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ULTRASONIC PROBE AND ULTRASOUND
DIAGNOSTIC APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2012-
056120, filed on Mar. 13, 2012; and Japanese Patent Appli-
cation No. 2013-029116, filed on Feb. 18, 2013, the entire
contents of all of which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasonic probe and an ultrasound diagnostic apparatus.

BACKGROUND

[0003] An ultrasound diagnostic apparatus radiates an
ultrasonic pulse generated from an oscillating element
installed on an ultrasonic probe into the body of a subject and
receives an ultrasonic reflected wave caused by a difference
between acoustic impedances of body tissues of the subject
through the oscillating element, thereby collecting biological
information. The ultrasound diagnostic apparatus is widely
used for shape diagnostic and functional diagnostic of various
organs, for example, because the ultrasound diagnostic appa-
ratus enables real-time display of ultrasonic image data with
simple operation such as touching with the ultrasonic probe.
[0004] Some ultrasound diagnostic apparatuses can be
installed with a plurality of ultrasonic probes, which can be
appropriately exchanged for use in accordance with diagnos-
tic purposes such as the region to be tested and the conditions
of the subject. The ultrasonic probes are detachably attached
to the body of the ultrasound diagnostic apparatus through a
connector. For example, three types of ultrasonic probes can
be connected to the body of the ultrasound diagnostic appa-
ratus through connectors and switch operation can be per-
formed at the body side of the ultrasound diagnostic appara-
tus, enabling selective use of any of the ultrasonic probes.
With the conventional technology, however, there have been
some cases where diagnostic efficiency is lowered when a
plurality of ultrasonic probes are switched over for use in
diagnosis.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] FIG.1is a diagram illustrating the overall structure
of an ultrasound diagnostic apparatus according to a first
embodiment;

[0006] FIG. 2 is a flowchart illustrating a conventional pro-
cedure of diagnosis using an ultrasound diagnostic apparatus;
[0007] FIG. 3 is a diagram illustrating an example of the
structure of an ultrasonic probe according to the first embodi-
ment;

[0008] FIG. 4 is a diagram illustrating light emission per-
formed by a light emitting unit according to the first embodi-
ment;

[0009] FIG. 5 is a diagram illustrating an example of the
structure of a probe interface unit according to the first
embodiment;

[0010] FIG. 6 is a flowchart illustrating the procedure of
processing performed by the ultrasound diagnostic apparatus
according to the first embodiment;
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[0011] FIG. 7 is a flowchart illustrating the procedure of
diagnosis using the ultrasound diagnostic apparatus accord-
ing to the first embodiment;

[0012] FIG. 8 is a diagram illustrating light emission per-
formed by a light emitting unit according to a second embodi-
ment;

[0013] FIG. 9 is a flowchart illustrating the procedure of
processing performed by an ultrasound diagnostic apparatus
according to the second embodiment;

[0014] FIG. 10 is a diagram illustrating an example of the
structure of an ultrasonic probe according to a third embodi-
ment;

[0015] FIG. 11 is a diagram illustrating an example of the
structure of a probe interface unit according to the third
embodiment;

[0016] FIG.12A is adiagram illustrating an example of the
structure of the ultrasonic probe according to the third
embodiment; and

[0017] FIG. 12B is a diagram illustrating another example
of the structure of the ultrasonic probe according to the third
embodiment.

DETAILED DESCRIPTION

First Embodiment

[0018] According to an embodiment, an ultrasonic probe
having a piezoelectric vibrator transmitting and receiving
ultrasonic waves under control of an apparatus body, the
ultrasonic probe comprising a receiving unit and a light emit-
ting unit. The receiving unit configured to receive input
operation related to transmission and reception of ultrasonic
waves performed by the piezoelectric vibrator. The light emit-
ting unit configured to emit light in a first light emission state
when connected to the apparatus body and emit light in a
second light emission state when the receiving unit receives
input operation in a state that the light emitting unit is con-
nected to the apparatus body.

[0019] Firstly, the overall structure of an ultrasound diag-
nostic apparatus according to a first embodiment is described
below with reference to FIG. 1. FIG. 1 is a diagram illustrat-
ing the overall structure of this ultrasound diagnostic appara-
tus 1 according to the first embodiment. As illustrated in FIG.
1, the ultrasound diagnostic apparatus 1 according to the first
embodiment includes ultrasonic probes 201 to 203, an input
device 300, a monitor 400, and an apparatus body 100.
[0020] The ultrasonic probes 201 to 203 include a plurality
of piezoelectric vibrators. The piezoelectric vibrators gener-
ate ultrasonic waves based on drive signals supplied from a
transmitter-receiver unit 120 included in the apparatus body
100 described later. The piezoelectric vibrators receive
reflected waves from a subject P and convert the reflected
waves thus received into electrical signals. Furthermore, the
ultrasonic probes 201 to 203 include matching layers pro-
vided to the piezoelectric vibrators and backing materials
preventing ultrasonic waves from traveling behind the piezo-
electric vibrators, for example.

[0021] When ultrasonic waves are transmitted from the
ultrasonic probe 201 to the subject P, for example, the ultra-
sonic waves thus transmitted are continuously reflected on the
planes of discontinuity of the acoustic impedances in body
tissues of the subject P and then received by the piezoelectric
vibrators included in the ultrasonic probe 201 as reflected
wave signals. The amplitudes of the reflected wave signals
thus received depend on the differences between the acoustic
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impedances on the plane of discontinuity on which the ultra-
sonic waves are reflected. When the ultrasonic pulse trans-
mitted is reflected on a moving blood flow or the surface of a
cardiac wall, for example, the reflected wave signal under-
goes a frequency shift depending on the velocity component
in the ultrasound transmission direction of the moving body
because of the Doppler effect. Similarly, the ultrasonic probes
202 and 203 also transmit ultrasonic waves and receive
reflected waves.

[0022] Each of the ultrasonic probes 201 to 203 is of a
different type such as a sector type, a linear type, or a convex
type. In accordance with a diagnostic purpose, a suitable
ultrasonic probe is selectively used. When used, an ultrasonic
probe is changed from a non-active state, which is a waiting
state, to an active state, in which ultrasonic waves can be
transmitted and reflected waves can be received. The ultra-
sonic probes 201 to 203 according to the embodiment are
configured to improve diagnostic efficiency in the switching
described above. Details of the configuration are described
below.

[0023] In the present embodiment, the ultrasonic probes
may be one-dimensional ultrasonic probes with a plurality of
piezoelectric vibrators installed in line. The ultrasonic probes
may be ultrasonic probes in which the piezoelectric vibrators
of the one-dimensional ultrasonic probe are mechanically
vibrated, or two-dimensional ultrasonic probes with a plural-
ity of piezoelectric vibrators installed two-dimensionally in a
reticular pattern.

