors 24a and 24b. Consequently, self-diagnosis
of the ultrasonic probe 2 can be performed prior to use of the
probe, and the ultrasonic probe 2 and the ultrasonic diag-
nosis device 100 which have high safety and high reliability
can be provided.

Second Embodiment

[0091] A second embodiment according to the present
invention will be described with reference to FIG. 7 to FIG.
9B. FIG. 7 is a block diagram showing a functional con-
figuration of an ultrasonic diagnosis device 100A. FIG.

[0092] 8A is a view showing an ultrasonic probe 2A
having a coupling 271 at a left rotation position. FIG. 8B is
a view showing the ultrasonic probe 2A having the coupling
271 at a right rotation position. FIG. 9A is a view showing
a pin 272 at the left rotation position. FIG. 9B is a view
showing the pin 272 at the right rotation position.

[0093] Inthe present embodiment, the ultrasonic diagnosis
device 100A shown in FIG, 7 is used in place of the
ultrasonic diagnosis device 100 of the first embodiment. In
the ultrasonic diagnosis device 100A, components similar to
the components of the ultrasonic diagnosis device 100 are
denoted with the same reference signs and description of the
components is omitted.

[0094] The ultrasonic diagnosis device 100A includes the
ultrasonic probe 2A and an ultrasonic diagnosis device main
body 1A. The ultrasonic probe 2A causes a vibrator unit 2a
to mechanically swing right and left in a direction perpen-

Nov. 28,2019

dicular to a scanning direction, to transmit and receive an
ultrasonic wave and to obtain three-dimensional ultrasonic
image data.

[0095] The ultrasonic probe 2A includes a head section
2Al, a cable 3A, and a connector 4. The head section 2A1
includes the vibrator unit 2a, light sources 21a and 214, heat
detection elements 22¢ and 225, impact detection elements
23a and 235, color sensors 24a and 245, a driving unit 26,
and a drive transmitter 27. The connector 4 includes a setting
memory 25 as a first or second storage.

[0096] The driving unit 26 includes a motor and others
and, in accordance with control of a drive controller 17,
rotates, drives and swings the vibrator unit 2a, for example,
in the direction perpendicular to the scanning direction via
the drive transmitter 27. The drive transmitter 27 includes a
coupling, a pulley and other components, and transmits the
rotation driving of the driving unit 26 to the vibrator unit 2¢.
[0097] The coupling and other components which consti-
tute the drive transmitter 27 are painted with a paint in a
predetermined color, so that a driving position of each
component can be detected with the color sensors 24a and
24b. Consequently, the light source 21a and the color sensor
24a are directed not only to the heat detection element 22a
and the impact detection element 23a but also to the drive
transmitter 27. Furthermore, an irradiation surface of the
light source 215 and a detection surface of the color sensor
24b are directed not only to the heat detection element 225
and the impact detection element 235 but also to the drive
transmitter 27.

[0098] For example, as shown in FIG. 8A, the ultrasonic
probe 2A includes the drive transmitter 27, the heat detection
element 22a, the impact detection element 234, a frame 261
and the like. The frame 261 is provided between a member
on a side of the driving unit 26 and a member on a side of
the vibrator unit 2q, to fix the drive transmitter 27 to the
frame. The drive transmitter 27 has the coupling 271 which
transmits the rotation driving, and the pin 272 provided in
the coupling 271. The coupling 271 has a yellow region
portion 271y painted with a yellow paint, and a blue region
portion 2715 painted with a blue paint. As shown in FIG. 8A,
when the coupling 271 is rotated to the left side and the
vibrator unit 2a is positioned at a left end, the yellow region
portion 271y looks larger than the blue region portion 2715.
Furthermore, more yellow components are detected in
wavelength-specific light amount data by the color sensor
24a. Alternatively, as shown in FIG. 8B, when the coupling
271 is rotated to the right side and the vibrator unit 2a is also
positioned at a right end, the blue region portion 2715 looks
larger than the yellow region portion 271y. Furthermore,
more blue components are detected in the wavelength-
specific light amount data by the color sensor 24a. In
consequence, the yellow region portion 271y and the blue
region portion 2715 are painted with the paints.

[0099] Alternatively, as shown in FIG. 9A, the drive
transmitter 27 may have the coupling 271 and the pin 272,
and the pin 272 may be painted with a paint in place of the
coupling 271. The pin 272 has a yellow region portion 272y
painted with the yellow paint, and a blue region portion 2725
painted with the blue paint. As shown in FIG. 9A, when the
pin 272 is rotated to the left side and the vibrator unit 2a is
also positioned at the left end, the yellow region portion
272y looks larger than the blue region portion 27254, and
more yellow components are detected in the wavelength-
specific light amount data by the color sensor 24a. Alterna-



US 2019/0357885 Al

tively, as shown in FIG. 9B, when the pin 272 is rotated to
the right side and the vibrator unit 2a is also positioned at the
right end, the blue region portion 2715 looks larger than the
yellow region portion 271y. More blue components are also
detected in the wavelength-specific light amount data by the
color sensor 24a. In consequence, the yellow region portion
272y and the blue region portion 2725 are painted with the
paints.

