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(54) ULTRASOUND DIAGNOSTIC DEVICE AND METHOD

(57) Provided is an ultrasound diagnostic device ca-
pable of improving the image quality of the region of in-
terest and conserving electric power without limitation of
the size of the region of interest. Even if a driving signal
is supplied to the various transducers configuring the os-
cillator array at time (t1), the received signal processor
remains OFF and does not turn ON. The received signal

processor is only turned ON after the ultrasound echo
signal from the region of interest starts being received at
time (t4), in accordance with the measurement depth of
the region of interest, and until reception of the ultrasound
echo signal from the region of interest is completed at
time (t5). Thereafter, the received signal processor re-
verts to the OFF state.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an ultrasound
diagnostic device and method, and in particular, to power
saving in an ultrasound diagnostic device which is used
to perform diagnosis on the basis of an ultrasound image
produced through transmission and reception of an ul-
trasonic wave by means of a transducer array of an ul-
trasound probe.

BACKGROUND ART

[0002] An ultrasound diagnostic device using an ultra-
sound image has hitherto been put into practical use in
the field of medicine. In general, this type of ultrasound
diagnostic apparatus has an ultrasound probe with a
built-in transducer array and a diagnostic device body
connected to the ultrasound probe. In the ultrasound di-
agnostic device, an ultrasonic wave is transmitted from
the ultrasound probe toward a subject, an ultrasonic echo
from the subject is received by the ultrasound probe, and
the reception signals are electrically processed in the di-
agnostic device body to produce an ultrasound image.
[0003] In recent years, a portable ultrasound diagnos-
tic device which can be transported to a bed side, an
emergency medical scene, or the like and used has been
developed. In this portable ultrasound diagnostic device,
a battery is used as a power source, and power con-
sumption in the device significantly affects the time of
continuous use. If power consumption is high, the amount
of heat generation in the device increases, causing an
increase in device size due to heat radiation measures
and damaging the convenience of a portable type.
[0004] In particular, in a wireless probe in which an
ultrasound probe and a diagnostic device body are con-
nected together in a wireless manner, or the like, it is
necessary to dispose transmission and reception circuits
relating to transmission of an ultrasonic wave from a
transducer and reception of an ultrasonic echo inside a
small probe. This disposition requires significant power
saving in these circuits.
On the other hand, in a normal ultrasound diagnostic de-
vice, while 50 to 100 V is used as the driving voltage of
the transducer, in the wireless probe or the like, the ac-
tivation voltage of the transducer is kept low due to a
restricted mounting space. In order to attain high image
quality, it is necessary to increase the S/N of the reception
circuit. In general, the S/N of the reception circuit is in
relation to power consumption, and the current situation
is that it is difficult to reduce power consumption of the
reception circuit when obtaining a high S/N.
[0005] In regard to power saving in the ultrasound di-
agnostic device, for example, Patent Literature 1 de-
scribes a device in which a bias of a buffer amplifier of a
channel uninvolved in reception is stopped. Patent Liter-
ature 2 suggests an ultrasound diagnostic device in

which the density of measurement lines is increased only
in a region of interest while maintaining the number of
measurement lines, and the density of measurement
lines is decreased in other ranges.

CITATION LIST

PATENT LITERATURE

[0006] [Patent Literature 1] JP 6-296610 A
[Patent Literature 2] JP 9-192130 A

SUMMARY OF INVENTION

TECHNICAL PROBLEMS

[0007] However, in the device of Patent Literature 1,
since a used channel and an unused channel are distin-
guished from each other, and the bias of the buffer am-
plifier of the unused channel is stopped, when attaining
power saving, there is a problem in that image quality is
degraded.
In the device of Patent Literature 2, since the density of
measurement lines is changed to maintain the spatial
resolution of the region of interest while maintaining the
number of measurement lines of one frame, there is a
problem in that image quality becomes uneven in a di-
rection perpendicular to the measurement lines, and the
length of the region of interest in this direction becomes
restricted.
[0008] The invention has been accomplished in order
to solve the problems of the related art, and an object of
the invention is to provide an ultrasound diagnostic de-
vice and method capable of attaining high image quality
of a region of interest and power saving without restricting
the size of the region of interest.

