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(57) An ultrasonic diagnostic apparatus includes: a
plurality of vibration elements (1) that transmit and re-
ceive an ultrasonic beam; a plurality of transmission cir-
cuits (2) that are connected to the respective vibration
elements and output a transmission driving signal to be
used for driving the vibration elements; and a transmis-
sion power source (3) that supplies electric power to the
transmission circuits. The ultrasonic diagnostic appara-
tus further includes: a pulse detection unit (21) that de-
tects a transmission signal to be used for generating the
transmission driving signal; an electric power measure-
ment unit (20) that detects an amount of electric power
supplied to the transmission circuits as a whole; a distri-
bution calculation unit (24) that calculates an amount of
electric power distributed into each of the vibration ele-
ments based on outputs of the pulse detection unit and
the electric power measurement unit; and a power dis-
tribution derivation unit (22) that derives electric power
having been supplied to each of the plurality of vibration
elements based on an output of the distribution calcula-
tion unit, wherein the transmission driving signal is con-
trolled based on the power distribution derived in the pow-
er distribution derivation unit. With this configuration, it
is possible to provide a more compact and highly reliable
ultrasonic diagnostic apparatus capable of performing a

temperature monitoring that detects local heat genera-
tion of the vibration elements based on the actual trans-

ULTRASONIC DIAGNOSTIC APPARATUS

mission power by using a circuit with a reduced number
of components.
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Description
Technical Field

[0001] The present invention relates to an ultrasonic
diagnostic apparatus, and in particular relates to a tech-
nology for managing transmission powers of vibration
elements.

Background Art

[0002] Generally, an ultrasonic probe has an array vi-
bration element (vibration element group) composed of
aplurality of vibration elements. The ultrasonic probe out-
puts ultrasonic beams from the vibration element group
to perform electronic scanning. Examples of the electron-
ic scanning type include an electronic linear scanning
and an electronic sector scanning.

[0003] High-voltage transmission driving signals are
supplied to the vibration element group, which causes
ultrasound to be transmitted to each of the vibration el-
ements. The ultrasound transmitted from each of the vi-
bration elements is combined to form an ultrasonic beam.
A power loss in an electro-acoustic conversion in the vi-
bration element group is output as heat. In other words,
the vibration element group generates heat, which then
is conducted to each part of the ultrasonic probe. This
heat conduction also increases a surface temperature of
an acoustic lens. Since the ultrasonic probe comes into
direct contact with a living bodyj, it is very important to
manage the temperature of the vibration element group
or the ultrasonic probe in terms of safety for protecting a
living body from burns and the like (there are statutes,
safety standards, etc., for the temperature management
of the ultrasonic probe).

[0004] Here, in the electronic linear scanning, a tem-
perature distribution in the vibration element group along
the arrangement direction of the elements is considered.
For example, in a color flow mapping mode in which a
two-dimensional color flow image (color doppler mode
image) is overlaid and displayed on a two-dimensional
monochrome tomographic image (B-mode image), for
example, the transmission should be performed once for
the B-mode and ten times for the color doppler mode per
one beam address (the transmission condition varies de-
pending on modes). Moreover, in many cases, a vibration
element region where a color doppler mode image is
formed is set at a part of the vibration element group. In
this case, temperatures at respective locations in the vi-
bration element group are not the same, i.e., the temper-
ature at an area where the transmission for the color dop-
pler mode and the transmission for the B-mode are per-
formed together is increased further. Therefore, if the
temperature of the vibration element group is assumed
to be uniform without considering a mode or a region
where an ultrasonic image is formed, the temperature
will be misunderstood locally.

[0005] Among conventional ultrasonic diagnostic ap-
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paratuses, as a first ultrasonic diagnostic apparatus,
there is one that performs temperature management by
monitoring a voltage and a current of a commonly-used
transmission power source, i.e., monitoring the total
amount of electric power related to the transmission.
[0006] Further, as a second ultrasonic diagnostic ap-
paratus, atypeis proposed (for example, see Patent Doc-
ument 1) in which the temperature is obtained by a soft-
ware calculation considering transmission conditions.
[0007] Further, as a third ultrasonic diagnostic appa-
ratus, a type is proposed (for example, see Patent Doc-
ument 2) in which a plurality of transmission power de-
tection circuits are arranged at positions corresponding
tothe vibration element group so as to obtain temperature
based on the detection results. FIG. 5 is a block diagram
showing a partial configuration of the third ultrasonic di-
agnostic apparatus. The ultrasonic diagnostic apparatus
includes a plurality of vibration elements 1 (vibration el-
ement group 11) that transmit and receive ultrasound, a
plurality of transmission circuits 2 (transmission circuit
group 12) that input transmission driving signals to the
vibration elements 1, a transmission pulse generation
unit 4 that supplies transmission pulses to the transmis-
sion circuits 2, and a transmission power source 3 that
supplies electric power to the transmission circuits 2. The
ultrasonic diagnostic apparatus further includes electric
power detection units 40 that detect the amount of electric
power from transmission driving signals of the respective
transmission circuits 2, and a transmission monitoring
unit 23 that detects the temperature of the ultrasonic
probe from outputs of the electric power detection units
40.

