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ULTRASOUND DIAGNOSTIC APPARATUS
AND ULTRASOUND IMAGE PRODUCING
METHOD

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus and an ultrasound image producing method
and particularly to reduction of the amount of heat generated
in an ultrasound probe of an ultrasound diagnostic apparatus
for giving a diagnosis based on an ultrasound image produced
by transmission and reception of ultrasonic waves from a
transducer array of the ultrasound probe.

[0002] Conventionally, ultrasound diagnostic apparatus
using ultrasound images are employed in the medical field. In
general, this type of ultrasound diagnostic apparatus com-
prises an ultrasound probe having a built-in transducer array
and an apparatus body connected to the ultrasound probe. The
ultrasound probe transmits ultrasonic waves toward a subject,
receives ultrasonic echoes from the subject, and the apparatus
body electrically processes the reception signals to generate
an ultrasound image.

[0003] With such ultrasound diagnostic apparatus, heat is
generated in the transducer array as it transmits ultrasonic
waves.

[0004] The ultrasound probe is often encased in a housing
of a size that can be readily held by an operator in a single
hand because normally a diagnosis is given as the operator
places the ultrasound transmission/reception surface of the
transducer array in contact with a subject’s surface by holding
the ultrasound probe in a single hand. Therefore, the heat
generated in the transducer array may raise the temperature
inside the housing of the ultrasound probe.

[0005] In recent years, there has been proposed an ultra-
sound diagnostic apparatus having an ultrasound probe with
a built-in circuit board for signal processing for effecting
digital processing of a reception signal outputted from the
transducer array before transmitting the reception signal to
the apparatus body via wireless or wired communication in
order to reduce the effects of noise and obtain a high-quality
ultrasound image.

[0006] The ultrasound probe that effects digital processing
of'this kind is subject to generation of heat in the circuit board
also during processing of the reception signals, and therefore
the temperature rise in the housing needs to be suppressed to
assure stable operations of the circuits on the board.

[0007] As for a countermeasure against the temperature
rise in the ultrasound probe, reference is made to JP 2005-
253776 A describing an ultrasound diagnostic apparatus
wherein the conditions for actuating the transducer array are
automatically changed according to the temperature of the
surface of the ultrasound probe. The temperature of the sur-
face of the ultrasound probe is kept at an appropriate tem-
perature by reducing, for example, the actuating voltage,
number of apertures for transmission, repetition frequency of
the transmission pulse, and the frame rate as the surface
temperature increases.

SUMMARY OF THE INVENTION

[0008] However, the apparatus described in JP 2005-
253776 A where the conditions for actuating the transducer
array for transmission are changed cannot cope with the heat
generated by the reception process in the ultrasound probe
performing the above digital processing.
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[0009] An object of the present invention is to eliminate the
above problems associated with the prior art and provide an
ultrasound diagnostic apparatus and an ultrasound image pro-
ducing method enabling acquisition of a high-quality ultra-
sound image while suppressing the temperature rise inside
the ultrasound probe.

[0010] Anultrasound diagnostic apparatus according to the
present invention comprises:

[0011] an ultrasound probe including a transducer array;
[0012] a transmitter for transmitting an ultrasonic beam
from the transducer array toward a subject;

[0013] an image producer for producing an ultrasound
image based on a reception signal outputted from the trans-
ducer array having received ultrasonic echoes from the sub-
ject;

[0014] a temperature sensor for detecting an internal tem-
perature of the ultrasound probe;

[0015] a channel selector for selecting simultaneously
available channels for reception from a plurality of channels
of the ultrasound probe; and

[0016] acontroller for controlling the channel selector so as
to reduce a number of selected simultaneously available
channels for reception as the internal temperature of the ultra-
sound probe detected by the temperature sensor increases and
as a measuring depth decreases.

[0017] A method of producing an ultrasound image accord-
ing to the present invention comprises the steps of:

[0018] detecting an internal temperature of an ultrasound
probe including a transducer array;

[0019] selecting simultaneously available channels for
reception from a plurality of channels of the ultrasound probe
so as to reduce a number of selected simultaneously available
channels for reception as the detected internal temperature of
the ultrasound probe increases and as a measuring depth
decreases; and

[0020] transmitting an ultrasonic beam from the transducer
array toward a subject and producing an ultrasound image
based on a reception signal outputted from the transducer
array having received ultrasonic echoes from the subject.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG.1isablock diagram illustrating a configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 1 of the invention.