SOLUTION TO PROBLEMS

[0009] An ultrasound diagnostic device according to
the present invention is an ultrasound diagnostic device
which transmits an ultrasonic beam from a transducer
array of a ultrasound probe toward a subject on the basis
of actuation signals supplied from a transmission drive
unit, processes reception signals output from the trans-
ducer array of the ultrasound probe having received an
ultrasonic echo from the subject with a reception signal
processor, and produces an ultrasound image on the ba-
sis of the processed reception signals using an image
producer, the ultrasound diagnostic device comprising
control means that controls the reception signal proces-
sor such that the reception signal processor is operated
in a power saving mode in which processing of the re-
ception signals output from the transducer array is se-
lectively stopped depending on a measurement depth.
[0010] Preferably, the control means divides a plurality
of measurement lines into a first line group and a second
line group, and controls the reception signal processor
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such that the reception signal processor is operated in a
high image quality mode, in which the processing of the
reception signals output from the transducer array is per-
formed regardless of the measurement depth, for the
measurement lines of the first line group, and is operated
in the power saving mode for the measurement lines of
the second line group.
In this case, the measurement lines of the first line group
and the measurement lines of the second line group may
be alternately arranged. Otherwise, it may be constructed
such that the first line group has measurement lines ar-
ranged in a central portion from among the plurality of
measurement lines, and the second line group has meas-
urement lines arranged in both lateral portions of the first
line group.
[0011] In the power saving mode, the control means
may perform the processing of the reception signals out-
put from the transducer array for a region of interest and
stop the processing of the reception signals output from
the transducer array for other regions.
In this case, the region of interest may be set manually.
Also, the ultrasound diagnostic device may further com-
prise a region of interest selector which automatically se-
lects the region of interest on the basis of brightness from
the ultrasound image produced by the image producer.
Further, the region of interest may be a peripheral region
of a focus point of transmission and reception of ultra-
sonic waves set in advance.
The control means may control the reception signal proc-
essor such that the reception signal processor is operat-
ed to selectively switch between a high image quality
mode, in which the processing of the reception signals
output from the transducer array is performed regardless
of the measurement depth, and the power saving mode
depending on frame.
[0012] An ultrasound diagnostic method according to
the present invention is an ultrasound diagnostic method
which transmits an ultrasonic beam from a transducer
array of a ultrasound probe toward a subject on the basis
of actuation signals supplied from a transmission drive
unit, processes reception signals output from the trans-
ducer array of the ultrasound probe having received an
ultrasonic echo from the subject with a reception signal
processor, and produces an ultrasound image on the ba-
sis of the processed reception signals using an image
producer, wherein the reception signal processor is con-
trolled such that the reception signal processor is oper-
ated in a power saving mode in which processing of the
reception signals output from the transducer array is se-
lectively stopped depending on a measurement depth.
[0013] Preferably, a plurality of measurement lines are
divided into a first line group and a second line group,
and the reception signal processor is controlled such that
the reception signal processor is operated in a high image
quality mode, in which the processing of the reception
signals output from the transducer array is performed
regardless of the measurement depth, for the measure-
ment lines of the first line group, and is operated in the

power saving mode for the measurement lines of the sec-
ond line group.
In this case, the measurement lines of the first line group
and the measurement lines of the second line group may
be alternately arranged. Otherwise, it may be constructed
such that the first line group has measurement lines ar-
ranged in a central portion from among the plurality of
measurement lines, and the second line group has meas-
urement lines arranged in both lateral portions of the first
line group.
[0014] In the power saving mode, the processing of
the reception signals output from the transducer array
may be performed for a region of interest, and the
processing of the reception signals output from the trans-
ducer array may be stopped for other regions.
In this case, the region of interest may be set manually.
Also, the region of interest may be automatically selected
on the basis of brightness from the ultrasound image pro-
duced by the image producer. Further, the region of in-
terest may be a peripheral region of a focus point of trans-
mission and reception of ultrasonic waves set in advance.
The reception signal processor may be controlled such
that the reception signal processor is operated to selec-
tively switch between a high image quality mode, in which
the processing of the reception signals output from the
transducer array is performed regardless of the meas-
urement depth, and the power saving mode depending
on frame.

ADVANTAGEOUS EFFECTS OF INVENTION

[0015] According to the invention, the reception signal
processor is controlled such that it is operated in the pow-
er saving mode in which processing of the reception sig-
nal output from the transducer array is selectively
stopped depending on the measurement depth, making
it possible to attain high image quality of the region of
interest and power saving without restricting on the size
of the region of interest.

BRIEF DESCRIPTION OF DRAWINGS

[0016]