Prior Art Documents
Patent Documents
[0008]

[Patent Document 1] JP 2003-70784A
[Patent Document 2] JP 2003-325508 A

Disclosure of Invention
Problem to be Solved by the Invention

[0009] However, in the conventional first ultrasonic di-
agnostic apparatus, since the entire vibration element
group is evaluated macroscopically, there is a problem
in that it is difficult to detect the above-described local
heat generation. Further, in such an ultrasonic diagnostic
apparatus, the power is limited uniformly at the time of
controlling the transmission power, which sometimes lim-
its the power excessively. This causes a problem in that,
while the heat generation can be suppressed, the quality
of ultrasound images is decreased due to the decrease
in the sensitivity of the ultrasonic signal (signal-to-noise
ratio).
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[0010] Further, in the conventional second ultrasonic
diagnostic apparatus, the voltage, the wave number and
the transmission interval of the transmission pulse are
adjusted finely for corresponding to various condition set-
tings such as resolution priority and sensitivity priority,
and the operation sequence is complex. Therefore, the
amount of calculation is enormous and the content of the
calculation is complex, which increases the possibility of
a design error and a bug in the system. Further, since
the influence by the heat generation is obtained by cal-
culation, the calculation result may not coincide with the
actual behavior of the apparatus. For example, when the
actual behavior of the apparatus is different from de-
signed transmission conditions owing to a bug in the sys-
tem or a failure of the apparatus, it is difficult to detect
the heat generation status.

[0011] Further, in the conventional third ultrasonic di-
agnostic apparatus, since the amount of electric power
to be supplied to each of hundreds of vibration elements
driven independently should be measured with sufficient
resolution, the occupied area of the circuit is enlarged,
which leads to inhibit the integration and the cost reduc-
tion. At the same time, the increased number of compo-
nents for the circuit increases the incidence of failure of
the entire apparatus, which may decrease the reliability.
[0012] The present invention solves the above-de-
scribed conventional problems, and its object is to pro-
vide a more compact and highly reliable ultrasonic diag-
nostic apparatus by performing a temperature monitoring
that is capable of detecting local heat generation of the
vibration element group based on the actual transmission
power and performing the temperature monitoring using
a circuit with a reduced number of components.

Means for Solving Problem

[0013] An ultrasonic diagnostic apparatus of the
present invention includes: a plurality of vibration ele-
ments that transmit and receive an ultrasonic beam; a
plurality of transmission circuits that are connected to the
respective vibration elements and output a transmission
driving signal to be used for driving the vibration ele-
ments; and a transmission power source that supplies
electric power to the transmission circuits. In order to
solve the above-described problems, the ultrasonic di-
agnostic apparatus further includes: a pulse detection
unit that detects a transmission signal to be used for gen-
erating the transmission driving signal; an electric power
measurement unit that detects an amount of electric pow-
er supplied to the transmission circuits as a whole; a dis-
tribution calculation unit that calculates an amount of
electric power distributed into each of the vibration ele-
ments based on outputs of the pulse detection unit and
the electric power measurement unit; and a power dis-
tribution derivation unit that derives electric power having
been supplied to each of the plurality of vibration ele-
ments based on an output of the distribution calculation
unit, wherein the transmission driving signal is controlled
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based on the power distribution derived in the power dis-
tribution derivation unit.

[0014] Further, the ultrasonic diagnostic apparatus of
the presentinvention can be configured further to include
a transmission pulse generation unit that generates a
transmission pulse to be input to each of the plurality of
transmission circuits; and a transmission control unit that
generates a control signal to be used for controlling the
transmission pulse generation unit based on the power
distribution, wherein the transmission signal is the trans-
mission pulse.

[0015] Further, the ultrasonic diagnostic apparatus of
the present invention can be configured to include a
transmission pulse generation unit that generates a
transmission pulse to be input to each of the plurality of
transmission circuits; and a transmission control unit that
generates a control signal to be used for controlling the
transmission pulse generation unit based on the power
distribution, wherein the transmission signal is the control
signal.

[0016] Further, it is possible to have a configuration in
which the pulse detection unit and the electric power
measurement unit perform detection and measurement,
respectively, per each ultrasonic beam to be transmitted.
[0017] Further, it is possible to have a configuration in
which the pulse detection unit detects a frequency of a
pulse output from the transmission pulse generation unit.
In this case, the output from the distribution calculation
unit is the power distribution, and the power distribution
derivation unit becomes unnecessary.

[0018] Further, it is possible to have a configuration in
which at least one of the pulse detection unit, the electric
power measurement unit and the distribution calculation
unit includes a connection selection unit capable of
switching processing per mode of each ultrasonic beam
to be transmitted.

[0019] Further, it is possible to have a configuration in
which the transmission power source is composed of a
plurality of power sources, and a plurality of the electric
power measurement units are provided in such a manner
as to correspond to the plurality of power sources.

Effect of the Invention

[0020] According tothe presentinvention, itis possible
to provide a compact and highly reliable ultrasonic diag-
nostic apparatus capable of performing a temperature
monitoring that detects local heat generation of a vibra-
tion element group based on the actual transmission
power by derivation of a power distribution, and perform-
ing the temperature monitoring using a circuit with a re-
duced number of components.

Brief Description of Drawings
[0021]

[FIG. 1] FIG. 1 is a block diagram of an ultrasonic
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diagnostic apparatus in Embodiment 1 of the present
invention.

[FIG. 2] FIG. 2 shows a relationship between an ul-
trasonic diagnostic image and power of a vibration
element group corresponding to the ultrasonic diag-
nostic image.

[FIG. 3] FIG. 3is a block diagram of an electric power
measurement unit of an ultrasonic diagnostic appa-
ratus in Embodiment 5 of the present invention.
[FIG. 4] FIG. 4 is a partial block diagram of an ultra-
sonic diagnostic apparatus in Embodiment 6 of the
present invention.

[FIG. 5] FIG. 5 is a block diagram of a conventional
ultrasonic diagnostic apparatus.

Description of Embodiments

[0022] Hereinafter, embodiments of the ultrasonic di-
agnostic apparatus of the present invention will be de-
scribed specifically with reference to the drawings.