[0024] Although only three ultrasonic probes are illustrated
in FIG. 1, the embodiment should not be limited thereto, and
any number of ultrasonic probes may be provided. For
example, four or more ultrasonic probes may be provided.
[0025] The input device 300 includes a trackball, a switch,
buttons, and an operation panel. The input device 300
receives various setting requests from the operator of the
ultrasound diagnostic apparatus 1 and transmits the setting
requests thus received to the apparatus body 100.

[0026] The monitor 400 displays a graphical user interface
(GUI) through which the operator of the ultrasound diagnos-
tic apparatus 1 inputs various setting requests using the input
device 300 and displays ultrasonic images generated by the
apparatus body 100, for example.

[0027] The apparatus body 100 generates an ultrasonic
image based on reflected waves received by the ultrasonic
probes 201 to 203. As illustrated in FIG. 1, the apparatus body
100 includes a probe interface unit 110, the transmitter-re-
ceiver unit 120, a B-mode processing unit 130, a Doppler
processing unit 140, an image generating unit 150, an image
memory 160, a system controller 170, and an internal storage
unit 180.

[0028] The probe interface unit 110 includes a connector to
which each of the ultrasonic probes 201 to 203 is connected.
The connector connects each of the ultrasonic probes 201 to
203 to the apparatus body 100. The probe interface unit 110
performs processing related to the switching of the ultrasonic
probes 201 to 203. The processing related to the switching
will be described later.

[0029] The transmitter-receiver unit 120 includes a trigger
generation circuit, a delay circuit, and a pulsar circuit, and
supplies drive signals to the ultrasonic probes 201 to 203. The
pulsar circuit repeatedly generates a rate pulse for forming a
transmission ultrasonic wave at a predefined rate frequency.
The delay circuit provides each rate pulse generated by the
pulsar circuit with a delay time for each piezoelectric vibrator.
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The delay time is required to converge ultrasonic waves gen-
erated by the ultrasonic probes 201 to 203 into a beam to
determine transmission directionality. The trigger generation
circuit applies a drive signal (drive pulse) to each of the
ultrasonic probes 201 to 203 at the timing based on the rate
pulse. In other words, the delay circuit adjusts the transmis-
sion direction from the surface of the piezoelectric vibrators
as required by changing the delay time provided to each rate
pulse.

[0030] The transmitter-receiver unit 120 includes an ampli-
fier circuit, an analog/digital (A/D) converter, and an adder,
and generates reflected wave data through various processing
on reflected wave signals received by the ultrasonic probes
201 to 203. The amplifier circuit amplifies the reflected wave
signal for each channel to perform gain correction processing.
The A/D converter A/D-converts the reflected wave signal
thus gain-corrected and provides a delay time required to
determine reception directionality. The adder performs addi-
tion processing on the reflected wave signal processed by the
A/D converter to generate reflected wave data. The addition
processing performed by the adder enhances reflection com-
ponents along the direction in accordance with the reception
directionality of the reflected wave signal.

[0031] As described above, the transmitter-receiver unit
120 controls transmission and reception directionalities in the
transmission and reception of the ultrasonic wave, respec-
tively. The transmitter-receiver unit 120 has a function of
instantaneously changing delay information, transmission
frequency, transmission drive voltage, the number of aperture
elements, and the like under the control of the system con-
troller 170 described later. In particular, the transmission
drive voltage is changed by a linear amplifier oscillation
circuit capable of instantaneously changing values or a
mechanism that electrically switches a plurality of power
source units. The transmitter-receiver unit 120 is also capable
of transmitting and receiving a different waveform for each
frame or rate.

[0032] The B-mode processing unit 130 receives reflected
wave data, which is a processed reflected wave signal that has
gone through the gain correction processing, A/D conversion
processing, and the addition processing, from the transmitter-
receiver unit 120. The B-mode processing unit 130 then per-
forms logarithmic amplification, envelope demodulation, and
the like to generate data in which the intensity of a signal is
represented by the brightness of its luminance (B-mode data).

[0033] The Doppler processing unit 140 performs fre-
quency analysis of velocity information from the reflected
wave data received from the transmitter-receiver unit 120 and
extracts blood flow component, tissue component, and con-
trast agent echo component that are affected by the Doppler
effect, thereby generating data extracted at multiple points
from moving body information, such as average velocity,
variance, and power (Doppler data).

[0034] The image generating unit 150 generates an ultra-
sonic image from the B-mode data generated by the B-mode
processing unit 130 and the Doppler data generated by the
Doppler processing unit 140. Specifically, the image gener-
ating unit 150 generates an ultrasonic image for display
(B-mode image and Doppler image) from the B-mode data
and the Doppler data through conversion (scan-conversion)
of a scan line signal array resulting from ultrasonic scanning
into a scan line signal array in a video format represented by
television.
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[0035] The image memory 160 stores therein image data
such as a contrast image and a tissue image generated by the
image generating unit 150. The image memory 160 also
stores therein results of the processing performed by the
system controller 170 described later. The image memory 160
also stores therein an output signal (radio frequency (RF)) and
a luminance signal of an image that have just passed through
the transmitter-receiver unit 120, various raw data, image data
acquired via a network, and the like as necessary. The data
format of the image data stored in the image memory 160 may
be a data format after video format conversion and displayed
on the monitor 400 under the control of the system controller
170 described later, or may be a data format before coordinate
conversion that is raw data generated by the B-mode process-
ing unit 130 and the Doppler processing unit 140.

[0036] The system controller 170 controls the overall pro-
cessing performed by the ultrasound diagnostic apparatus 1.
Specifically, the system controller 170 controls processing
performed by the probe interface unit 110, the transmitter-
receiver unit 120, the B-mode processing unit 130, the Dop-
pler processing unit 140, and the image generating unit 150
based on various setting requests received from the operator
through the input device 300 and various control programs
and setting information read from the internal storage unit
180. The system controller 170 also controls the monitor 400
to display an ultrasonic image stored in the image memory
160. For example, the system controller 170 calculates con-
trol data for a case of using an ultrasonic probe switched to the
active state based on characteristics information for each
probe stored in the internal storage unit 180 described later.
Thereafter, the system controller 170 sets the control data thus
calculated to the probe interface unit 110, the transmitter-
receiver unit 120, the B-mode processing unit 130, the Dop-
pler processing unit 140, and the image generating unit 150.
[0037] The internal storage unit 180 stores therein various
data such as control programs for performing transmission
and reception of ultrasonic waves, image processing, and
display processing; diagnostic information (subjects’ IDs and
doctors’ opinions, for example); and a diagnostic protocol.
The internal storage unit 180 is also used for storing therein
images stored in the image memory 160 as necessary. Fur-
thermore, the internal storage unit 180 stores therein the
characteristics information for each ultrasonic probe used by
the system controller 170. For example, the internal storage
unit 180 stores therein, for example, characteristics informa-
tion on an identifier for identifying an ultrasonic probe (a
model name, for example) associated with transmission and
reception characteristics of ultrasonic waves.