[0022] FIG. 2 illustrates an imaging region divided into
three regions according to a measuring depth.

[0023] FIG. 3 is a graph illustrating a temporal variation in
temperature inside an ultrasound probe and temperature
thresholds according to Embodiment 1.

[0024] FIG. 4 illustrates available channels and non-avail-
able channels selected in Embodiment 1.

[0025] FIG. 5 illustrates available channels and non-avail-
able channels selected in Embodiment 2.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Embodiments of the present invention will be
described below based on the appended drawings.

Embodiment 1

[0027] FIG. 1 illustrates a configuration of an ultrasound
diagnostic apparatus according to Embodiment 1 of the
invention. The ultrasound diagnostic apparatus comprises an
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ultrasound probe 1 and a diagnostic apparatus body 2 that is
connected to the ultrasound probe 1 via wireless communi-
cation.

[0028] The ultrasound probe 1 comprises a plurality of
ultrasound transducers 3 constituting a plurality of channels
of'aunidimensional or two-dimensional transducer array, and
the transducers 3 are connected via a channel selector 4 to
reception signal processors 5, which in turn are connected to
a wireless communication unit 7 via a parallel/serial con-
verter 6. The transducers 3 are connected to a transmission
controller 9 via a transmission drive 8, and the reception
signal processors 5 are connected to a reception controller 10,
while the wireless communication unit 7 is connected to a
communication controller 11. The channel selector 4, the
parallel/serial converter 6, the transmission controller 9, the
reception controller 10, and the communication controller 11
are connected to a probe controller 12. The ultrasound probe
1 has a built-in temperature sensor 13 for detecting the tem-
perature inside the ultrasound probe 1, and the temperature
sensor 13 is connected to the probe controller 12.

[0029] Thetemperature sensor 13 is preferably located near
the reception signal processors 5, where heat is expected to
develop during the operation of the ultrasound diagnostic
apparatus.

[0030] The transducers 3 each transmit ultrasonic waves
according to actuation signals supplied from the transmission
drive 8 and receive ultrasonic echoes from the subject to
output reception signals. Each of the transducers 3 is com-
posed of an oscillator comprising a piezoelectric body and
electrodes each provided on both ends of the piezoelectric
body. The piezoelectric body may be composed, for example,
of a piezoelectric ceramic typified by a PZT (titanate zircon-
ate lead), a polymeric piezoelectric device typified by PVDF
(polyvinylidene flouride), and a monocrystal typified by
PMN-PT (lead magnesium niobate lead titanate solid solu-
tion).

[0031] When the electrodes of each of the oscillators are
supplied with a pulsed voltage or a continuous-wave voltage,
the piezoelectric body expands and contracts to cause the
oscillator to produce pulsed or continuous ultrasonic waves.
These ultrasonic waves are combined to form an ultrasonic
beam. Upon reception of propagating ultrasonic waves, each
oscillator expands and contracts to produce an electric signal,
which is then outputted as an ultrasonic reception signal.
[0032] The transmission drive 8 includes, for example, a
plurality of pulsers and adjusts the delay amounts of actuation
signals for the respective transducers 3 based on a transmis-
sion delay pattern selected by the transmission controller 9 so
that the ultrasonic waves transmitted from the transducers 3
form a broad ultrasonic beam covering an area of a tissue of
the subject and supplies the transducers 3 with adjusted actua-
tion signals.

[0033] The channel selector 4 comprises a plurality of
switches connecting and disconnecting the transducers 3 and
the corresponding reception signal processors 5 and selects
the simultaneously available channels for reception among
the channels of the transducer array according to an instruc-
tion from the probe controller 12 to connect the transducers 3
ofthe selected channels to the corresponding reception signal
processors 5.

[0034] Under the control of the reception controller 10, the
individual channels of the reception signal processors 4 allow
the reception signal outputted from the corresponding trans-
ducers 3 to undergo quadrature detection or quadrature sam-
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pling process to produce a complex base band signal, samples
the complex base band signals to generate sample data con-
taining information on the area of the tissue, and supplies the
parallel/serial converter 6 with the sample data. The reception
signal processors 5 may generate sample data by performing
high-efficiency coding data compression on the data obtained
by sampling the complex baseband signals.