(Embodiment 1)

[0023] FIG. 1is a block diagram showing a configura-
tion of an ultrasonic diagnostic apparatus according to
Embodiment 1 of the present invention. A vibration ele-
ment group 11 is provided in an ultrasonic probe (not
shown), and is composed of a plurality of vibration ele-
ments 1. The vibration elements 1 are driven by trans-
mission driving signals from corresponding transmission
circuits 2, and transmit ultrasound. The ultrasound trans-
mitted by the plurality of vibration elements 1 is over-
lapped to form an ultrasonic beam. By controlling the
transmission driving signal, a subject can be scanned by
the ultrasonicbeam. For example, by sequentially chang-
ing the vibration element to be driven among the plurality
of vibration elements 1, an electronic linear scanning can
be performed with respect to the subject.

[0024] Further, the vibration elements 1 receive ultra-
sound having been reflected from the subject. The ultra-
sonic signals received by the vibration elements 1 are
processed by a signal processing unit (not shown) so as
to be displayed on a display part as ultrasonic images or
the like.

[0025] A transmission circuit group 12 is composed of
a plurality of transmission circuits 2. The transmission
circuits 2 output transmission driving signals for driving
the corresponding vibration elements 1 (for example,
one-to-one correspondence) based on transmission
pulses from a transmission pulse generation unit 4 and
electric power supplied from a transmission power
source 3.

[0026] The transmission pulse generation unit 4 out-
puts transmission pulses having a predetermined delay
relationship with one another with respect to each of the
transmission circuits 2, based on a signal from a trans-
mission control unit 25. The transmission power source
3 supplies electric power to each of the plurality of trans-
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mission circuits 2. The transmission control unit 25 is
connected to an apparatus control unit for controlling
each unit based on an instruction in a diagnostic mode
or the like from an operator, and in particular, for supply-
ing a control signal for instructing the transmission pulse
generation unit 4 to switch the diagnostic mode, etc.
[0027] In the present embodiment, for monitoring the
temperature in the vibration elementgroup 11, an electric
power measurement unit 20 as well as a pulse detection
unit group 31 that is composed of pulse detection units
21 corresponding to the respective transmission circuits
2 are provided.

[0028] The pulse detection unit group 31 is composed
of a plurality of pulse detection units 21 that correspond
to the transmission circuits 2. The pulse detection units
21 are circuits that detect transmission pulses input from
the transmission pulse generation unit 4 to the corre-
sponding transmission circuits 2. Naturally, the type of
the transmission pulse can be selected arbitrarily for also
detecting other information as long as the information is
used for deriving the power distribution derivation. The
electric power measurement unit 20 is a circuit that meas-
ures an amount of electric power supplied from the trans-
mission power source 3 to the transmission circuit group
12. Specific processings of the pulse detection unit group
31 and the electric power measurement unit 20 will be
described in Embodiments 3 and 4.

[0029] A distribution calculation unit 24 is connected
with the electric power measurement unit 20 and the
pulse detection unit group 31 so as to receive an electric
power measurement result from the electric power meas-
urementunit 20 and a transmission pulse detection result
from the pulse detection unit group 31. Based on the
electric power measurement result and the transmission
pulse detection result, the distribution calculation unit 24
distributes values of the electric power measurement re-
sult into each of the vibration elements 1 in which trans-
mission pulses are detected. A power distribution deri-
vation unit 22 performs accumulation processing, etc.,
on the values of the electric power measurement result
distributed from the distribution calculation unit 24, there-
by deriving electric power (power distribution) per the vi-
bration element 1.

[0030] Based on the power distribution derived in the
power distribution derivation unit 22, for example, atrans-
mission monitoring unit 23 calculates an amount of heat
generated per the vibration element 1 for calculating a
surface temperature of the ultrasonic probe. When the
surface temperature of the ultrasonic probe exceeds a
predetermined judgment value, the transmission moni-
toring unit 23 outputs an alarm signal to the transmission
control unit25. Upon receiving the alarm signal, the trans-
mission control unit 25 performs a control so that the
amount of heat generation in the vibration elements 1 is
suppressed by reducing the electric power of the trans-
mission driving signal, for example.

[0031] FIG. 2 shows an ultrasonic image in which a
color doppler mode image is overlaid on a B-mode image
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and a view in which each of the arranged vibration ele-
ments 1 are associated with the amount of electric power
(power) supplied to the vibration element 1. In a color
flow mapping mode in which a color doppler mode image
is overlaid on a B-mode image, since vibration elements
for the color doppler mode image also serve as vibration
elements for the B-mode image, the power to be supplied
to each of the vibration elements 1 varies. In this color
flow mapping mode, a large amount of power is supplied
to the vibration elements 1 corresponding to a power
peak portion 50, which generates a large amount of heat.
[0032] In the ultrasonic diagnostic apparatus accord-
ing to the present embodiment, transmission pulses for
the B-mode image and transmission pulses for the color
doppler mode image are detected per the vibration ele-
ment. Therefore, even when the temperature rises local-
ly, it can be detected.

[0033] Further, since the power distribution is derived
based on the amount of electric power actually supplied
from the transmission power source 3 and the transmis-
sion pulses actually input to the transmission circuits 2,
the temperature status of the vibration element group 11
can be detected even when the actual behavior of the
apparatus is different from designed transmission con-
ditions owing to a bug in the system or a failure of the
apparatus.

[0034] Further, unlike electric power detection units 40
of a conventional ultrasonic diagnostic apparatus such
as that shown in FIG. 5 that measure the amount of elec-
tric power (physical quantity) supplied to the transmission
circuits 2, the pulse detection units 21 are configured to
detect a transmission pulse, which is a signal for provid-
ing timing. Therefore, for example, it is unnecessary to
provide circuits such as an A/D converter in the pulse
detection units 21, which makes it possible to downsize
the pulse detection unit group 31.