[0038] The overall structure of the ultrasound diagnostic
apparatus according to the first embodiment has been
described above. Based on such a structure, the ultrasound
diagnostic apparatus 1 according to the first embodiment is
configured to improve diagnostic efficiency when a plurality
of ultrasonic probes are switched for use in diagnosis through
the operation of the ultrasonic probes 201 to 203 and the
probe interface unit 110, which will be described in detail
later.

[0039] Conventional switching of ultrasonic probes will be
described here. FIG. 2 is a flowchart illustrating a conven-
tional procedure of diagnosis using an ultrasound diagnostic
apparatus. Conventionally, when an operator starts diagnosis
(Step S101), the operator operates an operation panel to open
aprobe switching menu (Step S102) and checks if the desired
ultrasonic probe is connected (Step S103) as illustrated in
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FIG. 2. The probe switching menu is a screen for switching
ultrasonic probes displayed on a predefined display unit (a
touch command screen included in the operation panel, for
example).

[0040] Specifically, the operator checks if the desired ultra-
sonic probe is included in a list of probes displayed on the
probe switching menu. When the desired ultrasonic probe is
not connected (not included in the list of probes) (No at Step
S103), the operator connects the desired ultrasonic probe to
the probe interface unit (Step S104) and selects the desired
ultrasonic probe on the operation panel (Step S105).

[0041] When the desired ultrasonic probe is connected (in-
cluded in the list of probes) (Yes at Step S103), the operator
selects the desired probe on the operation panel (Step S105).
The list of probes is information indicating a list of ultrasonic
probes connected to the probe interface unit 110.

[0042] Thereafter, the operator holds the desired ultrasonic
probe in hand (Step S106) and resumes the diagnosis (Step
S107). Then, the diagnosis is completed (Step S108). As
described above, to switch ultrasonic probes with the conven-
tional technology, the operator operates the operation panel to
display the probe switching menu and check connection of an
ultrasonic probe to select the ultrasonic probe.

[0043] Thus, each time a plurality of ultrasonic probes are
switched over for use in diagnosis with the conventional
technology, the operator has to operate the operation panel,
lowering the diagnostic efficiency. To solve this problem, the
ultrasound diagnostic apparatus 1 according to the first
embodiment is configured to improve diagnostic efficiency
when a plurality of ultrasonic probes are switched over for use
in diagnosis.

[0044] The ultrasonic probes 201 to 203 and the probe
interface unit 110 according to the first embodiment are
described below with reference to FIG. 3. FIG. 3 is a diagram
illustrating an example of the structure of the ultrasonic probe
201 according to the first embodiment. Although FIG. 3
exemplifies the ultrasonic probe 201, the ultrasonic probes
202 and 203 have the same structure.

[0045] As illustrated in FIG. 3, the ultrasonic probe 201
according to the first embodiment includes a press-down
button 201a, a light emitting unit 2015, and a model name
201c. The press-down button 2014 receives input operation
related to transmission and reception of ultrasonic waves
performed by the piezoelectric vibrators. For example, the
press-down button 201a receives press-down operation to
switch the ultrasonic probe 201 to the active state when the
operator performs diagnosis using the ultrasonic probe 201.
[0046] To cite an example, the press-down button 201a is
pressed down by the operator with the ultrasonic probe 201
connected to the probe interface unit 110. The press-down
button 201a then transmits a press-down signal indicating
that the button is being pressed down to the probe interface
unit 110.

[0047] The light emitting unit 2015 emits light in a first
light emission state when connected to the apparatus body
100, and emits light in a second light emission state when the
input operation is received by the press-down button 201a,
while being connected to the apparatus body 100. Specifi-
cally, the light emitting unit 2015 emits light in a state that at
least one of the color of the light, lighting, blinking, the
intensity of the light is changed between the first light emis-
sion state and the second light emission state.

[0048] Forexample, the light emitting unit 2015 emits light
in a predefined color when connected to the apparatus body
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100 and emits light in a color different from the predefined
color when the input operation is received by the press-down
button 201a. To cite an example, the light emitting unit 2015
emits light in a predefined color based on a first light emission
signal received from the probe interface unit 110 when the
ultrasonic probe 201 is connected to the probe interface unit
110. The light emitting unit 2015 emits light in a color dif-
ferent from the predefined color based on a second light
emission signal transmitted from the probe interface unit 110
when the press-down button 2014 is pressed down.

[0049] FIG. 4 is a diagram illustrating light emission per-
formed by the light emitting unit 2015 according to the first
embodiment. For example, the light emitting unit 2015 isina
turned-off state, as illustrated in the left figure of FIG. 4, when
the ultrasonic probe 201 is not connected to the probe inter-
face unit 110. When the ultrasonic probe 201 is connected to
the probe interface unit 110, the probe interface unit 110 is
notified of the connection through a connector (not illus-
trated) of the ultrasonic probe.

[0050] When notified of the connection through the con-
nector of the ultrasonic probe 201, the probe interface unit
110 transmits the first light emission signal to the ultrasonic
probe 201 for causing the light emitting unit 2015 to emit
light. Upon receiving the first light emission signal from the
probe interface unit 110, the light emitting unit 2015 emits
light in a predefined color based on the first light emission
signal thus received as illustrated in the middle diagram in
FIG. 4.

[0051] Thereafter, when the press-down button 201a is
pressed down by the operator, a press-down signal is trans-
mitted from the press-down button 201a to the probe interface
unit 110. Upon receiving the press-down signal, the probe
interface unit 110 transmits the second light emission signal
to the ultrasonic probe 201. Upon receiving the second light
emission signal from the probe interface unit 110, the light
emitting unit 2015 emits light in a color different from the
predefined color (the color of the light emitting unit 2015 in
the middle figure in FIG. 4) based on the second light emis-
sion signal thus received as illustrated in the right figure in
FIG. 4.