[0035] The parallel/serial converter 6 converts the parallel
sample data generated by the reception signal processors 5
having a plurality of channels into serial sample data.
[0036] The wireless communication section 7 performs
carrier modulation based on the serial sample data to generate
transmission signals and supplies an antenna with the trans-
mission signals so that the antenna transmits radio waves to
transmit serial sample data. The modulation methods that
may be employed herein include ASK (Amplitude Shift Key-
ing), PSK (Phase Shift Keying), QPSK (Quadrature Phase
Shift Keying), and 16QAM (16 Quadrature Amplitude
Modulation).

[0037] The wireless communication unit 7 transmits the
sample data to the diagnostic apparatus body 2 through wire-
less communication with the diagnostic apparatus body 2,
receives various control signals from the diagnostic apparatus
body 2, and outputs the received control signals to the com-
munication controller 11. The communication controller 11
controls the wireless communication unit 7 so that the sample
data is transmitted with a transmission wave intensity that is
set by the probe controller 12 and outputs various control
signals received by the wireless communication unit 7 to the
probe controller 12.

[0038] The temperature sensor 13 detects and outputs an
internal temperature of the ultrasound probe 1 to the probe
controller 12.

[0039] The probe controller 12 controls various compo-
nents of the ultrasound probe 1 according to control signals
transmitted from the diagnostic apparatus body 2. The probe
controller 12 controls the ON/OFF operation of the switches
of the channel selector 4 for reception according to the inter-
nal temperature T of the ultrasound probe 1 detected by the
temperature sensor 13 and the measuring depth.

[0040] The ultrasound probe 1 has a built-in battery, not
shown, which supplies electric power to the circuits inside the
ultrasound probe 1.

[0041] The ultrasound probe 1 may be an external type
probe such as linear scan type, convex scan type, and sector
scan type or a probe of, for example, a radial scan type used
for an ultrasound endoscope. A plurality of transducers 3 may
be connected to a single multiplexer to switch the available
channels for transmission.

[0042] On the other hand, the diagnostic apparatus body 2
comprises a wireless communication unit 14, which is con-
nected to a data storage unit 16 via a serial/parallel converter
15. The data storage unit 16 is connected to an image producer
17. The image producer 17 is connected to a monitor 19 via a
display controller 18. The wireless communication unit 14 is
also connected to a communication controller 20; the serial/
parallel converter 15, the image producer 17, the display
controller 18, and the communication controller 20 are con-
nected to an apparatus controller 21. The apparatus controller
21 is connected to an operating unit 22 for an operator to
perform input operations and to a storage unit 23 for storing
operation programs.

[0043] The wireless communication unit 14 transmits vari-
ous control signals to the ultrasound probe 1 through wireless
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communication with the ultrasound probe 1. The wireless
communication section 14 demodulates the signal received
by the antenna to output serial sample data.

[0044] The communication controller 20 controls the wire-
less communication unit 14 so that various control signals are
transmitted with a transmission radio wave intensity that is set
by the apparatus body controller 21.

[0045] The serial/parallel converter 15 converts the serial
sample data outputted from the wireless communication unit
14 into parallel sample data. The data storage unit 16 is
configured by a memory, a hard disk, or the like and stores at
least one frame of sample data converted by the serial/parallel
converter 15.

[0046] The image producer 17 performs reception focusing
on each frame of sample data read out from the data storage
unit 16 to generate an image signal representing an ultrasound
diagnostic image. The image producer 17 includes a phasing
adder 24 and an image processor 25.

[0047] The phasing adder 24 selects one reception delay
pattern from a plurality of previously stored reception delay
patterns according to the reception direction set by the appa-
ratus controller 21 and, based on the selected reception delay
pattern, provides the complex baseband signals represented
by the sample data with respective delays and adds them up to
perform the reception focusing. This reception focusing
yields a baseband signal (sound ray signal) where the ultra-
sonic echoes are well focused.