[0100] Targets to be painted in color are not limited to the
coupling 271 and the pin 272 of the drive transmitter 27, and
may be other driving components of the driving unit 26 and
the drive transmitter 27, for example, the pulley, a belt and
arotary shaft. Furthermore, types and the number of color of
the paint are not limited to two colors of yellow and blue.
Note that it is preferable that the color of the paint is different
from a color shown by the heat detection element 22a or 226
or the inipact detection element 234 or 235, Additionally, the
number of types of the colors of the paint is not limited to
two.

[0101] As shown in FIG. 7, the cable 3A further has a
signal line and a power line which extend from the drive
controller 17 to the driving unit 26 in addition to the signal
line of the cable 3.

[0102] The ultrasonic diagnosis device main body 1A
includes a controller 11A, a transceiver 12, a switching unit
13A, a state judgment processor 14A, a display 15, an
operation unit 16, and the drive controller 17. The controller
11A is similar to the controller 11 of FIG. 2, but causes the
state judgment processor 14A to detect a drive position of
the vibrator unit 2a. The switching unit 13A opens and
closes a port of the signal line which extends from the drive
controller 17 to the driving unit 26, in addition to the port of
the switching unit 13 of FIG. 2.

[0103] The state judgment processor 14A, in accordance
with the control of the controller 11A, drives the light
sources 21a and 215 and the color sensors 24a and 245,
judges whether or not the wavelength-specific light amount
data input from the color sensor 24a or 24b indicates a state
of abnormality (an impact, a heating abnormality or a
heating caution), by use of setting data read from the setting
memory 25, also judges a driven position of a position of the
vibrator unit 2a (the drive transmitter 27), and stores abnor-
mality information in the setting memory 25.

[0104] Thedrive controller 17 drives the driving unit 26 as
much as an optional amount in accordance with the control
of the controller 11A. Note that the ultrasonic probe 2A may
include an encoder which detects and encodes a drive
amount of the drive transmitter 27. The encoder feeds
encoded drive amount data back to the drive controller 17.
The drive controller 17 executes feedback control of the
driving unit 26 in accordance with the input drive amount
data.

[0105] The setting memory 25 stores the setting data
including a type of ultrasonic probe 2A and corresponding to
identification information of the heat detection elements 22a
and 22b and the impact detection elements 23a and 23b
which constitute an abnormality detector, the setting data
being for use in judging the impact, the heating abnormality
and the heating caution. The setting memory additionally
stores setting data which corresponds to, for example, light
amounts of yellow and blue in the wavelength-specific light
amount data and which is positional information of the drive
transmitter 27 (the coupling 271 or the pin 272).
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[0106] Next, an operation of the ultrasonic diagnosis
device 100A will be described. In the ultrasonic diagnosis
device 100A, the controller 11A executes processing similar
to the first abnormality detection processing shown in FIG.
6. Only processing that is different from the first abnormality
detection processing will be described.

[0107] In step S25, the state judgment processor 14A
detects the positional information of the drive transmitter 27
from the wavelength-specific light amount data acquired in
step S14 by use of the setting data of the positional infor-
mation of the drive transmitter 27 which is read in step S12,
and generates the positional information of the vibrator umt
2a which corresponds to the positional information of the
drive transmitter 27. Then, the state judgment processor 14 A
associates the wavelength-specific light amount data
acquired in the step S14 with a type of abnormality, current
variable N and the generated positional information of the
vibrator unit 2, to store the data in the setting memory 25.
[0108] As described above, according to the present
embodiment, the ultrasonic probe 2A includes the driving
unit 26 and the drive transmitter 27 which drive the vibrator
unit 2¢ and transmit the driving. The drive transmitter 27
shows different colors in accordance with drive states. The
color sensors 24a and 245 monitor the heat detection ele-
ments 22a and 225, the impact detection elements 23a and
23b and the drive transmitter 27, and outputs the wave-
length-specific light amount data. Consequently, there can
be provided the ultrasonic probe 2A and the ultrasonic
diagnosis device 100A in which the drive state can be
monitored simultaneously with the abnormality state, the
drive state during the abnormality can be detected, a drive
abnormality can be easily detected, drive can be easily
inspected, and high reliability can be provided.

Third Embodiment

[0109] A third embodiment according to the present inven-
tion will be described with reference to FIG. 10. FIG. 10 is
a block diagram showing a functional configuration of an
ultrasonic diagnosis device 100B.