[0052] Thelight emitting unit 2015 illustrated in FIG. 3 has
a front face made of a transparent plastic material, behind
which a light emitting diode (LED) or the like is embedded in
the ultrasonic probe 201. The colors generated by the first
light emission signal and the second light emission signal can
be set to any colors. The light emitted by the light emitting
unit 2015 may be emitted by a single LED or a plurality of
LEDs. Specifically, the color of the light emitted by the light
emitting unit 2015 may be changed by a single LED or
changed by a plurality of LEDs generating different colors
through lighting in accordance with the states.

[0053] The example above describes a case where the color
changes between the first light emission state and the second
light emission state. The embodiment is, however, not limited
thereto, but is also applicable to a case where a lighting state
changes to a blinking state or a blinking state changes to a
lighting state, instead of the color change between the first
light emission state and the second light emission state. Also
applicable is a case where the intensity of the light changes
between the first light emission state and the second light
emission state instead of the color change. Also, between the
first light emission state and the second light emission state,
the color of the light, lighting, blinking, or the intensity of the
light may change in any combination, for example.
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[0054] Thelightemitting unitis installed in a position at the
piezoelectric vibrator side relative to the press-down button.
For example, as illustrated in FIG. 3, the light emitting unit
2015 is disposed at the piezoelectric vibrator side relative to
the press-down button 201a on the ultrasonic probe 201, thus
preventing the light emitting unit being covered by the opera-
tor’s hand or fingers when the operator presses down the
press-down button.

[0055] Referring back to FIG. 3, the ultrasonic probe 201 is
provided with identification information for identifying the
ultrasonic probe. For example, the ultrasonic probe 201
includes the model name 201c as illustrated in FIG. 3. The
identification information (the model name 201¢, for
example) is irradiated with light emitted by the light emitting
unit 20154. To cite an example, the model name 201¢ indicates
the type of the ultrasonic probe 201 as illustrated in FIG. 3 and
is disposed on the front face of or near the light emitting unit
2015. For example, the model name 201¢ indicates if the
ultrasonic probe 201 is of a sector type, a linear type, or a
convex type. The model name 201c¢ also indicates character-
istics such as the median frequency of the ultrasonic probe
201, for example. The model name 201¢ also indicates if the
ultrasonic probe 201 is of a two-dimensional scanning type or
a three-dimensional scanning type, for example. The model
name 201c is printed on the plastic portion on the front face of
the light emitting unit 2015, for example, as illustrated in FIG.
3.

[0056] Next, the probe interface unit 110 will be described.
FIG. 5 is a diagram illustrating an example of the structure of
the probe interface unit 110 according to the first embodi-
ment. As illustrated in FIG. 5, the probe interface unit 110
includes a switching circuit 111 and a control circuit 112 and
is connected to the ultrasonic probes 201 to 203.

[0057] The switching circuit 111 switches ultrasonic
probes to be controlled by the transmitter-receiver unit 120
controlling the piezoelectric vibrators so as to transmit and
receive ultrasonic waves. Specifically, the switching circuit
111 switches, under the control of the control circuit 112, the
destination of a control signal for controlling the piezoelectric
vibrators transmitted by the transmitter-receiver unit 120 to
an ultrasonic probe for which the press-down button is
pressed down. For example, the switching circuit 111
switches the destination of the control signal transmitted by
the transmitter-receiver unit 120 to the ultrasonic probe 201.
[0058] The control circuit 112 controls the piezoelectric
vibrators of the ultrasonic probe to be controlled by the trans-
mitter-receiver unit 120 when the press-down button included
in the ultrasonic probe is pressed down while the ultrasonic
probe is connected to the probe interface unit 110. Specifi-
cally, the control circuit 112 receives a press-down signal
from the ultrasonic probe and controls the switching circuit
111 so that a control signal from the transmitter-receiver unit
120 is transmitted to the ultrasonic probe from which the
press-down signal thus received has been transmitted.
[0059] For example, upon receiving the press-down signal
from the press-down button 201a of the ultrasonic probe 201,
the control circuit 112 controls the switching circuit 111 to set
the destination of the control signal transmitted by the trans-
mitter-receiver unit 120 to the ultrasonic probe 201. Thereaf-
ter, the control circuit 112 transmits the identification infor-
mation (model name, for example) of the ultrasonic probe
201 from which the press-down signal has been transmitted,
to the system controller 170. Thus, the system controller 170
reads out characteristic information corresponding to the
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identification information thus received, calculates control
data, and configures the transmitter-receiver unit 120, the
B-mode processing unit 130, the Doppler processing unit
140, the image generating unit 150, and the like.

[0060] When the ultrasonic probe 201 is connected to the
probe interface unit 110, the control circuit 112 controls the
light emitting unit 2015 included in the ultrasonic probe 201
to emit light in the first light emission state. When input
operation is received by the press-down button 201a while the
ultrasonic probe 201 is connected to the probe interface unit
110, the control circuit 112 controls the light emitting unit
2015 to emit light in the second light emission state. For
example, the control circuit 112 controls the light emitting
unit 2015 included in the ultrasonic probe 201 to emit light in
a predefined color when the ultrasonic probe 201 is connected
to the probe interface unit 110. To cite an example, when
notified of the connection through the connector of the ultra-
sonic probe 201, the control circuit 112 controls the light
emitting unit 2015 of the ultrasonic probe to emit light in a
predefined color by transmitting the first light emission signal
to the light emitting unit 2015. For example, when notified of
the connection through the connector of the ultrasonic probe
201, the control circuit 112 transmits the first light emission
signal to the light emitting unit 2015.

[0061] Thereafter, the control circuit 112 controls the light
emitting unit to emit light in a color different from the pre-
defined color when the press-down button is pressed down
while the ultrasonic probe is connected to the probe interface
unit 110. Specifically, upon receiving a pressed-down signal,
the control circuit 112 transmits the second light emission
signal, to the light emitting unit of the ultrasonic probe from
which the pressed-down signal has been transmitted, for con-
trolling the light emitting unit to emit light in a different color
from that caused by the first light emission signal. For
example, upon receiving the press-down signal from the
press-down button 201ae with the ultrasonic probe 201 con-
nected to the probe interface unit 110, the control circuit 112
transmits the second light emission signal to the light emitting
unit 2015. The switching control of the light emission signal
described above may be controlled directly by the control
circuit 112 or by the control circuit 112 under the control of
the system controller 170. The example above describes a
case where the control circuit 112 changes the color of the
light emitting unit between the first emission state and the
second emission state. The control circuit 112 can also con-
trol the light emission state when controlling lighting, blink-
ing, and the intensity of the light in the same way as in the
above-described example. Specifically, the control circuit
112 transmits the light emission signal, to the light emitting
unit, for controlling the light emitting unit to emit light in each
light emission state.