FIG. 1 is a block diagram showing the configuration
of an ultrasound diagnostic device according to Em-
bodiment 1 of the invention.
FIG. 2 is a timing chart showing the operation of an
actuation signal and a reception signal processor in
a high image quality mode.
FIG. 3 is a diagram schematically showing the state
of reception signal processing on each measure-
ment line in a high image quality mode.
FIG. 4 is a timing chart showing the operation of an
actuation signal and a reception signal processor in
Embodiment 1.
FIG. 5 is a diagram schematically showing the state
of reception signal processing on each measure-
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ment line in Embodiment 1.
FIG. 6 is a diagram schematically showing the state
of reception signal processing on each measure-
ment line in Embodiment 2.
FIG. 7 is a diagram schematically showing the state
of reception signal processing on each measure-
ment line in a modification of Embodiment 2.
FIG. 8 is a diagram showing a method of setting a
region of interest in Embodiment 3.
FIG. 9 is a diagram schematically showing the state
of reception signal processing on each measure-
ment line in Embodiment 3.
FIGS. 10A and 10B are diagrams schematically
showing the state of reception signal processing on
each measurement line in Embodiment 4, and spe-
cifically, FIG. 10A shows an odd-numbered frame
and FIG. 10B shows an even-numbered frame.
FIGS. 11A and 11B are diagrams schematically
showing the state of reception signal processing on
each measurement line in a modification of Embod-
iment 4, and specifically, FIG. 11A shows an odd-
numbered frame and FIG. 11B shows an even-num-
bered frame.
FIGS. 12A and 12B are diagrams schematically
showing the state of reception signal processing on
each measurement line in another modification of
Embodiment 4, and specifically, FIG. 12A shows an
odd-numbered frame and FIG. 12B shows an even-
numbered frame.
FIG. 13 is a block diagram showing the configuration
of an ultrasound diagnostic device according to Em-
bodiment 5.
FIG. 14 is a diagram showing a method of discrimi-
nating a region of interest in Embodiment 5.
FIG. 15 is a diagram showing a method of setting a
region of interest in Embodiment 6.

DESCRIPTION OF EMBODIMENTS

[0017]  Hereinafter, embodiments of the invention will
be described with reference to the accompanying draw-
ings.

Embodiment 1

[0018] Fig. 1 illustrates the configuration of an ultra-
sound diagnostic device according to Embodiment 1 of
the invention. The ultrasound diagnostic device includes
a rechargeable ultrasound probe 1 and a diagnostic de-
vice body 2 connected to the ultrasound probe 1 through
wireless communication.
[0019] The ultrasound probe 1 has a plurality of ultra-
sound transducers 3 which constitute a one-dimensional
or two-dimensional transducer array. Reception signal
processors 4 are correspondingly connected to the trans-
ducers 3, and a wireless communication unit 6 is con-
nected to the reception signal processors 4 through a
parallel/serial converter 5. A transmission controller 8 is

connected to the plurality of transducers 3 through a
transmission drive unit 7, a reception controller 9 is con-
nected to the plurality of reception signal processors 4,
and a communication controller 10’is connected to the
wireless communication unit 6. A probe controller 11 is
connected to the parallel/serial converter 5, the transmis-
sion controller 8, the reception controller 9, and the com-
munication controller 10.
[0020] Each of the plurality of transducers 3 forms a
vibrator. Each transducer 3 transmits an ultrasonic wave
in response to an actuation signal supplied from the trans-
mission drive unit 7 and receives an ultrasonic echo from
the subject, and outputs a reception signal. Each trans-
ducer 3 is constituted by a vibrator in which electrodes
are formed at both ends of a piezoelectric body com-
posed of, for example, piezoelectric ceramic represented
by PZT (lead zirconate titanate), a polymer piezoelectric
device represented by PVDF (polyvinylidene fluoride), or
the like.
If a pulsed or continuous-wave voltage is applied across
the electrodes of the vibrator, the piezoelectric body ex-
pands and contracts, whereby pulsed or continuous-
wave ultrasonic waves are produced from the respective
vibrators and the produced ultrasonic waves are synthe-
sized to form an ultrasonic beam. When receiving prop-
agating ultrasonic waves, the respective vibrators ex-
pand and contract to produce electric signals, and the
electric signals are output as the reception signals of the
ultrasonic waves.
[0021] The transmission drive unit 7 includes, for ex-
ample, a plurality of pulse generators. The transmission
drive unit 7 adjusts the delay amount of each of the ac-
tuation signals on the basis of a transmission delay pat-
tern selected by the transmission controller 8 such that
the ultrasonic waves transmitted from the plurality of
transducers 3 form an ultrasonic beam having a width
enough to cover the area of a tissue in the subject, and
supplies the adjusted actuation signals to the plurality of
transducers 3.
[0022] The reception signal processor 4 of each chan-
nel performs quadrature detection processing or quad-
rature sampling processing on the reception signal output
from the corresponding transducer 3 under the control
of the reception controller 9 to produce a complex base-
band signal, samples the complex baseband signal to
produce sample data including information on the area
of the tissue, and supplies the sample data to the parallel/
serial converter 5. The reception signal processor 4 may
perform data compression processing for low bit rate cod-
ing on data obtained by sampling the complex baseband
signal to produce sample data.
The parallel/serial converter 5 converts parallel sample
data produced by the plurality of channels of reception
signal processors 4 to serial sample data.
[0023] The wireless communication unit 6 modulates
a carrier on the basis of the serial sample data to produce
a transmission signal, supplies the transmission signal
to an antenna, and transmits a radio wave from the an-
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tenna, thereby transmitting the serial sample data. As
the modulation system, for example, ASK (Amplitude
Shift Keying), PSK (Phase Shift Keying), QPSK (Quad-
rature Phase Shift Keying), 16QAM (16 Quadrature Am-
plitude Modulation), or the like is used.
The wireless communication unit 6 performs wireless
communication with the diagnostic device body 2 to
transmit the sample data to the diagnostic device body
2 and to receive various control signals from the diag-
nostic device body 2, and outputs the received control
signals to the communication controller 10. The commu-
nication controller 10 controls the wireless communica-
tion unit 6 such that the sample data is transmitted with
transmission radio field intensity set by the probe con-
troller 11, and outputs various control signals received
by the wireless communication unit 6 to the probe con-
troller 11.
[0024] The probe controller 11 controls the respective
units of the ultrasound probe 1 on the basis of various
control signals transmitted from the diagnostic device
body 2.
The ultrasound probe 1 has a battery built-in not shown
in Fig. 1, and the battery supplies power to the respective
circuits in the ultrasound probe 1.
The ultrasound probe 1 may be an external probe, such
as a linear scan type, a convex scan type, or a sector
scan type, or may be a probe for an ultrasound endo-
scope, such as a radial scan type.
[0025] The diagnostic device body 2 has a wireless
communication unit 13. A data storage unit 15 is con-
nected to the wireless communication unit 13 through a
serial/parallel converter 14, and an image producer 16
is connected to the data storage unit 15. A display unit
18 is connected to the image producer 16 through a dis-
play controller 17. A communication controller 19 is con-
nected to the wireless communication unit 13, and a de-
vice body controller 20 is connected to the serial/parallel
converter 14, the image producer 16, the display control-
ler 17, and the communication controller 19. An operating
unit 21 for an input operation of an operator and a storage
unit 22 which stores operation programs are respectively
connected to the device body controller 20.
[0026] The wireless communication unit 13 performs
wireless communication with the ultrasound probe 1 to
transmit various control signals to the ultrasound probe
1. Besides, the wireless communication unit 13 demod-
ulates a signal received by an antenna to output serial
sample data.
The communication controller 19 controls the wireless
communication unit 13 such that various control signals
are transmitted with transmission radio field intensity set
by the device body controller 20.
The serial/parallel converter 14 converts the serial sam-
ple data output from the wireless communication unit 13
to parallel sample data. The data storage unit 15 is con-
stituted by a memory, a hard disk, or the like, and stores
the sample data for at least one frame converted by the
serial/parallel converter 14.