[0110] In the present embodiment, the ultrasonic diagnosis
device 100B shown in FIG. 10 is used in place of the
ultrasonic diagnosis device 100 of the first embodiment. In
the ultrasonic diagnosis device 100B, components similar to
the components of the ultrasonic diagnosis device 100 are
denoted with the same reference signs and description of the
components is omitted.

[0111] The ultrasonic diagnosis device 100B includes an
ultrasonic probe 2B and an ultrasonic diagnosis device main
body 1B. The ultrasonic probe 2B includes a head section
2B1, a cable 3 and a connector 4. The head section 2B1
includes a vibrator unit 2a, light sources 21a and 215, heat
detection elements 22« and 225, impact detection elements
23a and 235, color sensors 24a and 245, and an acceleration
sensor 28 as an acceleration detector.

[0112] The acceleration sensor 28 is the detector con-
nected to a bus BU, for example, to detect accelerations in
respective directions of three axes in a three-dimensional
space and to output the accelerations as acceleration data of
the respective axes to a state judgment processor 14B.
[0113] The ultrasonic diagnosis device main body 1B
includes a controller 11B, a transceiver 12, a switching umt
13, the state judgment processor 14B, a display 15, and an
operation unit 16. The controller 11B is similar to the
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controller 11 of FIG. 2, but causes the state judgment
processor 14B to detect the accelerations.

[0114] The state judgment processor 14B, in accordance
with control of the controller 11B, drives the light sources
21a and 215 and the color sensors 24a and 245, and judges
whether or not wavelength-specific light amount data input
from the color sensors 24a and 244 indicates a state of
abnormality (an impact, a heating abnormality or a heating
caution), by use of setting data read from a setting memory
25. Furthermore, the state judgment processor drives the
acceleration sensor 28, acquires the acceleration data, and
stores the abnormality information in the setting memory 25.
[0115] Next, an operation of the ultrasonic diagnosis
device 100B will be described. In the ultrasonic diagnosis
device 100B, the controller 11B executes processing similar
to the first abnormality detection processing shown in FIG.
6, and therefore only processing different from the first
abnormality detection processing will be described.

[0116] In step S14, the state judgment processor 14B
drives a monitor N to acquire the wavelength-specific light
amount data output from the color sensor of the monitor N,
and drives the acceleration sensor 28 to acquire the accel-
eration data output from the acceleration sensor 28.

[0117] In step S25, the state judgment processor 14B
associates the wavelength-specific light amount data
acquired in the step S14 with a type of abnormality, current
variable N and the acceleration data acquired in the step S14,
to store the data in the setting memory 25.

[0118] As described above, according to the present
embodiment, the ultrasonic probe 2B includes the accelera-
tion sensor 28 which detects the acceleration of the ultra-
sonic probe 2B. Consequently, there can be provided the
ultrasonic probe 2B and the ultrasonic diagnosis device
100B in which an acceleration state is monitored simulta-
neously with an abnormality state, an abnormal acceleration
state due to fall of the ultrasonic probe 2B, an impact from
outside, or the like can be detected, and high reliability can
be provided.

[0119] Note that the impact may be judged by using the
wavelength-specific light amount data and the acceleration
data. For example, it is assumed that a threshold value of the
acceleration data indicating the impact is stored as the
setting data in the setting memory 25. In step S15 of the first
abnormality detection processing, the state judgment pro-
cessor 14B may judge whether or not each wavelength-
specific (R, G, or B) light amount data acquired in the step
S14 is within a range of the setting data for R, G, or B, by
use of the setting data of the acceleration for impact detec-
tion which is read in step S12. Furthermore, the state
judgment processor may judge whether or not the accelera-
tion data acquired in the step S14 is in excess of a threshold
value, by use of the setting data of the acceleration for the
impact detection, and may, on a basis of this judgment, judge
whether or not the impact is detected. According to this
configuration, the impact can be detected in real time, and
the reliability of the impact detection can further improve.

Fourth Embodiment

[0120] A fourth embodiment according to the present
mnvention will be described with reference to FIG. 11. FIG.
11 is a block diagram showing a functional configuration of
an ultrasonic diagnosis device 100C.

[0121] Inthe present embodiment, the ultrasonic diagnosis
device 100C shown in FIG. 11 is used in place of the
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ultrasonic diagnosis device 100 of the first embodiment. In
the ultrasonic diagnosis device 100C, components similar to
the components of the ultrasonic diagnosis device 100 are
denoted with the same reference signs and description of the
components is omitted.

[0122] The ultrasonic diagnosis device 100C includes an
ultrasonic probe 2C and an ultrasonic diagnosis device main
body 1C. The ultrasonic probe 2C includes a head section
2C1, a cable 3 and a connector 4. The head section 2C1
includes a vibrator unit 2a, light sources 21a and 215, heat
detection elements 22¢ and 225, impact detection elements
23a and 235, and color sensors 24a and 24b.