[0035] As described above, the ultrasonic diagnostic
apparatus according to the present embodimentincludes
the electric power measurement unit 20 that measures
electric power supplied from the transmission power
source 3, the pulse detection unit group 31 that detects
transmission pulses supplied to each of the transmission
circuits 2, the distribution calculation unit 24, the power
distribution derivation unit 22 and the transmission mon-
itoring unit 23. With this configuration, even when the
local heat generation or local temperature rise occurs in
the vibration element group or on the ultrasonic probe
surface, it is possible to calculate the temperature.
[0036] Further, since the power distribution is derived
based on the amount of electric power actually supplied
and the transmission pulses actually generated, the heat
generation and the temperature status of the vibration
elementgroup 11 can be calculated even when the actual
behavior of the apparatus is different from the designed
transmission conditions. Therefore, the subject can be
diagnosed safely.

[0037] Further, as compared with the case of the con-
ventional technology shown in FIG. 5 in which a plurality
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of electric power detection units 40 are provided, the
pulse detection unit group 31 can be configured to be
smaller using a circuit with the reduced number of com-
ponents, whereby the ultrasonic diagnostic apparatus
according to the present embodiment is compact and
highly reliable yet with lower cost.

[0038] Note here that the transmission pulse output
from the transmission pulse generation unit 4 may be
any transmission pulse because itis a signal for providing
timing, and examples thereof include pulses of various
waves, such as a rectangular wave, a sine wave, a burst
wave or a chirp wave.

[0039] Further, the present embodiment explains the
case in which the transmission monitoring unit 23 and
the transmission control unit 25 calculate the heat gen-
eration and the temperature of the vibration element
group 11, and perform a control so that the transmission
power is suppressed when the temperature exceeds a
predetermined judgment value. However, the present
embodiment is not limited to this case. For example, by
calculating the surface temperature of the ultrasonic
probe and increasing the transmission power until the
temperature reaches the predetermined judgment value,
the sensitivity of the ultrasonic signal (signal-to-noise ra-
tio) can be improved further, thereby obtaining the ultra-
sonicdiagnostic apparatus having a higherimage quality.

(Embodiment 2)

[0040] The constituent elements of an ultrasonic diag-
nostic apparatus according to Embodiment 2 of the
present invention are identical to the constituent ele-
ments of the ultrasonic diagnostic apparatus according
to Embodiment 1. Therefore, the same constituent ele-
ments are denoted with the same reference numerals as
those of the ultrasonic diagnostic apparatus according
to Embodiment 1, and the explanation thereof is omitted.
Hereinafter, the ultrasonic diagnostic apparatus accord-
ing to the present embodiment will be described with ref-
erence to the block diagram of FIG. 1.

[0041] Inthe present embodiment, the pulse detection
unit group 31 is integrated on the same IC as the trans-
mission pulse generation unit4 and the power distribution
derivation unit 22. Since the pulse detection unit group
31 detects the transmission pulse that is a signal for in-
dicating the timing of the transmission driving signal, it is
unnecessary to provide circuits such as an A/D converter.
Therefore, the pulse detection unit group 31 can be in-
tegrated on an IC easily.

[0042] Here, by integrating the pulse detection unit
group 31 composed of the pulse detection units 21 that
correspond to several hundreds of the vibration elements
1 on an IC, the circuit can be configured smaller at low
cost. Further, by mounting the pulse detection unit group
31 together on the IC on which the transmission pulse
generation unit 4 and the power distribution derivation
unit 22 are placed, it is possible to reduce further the
number of components to be mounted on the substrate.
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Thus, the incidence of failure of the entire ultrasonic di-
agnostic apparatus can be reduced, and thus the relia-
bility of the product can be improved.

[0043] Asdescribedabove, inthe ultrasonic diagnostic
apparatus according to the present embodiment, by in-
tegrating the pulse detection unit group 31 on the IC, the
pulse detection unit group 31 can be made small at low
cost and the number of components can be reduced.
Therefore, it is possible to obtain a compact, highly reli-
able and safe yet low-cost ultrasonic diagnostic appara-
tus.

[0044] Note here that the pulse detection units 21 can
be configured so as to correspond selectively to a part
of the vibration elements, instead of corresponding to all
of the vibration elements 1. With this configuration, the
circuit scale of the pulse detection unit group 31, the dis-
tribution calculation unit 24 and the power distribution
derivation unit 22 can be downsized further, whereby it
is possible to obtain a compact yet lower cost ultrasonic
diagnostic apparatus.

(Embodiment 3)

[0045] The constituent elements of an ultrasonic diag-
nostic apparatus according to Embodiment 3 of the
present invention are identical to the constituent ele-
ments of the ultrasonic diagnostic apparatus according
to Embodiment 1. Therefore, the same constituent ele-
ments are denoted with the same reference numerals as
those of the ultrasonic diagnostic apparatus according
to Embodiment 1, and the explanation thereof is omitted.
Hereinafter, the ultrasonic diagnostic apparatus accord-
ing to the present embodiment will be described with ref-
erence to the block diagram of FIG. 1.

[0046] The pulse detection units 21 detect the pres-
ence/absence of transmission pulses per the transmis-
sion of the ultrasonic beam. The electric power meas-
urement unit 20 measures the amount of electric power
supplied from the transmission power source 3 to the
transmission circuit group 12 per the transmission of the
ultrasonic beam. The distribution calculation unit 24 dis-
tributes the measured value of the amount of electric
power into each of the vibration elements 1 per the trans-
mission of the ultrasonic beam.

[0047] With the above-described configuration, a pow-
er distribution corresponding to the vibration element
group 11 can be derived per the transmission, whereby
the temperature can be estimated more accurately even
in a complex diagnostic mode.