[0027] The image producer 16 performs reception fo-
cus processing on the sample data for every frame read
from the data storage unit 15 to produce an image signal
representing an ultrasound diagnostic image. The image
producer 16 includes a phasing adder 23 and an image
processor 24.
The phasing adder 23 performs the reception focus
processing by selecting one reception delay pattern from
among a plurality of reception delay patterns stored in
advance in accordance with a reception direction set in
the device body controller 20, giving a delay to each of
a plurality of complex baseband signals represented by
the sample data on the basis of the selected reception
delay pattern, and adding the reception signals. With this
reception focus processing, the focus of the ultrasonic
echo is narrowed to produce a baseband signal (sound
ray signal).
[0028] The image processor 24 produces a B-mode
image signal, which is tomographic image information
relating to a tissue in the subject, on the basis of the
sound ray signal produced by the phasing adder 23. The
image processor 24 includes an STC (sensitivity time
control) unit and a DSC (digital scan converter). The STC
unit corrects attenuation depending on the distance in
accordance with the depth of the reflection position of
the ultrasonic wave for the sound ray signal. The DSC
converts (raster-converts) the sound ray signal corrected
by the STC unit to an image signal based on a normal
television signal scan system, and performs necessary
image processing, such as gradation processing, to pro-
duce a B-mode image signal.
[0029] The display controller 17 displays an ultrasound
diagnostic image on the display unit 18 on the basis of
the image signal produced by the image producer 16.
The display unit 18 includes, for example, a display de-
vice, such as an LCD, and displays the ultrasound diag-
nostic image under the control of the display controller 17.
[0030] On the basis of the measurement depth of the
region of interest input from the operating unit 21 by the
operator, the device body controller 20 performs control
such that the reception signal processor 4 of the ultra-
sound probe 1 is operated in the power saving mode in
which the reception signal processor 4 is selectively
stopped depending on the measurement depth. That is,
the device body controller 20 controls the reception signal
processor 4 of the ultrasound probe 1 through wireless
communication such that the reception signal processor
4 is ON for the measurement depth of the region of in-
terest input from the operating unit 21 and OFF for other
measurement depths.
[0031] Although in the diagnostic device body 2, the
serial/parallel converter 14, the image producer 16, the
display controller 17, the communication controller 19,
and the device body controller 20 are constituted by a
CPU and operation programs which cause the CPU to
perform various types of processing, these may be con-
stituted by digital circuits. The operation programs are
stored in the storage unit 22. As a recording medium in
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the storage unit 22, in addition to an internal hard disk,
a flexible disk, an MO, an MT, a RAM, a CD-ROM, a
DVD-ROM, or the like may be used.
[0032] Hereinafter, the power saving mode will be de-
scribed, but before the explanation of the power saving
mode, the high image quality mode in which power saving
will not be attained will be described.
In the high image quality mode, as shown in FIG. 2, when
the actuation signal is supplied from the transmission
drive unit 7 to each transducer 3 constituting the trans-
ducer array in a period ΔTa, the reception signal proces-
sor 4 is turned on for the time ΔTb sufficient for receiving
an ultrasonic echo from the deepest portion of the region
to be examined of the subject. For example, if the actu-
ation signal is supplied to the transducer 3 at the time t1,
the corresponding reception signal processor 4 enters
the ON state at the same time, the ON state of the re-
ception signal processor 4 is maintained over the time
ΔTb, and when the reception of the ultrasonic echo ef-
fective for examination is completed at the time t2 when
the time ΔTb has elapsed from the time t1, the reception
signal processor 4 enters the OFF state. Thereafter, the
next actuation signal is supplied to the transducer 3 at
the time t3 when the period ΔTa has elapsed from the
time t1, and the reception signal processor 4 enters the
ON state again. Subsequently, the same operation is re-
peated.
[0033] Accordingly, as shown in FIG. 3, for all meas-
urement lines, the processing of the reception signal is
performed over the time ΔTb sufficient for receiving the
ultrasonic echo from the deepest portion of the region to
be examined using the reception signal processor 4,
thereby obtaining a high-quality image.
[0034] Meanwhile, in the power saving mode, as
shown in FIG. 4, when the actuation signal is supplied
from the transmission drive unit 7 to each transducer 3
constituting the transducer array in the period ΔTa, the
reception signal processor 4 enters the ON state only for
the time corresponding to a specific measurement depth
of the region of interest input from the operating unit 21,
and the reception signal processor 4 enters the OFF state
otherwise. For example, even when the actuation signal
is supplied to the transducer 3 at the time t1, the reception
signal processor 4 does not yet enter the ON state, and
enters the ON state at the time t4 when the time ΔTc has
elapsed from the time t1. The time ΔTc is the time needed
until the reception of the ultrasonic echo from the region
of interest starts after the ultrasonic wave is transmitted.
That is, the reception signal processor 4 enters the ON
state at the time t4 when the reception of the ultrasonic
echo from the region of interest starts, and the ON state
of the reception signal processor 4 is maintained over
the time ΔTd up to the time t5 when the reception of the
ultrasonic echo from the region of interest ends. When
the reception of the ultrasonic echo from the entire region
of interest is completed at the time t5, the reception signal
processor 4 enters the OFF state, and thereafter, the
next actuation signal is supplied to the transducer 3 at