[0123] The connector 4 is a connector which is connected
to the head section 2C1 via the cable 3, and detachably and
electrically connected to the ultrasonic diagnosis device
main body 1C. The connector 4 includes light sources 41a
and 415, impact detection elements 42¢ and 426 which
constitute an abnormality detector, color sensors 43a and
43b which constitute a state monitor, and a setting memory
44 as a first or second storage. Note that the connector 4 may
include heat detection elements.

[0124] The light sources 41a and 415, the impact detection
elements 42a and 424 and the color sensors 43a and 435 are
similar to the light sources 214 and 215, the impact detection
elements 23a and 235, and the color sensors 24a and 245,
respectively. It is considered that the light source 41a, the
impact detection element 42a and the color sensor 43a
constitute a set of monitors which has an identification
number 3. It is considered that the light source 415, the
impact detection element 425 and the color sensor 43b
constitute a set of monitors which has an identification
number 4.

[0125] The setting memory 44 has a configuration similar
to the configuration of the setting memory 25, and stores
setting data including a type of ultrasonic probe 2C and
corresponding to identification information of the heat
detection elements 22a and 224 and the impact detection
elements 23a, 235, 424 and 425 which constitute the abnor-
mality detector. As the setting data, there is stored each
setting data as information to judge whether or not wave-
length-specific light amount data indicates (occurrence of)
an impact, indicates (occurrence of) a heating abnormality,
or indicates (occurrence of) a heating caution. The heating
caution indicates that any heating abnormality is not present,
but heat is so high that the caution is required. The color
sensors 43a and 43b and the setting memory 44 are con-
nected to a bus BU.

[0126] The ultrasonic diagnosis device main body 1C
includes a controller 11C, a transceiver 12, a switching unit
13, a state judgment processor 14C, a display 15, and an
operation unit 16. The controller 11C is similar to the
controller 11 of FIG. 2 except that the controller causes the
state judgment processor 14C to drive the light sources 214,
215, 41a and 415 and the color sensors 24a, 24b, 43a and
435, to acquire the wavelength-specific light amount data, to
judge the abnormality, and to store abnormality information
in the setting memory 44.

[0127] The state judgment processor 14C, in accordance
with control of the controller 11C, drives the light sources
21a, 215, 41a and 415 and the color sensors 24a, 245, 43a
and 435, judges whether or not the wavelength-specific light
amount data input from the color sensors 24a, 24b, 43a and
43b indicates a state of an abnormality (the impact, the
heating abnormality or the heating caution) by use of the
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setting data read from the setting memory 44, and stores the
abnormality information in the setting memory 44.

[0128] Next, an operation of the ultrasonic diagnosis
device 100C will be described. In the ultrasonic diagnosis
device 100C, the controller 11C executes processing similar
to the first abnormality detection processing shown in FIG.
6, and therefore only processing different from the first
abnormality detection processing will be described.

[0129] In the present embodiment, identification number
Nmax is 4, and hence variable N takes values from 1 to 4.
Consequently, in step S13, the controller 11C substitutes 4
for the identification number Nmax of the monitor, and in
step S19, the controller 11C judges whether or not the
variable N=Nmax (here, Nmax=4). In step S25, the state
judgment processor 14 associates the wavelength-specific
light amount data acquired in step S14 with a type of
abnormality (the impact or the heating abnormality), and the
current variable N (N=1: the heat detection element 22a or
the impact detection element 23a, N=2: the heat detection
element 225 or the impact detection element 235, N=3: the
impact detection element 42a, or N=4: the impact detection
element 424), and the processor stores the data in the setting
memory 44.

[0130] As described above, according to the present
embodiment, the ultrasonic probe 2C includes the head
section 2C1 having the vibrator unit 2a, the cable 3 con-
nected to the head section 2C1, and the connector 4 con-
nected to the cable 3 and connected to (the state judgment
processor 14C of) the ultrasonic diagnosis device main body
1C of the ultrasonic diagnosis device 100C. The head
section 2C1 and the connector 4 have (the heat detection
elements,) the impact detection elements and the color
sensors, respectively. Consequently, if the impact or the like
is applied to a side of the head section 2C1 or a side of the
connector 4 during conveyance, during attaching/detaching
to/from the ultrasonic diagnosis device main body 1C, or
during use, the side might fail. To solve such problems, there
can be provided the ultrasonic probe 2C and the ultrasonic
diagnosis device 100C in which the abnormalities of both
the head section 2C1 side and the connector 4 side are
detected and high reliability can be provided.

Fifth Embodiment

[0131] A fifth embodiment according to the present inven-
tion will be described with reference to FIG. 12 to FIG. 14.
FIG. 12 is a block diagram showing a functional configu-
ration of an ultrasonic diagnosis device 100D. FIG. 13A is
a view showing a sensor unit U2. FIG. 13B is a view
showing a sensor unit U3. FIG. 14 is a flowchart showing
second abnormality detection processing.