[0048] Next, the operation in the color flow mapping
mode will be described with reference to FIG. 2. First,
the electric power measurement unit 20 measures the
amount of electric power supplied to the transmission
circuit group 12 during a period from the start of the trans-
mission for the B-mode image to the end thereof. Further,
the pulse detection units 21 detect the presence/absence
of transmission pulses supplied to each transmission cir-
cuit 2 for the transmission for the B-mode image. Next,
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based on the amount of electric power measured and
the presence/absence of transmission pulses detected,
the distribution calculation unit 24 distributes the value
of the amount of electric power for the B-mode image
into each of the vibration elements 1 that corresponds to
the transmission circuit 2 in which transmission pulses
are detected. When the transmission for the B-mode im-
age is completed, the distribution calculation unit 24 out-
puts the calculation result to the power distribution deri-
vation unit 22.

[0049] Next, the electric power measurement unit 20
measures the amount of electric power supplied to the
transmission circuit group 12 during a period from the
start of the transmission for the color doppler mode image
to the end thereof. Further, the pulse detection units 21
detectthe presence/absence of transmission pulses sup-
plied to each transmission circuit 2 for the transmission
for the color doppler mode image. Next, based on the
amount of electric power measured and the presence/
absence of transmission pulses detected, the distribution
calculation unit 24 distributes the value of the amount of
electric power for the color doppler mode image into each
of the vibration elements 1 corresponding to the trans-
mission circuits 2 in which transmission pulses are de-
tected. When the transmission for the color doppler mode
image is completed, the distribution calculation unit 24
outputs the calculation result to the power distribution
derivation unit 22.

[0050] The power distribution derivation unit 22 de-
rives a power distribution by accumulating the calculation
result (physical quantity) of the distribution calculation
unit 24 in accordance with transmission characteristics
of each ultrasonic beam, and outputs the power distribu-
tion to the transmission monitoring unit 23. At this time,
characteristics of heat generated by the transmission of
the ultrasonic beam vary depending on modes. Although
the transmission for the color doppler mode image some-
times generates more heat than the transmission for the
B-mode image, effects by respective transmissions hav-
ing different heat generation characteristics can be cal-
culated more accurately by performing the measure-
ment, detection and calculation per transmission.
[0051] Asdescribedabove, inthe ultrasonic diagnostic
apparatus according to the present embodiment, the
electric power measurement unit 20, the pulse detection
units 21 and the distribution calculation unit 24 respec-
tively perform the measurement, detection and calcula-
tion per the transmission of the ultrasonic beam. With
this configuration, effects by the transmission of the ul-
trasonic beam in respective modes having different heat
generation characteristics can be calculated more accu-
rately. Thus, it is possible to provide a safer ultrasonic
diagnostic apparatus.

(Embodiment 4)

[0052] The constituent elements of an ultrasonic diag-
nostic apparatus according to Embodiment 4 of the
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present invention are identical to the constituent ele-
ments of the ultrasonic diagnostic apparatus according
to Embodiment 3. Therefore, the same constituent ele-
ments are denoted with the same reference numerals as
those of the ultrasonic diagnostic apparatus according
to Embodiment 3, and the explanation thereof is omitted.
Hereinafter, the ultrasonic diagnostic apparatus accord-
ing to Embodiment 4 will be described with reference to
the block diagram of FIG. 1.

[0053] The ultrasonic diagnostic apparatus according
to Embodiment 3 measures the amount of electric power
supplied to the transmission circuit group 12, detects the
presence/absence of transmission pulses, and calcu-
lates the power distribution per the transmission of the
ultrasonic beam. The ultrasonic diagnostic apparatus ac-
cording to the presentembodiment measures the amount
of electric power supplied to the transmission circuit
group 12, detects the number (frequency) of transmission
pulses, and calculates the power distribution in a prede-
termined unit of time. With this configuration, the power
distribution derivation unit 22 becomes unnecessary.
[0054] The electric power measurement unit 20 meas-
ures the amount of electric power from the transmission
power source 3 to the transmission circuit group 12 in
the unit of time. The pulse detection units 21 have a coun-
ter for detecting the number of transmission pulses in the
unit of time. The distribution calculation unit 24 distributes
the value of the amount of electric power measured in
the unit oftime into each of the vibration elements 1 based
on the amount of electric power and the number of trans-
mission pulses. The value of the amount of electric power
distributed is a power distribution per the unit of time,
which then is output to the transmission monitoring unit
23.

[0055] Since the power distribution derivation unit 22
according to Embodiment 3 requires a circuit for accu-
mulating power (physical quantity) with sufficient resolu-
tion, an adequate circuit scale is required correspond-
ingly. In the present embodiment, by detecting the fre-
quency of the transmission pulses in the pulse detection
units 21, the power distribution derivation unit 22 having
a circuit for accumulating physical quantities becomes
unnecessary.

[0056] Note herethat, inthe distribution calculation unit
24, the same result as that in Embodiment 3 can be ob-
tained by dividing the amount of electric power from the
electric power measurement unit 20 and the number of
pulses from the pulse detection unit group 31 by prede-
termined numbers. Therefore, in this case, the power dis-
tribution derivation unit 22 is necessary.

[0057] As described above, the ultrasonic diagnostic
apparatus according to the present embodiment meas-
ures the amount of electric power supplied to the trans-
mission circuit group 12, detects the number of transmis-
sion pulses, and calculates the power distribution in a
predetermined unit of time. Therefore, the power distri-
bution derivation unit 22 having an accumulation circuit
becomes unnecessary, which makes it possible to re-
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duce the total size of the circuit related to the power dis-
tribution derivation (the electric power measurement unit
20, pulse detection unit group 31 and distribution calcu-
lation unit 24). Thus, it is possible to provide a compact
yet low-cost ultrasonic diagnostic apparatus.