[0062] Next, described will be the procedure of processing
performed by the ultrasound diagnostic apparatus 1 accord-
ing to the first embodiment. FIG. 6 is a flowchart illustrating
the procedure of processing performed by the ultrasound
diagnostic apparatus 1 according to the first embodiment.
FIG. 6 illustrates a case where the colors of the light are
changed between the first light emission state and the second
light emission state. In the ultrasound diagnostic apparatus 1
according to the first embodiment, when the ultrasonic probe
is connected to the probe interface unit 110 (Yes at Step
S201), the control circuit 112 transmits the first light emission
signal to the ultrasonic probe that has been notified of the
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connection, and controls the light emitting unit of the ultra-
sonic probe to emit light in a predefined color (Step S202) as
illustrated in FIG. 6.

[0063] Thereafter, when the press-down button of the ultra-
sonic probe connected to the probe interface unit 110 is
pressed down (Yes at Step S203), the control circuit 112
receives the press-down signal and controls the switching
circuit to change the destination of the control signal trans-
mitted by the transmitter-receiver unit 120 to the ultrasonic
probe from which the press-down signal has been transmit-
ted, while transmitting the second light emission signal to the
ultrasonic probe to change the color of the light emitting unit
(Step S204).

[0064] Then, the ultrasound diagnostic apparatus 1 accord-
ing to the first embodiment ends the procedures following a
diagnosis ending operation performed by the operator. The
ultrasound diagnostic apparatus 1 according to the first
embodiment is in a waiting state until the ultrasonic probe is
connected (No at Step S201). The ultrasound diagnostic
apparatus 1 according to the first embodiment is also in a
waiting state until the press-down button is pressed down (No
at Step S203).

[0065] Next, described will be the procedure of switching
of ultrasonic probes performed by the ultrasound diagnostic
apparatus 1 according to the first embodiment. FIG. 7 is a
flowchart illustrating the procedure of diagnosis using the
ultrasound diagnostic apparatus 1 according to the first
embodiment. In the ultrasound diagnostic apparatus 1
according to the first embodiment, when the operator starts
diagnosis (Step S301), the operator checks if the desired
ultrasonic probe is connected (Step S302) as illustrated in
FIG. 7.

[0066] Specifically, the operator checks if the light emitting
unit of the desired ultrasonic probe is turned on. When the
desired ultrasonic probe is not connected (the light emitting
unit is turned off) (No at Step S302), the operator connects the
desired ultrasonic probe to the probe interface unit 110 (Step
S303).

[0067] Thereafter, the operator holds the desired ultrasonic
probe in hand and changes the state thereof to the active state
(Step S304) and resumes the diagnosis (Step S305). Specifi-
cally, the operator presses down the press-down button of the
desired ultrasonic probe to resume the diagnosis.

[0068] When the desired ultrasonic probe is connected (the
light emitting unit is turned on) (Yes at Step S302), the opera-
tor holds the desired ultrasonic probe in hand and changes the
state thereof to the active state (Step S304), resuming the
diagnosis (Step S305). Then, the diagnosis is completed (Step
S306).

[0069] As described above, the press-down button 201a
receives input operation for starting transmission and recep-
tion of ultrasonic waves performed by the piezoelectric vibra-
tors according to the first embodiment. The ultrasonic probe
201 according to the first embodiment can thus switch over
ultrasonic probes without operation on the operation panel,
thereby improving diagnostic efficiency when a plurality of
ultrasonic probes are switched over for use in diagnosis.
[0070] According to the first embodiment, the light emit-
ting unit emits light in the first light emission state when the
ultrasonic probe is connected to the probe interface unit 110,
and emits light in the second light emission state when the
input operation is received through the press-down button
while the ultrasonic probe is connected to the probe interface
unit 110. With The ultrasonic probe 201 according to the first
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embodiment, the state of an ultrasonic probe can thus be
checked by simply seeing the ultrasonic probe, thereby
improving diagnostic efficiency when a plurality of ultrasonic
probes are switched over for use in diagnosis.

[0071] According to the first embodiment, the light emit-
ting unit emits light in a state that at least one of the color of
the light, lighting, blinking, and the intensity of the light is
changed between the first light emission state and the second
light emission state. For example, the light emitting unit 2015
emits light in a predefined color when the light emitting unit
2015 is connected to the apparatus body and emits light in a
color different from the predefined color when input opera-
tion is received by the press-down button 201a. With the
ultrasonic probe 201 according to the first embodiment, the
connection state of the ultrasonic probe to the probe interface
unit 110 and the active state, for example, can thus be checked
in one glance without operation on the operation panel,
thereby improving diagnostic efficiency when a plurality of
ultrasonic probes are switched over for use in diagnosis.
[0072] According to the first embodiment, the light emit-
ting unit 2015 is installed in a position on the ultrasonic probe
201 at the piezoelectric vibrator side relative to the press-
down button 201a. The ultrasonic probe 201 according to the
first embodiment can thus prevent the light emitting unit 2015
from being covered by the operator’s hand or fingers when the
operator presses down the press-down button, allowing the
operator to constantly perform visual check of the light emit-
ting unit 2015.

[0073] According to the first embodiment, the model name
201c indicates the type of the ultrasonic probe and is disposed
on the front face of or near the light emitting unit 2015. With
the ultrasonic probe 201 according to the first embodiment,
the operator can thus identify the ultrasonic probe in one
glance while checking the connection state of the ultrasonic
probe and the active state, for example, thereby further
improving diagnostic efficiency when a plurality of ultrasonic
probes are switched over for use in diagnosis.

[0074] According to the first embodiment, the control cir-
cuit 112 controls the switching circuit 111, when the press-
down button included in the ultrasonic probe is pressed down
while the ultrasonic probe is connected to the probe interface
unit 110, so that the transmitter-receiver unit 120 controls the
piezoelectric vibrators of the ultrasonic probe. The ultrasound
diagnostic apparatus 1 according to the first embodiment thus
improves diagnostic efficiency when a plurality of ultrasonic
probes are switched over for use in diagnosis.

[0075] According to the first embodiment, the control cir-
cuit 112 controls the light emitting unit to emit light in the first
light emission state when the ultrasonic probe is connected to
the probe interface unit 110, and to emit light in the second
light emission state when input operation is received by the
press-down button while the ultrasonic probe is connected to
the probe interface unit 110. With the ultrasound diagnostic
apparatus 1 according to the first embodiment, the state of the
ultrasonic probe can thus be checked by simply seeing the
ultrasonic probe, improving diagnostic efficiency when a plu-
rality of ultrasonic probes are switched over for use in diag-
nosis.