[0132] In the present embodiment, an ultrasonic diagnosis
device 100D shown in FIG. 12 is used in place of the
ultrasonic diagnosis device 100C of the fourth embodiment.
In the ultrasonic diagnosis device 100D, components similar
to the components of the ultrasonic diagnosis device 100C
are denoted with the same reference signs and description of
the components is omitted.

[0133] The ultrasonic diagnosis device 100D includes an
ultrasonic probe 2D and an ultrasonic diagnosis device main
body 1D. The ultrasonic probe 2D includes a head section
2D1, a cable 3, and a connector 4D. The head section 2D1
includes a vibrator unit 2a, light sources 21a and 215, heat
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detection elements 22a and 225, impact detection elements
23a and 235, and imaging elements 292 and 295 which
constitute a state monitor.

[0134] The imaging element 29¢ includes a charge-
coupled device (CCD), a complementary metal-oxide semi-
conductor (CMOS), and the like, and images a subject (the
heat detection element 224 or the impact detection element
23a), generates image data including a plurality of color
pixels, and outputs the data to a state judgment processor 46.
The image data output from the imaging element 294 may
be a video signal of a system of National Television System
Committee (NTSC) or the like. It is considered that the light
source 21a, the heat detection element 22q, the impact
detection element 23a and the imaging element 29a consti-
tute a set of monitors which has an identification number 1.
It is also considered that the light source 215, the heat
detection element 22, the impact detection element 235 and
the imaging element 295 constitute a set of monitors which
has an identification number 2.

[0135] The light source 21a and the imaging element 29a
may constitute the sensor unit U1 shown in FIG. 4, in which
the color sensor 24a is replaced with the imaging element
29a. Furthermore, the light source 21a and the imaging
element 29¢ may constitute the sensor unit U2 shown in
FIG. 13A or the sensor unit U3 shown in FIG. 13B. The
sensor unit U2 includes the light source 21a, the imaging
element 294, and a mirror M2. The mirror M2 is disposed on
an optical axis between the subject (the heat detection
element 22a or the impact detection element 23a) and the
imaging element 29q, and the optical axis is bent by 90
degrees. For example, light is incident on the imaging
element 29a along the same axis as the optical axis from the
subject. Alternatively, the sensor unit U3 includes the light
source 21q, the imaging element 29a, and a mirror M3 as a
half mirror. In the sensor unit U3, the light source 21a is
disposed on an optical axis obtained by bending an optical
axis of a subject by 90 degrees, and the light source 21a is
operated as epi-illumination via the mirror M3.

[0136] The imaging element 295 has a configuration simi-
lar to the configuration of the imaging element 294, and
images the subject (the heat detection element 225 or the
impact detection element 23b), generates image data, and
outputs the data to the state judgment processor 46. It is
considered that the light source 215, the heat detection
element 225, the impact detection element 235 and the
imaging element 295 constitute a set of monitors which has
an identification number 2.

[0137] As shown in FIG. 12, the connector 4D includes
light sources 41a and 415, impact detection elements 42a
and 425, imaging elements 45a and 455 constituting a state
monitor, a setting memory 44, and the state judgment
processor 46.

[0138] The setting memory 44 stores setting data includ-
ing a type of ultrasonic probe 2D and corresponding to
identification information of the heat detection elements 22a
and 225 and the impact detection elements 23a, 235, 42a and
42b which constitute an abnormality detector. As the setting
data, there is stored each setting data that is threshold
information of a target area of an abnormality detection
target and a color indicating an abnormality in the target area
in the image data imaged and obtained to judge whether or
not the image data obtained through the imaging by the
imaging element 29a, 295, 454, or 45b indicates (occurrence
of) an impact, (occurrence of) a heating abnormality, or
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(occurrence of) a heating caution. The heating caution
indicates that any heating abnormality is not present but heat
is so high that caution is required.

[0139] The imaging elements 45a and 456 have a con-
figuration similar to the configuration of the imaging ele-
ments 29a¢ and 295, and each of the elements images a
subject (the impact detection element 424 or 42b), generates
the image data which is imaged, and outputs the data to the
state judgment processor 46. It is considered that the light
source 4la, the impact detection element 42a and the
imaging element 454 constitute a set of monitors which has
an identification number 3. It is also considered that the light
source 41b, the impact detection element 425 and the
imaging element 455 constitute a set of monitors which has
an identification number 4.

[0140] The state judgment processor 46, in accordance
with control of a controller 11D, drives the light sources 21a,
215, 41a and 415 and the imaging elements 29a, 295, 454,
and 455, judges whether or not the image data input from the
imaging element 29a, 295, 454, or 455 indicates a state of
the abnormality (the impact, the heating abnormality or the
heating caution), by use of the setting data read from the
setting memory 44, and stores abnormality information in
the setting memory 44.