(Embodiment 5)

[0058] The constituent elements of an ultrasonic diag-
nostic apparatus according to Embodiment 5 of the
present invention are identical to the constituent ele-
ments of the ultrasonic diagnostic apparatus according
to Embodiment 1. Therefore, the same constituent ele-
ments are denoted with the same reference numerals as
those of the ultrasonic diagnostic apparatus according
to Embodiment 1, and the explanation thereof is omitted.
The ultrasonic diagnostic apparatus according to the
presentembodiment is characterized by the electric pow-
er measurement unit 20. Hereinafter, this characteristic
part will be described with reference to FIGS. 1 and 3.
[0059] FIG. 3 is a block diagram showing a configura-
tion of the electric power measurement unit 20 of the
ultrasonic diagnostic apparatus according to the present
embodiment. The electric power measurement unit 20
includes a measurement unit 28, a connection selection
unit 26 and a plurality of aggregation units 27. The meas-
urement unit 28 measures the amount of electric power
supplied from the transmission power source 3 to the
transmission circuit group 12. The connection selection
unit 26 changes an aggregation unit 27 to be connected
with the measurement unit 28 based on the instruction
from the transmission control unit 25, so as to convey
the amount of electric power measured by the measure-
ment unit 28 to the aggregation unit 27. By this connection
change, when ultrasonic images are generated using a
plurality of modes for example, measurement results of
the amount of electric power can be classified and output
according to the type of the transmission pulse and the
diagnostic mode by changing the connection per mode.
Each aggregation unit 27 aggregates the amount of elec-
tric power conveyed in a predetermined time, and outputs
it to the distribution calculation unit 24.

[0060] Next, the operation in the color flow mapping
mode of the ultrasonic diagnostic apparatus according
to the present embodiment will be described with refer-
ence to FIG. 2. First, the transmission control unit 25
instructs the transmission pulse generation unit 4 and
the connection selection unit 26 of the electric power
measurement unit 20 that the transmission for the B-
mode image is performed. Based on the instruction from
the transmission control unit 25, the connection selection
unit 26 connects the measurement unit 25 to an appro-
priate aggregation unit 27. Next, based on the instruction
from the transmission control unit 25, the transmission
pulse generation unit 4 generates transmission pulses,
which then are input to the respective transmission cir-
cuits 2 and counted atthe respective pulse detection units
21.
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[0061] The transmission circuits 2 generate transmis-
sion driving signals based on the transmission pulses
and the electric power supplied from the transmission
power source 3. The vibration elements 1 emit ultrasound
by being driven by the transmission driving signals, and
receive ultrasound having been reflected from the sub-
ject. The signals received by the vibration elements 1 are
converted into B-mode image data at a circuit processing
unit (not shown).

[0062] In the electric power measurement unit 20, the
measurement unit 28 detects the amount of electric pow-
er supplied to the transmission circuit group 12 in the
transmission for the B-mode image. The amount of elec-
tric power detected is aggregated at the aggregation unit
27 that is connected to the connection selection unit 26.
[0063] Next, the transmission control unit 25 instructs
the transmission pulse generation unit 4 and the connec-
tion selection unit 26 of the electric power measurement
unit 20 that the transmission for the color doppler mode
image is performed. Based on the instruction from the
transmission control unit 25, the connection selection unit
26 changes the connection of the measurement unit 25
to an appropriate aggregation unit 27. Next, based on
the instruction from the transmission control unit 25, the
transmission pulse generation unit4 generates transmis-
sion pulses, which then are supplied to the respective
transmission circuits 2 and counted at the respective
pulse detection units 21.

[0064] The transmission circuits 2 generate transmis-
sion driving signals based on the transmission pulses
and the electric power supplied from the transmission
power source 3. The vibration elements 1 emit ultrasound
by being driven by the transmission driving signals, and
receive ultrasound having been reflected from the sub-
ject. The signals received by the vibration elements 1 are
converted into color doppler mode image data at the cir-
cuit processing unit (not shown).

[0065] In the electric power measurement unit 20, the
measurement unit 28 detects the amount of electric pow-
er supplied to the transmission circuit group 12 in the
transmission for the color doppler mode image. The
amount of electric power detected is aggregated at the
aggregation unit 27 that is connected to the connection
selection unit 26.

[0066] Next, the distribution calculation unit 24 assigns
weights to outputs from each aggregation unit 27. Then,
the power distribution derivation unit 22 derives a power
distribution per the vibration element 1 based on the
amounts of electric power supplied to the respective vi-
bration elements 1 that are output from the distribution
calculation unit 24. Hereinafter, the temperature of the
ultrasonic probe is calculated in the same procedure as
Embodiment 1.

[0067] As described above, in the present embodi-
ment, since the electric power measurement unit 20 in-
cludes the measurement unit 28, the connection selec-
tion unit 26 and the plurality of aggregation units 27 in
the inside, a contribution due to a temperature rise per
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mode can be calculated with respect to a plurality of di-
agnostic modes, which makes it possible to calculate the
surface temperature of the ultrasonic probe accurately.
Therefore, it is possible to provide a safer ultrasonic di-
agnostic apparatus.

[0068] Note here that, as shown in FIG. 3, the present
embodimentexplains the case in which the electric power
measurement unit 20 is provided with a mechanism of
calculating the amount of electric power per mode. How-
ever, the present embodiment is not limited to this case.
For example, also in a case in which the pulse detection
unit group 31 is provided with the same configuration as
that shownin FIG. 3, itis possible to calculate the surface
temperature of the ultrasonic probe more accurately even
in a complex diagnostic mode.