[0076] For example, the control circuit 112 controls the
light emitting element included in the ultrasonic probe to emit
light in a predefined color when the ultrasonic probe is con-
nected to the probe interface unit 110, and controls the light
emitting element to emit light in a color different from the
predefined color when the press-down button is pressed down
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while the ultrasonic probe is connected to the probe interface
unit 110. With the ultrasound diagnostic apparatus 1 accord-
ing to the first embodiment, the operator can thus check the
state of the ultrasonic probe in one glance, thereby further
improving diagnostic efficiency when a plurality of ultrasonic
probes are switched over for use in diagnostic.

Second Embodiment

[0077] The first embodiment described above has
described a case where the light emitting unit emits light in a
first light emission state when the ultrasonic probe is con-
nected to the probe interface unit 110, and emits light in a
second light emission state when the press-down button is
pressed down while the ultrasonic probe is connected to the
probe interface unit 110. A second embodiment will describe
a case where the press-down button is pressed down again
while the light emitting unit emits light in the second light
emission state.

[0078] Although the ultrasonic probe 201 is described as an
example in the following, the ultrasonic probes 202 and 203
have the same structure. For example, when the operator
performs diagnosis using the ultrasonic probe 201, the press-
down button 201a receives press-down operation for chang-
ing the ultrasonic probe 201 from an active state to a freeze
state.

[0079] To cite an example, the press-down button 201« is
pressed down by the operator while the ultrasonic probe 201
is in the active state. The press-down button 201« then trans-
mits, to the probe interface unit 110, a press-down signal a
signal indicating that the button is pressed down.

[0080] The light emitting unit 2015 emits light in the light
emission state as the second light emission state changed each
time the press-down button 201a receives the input operation.
For example, the light emitting unit 2015 emits light in a color
different from the color indicating the active state. To cite an
example, when the ultrasonic probe 201 is connected to the
probe interface unit 110, the light emitting unit 2015 emits
light in a predetermined color based on the first light emission
signal received from the probe interface unit 110. The light
emitting unit 2015 emits light in a color different from the
predefined color based on the second light emission signal
transmitted from the probe interface unit 110 when the press-
down button 201a is pressed down. The light emitting unit
2015 emits light in another different color based on the third
light emission signal transmitted from the probe interface unit
110 when the press-down button 201a is pressed down.
[0081] FIG. 8 is a diagram illustrating light emission per-
formed by the light emitting unit 2015 according to the sec-
ond embodiment. The state of the ultrasonic probe 201 illus-
trated on the left in FIG. 8 is the same as in FIG. 4.
Specifically, when the ultrasonic probe 201 is not connected
to the probe interface unit 110, the light emitting unit 2015 is
in a turned-off state, as illustrated in the leftmost figure. When
the ultrasonic probe 201 is connected to the probe interface
unit 110, the light emitting unit 2015 receives the first light
emission signal from the probe interface unit 110 and emits
light in a predefined color based on the first light emission
signal thus received, as illustrated in the second leftimost
figure in FIG. 8.

[0082] Thereafter, when the press-down button 201a is
pressed down by the operator, the light emitting unit 2015
receives the second light emission signal from the probe
interface unit 110 and emits light in a different color from the
predefined color (the color of the light emitting unit 2015 in
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the second leftmost figure in FIG. 8) based on the second light
emission signal thus received, as illustrated in the second
rightmost figure in FIG. 8.

[0083] Furthermore, when the press-down button 201« is
pressed down again by the operator, a press-down signal is
transmitted from the press-down button 201a to the probe
interface unit 110. Upon receiving the press-down signal, the
probe interface unit 110 transmits the third light emission
signal to the ultrasonic probe 201. Upon receiving the third
light emission signal from the probe interface unit 110, the
light emitting unit 2015 emits light in a color different from
the predefined color (the color of the light emitting unit 2015
in the second rightmost figure in FIG. 8) based on the third
light emission signal thus received, as illustrated in the right-
most figure in FIG. 8.

[0084] Although the example above describes a case where
the color emitted by the light emitting unit 2015 changes, the
embodiment is not limited thereto. For example, lighting,
blinking, or the intensity of the light may change. The
example above also describes a case where, when the press-
down button is pressed down while the ultrasonic probe 201
is in the active state, the state changes to the freeze state. The
embodiment is, however, not limited thereto, but the mode,
for example, may change. Specifically, the designer or the
operator may set any function to be performed when the
press-down button 201a is pressed down while the ultrasonic
probe 201 is in the active state.

[0085] When the press-down button 201a is pressed down
again while the ultrasonic probe 201 is in the freeze state, the
freeze state may be lifted, or another function may be per-
formed. For example, when the freeze state is lifted, the light
emitting unit 2015 may switch back in the light emission state
in the active state (back in the state of the second rightmost
figure in FIG. 8, for example). For example, when another
function is performed, the light emitting unit 2015 changes to
another different light emission state. To cite an example, the
light emitting unit 2015 emits light in another different color
(emit light in a color different from the color of the light
emitting unit 2015 in the rightmost figure in FIG. 8, for
example). The control described above is controlled by light
emitting signals received from the control circuit 112
described above.

[0086] Next, described will be the procedure of the process-
ing performed by the ultrasound diagnostic apparatus 1
according to the second embodiment. FIG. 9 is a flowchart
illustrating the procedures of the processing performed by the
ultrasound diagnostic apparatus according to the second
embodiment. FIG. 9 illustrates a case where the color of the
light changes between the first light emission state and the
second light emission state. In the ultrasound diagnostic
apparatus 1 according to the second embodiment, when the
ultrasonic probe is connected to the probe interface unit 110
(Yes at Step S401), the control circuit 112 transmits the first
light emission signal to the ultrasonic probe notified of the
connection and controls the light emitting unit of the ultra-
sonic probe to emit light in a predefined color (Step S402) as
illustrated in FIG. 9.

[0087] Thereafter, when the press-down button of the ultra-
sonic probe connected to the probe interface unit 110 is
pressed down (Yes at Step S403), the control circuit 112
receives the press-down signal and controls the switching
circuit to change the destination of the control signal trans-
mitted by the transmitter-receiver unit 120 to the ultrasonic
probe that has transmitted the press-down signal and switches
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the ultrasonic probe to the active state, while transmitting the
second light emission signal to the ultrasonic probe to change
the color of the light emitting unit (Step S404).

[0088] When the press-down button of the ultrasonic probe
in the active state is pressed down (Yes at Step S405), the
control circuit 112 receives the press-down signal and trans-
mits a control signal to switch the ultrasonic probe into the
freeze state while transmitting the third light emission signal
to further change the color of the light emitting unit (Step
S406).