[0141] The ultrasonic diagnosis device main body 1D
includes the controller 11D, a transceiver 12, a switching
unit 13, a display 15, and an operation unit 16. The controller
11D is similar to the controller 11 of FIG. 2, but causes the
state judgment processor 46 to drive the light sources 21aq,
215, 41a and 415 and the imaging elements 29a, 295, 45a
and 45, to acquire the image data, to judge the abnormality
and to store the abnormality information in the setting
memory 44. Furthermore, it is considered that a second
abnormality detection program to execute the second abnor-
mality detection processing is stored in a ROM of the
controller 11D.

[0142] Next, an operation of the ultrasonic diagnosis
device 100D will be described. In the ultrasonic diagnosis
device 100D, for example, the controller 11D receives a
trigger generated by connecting the ultrasonic probe 2D to
the ultrasonic diagnosis device main body 1D and inputting
an instruction for generation and display of the ultrasonic
image via the operation unit 16 by an operator, and the
controller executes the second abnormality detection pro-
cessing in accordance with the second abnormality detection
program stored in the ROM. Also in this case, the state
judgment processor 46 is described as a subject in steps in
which the controller 11D controls and operates the state
Judgment processor 46.

[0143] As shown in FIG. 14, steps S31, S32 and S33 are
similar to the steps S11, S12 and S13 of FIG. 6. However,
in the step S33, the state judgment processor 46 initializes
the imaging elements 29a and 295, and the controller 11D
substitutes 4 for identification number Nmax of the monitor.
[0144] Then, the state judgment processor 46 drives a
monitor N, and acquires the image data imaged and output
from the imaging element of the monitor N (step S34). Then,
the state judgment processor 46 analyzes an image of the
image data acquired in the step S34 by use of the setting data
for impact detection which is read in the step S32, and
judges whether or not colored ink of the impact detection
element in the image is diffused, to judge whether or not the
impact is detected (step S35). In the step S35, as the image
analysis to judge whether or not the colored ink of the
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impact detection element of the target area in the image is
diffused, for example, it is judged whether or not a pixel of
a color of the threshold information is included in the target
area of the impact detection element of the setting data.
[0145] When any impact is not present (the step S35; NO),
the state judgment processor 46 analyzes the image of the
image data acquired in the step S14 by use of the setting data
for heating abnormality detection which is read in the step
S32, and judges whether or not the heat detection element in
the image indicates a color of the heating abnormality, to
judge whether or not the heating abnormality is detected
(step S36). In the step S36, as the image analysis to judge
whether or not the heat detection element in the image shows
the color of the heating abnormality, for example, it is
judged whether or not a pixel of a color of the threshold
information is included in the target area of the impact
detection element of the setting data.

[0146] When any heating abnormality is not present (the
step S36; NO), the state judgment processor 46 analyzes the
image of the image data acquired in the step S14 by use of
the setting data for heating caution detection which is read
in the step S32, and judges whether or not the heat detection
element in the image shows a color of the heating caution,
to judge whether or not the heating abnormality is detected
(step S37). In the step S37, as the image analysis to judge
whether or not the heat detection element in the image shows
the color of the heating caution, for example, it is judged
whether or not the pixel of the color of the threshold
information is included in the target area of the impact
detection element of the setting data.

[0147] Step S38 is similar to the step S18 of FIG. 6. After
the step S38 is executed or when any heating abnormality is
not present (the step S37; NO), the controller 11D judges
whether or not the variable N=Nmax (here, Nmax=4) (step
S39). Steps S40 to S44 are similar to the steps S20 to S24
of FIG. 6.

[0148] When the impact is present (the step S35; YES) or
when the heating abnormality is present (the step S36;
[0149] YES), the state judgment processor 46 associates
the image data acquired in the step S34 with a type of
abnormality (the impact or the heating abnormality), and the
current variable N (N=1: the heat detection element 22a or
the impact detection element 23a, N=2: the heat detection
element 225 or the impact detection element 235, N=3: the
impact detection element 42a, or N=4: the impact detection
element 42b), and the state judgment processor stores the
data in the setting memory 44 (step S45). Steps S46 and S47
are similar to the steps S26 and S27 of FIG. 6.

[0150] As described above, according to the present
embodiment, the ultrasonic probe 2D includes the imaging
elements 29a, 29b, 45a and 45b which image the heat
detection elements 22a and 2256 and the impact detection
elements 23a, 235, 42a and 425 and output the image data.
Consequently, an internal state of the ultrasonic probe 2D
can be monitored with the image data, and a change of the
internal state can be securely grasped.

[0151] Furthermore, the ultrasonic probe 2D includes the
state judgment processor 46. Consequently, processing bur-
dens on the ultrasonic diagnosis device main body 1D can be
decreased. Furthermore, even if the ultrasonic diagnosis
device main body 1D is not connected, the ultrasonic probe
2D can perform diagnosis by sending a diagnosis control
signal to the state judgment processor 46 from a testing
control device such as a personal computer.
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[0152] Note that the above description of each embodi-
ment merely illustrates the preferred ultrasonic probe and
ultrasonic diagnosis device according to the present inven-
tion, and the present invention is not limited to this embodi-
ment.