(Embodiment 6)

[0069] The constituent elements of an ultrasonic diag-
nostic apparatus according to Embodiment 6 of the
present invention are identical to the constituent ele-
ments of the ultrasonic diagnostic apparatus according
to Embodiment 1, except that pluralities of the transmis-
sion power sources 3 and the electric power measure-
ment units 20 are formed and the distribution calculation
unit 24 can process a plurality of values of the amount
of electric power measured by the plurality of electric
power measurement units 20. In the ultrasonic diagnostic
apparatus according to the present embodiment, the
same constituent elements as those of the ultrasonic di-
agnostic apparatus according to Embodiment 1 are de-
noted with the same reference numerals as those of the
ultrasonic diagnostic apparatus according to Embodi-
ment 1, and the explanation thereof is omitted.

[0070] FIG.4is a partial block diagram showing a con-
figuration of the ultrasonic diagnostic apparatus accord-
ing to the present embodiment. A plurality of transmission
power sources 3 are provided. For example, in the color
flow mapping mode in which a color doppler mode image
is overlaid on a B-mode image, the plurality of the trans-
mission power sources 3 are used as independent power
sources with respect to the transmission beam for the B-
mode image and the transmission beam for the color
doppler mode image. With this configuration, the trans-
mission voltages optimum for the respective modes are
supplied to the transmission circuit group 12, whereby
the quality of the ultrasonic image can be improved and
the diagnostic performance can be enhanced.

[0071] A plurality of electric power measurement units
are provided in such a manner as to correspond to the
respective transmission power sources 3. The distribu-
tion calculation unit 24 includes a plurality of calculation
units 29 provided in such a manner as to correspond to
the respective electric power measurement units 20 and
a combining unit 30 that combines outputs of the plurality
of calculation units 29. The calculation units 29 distribute
the value of the amount of electric power into each of the
vibration elements 1 based on the amount of electric pow-
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er detected by the electric power measurement unit 20
and the number of pulses detected by the pulse detection
unit 21 in each mode. Further, the calculation units 29
assign predetermined weights to the distributed values
of the amount of electric power per mode. For example,
the above-described transmission beam for the B-mode
image and the above-described transmission beam for
the color doppler mode image do not always have the
same contribution due to the temperature rise with re-
spect to the amount of power consumption. Such a dif-
ference in the contribution is corrected by assigning pre-
determined weights. The combining unit 30 combines
the distributed values of the amount of electric power in
each mode and inputs it to the power distribution deriva-
tion unit 22.

[0072] As described above, in the present embodi-
ment, since the plurality of calculation units 29 corre-
sponding to the plurality of electric power measurement
units 20 assign weights to the calculated distributed val-
ues of the amount of electric power and the combining
unit 30 combines the values, it becomes possible to ac-
curately calculate influences of the temperature rise by
the plurality of transmission power sources 3 having dif-
ferent electric voltages. Therefore, the temperature can
be calculated more accurately even in a complex diag-
nostic mode.

(Embodiment 7)

[0073] The constituent elements of an ultrasonic diag-
nostic apparatus according to Embodiment 7 of the
present invention are identical to the constituent ele-
ments of the ultrasonic diagnostic apparatus according
to Embodiment 1. Therefore, the same constituent ele-
ments are denoted with the same reference numerals as
those of the ultrasonic diagnostic apparatus according
to Embodiment 1, and the explanation thereof is omitted.
Hereinafter, the ultrasonic diagnostic apparatus accord-
ing to the present embodiment will be described with ref-
erence to the block diagram of FIG. 1.

[0074] The ultrasonic diagnostic apparatus according
to Embodiment 1 is configured so that the pulse detection
unit group 31 detects the number of pulses using trans-
mission pulses output from the transmission pulse gen-
eration unit 4, whereas, the ultrasonic diagnostic appa-
ratus according to the present embodiment is charac-
terized in that the pulse detection unit group 31 detects
the number of pulses by detecting control signals from
the transmission control unit 25.

[0075] The transmission control unit 25 is connected
to the transmission pulse generation unit 4 and the pulse
detection unit group 31. The transmission control unit 25
inputs control signals to the transmission pulse genera-
tion unit 4 and the pulse detection unit group 31. The
pulse detection units 21 calculate the number of trans-
mission pulses supplied to the respective transmission
circuits 2 from the transmission pulse generation unit 4.
[0076] The control signals to be input from the trans-
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mission control unit 25 to the respective pulse detection
units 21 are the same. One signal line is provided be-
tween the transmission control unit 25 and the pulse de-
tection unit group 31, and is branched in the pulse de-
tection unit group 31 to be connected to each of the pulse
detection units 21. Alternatively, the pulse detection unit
group 31 can be configured as one detection circuit hav-
ing the same number of outputs as the transmission cir-
cuits 2.

[0077] As described above, the ultrasonic diagnostic
apparatus according to the present embodiment is con-
figured so that each of the pulse detection units 21 op-
erates based on the common control signals output from
the transmission control unit 25. With this configuration,
the ultrasonic diagnostic apparatus according to the
present embodiment can have functions that are equiv-
alent to the ultrasonic diagnostic apparatus according to
Embodiment 1 without providing transmission paths for
connecting hundreds of the transmission circuits 2 with
the pulse detection units 21 one to one. Further, since
the number of transmission paths can be reduced, the
ultrasonic diagnostic apparatus can be downsized.
Therefore, it is possible to provide a compact, highly re-
liable and safe, yet low-cost ultrasonic diagnostic appa-
ratus.

(Embodiment 8)

[0078] The constituent elements of an ultrasonic diag-
nostic apparatus according to Embodiment 8 of the
present invention are identical to the constituent ele-
ments of the ultrasonic diagnostic apparatus according
to Embodiment 1. Therefore, the same constituent ele-
ments are denoted with the same reference numerals as
those of the ultrasonic diagnostic apparatus according
to Embodiment 1, and the explanation thereof is omitted.
Hereinafter, the ultrasonic diagnostic apparatus accord-
ing to the present embodiment will be described with ref-
erence to the block diagram of FIG. 1.