the time t3 when the period ΔTa has elapsed from the
time t1. Subsequently, the same operation is repeated.
[0035]  Accordingly, as shown in FIG. 5, for all meas-
urement lines, the processing of the reception signal is
performed only for the time ΔTd necessary for receiving
the ultrasonic echo from the region of interest using the
reception signal processor 4, and the processing of the
reception signal is stopped otherwise. As a result, it is
possible to attain power saving.
[0036] Next, the operation of Embodiment 1 will be de-
scribed.
First, the operator inputs the measurement depth of the
region of interest of the subject from the operating unit
21. For example, the depth from the body surface of the
subject can be roughly recognized depending on a por-
tion to be examined or the like, and the measurement
depth of the region of interest can be estimated and input
on the basis of the depth. The measurement depth of the
region of interest input from the operating unit 21 is trans-
mitted from the device body controller 20 of the diagnostic
device body 2 to the probe controller 11 of the ultrasound
probe 1 through wireless communication.
[0037] If ultrasound diagnosis starts, ultrasonic waves
are transmitted from a plurality of transducers 3 consti-
tuting the transducer array in accordance with the actu-
ation signals supplied from the transmission drive unit 7
under the control of the probe controller 11 and the trans-
mission controller 8. The reception signal output from
each transducer 3 having received the ultrasonic echo
from the subject is supplied to the corresponding recep-
tion signal processor 4. At this time, the probe controller
11 controls the reception signal processor 4 through the
reception controller 9 such that the reception signal proc-
essor 4 enters the ON state for the measurement depth
of the region of interest and enters the OFF state for other
measurement depths.
[0038] Accordingly, sample data is produced only for
the measurement depth of the region of interest using
the reception signal processor 4, is serialized using the
parallel/serial converter 5, and is transmitted from the
wireless communication unit 6 to the diagnostic device
body 2 in a wireless manner. The sample data received
by the wireless communication unit 13 of the diagnostic
device body 2 is converted to parallel data using the se-
rial/parallel converter 14, and is stored in the data storage
unit 15. The sample data for one frame is read from the
data storage unit 15, an image signal is produced using
the image producer 16, and an ultrasound diagnostic im-
age is displayed on the display unit 18 on the basis of
the image signal by the display controller 17.
[0039] In this way, the reception signal processor 4 of
the ultrasound probe 1 is operated in the power saving
mode, making it possible to attain power saving while
displaying the image of the region of interest with high
image quality.
The number of measurement lines is not limited, and the
reception signal processor 4 enters the OFF state only
for the measurement depth independent of the region of
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interest. Therefore, it is possible to attain both high image
quality of the region of interest and power saving without
restricting the size of the region of interest.