[0048] The image processor 25 generates a B-mode image
signal, which is tomographic image information on a tissue
inside the subject, according to the sound ray signal generated
by the phasing adder 24. The image processor 25 includes an
STC (sensitivity time control) section and a DSC (digital scan
converter). The STC section corrects the sound ray signal for
the attenuation due to distance according to the depth of the
reflection position of the ultrasonic waves. The DSC converts
the sound ray signal corrected by the STC into an image
signal compatible with the scanning method of an ordinary
television signal (raster conversion), and generates a B mode
image signal through required image processing such as con-
trast processing.

[0049] The display controller 18 causes the monitor 19 to
display an ultrasound diagnostic image according to the
image signals generated by the image producer 17. The moni-
tor 19 includes a display device such as an LCD, for example,
and displays an ultrasound diagnostic image under the control
of the display controller 18.

[0050] While the serial/parallel converter 15, the image
producer 17, the display controller 18, the communication
controller 20, and the apparatus controller 21 in such diag-
nostic apparatus body 2 are each constituted by a CPU and an
operation program for causing the CPU to perform various
kinds of processing, they may be constituted by a digital
circuit. The aforementioned operation program is stored in
the storage unit 23. The recording medium in the storage unit
23 may be a flexible disk, MO, MT, RAM, CD-ROM, DVD-
ROM or the like besides a built-in hard disk.

[0051] Now, the relationship between the internal tempera-
ture T of the ultrasound probe 1 and the measuring depth on
the one hand and a number N of the simultaneously available
channels according to Embodiment 1 will be described.
[0052] Itis assumed that the imaging region is divided into
three regions, a shallow region A, an intermediate region B,
and a deep region C as illustrated in FIG. 2, and that three
temperature thresholds, a first temperature threshold Tthl, a
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second temperature threshold Tth2, and a third temperature
threshold Tth3, the temperature increasing from the first to
the third, are previously set on the higher side of a subject’s
body surface temperature T0 (about 33° C.) as illustrated in
FIG. 3. The first temperature threshold Tth1, the second tem-
perature threshold Tth2, and the third temperature threshold
Tth3 are set to, for example, 37° C., 40° C., and 43° C.,
respectively.

[0053] Thenumber N of the simultaneously available chan-
nels for reception among the number of all the channels of the
transducer array is set stepwise so as to be reduced as the
internal temperature T of the ultrasound probe 1 increases and
reduced as the measuring depth decreases. When, for
example, the transducer array has all the 48 channels, the
number N of simultaneously available channels for reception
is each set to a value as shown in Table 1 depending on the
internal temperature T of the ultrasound probe 1 and the
measuring depth.

TABLE 1
TO=T<Tthl Tthl =T<Tth2 Tth2 =T <Tth3
Shallow region A 24 CH 16 CH 8 CH
Intermediate 32CH 24 CH 16 CH
region B
Deep region C 48 CH 32 CH 24 CH
[0054] Thus, when the internal temperature T of the ultra-

sound probe 1 is TO=T<Tthl, the number N of simulta-
neously available channels for reception is set to 24 for the
shallow region A, 32 for the intermediate region B, and 48 for
the deep region. Likewise, when the internal temperature T of
the ultrasound probe 1 is Tth1 =T<Tth2, the number N is set
to 16 for the shallow region A, 24 for the intermediate region
B, and 32 for the deep region; when the internal temperature
T of the ultrasound probe 1is Tth2=T<Tth3, the number N is
set to 8 for the shallow region A, 16 for the intermediate
region B, and 24 for the deep region.

[0055] When the internal temperature T of the ultrasound
probe 1 reaches or exceeds the third temperature threshold
Tth3, the transmission and reception of the ultrasonic waves
are terminated.

[0056] Thenumber N of simultaneously available channels
for reception for the shallow region A, the intermediate region
B, and the deep region C in the individual temperature ranges
may have been previously entered from the operating unit 22
of the diagnostic apparatus body 2 and may be stored in the
storage unit 23 as table of the number of simultaneously
available channels.

[0057] The transmission drive 8 is directly connected to the
transducers 3 without the intermediary of the channel selector
4 and the transmission of the ultrasonic waves is carried out
using all the channels of the transducer array.

[0058] Next, the operation of Embodiment 1 will be
described.