[0089] Then, the ultrasound diagnostic apparatus 1 accord-
ing to the second embodiment ends the processes following a
diagnosis ending operation performed by the operator. The
ultrasound diagnostic apparatus 1 according to the second
embodiment is in a waiting state until the ultrasonic probe is
connected (No at Step S401). The ultrasound diagnostic
apparatus 1 according to the second embodiment is also in a
waiting state until the press-down button is pressed down (No
at Step S403). The ultrasound diagnostic apparatus 1 accord-
ing to the second embodiment maintains the ultrasonic probe
in the active state until the press-down button is pressed down
(No at Step S405).

[0090] As described above, according to the second
embodiment, the light emitting unit 2015 emits light in the
light emission state as the second light emission state changed
each time the press-down button 2014 receives input opera-
tion while the light emitting unit 2015 is in the second light
emission state. With the ultrasonic probe 201 according to the
second embodiment, current statuses of various functions can
thus be checked in one glance.

Third Embodiment

[0091] While the first and second embodiments have been
described above, various forms other than the first and second
embodiments described above may be applicable.

[0092] The first and second embodiments described above
have described a case where the ultrasonic probe and the
apparatus body 100 are connected by a cable. The embodi-
ments are, however, not limited thereto, but the ultrasonic
probe and the apparatus body 100 may be connected through
radio communication, for example. In such a case, for
example, the ultrasonic probe and the apparatus body 100
each include a function part performing radio communication
through which control signals related to the connection
between the ultrasonic probe and the apparatus body 100,
control signals related to the transmission and reception of
ultrasonic waves, and the like are communicated. The follow-
ing description will mainly describe such a case.

[0093] FIG. 10 is a diagram illustrating an example of the
structure of an ultrasonic probe 201 according to a third
embodiment. FIG. 10 exemplifies the ultrasonic probe 201.
For example, the ultrasonic probe 201 according to the third
embodiment includes a communication unit 2014 in addition
to the press-down button 201aq, the light emitting unit 2015,
and the model name 201c¢ as illustrated in FIG. 10.

[0094] The communication unit 201d performs transmis-
sion and reception of a control signal with the apparatus body
100 through radio signals. Specifically, the communication
unit 2014 performs transmission and reception of, for
example, a control signal related to the connection with the
apparatus body 100 and a control signal related to transmis-
sion and reception of ultrasonic waves with a communication
unit included in the apparatus body 100.
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[0095] For example, the communication unit 2014 deter-
mines whether the communication unit 2014 is located within
the range of communication with the apparatus body 100 by
transmitting communication signals periodically. The com-
munication unit 2014 notifies the communication unit
included in the apparatus body 100 of the connection through
radio communication, when located in the range of commu-
nication with the apparatus body 100. When the press-down
button 201a is pressed down while the connection through
radio communication is established, the communication unit
2014 transmits a press-down signal generated by the press-
down button 2014 to the apparatus body 100.

[0096] The communication unit 201d receives a control
signal for controlling piezoelectric vibrators and a control
signal for controlling the light emitting unit 2015 to emit light
from the communication unit of the apparatus body 100.
[0097] FIG. 11 is a diagram illustrating an example of the
structure of a probe interface unit 110 according to the third
embodiment. As illustrated in FIG. 11, the probe interface
unit 110 according to the third embodiment includes a com-
munication unit 113 in addition to the switching circuit 111
and the control circuit 112.

[0098] The communication unit 113 performs transmission
and reception of a control signal with the ultrasonic probe
through radio signals. Specifically, the communication unit
113 transmits and receives, for example, a control signal
related to the connection with the ultrasonic probe and a
control signal related to transmission and reception of ultra-
sonic waves, with the communication unit 2014 included in
the ultrasonic probe.

[0099] For example, the communication unit 113 receives
periodical communication signals transmitted by the commu-
nication unit 2014 and transmits reply signals thereto to the
communication unit 201d. The communication unit 2014
determines, by receiving the reply signals, whether the com-
munication unit 2014 is located within the range of commu-
nication with the apparatus body 100. The communication
unit 113 then determines the connection through radio com-
munication with the ultrasonic probe 201 including the com-
munication unit 2014 by receiving information of the con-
nection through radio communication notified by the
communication unit 201d. Upon receiving a pressed-down
signal from the communication unit 2014, the communica-
tion unit 113 forwards the pressed-down signal thus received
to the control circuit 112. The communication unit 113 trans-
mits a control signal for controlling piezoelectric vibrators
and a control signal for controlling the light emitting unit
2015 to emit light to the communication unit 2014.

[0100] The following will describe an example of the pro-
cessing performed by an ultrasound diagnostic apparatus 1
according to the third embodiment. The following description
exemplifies a case of using the ultrasonic probe 201 with the
color of a light emitting unit changed. For example, with the
ultrasound diagnostic apparatus 1 transmitting and receiving
a control signal through radio communication, the operator
first brings the desired ultrasonic probe 201 into the range of
communication with the apparatus body 100 to establish con-
nection through radio communication.

[0101] The connection is thus established between the
communication unit 2014 and the communication unit 113,
enabling transmission and reception of the control signal.
This is the same state where the cable of the ultrasonic probe
is connected to the probe interface unit 110. The control
circuit 112 brings the light emitting unit 2015 in the first light
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emission state by transmitting the first light emission signal to
the ultrasonic probe 201 through the communication unit 113.
For example, the light emitting unit 2015 emits light in a
predefined color based on the first light emission signal.

[0102] Thereafter, when the press-down button 201a is
pressed down by the operator, the communication unit 2014
transmits the press-down signal to the communication unit
113. The communication unit 113 transmits a control signal
related to transmission and reception of ultrasonic waves
corresponding to the press-down signal (a control signal for
bringing the ultrasonic probe into the active state) and the
second light emission signal, to the communication unit
201d. The communication unit 2014 receives the control sig-
nal and the second light emission signal to bring the ultrasonic
probe 201 into the active state and forwards the second light
emission signal to the light emitting unit 2015 to bring the
light emitting unit 2015 into the second light emission state.
For example, the light emitting unit 2015 emits light in a color
different from the predefined color, based on the second light
emission signal.

[0103] When the press-down button 2014 is pressed down
by the operator, the communication unit 2014 transmits the
press-down signal to the communication unit 113. The com-
munication unit 113 transmits the control signal related to
transmission and reception of ultrasonic waves correspond-
ing to the press-down signal (the control signal for bringing
the ultrasonic probe 201 into the freeze state) and the third
light emission signal, to the communication unit 201d. The
communication unit 2014 receives the control signal and the
third light emission signal to bring the ultrasonic probe 201
into the freeze state and forwards the third light emission
signal to the light emitting unit 2015 to change the light
emission state of the light emitting unit 2015 to the second
light emission state. For example, the light emitting unit 20156
emits light in a color different from the color based on the
second light emission signal, based on the third light emission
signal.