[0153] At least two of the above respective embodiments
may be suitably combined. For example, the color sensors of
the first to fourth embodiments may be replaced with the
imaging elements.

[0154] Furthermore, in each embodiment described above,
the configuration example including two or four monitors
has been described, but the present invention is not limited
to this example as long as at least one monitor is provided.
[0155] Additionally, in the second embodiment, it has
been described that the color sensor outputs the wavelength-
specific light amount data corresponding to the heat detec-
tion element and the impact detection element, and the state
judgment processor judges the abnormality (the impact, the
heating abnormality or the heating caution) from the image
data obtained by the imaging, but the present invention is not
limited to this embodiment. FIG. 15 is a view showing an
ultrasonic probe 2A in a state where a frame 261 is
deformed. In the second embodiment, it is explained that, as
shown in FIG. 15, an imaging element disposed images the
heat detection element and the impact detection element and
outputs image data, in place of the color sensor. It is also
explained that, as shown in FIG. 15, the frame 261 of the
ultrasonic probe 2A is deformed in response to an impact. In
the ultrasonic diagnosis device 100A, when processing
similar to the second abnormality detection processing of
FIG. 6 is executed and the impact is generated to deform the
frame 261, in the step S45, the image data including the
deformed frame 261 is stored in the setting memory 44. In
the step S35, the state judgment processor 14A may analyze
the image of the image data acquired in the step S34 by use
of the setting data for the impact detection which is read in
the step S32, and may judge whether or not the colored ink
of the impact detection element in the image is diffused and
whether or not the frame in the image is deformed, to judge
whether or not the impact is detected.

[0156] Furthermore, in the third embodiment, it is
explained that the color sensor outputs the wavelength-
specific light amount data corresponding to the heat detec-
tion element and the impact detection element, the accel-
eration sensor outputs the acceleration data, and the state
judgment processor judges the abnormality (the impact, the
heating abnormality or the heating caution) from the wave-
length-specific light amount data and the acceleration data,
but the present invention is not limited to this configuration.
[0157] The ultrasonic probe including the drive controller
and the driving unit may include the acceleration sensor. For
example, it is assumed that as setting data, a threshold value
of the acceleration data indicating an abnormal vibration of
the driving unit is stored in the setting memory 25. In the
step S15 of the first abnormality detection processing, the
state judgment processor 14B may judge whether or not the
wavelength-specific (R, G, or B) light amount data acquired
in the step S14 is within the range of the R, G, or B setting
data, by use of the setting data of the acceleration for the
abnormal vibration of the driving unit which is read in the
step S12, may judge whether or not the acceleration data
acquired in the step S14 is in excess of the threshold value,
by use of the setting data of the acceleration for the impact
detection, and may judge whether or not the acceleration
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data for the abnormal vibration of the driving unit which is
acquired in the step S14 is in excess of the threshold value,
by use of the setting data of the acceleration for the abnormal
vibration of the driving unit. In response to the judgments,
the state judgment processor may judge whether or not the
impact and the abnormal vibration are detected. According
to this configuration, the impact can be detected in real time,
the abnormal vibration of the driving unit can be detected,
and reliability of the detection during the abnormality can
further improve.

[0158] Furthermore, in each embodiment described above,
for the detection of the impact and the heating abnormality,
the color sensor or the imaging element monitors both the
impact detection element and the heat detection element,
and the state judgment processor judges the abnormality, but
the present invention is not limited to this configuration. For
example, in each embodiment described above, for the
detection of the impact and the abnormality, the color sensor
or the imaging element may monitor the impact detection
element and the state judgment processor may judge the
abnormality.

[0159] Additionally, in each embodiment described above,
the setting data for the abnormality judgment or the like is
stored in the setting memory 25 or 44 in the ultrasonic probe,
but the present invention is not limited to this configuration.
In the above respective embodiments, the ultrasonic diag-
nosis device main body may include the setting memory. It
is explained that a plurality of pieces of setting data corre-
sponding to the identification information including a plu-
rality of ultrasonic probe types are stored in the setting
memory. Furthermore, it is explained that the connector of
the ultrasonic probe includes a memory in which the iden-
tification information of the ultrasonic probe is stored. The
state judgment processor reads, from the memory, the iden-
tification information of the ultrasonic probe connected to
the ultrasonic diagnosis device main body, reads the setting
data corresponding to the identification information, and
uses the data in the abnormality detection or the like.

[0160] Furthermore, detailed configurations and detailed
operations of the respective components constituting the
ultrasonic diagnosis devices 100, 100A, 100B, 100C and
100D in the above described embodiments can be suitably
changed without departing from the gist of the present
invention.