[0059] When ultrasound diagnosis is started, the internal
temperature T of the ultrasound probe 1 is first detected by the
temperature sensor 13 and wirelessly transmitted to the diag-
nostic apparatus body 2 via the probe controller 12, the com-
munication controller 11, and the wireless communication
unit 7. The internal temperature T received by the wireless
communication unit 14 of the diagnostic apparatus body 2 is
inputted to the apparatus body controller 21 via the commu-
nication controller 20.
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[0060] The apparatus body controller 21 reads the table of
the number of simultaneously available channels stored in the
storage unit 23 to set the number N of simultaneously avail-
able channels for reception for each of the shallow region A,
the intermediate region B, and the deep region C according to
the entered internal temperature T of the ultrasound probe 1.
The number N of simultaneously available channels is wire-
lessly transmitted from the apparatus body controller 21 to
the ultrasound probe 1 via the communication controller 20
and the wireless communication unit 14 and inputted to the
probe controller 12 via the wireless communication unit 7 and
the communication controller 11 of the ultrasound probe 1.
[0061] The transmission drive 8 is operated by the probe
controller 12 via the transmission controller 9, and ultrasonic
waves are transmitted from the transducers 3 of all the chan-
nels of the transducer array according to the actuation signals
supplied from the transmission drive 8. Thus, the reception
signals are outputted from the transducers 3 having received
ultrasonic echoes from the subject as the probe controller 12
controls the ON/OFF operations of the individual switches of
the channel selector 4 so that the number of simultaneously
available channels becomes the number N set according to the
measuring depth. Because, at the earlier stage of reception,
the ultrasonic echoes from the shallow region A are received,
the switches of the channel selector 4 corresponding to the
number N of simultaneously available channels that for the
shallow region A are turned ON, while the remaining
switches are turned OFF. When the reception of the ultrasonic
echoes from the intermediate region B is started after the
reception of the ultrasonic echoes from the shallow region A,
the switches of the channel selector 4 corresponding to the
number N of simultaneously available channels set for the
intermediate region B are turned ON, while the remaining
switches are turned OFF. When the reception of the ultrasonic
echoes from the deep region C is started, the switches of the
channel selector 4 corresponding to the number N of simul-
taneously available channels set for the deep region C are
turned ON, while the remaining switches are turned OFF.
[0062] When, forexample, the internal temperature T of the
ultrasound probe 1 lies between the surface temperature T0
(about 33° C.) and the first temperature threshold Tth1 (37°
C.), the channel selector 4 makes the ON/OFF control so that
an available channel L1 and a non-available channel L2 are
formed alternately, securing 24 channels as the number N of
simultaneously available channels among a total of 48 chan-
nels of the transducer array for the shallow region A, as
illustrated in FIG. 4. For the intermediate region B, two avail-
able channels L1 and one non-available channel L2 are
formed in every three channels, securing 32 channels as the
number N of simultaneously available channels. For the deep
region C, all the switches of the channel selector 4 are turned
on to select all the channels of the transducer array as avail-
able channels L1, securing 48 channels as the number N of
simultaneously available channels.

[0063] Thus, even when the number N of simultaneously
available channels changes, the probe controller 12 makes the
ON/OFF control of the individual switches of the channel
selector 4 5o as to select a required number of simultaneously
available channels that are substantially evenly spaced over
the whole channels of the transducer array.

[0064] The reception signals from the transducers 3 of the
simultaneously available channels L1 selected by the channel
selector 4 are supplied to the corresponding reception signal
processors 5 to produce sample data, which undergo conver-
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sion into serial data through the parallel/serial converter 6
before being transmitted wirelessly from the wireless com-
munication unit 7 to the diagnostic apparatus body 2. The
sample data received by the wireless communication unit 14
of'the diagnostic apparatus body 2 are converted into parallel
data through the serial/parallel converter 15 and stored in the
data storage unit 16. Further, the sample data are read out
from the data storage unit 16 frame by frame, and the image
producer 17 generates image signals, based on which image
signals the display controller 18 causes the monitor 19 to
display an ultrasound diagnostic image.