Embodiment 2

[0040] Although in Embodiment 1, for all measurement
lines, the processing of the reception signal is performed
only for the time ΔTd corresponding to the measurement
depth of the region of interest using the reception signal
processor 4, and the processing of the reception signal
is stopped otherwise, the invention is not limited thereto.
The measurement lines may be divided into a first line
group and a second line group, and the reception signal
processor 4 may be controlled such that it is operated in
the high image quality mode, in which the processing of
the reception signal is performed regardless of the meas-
urement depth, for the measurement lines of the first line
group, and is operated in the power saving mode, in
which the processing of the reception signal is performed
only for the measurement depth of the region of interest,
for the measurement lines of the second line group.
[0041] For example, as shown in FIG. 6, the setting is
made such that odd-numbered lines from among a plu-
rality of measurement lines are grouped in a first line
group L1, even-numbered lines are grouped in a second
line group L2, and the measurement lines of the first line
group L1 and the measurement lines of the second line
group L2 are alternately arranged. Then, the reception
signal processor 4 is controlled such that it is operated
in the high image quality mode for the measurement lines
of the first line group L1, and is operated in the power
saving mode for the measurement lines of the second
line group L2. That is, the reception signal is processed
over the time ΔTb sufficient for receiving the ultrasonic
echo from the deepest portion of the region to be exam-
ined of the subject in the measurement lines of the first
line group L1, and the reception signal is processed only
for the time ΔTd necessary for receiving the ultrasonic
echo from the region of interest in the measurement lines
of the second line group L2.
[0042] With this, it becomes possible to obtain an ul-
trasound image over the entire screen and to display the
image of the measurement depth of the region of interest
with high image quality.
The reception signal processor 4 may be controlled such
that it is operated in the high image quality mode for a
first line group L1 having even-numbered lines, and is
operated in the power saving mode for a second line
group L2 having odd-numbered lines.
Moreover, instead of grouping each measurement line
in the first line group L1 or the second line group L2,
several measurement lines may be grouped in the first
line group L1 or the second line group L2.
[0043] Furthermore, as shown in FIG. 7, the reception
signal processor 4 may be controlled such that it is op-
erated in the high image quality mode for a first line group
L1 having a plurality of measurement lines arranged in

a central portion from among a plurality of measurement
lines, and is operated in the power saving mode for a
second line group L2 having a plurality of measurement
lines arranged in both lateral portions of the first line group
L1.
Thereby, it becomes possible to perform image display
with high image quality only for the measurement depths
of the central portion and the region of interest while at-
taining power saving.

Embodiment 3

[0044] Although in Embodiments 1 and 2 described
above, the processing of the reception signal is per-
formed for all measurement lines on the basis of the
measurement depth of the region of interest, as shown
in FIG. 8, if the operator manually inputs and sets not
only the measurement depth of the region R of interest
but also the shape of the region R of interest from the
display panel of the display unit 18, the operating unit 21,
or the like, as shown in FIG. 9, the processing of the
reception signal may be performed only for the region R
of interest. That is, the processing of the reception signal
is performed in the measurement lines where there is the
region R of interest for the measurement depth where
there is the region R of interest, and the processing of
the reception signal is stopped for other regions.
With this, it is possible to attain power saving more ef-
fectively.