[0104] Asdescribed above, in a similar manner to the wired
control, the control through radio communication can still
transmit and receive the control signal related to transmission
and reception of ultrasonic waves and the light emission
signal between the ultrasonic probe 201 and the apparatus
body 100, thereby consistently controlling the press-down
button 201a and the light emitting unit 2015 of the ultrasonic
probe 201.

[0105] During the radio communication described above,
when the ultrasonic probe is moved out of the range of com-
munication with the apparatus body, the operator is notified
that the ultrasonic probe is moved out of the range of com-
munication. For example, the communication unit 2014
determines that the ultrasonic probe 201 is moved out of the
range of communication with the apparatus body 100, noti-
fying the light emitting unit 2015 of the result of the determi-
nation. When notified that the ultrasonic probe 201 is moved
out of the range of communication with the apparatus body
100, the light emitting unit 2015 changes the current lighting
(or blinking) state of light emission to the turned-off state.
Specifically, when the ultrasonic probe 201 is moved out of
the range of communication, the light emitting unit 2015 is
turned off to notify the operator of that the ultrasonic probe
201 is moved out of the range of communication.

[0106] Although the example above describes a case where
the light emitting unit 2015 changes the light color, the
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embodiment is not limited thereto, but lighting, blinking, the
intensity of the light, or the like may be changed, for example.
[0107] The structure of the ultrasonic probe illustrated in
FIG. 10 is merely an example and the embodiment is not
limited thereto. For example, the ultrasonic probe 201 may be
provided with an additional switch for switching the power
source on and off. In such a case, the operator holds in hand
the ultrasonic probe 201 placed in a probe holder installed
near the apparatus body 100 of the ultrasound diagnostic
apparatus 1 and turns on the switch thereof to achieve con-
nection through radio communication by the communication
unit 2014d. This reduces power consumption compared to a
case where the communication unit 2014 periodically trans-
mits communication signals.

[0108] The first and second embodiments described above
have described a case where the ultrasonic probe 201 includes
the press-down button 201a, the light emitting unit 2015, and
the model name 201¢. The embodiments are, however, not
limited thereto, but are also applicable to cases where only the
press-down button 201a is included, where the press-down
button 201« and the light emitting unit 2015 are included, and
where the press-down button 2014 and the model name 201¢
are included.

[0109] The first and second embodiments described above
have described cases where a press-down button is used as a
receiving unit for receiving the switching operation of the
ultrasonic probes. The embodiments are, however, not lim-
ited thereto, but a switch may be used, for example.

[0110] The positions of the press-down button, the light
emitting unit, and the model name are not limited to the
positions illustrated in FIG. 3, but can be any positions. For
example, the positions may be on a side face of the ultrasonic
probe 201.

[0111] The first and second embodiments described above
have described cases where the model name is printed on the
front face of the light emitting unit 2014. The embodiments
are, however, not limited thereto, but the position of the model
name can be changed optionally. FIGS. 12A and 12B each are
a diagram illustrating an example of the structure of the
ultrasonic probe 201 according to the third embodiment. For
example, in the ultrasonic probe 201, the transparent plastic
material on the front face of the light emitting unit 2015 may
be formed with the model name 201c¢ so that the model name
201c emits light as illustrated in FIG. 12A.

[0112] The light emitted by the light emitting unit 2015
may be applied onto the model name 201¢ on the ultrasonic
probe 201, for example, as illustrated in FIG. 12B.

[0113] The first and second embodiments described above
have described cases where the model name of the ultrasonic
probe is used as identification information for identifying the
ultrasonic probe. The embodiments are, however, not limited
thereto, but an identifier (a probe ID, for example) assigned to
each ultrasonic probe may be used, for example.

[0114] With an ultrasonic probe according to at least one
embodiment described above, diagnostic efficiency can be
improved when a plurality of ultrasonic probes are switched
over for use in diagnosis.

[0115] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
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ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasonic probe having a piezoelectric vibrator
transmitting and receiving ultrasonic waves under control of
an apparatus body, the ultrasonic probe comprising:

a receiving unit configured to receive input operation
related to transmission and reception of ultrasonic waves
performed by the piezoelectric vibrator; and

a light emitting unit configured to emit light in a first light
emission state when connected to the apparatus body
and emit light in a second light emission state when the
receiving unit receives input operation in a state that the
light emitting unit is connected to the apparatus body.

2. The ultrasonic probe according to claim 1, wherein the
light emitting unit emits light in a state that at least one of the
color of the light, lighting, blinking, and the intensity of the
light is changed between the first light emission state and the
second light emission state.

3. The ultrasonic probe according to claim 1, wherein the
light emitting unit emits light while changing light emission
state as the second light emission state each time the receiving
unit receives input operation in a state that the light emitting
unit is in the second light emission state.

4. The ultrasonic probe according to claim 1, wherein the
light emitting unit is disposed in a position at the side of the
piezoelectric vibrator relative to the receiving unit on the
ultrasonic probe.

5. The ultrasonic probe according to claim 1, further com-
prising identification information for identifying the ultra-
sonic probe, wherein

the identification information is irradiated with light emit-

ted by the light emitting unit.

6. The ultrasonic probe according to claim 1, further com-
prising a communication unit performing transmission and
reception of a control signal with the apparatus body through
a radio signal, wherein

the communication unit transmits a radio signal corre-
sponding to input operation received by the receiving
unit to the apparatus body.

7. An ultrasound diagnostic apparatus comprising:
the ultrasonic probe according to any one of claims 1 to 6;

a connector for connecting the ultrasonic probe to the appa-
ratus body;

a transmitter-receiver unit configured to control transmis-
sion and reception of ultrasonic waves;

a controller configured to control the transmitter-receiver
unit to cause the ultrasonic probe to perform transmis-
sion and reception of ultrasonic waves when the receiv-
ing unit included in the ultrasonic probe receives input
operation related to transmission and reception of ultra-
sonic waves in a state that the ultrasonic probe is con-
nected to the apparatus body through the connector; and

a light emitting controller configured to control the light
emitting unit included in the ultrasonic probe to emit
light in the first light emission state when the ultrasonic
probe is connected to the apparatus body through the
connector and control the light emitting unit to emit light
in the second light emission state when the receiving unit
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receives input operation in a state that the ultrasonic
probe is connected to the apparatus body through the
connector.

Sep. 19, 2013
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