[0065] When the internal temperature T of the ultrasound
probe 1 increases to a temperature equal to or above the first
temperature threshold Tthl (37° C.) and below the second
temperature threshold Tth2 (40° C.), the channel selector 4
forms 16, 24, and 32 simultaneously available channels [.1
for the shallow region A, the intermediate region B, and the
deep region C, respectively, to produce the ultrasound diag-
nostic image in a similar manner. When the internal tempera-
ture T of the ultrasound probe 1 increases to a temperature
equal to or above the second temperature threshold Tth2 (40°
C.) and below the third temperature threshold Tth3 (43° C.),
the channel selector 4 forms 8, 16, and 24 simultaneously
available channels L1 for the shallow region A, the interme-
diate region B, and the deep region C, respectively, to produce
the ultrasound diagnostic image in a similar manner.

[0066] When the internal temperature T of the ultrasound
probe 1 increases to a temperature equal to or above the third
temperature threshold Tth3 (43° C.), transmission and recep-
tion of the ultrasonic waves are terminated until the internal
temperature T decreases to under the third temperature
threshold Tth3.

[0067] As described above, the internal temperature T of
the ultrasound probe 1 is detected by the temperature sensor
13, and the number N of simultaneously available channels
for reception is reduced accordingly as the internal tempera-
ture T increases, so that the power consumption in the recep-
tion signal processors 5 is reduced accordingly, and the heat
generated in the housing of the ultrasound probe 1 also
decreases accordingly. Thus, temperature rise in the ultra-
sound probe 1 can be suppressed while ultrasound diagnosis
is continued.

[0068] Further, because the number N of simultaneously
available channels for reception is reduced accordingly as the
measuring depth decreases, temperature rise in the ultrasound
probe 1 can be suppressed with the decrease in image quality
held to a minimum.

[0069] Still further, because a required number of simulta-
neously available channels are selected so as to be substan-
tially evenly spaced over the whole channels of the transducer
array irrespective of the number N of simultaneously avail-
able channels as illustrated in FIG. 4, the transmission focus
can be provided in positions substantially evenly spaced over
the whole range of the imaging region in its scan direction to
form sound rays over the whole range of the imaging region.
Thus, while reduction in the number N of simultaneously
available channels may lower the image quality, an ultra-
sound diagnostic image having an image quality that is sub-
stantially consistent over the whole screen can be produced.

Embodiment 2

[0070] While the channel selector 4 is controlled so as to
select a required number of simultaneously available chan-
nels substantially evenly spaced over the whole channels of
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the transducer array, the invention is not limited this way; as
illustrated in FIG. 5, the channel selector 4 may be so con-
trolled as to select a required number of channels located at
the center and on both sides thereof among all the channels of
the transducer array.

[0071] When, forexample, the internal temperature T of the
ultrasound probe 1 lies between the surface temperature T0
(about 33° C.) and the first temperature threshold Tth1 (37°
C.), 24 channels located at the center are selected as available
channels L1, with the remaining channels located on both
sides thereof selected as non-available channels .2, among
all the 48 channels of the transducer array, for the shallow
region A; 32 channels located at the center are selected as
available channels L1, with the remaining channels located
on both sides thereof selected as non-available channels 1.2,
among all the 48 channels of the transducer array, for the
intermediate region B; and all the 48 channels of the trans-
ducer array are selected as available channels [.1 for the deep
region C.

[0072] When the internal temperature T of the ultrasound
probe 1 increases to a temperature equal to or above the first
temperature threshold Tthl (37° C.) and below the second
temperature threshold Tth2 (40° C.), 16, 24, and 32 channels
are selected from the centrally located channels as available
channels L1, with the remaining channels on both sides
thereof selected as non-available channels, for the shallow
region A, the intermediate region B, and the deep region C,
respectively. Likewise, when the internal temperature T of the
ultrasound probe 1 increases to a temperature equal to or
above the second temperature threshold Tth2 (40° C.) and
below the third temperature threshold Tth3 (43° C.), 8, 16,
and 24 channels are selected from centrally located channels
as available channels L1, with the remaining channels on both
sides thereof selected as non-available channels, for the shal-
low region A, the intermediate region B, and the deep region
C, respectively.

[0073] Witha required number of simultaneously available
channels thus selected from centrally located channels, an
ultrasound diagnostic image of the central area necessary for
diagnosis can be obtained without reducing the image quality
even with a changing number of simultaneously available
channels.