Embodiment 4

[0045] Although in Embodiments 1 to 3 described
above, the reception signal processor 4 is controlled with-
out changing depending on frame, the invention is not
limited thereto, and the reception signal processor 4 may
be controlled such that it is operated to selectively switch
between the high image quality mode and the power sav-
ing mode depending on frame.
For example, the reception signal processor 4 is control-
led such that, as shown in FIG. 10A, it is operated in the
high image quality mode, in which the reception signal
is processed for all measurement lines regardless of the
measurement depth, in the odd-numbered frames, and
as shown in FIG. 10B, the processing of the reception
signal is performed only for the time ΔTd necessary for
receiving the ultrasonic echo from the region of interest
and is stopped otherwise for all measurement lines in the
even-numbered frames.
[0046] With this, it becomes possible to obtain an ul-
trasound image over the entire screen for each frame
and to perform image display with high image quality only
for the measurement depth of the region of interest.
The reception signal processor 4 may be controlled such
that the even-numbered frame is operated in the high
image quality mode and the odd-numbered frame is op-
erated in the power saving mode.
Moreover, the high image quality mode and the power
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saving mode may be switched for every several frames,
instead of switching between the high image quality
mode and the power saving mode for every frame.
[0047] Alternatively, the reception signal processor 4
may be controlled such that, as shown in FIG. 11A, the
reception signal processor 4 is operated in the high image
quality mode, in which the reception signal is processed
for all measurement lines regardless of the measurement
depth, in the odd-numbered frames, and as shown in
FIG. 11B, the reception signal processor 4 is operated
in the high image quality mode for a plurality of meas-
urement lines arranged in the center portion from among
a plurality of measurement lines and is operated in the
power saving mode for a plurality of measurement lines
arranged in both lateral portions in the even-numbered
frame.
[0048] Furthermore, as in Embodiment 3, the operator
may manually input and set not only the measurement
depth of the region R of interest but also the shape of the
region R of interest from the display panel of the display
unit 18, the operating unit 21, or the like, and the reception
signal processor 4 may be controlled such that it is op-
erated in the high image quality mode, in which the re-
ception signal is performed for all measurement lines re-
gardless of the measurement depth, in the odd-num-
bered frame as shown in FIG. 12A and performs the
processing of the reception signal only for the region R
of interest in the even-numbered frame as shown in FIG.
12B.

Embodiment 5

[0049] FIG. 13 shows the configuration of a diagnostic
device body 31 which is used in an ultrasound diagnostic
device according to Embodiment 5. A diagnostic device
body 31 is configured such that a region of interest se-
lector 32 is connected to the image producer 16, and the
device body controller 20 is connected to the region of
interest selector 32, compared to the diagnostic device
body 2 of Embodiment 1 shown in FIG. 1. As shown in
FIG. 14, the region of interest selector 32 automatically
selects the region R of interest on the basis of brightness
from the ultrasound image produced by the image pro-
ducer 16.
[0050] With the region of interest selector 32, the re-
gion R of interest is automatically selected on the basis
of brightness from the ultrasound image produced by the
image producer 16. The device body controller 20 con-
trols the reception signal processor 4 through wireless
communication such that, as in Embodiment 3, the re-
ception signal processor 4 of the ultrasound probe 1 per-
forms the processing of the reception signal only for the
region R of interest on the basis of the region R of interest
automatically selected by the region of interest selector
32 and stops the processing of the reception signal for
other regions.
As in Embodiment 4 of FIG. 12, the device body controller
20 may control the reception signal processor 4 such that

it switches the operation in the high image quality mode
and the operation in the power saving mode, in which
the processing of the reception signal is performed only
for the region R of interest, depending on the frame.

Embodiment 6

[0051] In the diagnostic device body 2 of Embodiment
1 shown in FIG. 1, the device body controller 20 may
automatically select a peripheral region of a focus point
F of transmission and reception of an ultrasonic wave set
in advance as the region R of interest. The device body
controller 20 controls the reception signal processor 4 on
the basis of the region R of interest automatically selected
in this way as described in Embodiments 1 to 4.
[0052] Although in Embodiments 1 to 6 described
above, the ultrasound probe 1 and the diagnostic device
body 2 or 31 are connected together in a wireless man-
ner, the invention is not limited thereto, and the ultra-
sound probe 1 may be connected to the diagnostic device
body 2 or 31 through a connection cable. In this case,
the wireless communication unit 6 and the communica-
tion controller 10 of the ultrasound probe 1, the wireless
communication unit 13 and the communication controller
19 of the diagnostic device body 2 or 31, and the like are
not required.

REFERENCE SIGNS LIST

[0053] 1 ultrasound probe; 2, 31 diagnostic device
body; 3 transducer; 4 reception signal processor; 5 par-
allel/serial converter; 6 wireless communication unit; 7
transmission drive unit; 8 transmission controller; 9 re-
ception controller; 10 communication controller; 11 probe
controller; 13 wireless communication unit; 14 serial/par-
allel converter; 15 data storage unit; 16 image producer;
17 display controller; 18 display unit; 19 communication
controller; 20 device body controller; 21 operating unit;
22 storage unit; 23 phasing adder; 24 image processor;
32 region of interest selector; L1 first line group; L2 sec-
ond line group; R region of interest; F focus point.