[0079] The ultrasonic diagnostic apparatus according
to Embodiment 1 monitors the temperature distribution
of the vibration element group 11, whereas the ultrasonic
diagnostic apparatus according to the present embodi-
ment monitors a sound output of the vibration element
group 11.

[0080] Basedonthe measurementresultof the electric
power measurement unit 20 and the detection result of
the pulse detection unit group 31, the distribution calcu-
lation unit 24 calculates the amounts of electric power
corresponding to the vibration elements 1 driven by one
transmission beam. The power distribution derivation
unit 22 derives the power distribution per one transmis-
sion beam in a form of an intensity distribution of the
sound output. The transmission monitoring unit 23 gen-
erates an alarm signal when the intensity of the sound
output exceeds a predetermined judgment value. The
transmission control unit 25 supplies a control signal to
the transmission pulse generation unit 4 so that the in-
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tensity of the sound output is controlled based on the
alarm signal.

[0081] Here, the value of the amount of electric power
distributed into each of the vibration elements 1 to be
input to the power distribution derivation unit 22 is a value
based on the actual transmission power. Therefore, even
when the actual behavior of the apparatus is different
from the designed transmission conditions owing to a
bug in the system or a failure of the apparatus, it is pos-
sible to detect the sound output status of the vibration
element group 11.

[0082] Further, the intensity distribution of the sound
output to be output from the power distribution derivation
unit 22 is associated with the arrangement of the vibration
element group 11. Therefore, even when the output is
concentrated locally in a part of the vibration element
group 11, it is possible to detect such a local output con-
centration.

[0083] As described above, the present embodiment
is configured so that the transmission monitoring unit 23
performs a monitoring using the sound output from the
vibration element group 11 as an index. With this config-
uration, the sound output status associated with the ar-
rangement of the vibration element group 11 can be de-
tected even when the actual behavior of the apparatus
is different from the designed transmission conditions.
Thus, even when the output is concentrated locally in a
part of the ultrasonic probe, the sound output status can
be detected. Therefore, asin Embodiment 1, itis possible
to provide an ultrasonic diagnostic apparatus that is com-
pact, highly reliable and safe, yet low-cost.

Industrial Applicability

[0084] The ultrasonic diagnostic apparatus according
to the present invention is capable of performing a tem-
perature monitoring or a sound output monitoring that
detects local heat generation of array vibration elements,
and is applicable as a safe, highly reliable and compact
ultrasonic diagnostic apparatus.

Description of Reference Numerals
[0085]

1 vibration element

2 transmission circuit

3 transmission power source

4 transmission pulse generation unit
11 vibration element group

12  transmission circuit group

20  electric power measurement unit
21 pulse detection unit

22 power distribution derivation unit
23  transmission monitoring unit

24  distribution calculation unit

25  transmission control unit

26  connection selection unit
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10

27  aggregation unit

28 measurement unit

29  calculation unit

30 combining unit

31 pulse detection unit group

40 electric power detection unit

50 power peak portion of a vibration element group

Claims
1. An ultrasonic diagnostic apparatus, comprising:

aplurality of vibration elements that transmitand
receive an ultrasonic beam;

a plurality of transmission circuits that are con-
nected to the respective vibration elements and
output a transmission driving signal to be used
for driving the vibration elements; and

a transmission power source that supplies elec-
tric power to the transmission circuits,

the ultrasonic diagnostic apparatus further com-
prising:

a pulse detection unit that detects a trans-
mission signal to be used for generating the
transmission driving signal;

an electric power measurement unitthat de-
tects an amount of electric power supplied
to the transmission circuits as a whole;

a distribution calculation unit that calculates
an amount of electric power distributed into
each ofthe vibration elements based on out-
puts of the pulse detection unitand the elec-
tric power measurement unit; and

a power distribution derivation unit that de-
rives electric power having been supplied
to each of the plurality of vibration elements
based on an output of the distribution cal-
culation unit,

wherein the transmission driving signal is
controlled based on the power distribution
derived in the power distribution derivation
unit.

2. The ultrasonic diagnostic apparatus according to
claim 1, further comprising:

a transmission pulse generation unit that gen-
erates a transmission pulse to be input to each
of the plurality of transmission circuits; and

a transmission control unit that generates a con-
trol signal to be used for controlling the trans-
mission pulse generation unit based on the pow-
er distribution,

wherein the transmission signal is the transmis-
sion pulse.
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3. The ultrasonic diagnostic apparatus according to
claim 1, further comprising:

a transmission pulse generation unit that gen-
erates a transmission pulse to be inputto each 5
of the plurality of transmission circuits; and
atransmission control unit that generates a con-

trol signal to be used for controlling the trans-
mission pulse generation unit based on the pow-

er distribution, 10
wherein the transmission signal is the control
signal.

4. The ultrasonic diagnostic apparatus according to
any one of claims 1 to 3, wherein the pulse detection 75
unit and the electric power measurement unit per-
form detection and measurement, respectively, per
each ultrasonic beam to be transmitted.

5. The ultrasonic diagnostic apparatus according to 20
any one of claims 1 to 3,
wherein the electric power measurement unit de-
tects an amount of electric power in a predetermined
time, and
the pulse detection unit detects a frequency of a 26
pulse output from the transmission pulse generation
unit in the predetermined time.

6. The ultrasonic diagnostic apparatus according to
any one of claims 1 to 5, wherein at least one of the 30
pulse detection unit, the electric power measure-
ment unit and the distribution calculation unit in-
cludes a connection selection unit capable of switch-
ing processing per mode of each ultrasonic beam to
be transmitted. 35

7. The ultrasonic diagnostic apparatus according to
any one of claims 1 to 6,
wherein the transmission power source is composed
of a plurality of power sources, and 40
a plurality of the electric power measurement units
are provided in such a manner as to correspond to
the plurality of power sources.
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