[0074] Whilethe storage unit 23 ofthe diagnostic apparatus
body 2 stores the table of the number of simultaneously
available channels in Embodiments 1 and 2, the table of the
number of simultaneously available channels may be stored
in the ultrasound probe 1, so that the probe controller 12 may
set the number N of simultaneously available channels for
reception for each of the shallow region A, the intermediate
region B, and the deep region C according to the internal
temperature T of the ultrasound probe 1 detected by the
temperature sensor 13.

[0075] While the ultrasound probe 1 described in Embodi-
ments 1 and 2 comprises a transducer array having a total of
48 channels by way of example, the number of channels, 48,
is only illustrative, and the present invention may likewise be
applied to the ultrasound probe comprising a transducer array
having another number of channels.

[0076] While the imaging region is divided into three
regions, the region A, the intermediate region B, and the deep
region C according to the measuring depth, and three tem-
perature ranges, TO=T<Tthl, Tth1=T<Tth2,
Tth2=T<Tth3, are used for judging the internal temperature
T of the ultrasound probe 1 in Embodiments 1 and 2, the
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present invention is not limited this way; the imaging region
may be divided into two or four regions according to the
measuring depth while two temperature ranges or four or
more temperature ranges may be used to judge the internal
temperature T of the ultrasound probe 1. In any of these cases,
the number N of the simultaneously available channels for
reception is so set as to be reduced stepwise as the internal
temperature T of the ultrasound probe 1 increases and as the
measuring depth decreases.

[0077] While the ultrasound probe 1 and the diagnostic
apparatus body 2 are connected to each other by wireless
communication in Embodiments 1 and 2, the invention is not
limited thereto, and the ultrasound probe 1 may be connected
to the diagnostic apparatus body 2 via a connection cable.
Such configuration obviates the necessity to provide such
components as the wireless communication unit 7 and the
communication controller 11 of the ultrasound probe 1, and
the wireless communication unit 14 and the communication
controller 20 of the diagnostic apparatus body 2.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe including a transducer array;

a transmitter for transmitting an ultrasonic beam from the
transducer array toward a subject;

an image producer for producing an ultrasound image
based on a reception signal outputted from the trans-
ducer array having received ultrasonic echoes from the
subject;

a temperature sensor for detecting an internal temperature
of the ultrasound probe;

a channel selector for selecting simultaneously available
channels for reception from a plurality of channels of the
ultrasound probe; and

a controller for controlling the channel selector so as to
reduce a number of selected simultaneously available
channels for reception as the internal temperature of the
ultrasound probe detected by the temperature sensor
increases and as a measuring depth decreases.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the controller controls the channel selector to
select a required number of simultaneously available chan-
nels so as to be substantially evenly spaced over the whole of
the plurality of channels of the ultrasound probe.

3. The ultrasound diagnostic apparatus according to claim

1, wherein the controller controls the channel selector to
select centrally located channels and other channels located
on both sides of the centrally located channels from the plu-
rality of channels of the ultrasound probe to secure a required
number of simultaneously available channels.

4. The ultrasound diagnostic apparatus according to claim

1, wherein the controller controls the transmitter to transmit
ultrasonic waves from all of the plurality of channels.

5. A method of producing an ultrasound image, comprising

the steps of:

detecting an internal temperature of an ultrasound probe
including a transducer array;

selecting simultaneously available channels for reception
from a plurality of channels of the ultrasound probe so as
to reduce a number of selected simultaneously available
channels for reception as the detected internal tempera-
ture of the ultrasound probe increases and as a measur-
ing depth decreases; and

transmitting an ultrasonic beam from the transducer array
toward a subject and producing an ultrasound image
based on a reception signal outputted from the trans-
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ducer array having received ultrasonic echoes from the
subject.

6. The method of producing an ultrasound image, accord-
ing to claim 5, wherein a required number of simultaneously
available channels substantially evenly spaced over the whole
of the plurality of channels of the ultrasound probe are
selected.

7. The method of producing an ultrasound image according
to claim 5, wherein centrally located channels and other chan-
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nels located on both sides of the centrally located channels are
selected from the plurality of channels of the ultrasound
probe to secure a required number of simultaneously avail-
able channels.

8. The method of producing an ultrasound image, accord-
ing to claim 5, wherein ultrasonic waves are transmitted from
all of the plurality of channels of the ultrasound probe.
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