[0161] Although embodiments of the present invention
have been described and illustrated in detail, the disclosed
embodiments are made for purposes of illustration and
example only and not limitation. The scope of the present
invention should be interpreted by terms of appended
claims.

[0162] The entire disclosure of Japanese Patent Applica-

tion No. 2018-099251, filed on 24th of May, 2018, is
incorporated herein by reference in its entirety.

What is claimed is:

1. An ultrasonic probe which transmits and receives an
ultrasonic wave, comprising:

a vibrator which transmits the ultrasonic wave in response
to a transmission signal, and generates a reception
signal of the reflected ultrasonic wave;

at least one abnormality detector which is provided in the
ultrasonic probe, and detects an abnormality and indi-
cates the abnormality in color; and
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a state monitor which is provided in the ultrasonic probe,
and monitors a state of the abnormality detector by the
color, and outputs monitoring information.

2. The ultrasonic probe according to claim 1, wherein the
abnormality detector has an impact detection element which
diffuses colored ink so that the colored ink is to be moni-
tored, in response to an impact.

3. The ultrasonic probe according to claim 1, wherein the
state monitor has a color sensor which monitors the abnor-
mality detector and outputs wavelength-specific light
amount data as the monitoring information.

4. The ultrasonic probe according to claim 1, wherein the
abnormality detector has a heat detection element which
changes in color in response to a surface temperature based
on heat.

5. The ultrasonic probe according to claim 1, wherein the
abnormality detector has an irreversible abnormality detec-
tor which keeps a detected state upon detecting the abnor-
mality.

6. The ultrasonic probe according to claim 1, wherein the
state monitor simultaneously monitors a plurality of the
abnormality detectors.

7. The ultrasonic probe according to claim 6, wherein the
plurality of abnormality detectors indicate the detection of
the abnormality in mutually different colors.

8. The ultrasonic probe according to claim 1, wherein the
state monitor has an imaging element which images the
abnormality detector and outputs image data as the moni-
toring information.

9. The ultrasonic probe according to claim 1, comprising
a driving unit which drives the vibrator and transmits the
driving, wherein

the driving unit shows a different color in response to a
driving state, and

the state monitor monitors the abnormality detector and
the driving unit, and outputs the monitoring informa-
tion.

10. The ultrasonic probe according to claim 1, compris-

ing:

a head section having the vibrator;

a cable connected to the head section; and

a connector connected to the cable and connected to a side
of a main body of an ultrasonic diagnosis device,
wherein each of the head section and the connector has
the abnormality detector and the state monitor.

11. The ultrasonic probe according to claim 1, comprising
an acceleration detector which detects an acceleration of the
ultrasonic probe.

12. The ultrasonic probe according to claim 1, comprising
a first storage which stores threshold information which
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corresponds to identification information of the ultrasonic
probe, and is for use in judgment of the abnormality from the
monitoring information.

13. An ultrasonic diagnosis device comprising:

the ultrasonic probe according to claim 1;

a transceiver which inputs the transmission signal into the

vibrator. and acquires the reception signal; and

a hardware processor which forms ultrasonic image data

from the input reception signal, judges the abnormality
of the ultrasonic probe from the output monitoring
information, and stops an operation of the ultrasonic
probe when the abnormality is judged.

14. An ultrasonic diagnosis device comprising:

the ultrasonic probe according to claim 12;

a transceiver which inputs the transmission signal into the

vibrator, and acquires the reception signal; and

a hardware processor which forms ultrasonic image data

from the input reception signal, judges the abnormality
of the ultrasonic probe from the threshold information
stored in the first storage and the output monitoring
information, and stops an operation of the ultrasonic
probe, when the abnormality is judged.

15. The ultrasonic diagnosis device according to claim 13,
wherein the hardware processor stops transmission and
reception of a signal from and to the ultrasonic probe, and
power supply to the ultrasonic probe, when the abnormality
is judged.

16. The ultrasonic diagnosis device according to claim 13,
wherein the ultrasonic probe comprises a second storage,
and

the hardware processor stores, in the second storage,

abnormality information including monitoring infor-
mation corresponding to the abnormality, when the
abnormality is judged.

17. The ultrasonic diagnosis device according to claim 13,
wherein the hardware processor displays, in a display,
abnormality information indicating the abnormality, when
the abnormality is judged.

18. The ultrasonic diagnosis device according to claim 13,
wherein the hardware processor and the state monitor are
connected via a network.

19. The ultrasonic diagnosis device according to claim 13,
wherein the hardware processor automatically judges the
abnormality of the ultrasonic probe from the output moni-
toring information, when the ultrasonic probe is connected
to the hardware processor.

20. The ultrasonic diagnosis device according to claim 13,
wherein the ultrasonic probe comprises the hardware pro-
cessor which performs the judgment.
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