Claims

1. An ultrasound diagnostic device which transmits an
ultrasonic beam from a transducer array of a ultra-
sound probe toward a subject on the basis of actu-
ation signals supplied from a transmission drive unit,
processes reception signals output from the trans-
ducer array of the ultrasound probe having received
an ultrasonic echo from the subject with a reception
signal processor, and produces an ultrasound image
on the basis of the processed reception signals using
an image producer, the ultrasound diagnostic device
comprising:

control means that controls the reception signal
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processor such that the reception signal proc-
essor is operated in a power saving mode in
which processing of the reception signals output
from the transducer array is selectively stopped
depending on a measurement depth.

2. The ultrasound diagnostic device according to claim
1, wherein the control means divides a plurality of
measurement lines into a first line group and a sec-
ond line group, and controls the reception signal
processor such that the reception signal processor
is operated in a high image quality mode, in which
the processing of the reception signals output from
the transducer array is performed regardless of the
measurement depth, for the measurement lines of
the first line group, and is operated in the power sav-
ing mode for the measurement lines of the second
line group.

3. The ultrasound diagnostic device according to claim
2, wherein the measurement lines of the first line
group and the measurement lines of the second line
group are alternately arranged.

4. The ultrasound diagnostic device according to claim
2, wherein the first line group has measurement lines
arranged in a central portion from among the plurality
of measurement lines, and the second line group
has measurement lines arranged in both lateral por-
tions of the first line group.

5. The ultrasound diagnostic device according to claim
1, wherein, in the power saving mode, the control
means performs the processing of the reception sig-
nals output from the transducer array for a region of
interest and stops the processing of the reception
signals output from the transducer array for other
regions.

6. The ultrasound diagnostic device according to claim
5, wherein the region of interest is set manually.

7. The ultrasound diagnostic device according to claim
5, further comprising:

a region of interest selector which automatically
selects the region of interest on the basis of
brightness from the ultrasound image produced
by the image producer.

8. The ultrasound diagnostic device according to claim
5, wherein the region of interest is a peripheral region
of a focus point of transmission and reception of ul-
trasonic waves set in advance.

9. The ultrasound diagnostic device according to any
one of claims 1 to 8,
wherein the control means controls the reception sig-

nal processor such that the reception signal proces-
sor is operated to selectively switch between a high
image quality mode, in which the processing of the
reception signals output from the transducer array
is performed regardless of the measurement depth,
and the power saving mode depending on frame.

10. An ultrasound diagnostic method which transmits an
ultrasonic beam from a transducer array of a ultra-
sound probe toward a subject on the basis of actu-
ation signals supplied from a transmission drive unit,
processes reception signals output from the trans-
ducer array of the ultrasound probe having received
an ultrasonic echo from the subject with a reception
signal processor, and produces an ultrasound image
on the basis of the processed reception signals using
an image producer,
wherein the reception signal processor is controlled
such that the reception signal processor is operated
in a power saving mode in which processing of the
reception signals output from the transducer array
is selectively stopped depending on a measurement
depth.

11. The ultrasound diagnostic method according to
claim 10, wherein a plurality of measurement lines
are divided into a first line group and a second line
group, and the reception signal processor is control-
led such that the reception signal processor is oper-
ated in a high image quality mode, in which the
processing of the reception signals output from the
transducer array is performed regardless of the
measurement depth, for the measurement lines of
the first line group, and is operated in the power sav-
ing mode for the measurement lines of the second
line group.

12.  The ultrasound diagnostic method according to
claim 11, wherein the measurement lines of the first
line group and the measurement lines of the second
line group are alternately arranged.

13. The ultrasound diagnostic method according to
claim 11, wherein the first line group has measure-
ment lines arranged in a central portion from among
the plurality of measurement lines, and the second
line group has measurement lines arranged in both
lateral portions of the first line group.

14. The ultrasound diagnostic method according to
claim 10, wherein, in the power saving mode, the
processing of the reception signals output from the
transducer array is performed for a region of interest,
and the processing of the reception signals output
from the transducer array is stopped for other re-
gions.

15. The ultrasound diagnostic method according to
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claim 14, wherein the region of interest is set man-
ually.

16. The ultrasound diagnostic method according to
claim 14, wherein the region of interest is automati-
cally selected on the basis of brightness from the
ultrasound image produced by the image producer.

17. The ultrasound diagnostic method according to
claim 14, wherein the region of interest is a peripheral
region of a focus point of transmission and reception
of ultrasonic waves set in advance.

18. The ultrasound diagnostic method according to any
one of claims 10 to 17,
wherein the reception signal processor is controlled
such that the reception signal processor is operated
to selectively switch between a high image quality
mode, in which the processing of the reception sig-
nals output from the transducer array is performed
regardless of the measurement depth, and the power
saving mode depending on frame.
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