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(57) ABSTRACT

An ultrasound diagnostic apparatus includes: an ultrasound
probe which has a one-dimensional array-type transducer
array and an array moving unit moving the transducer array in
a direction substantially orthogonal to the array direction of
the transducer array; a transmission and reception circuit
which electronically scans the transducer array, and transmits
and receives an ultrasonic beam toward a subject to acquire
two-dimensional image data; and a controller which, when
the internal temperature of the ultrasound probe is equal to or
higher than a first set value, controls the transmission and
reception circuit such that the transmission and reception or
the reception of an ultrasonic beam for at least a part of a
region other than a region of interest is paused.
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FIG. 4

T1 = Tp < T2

, E
Y ” :
Z
— W

Yv‘ -’-l
L7z
A/(... 'l"( I v

i z."-i'— -~

A 4 l‘/"--\
At L]l = v

Xv

r’X r’X




Patent Application Publication  Sep. 20,2012 Sheet 5 of 27 US 2012/0238876 Al
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FIG. 6
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FIG. 8
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FIG. 10
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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF PRODUCING
ULTRASOUND IMAGE

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus and a method of producing an ultrasound
image, and in particular, to an ultrasound diagnostic appara-
tus which combines electronic scan and mechanical scan of a
transducer array to produce a three-dimensional ultrasound
image.

[0002] An ultrasound diagnostic apparatus using an ultra-
sound image has hitherto been put into practical use in the
field of medicine. In general, this kind of ultrasound diagnos-
tic apparatus has an ultrasound probe embedded with a trans-
ducer array and an apparatus body connected to the ultra-
sound probe. 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 recep-
tion signal is electrically processed in the apparatus body to
produce an ultrasound image.

[0003] A transducer array having a plurality of ultrasound
transducers arranged one-dimensionally is widely used. The
transducer array is electronically scanned to obtain a two-
dimensional tomographic image. When seeing an image in a
vertical direction with respect to the tomographic image, that
is, an image in front of or behind the tomographic image, the
position or angle of the ultrasound probe is changed to pro-
duce different tomographic images. However, it is necessary
to produce a large number of two-dimensional tomographic
images depending on the shape, size, or the like of a site under
diagnosis to recognize the situation of the site under diagno-
sis, and a sense of discomfort may be given to a patient at the
time of movement of the ultrasound probe.

[0004] Accordingly, JP 2009-240525 A describes an ultra-
sound diagnostic apparatus in which a transducer array is
electronically scanned to acquire two-dimensional image
data and the transducer array is also mechanically scanned in
a direction substantially orthogonal to the array direction of
the transducer array, thereby producing a three-dimensional
ultrasound image. According to this ultrasound diagnostic
apparatus, it becomes possible to produce a three-dimen-
sional ultrasound image without moving an ultrasound probe.

[0005] However, in the ultrasound probe of such an ultra-
sound diagnostic apparatus, a scan mechanism which
mechanically scans with the transducer array is accommo-
dated in the housing of the probe, and when diagnosis is
performed, heat is generated from the transducer array and
the scan mechanism, causing a rise in the temperature of the
housing of the ultrasound probe.

[0006] In particular, an ultrasound diagnostic apparatus is
known in which a circuit board for signal processing is
embedded in the ultrasound probe, and a reception signal
output from the transducer array is subjected to digital pro-
cessing and then transmitted to the apparatus body through
wireless communication or wired communication, thereby
reducing the influence of noise and obtaining a high-quality
ultrasound image. In this ultrasound diagnostic apparatus,
heat is generated from the circuit board, and a rise in the
temperature of the housing is caused. Ifthe temperature of the
housing increases, it becomes difficult to assure a stable
operation of each circuit in the ultrasound probe.
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SUMMARY OF THE INVENTION

[0007] Theinventionhas been finalized in order to solve the
drawbacks inherent in the related art, and an object of the
invention is to provide an ultrasound diagnostic apparatus and
a method of producing an ultrasound image capable of
obtaining a high-quality three-dimensional ultrasound image
while suppressing a rise in the internal temperature of an
ultrasound probe.

[0008] An ultrasound diagnostic apparatus according to a
first aspect of the invention includes

[0009] an ultrasound probe which has a one-dimensional
array-type transducer array and an array moving unit moving
the transducer array in a direction substantially orthogonal to
the array direction of the transducer array,

[0010] a transmission and reception circuit which elec-
tronically scans with the transducer array, and transmits and
receives an ultrasonic beam toward a subject to acquire two-
dimensional image data,

[0011] an image producer which produces a three-dimen-
sional ultrasound image using two-dimensional image data
acquired by the transmission and reception circuit while
mechanically scanning with the transducer array in a direc-
tion substantially orthogonal to the array direction of the
transducer array by the array moving unit,

[0012] a region of interest setter which sets a region of
interest in an imaging region,

[0013] atemperature sensor which detects an internal tem-
perature of the ultrasound probe, and

[0014] acontroller which, when the internal temperature of
the ultrasound probe detected by the temperature sensor is
equal to or higher than a first set value, controls the transmis-
sion and reception circuit such that the transmission and
reception or the reception of an ultrasonic beam for at least a
part of a region other than the region of interest set by the
region of interest setter is paused.

[0015] An ultrasound diagnostic apparatus according to a
second aspect of the invention includes

[0016] an ultrasound probe which has a one-dimensional
array-type transducer array and an array moving unit moving
the transducer array in a direction substantially orthogonal to
the array direction of the transducer array,

[0017] a transmission and reception circuit which elec-
tronically scans with the transducer array, and transmits and
receives an ultrasonic beam toward a subject to acquire two-
dimensional image data,

[0018] an image producer which produces a three-dimen-
sional ultrasound image using two-dimensional image data
acquired by the transmission and reception circuit while
mechanically scanning with the transducer array in a direc-
tion substantially orthogonal to the array direction of the
transducer array by the array moving unit,

[0019] a region of interest setter which sets a region of
interest in an imaging region,

[0020] a temperature sensor which detects an internal tem-
perature of the ultrasound probe, and

[0021] acontroller which, when the internal temperature of
the ultrasound probe detected by the temperature sensor is
equal to or higher than a first set value, controls the transmis-
sion and reception circuit such that the transmission and
reception or the reception of an ultrasonic beam for at least a
part of a region other than the region of interest set by the
region of interest setter is intermittently performed.
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[0022] An ultrasound diagnostic apparatus according to a
third aspect of the invention includes

[0023] an ultrasound probe which has a one-dimensional
array-type transducer array and an array moving unit moving
the transducer array in a direction substantially orthogonal to
the array direction of the transducer array,

[0024] a transmission and reception circuit which elec-
tronically scans with the transducer array, and transmits and
receives an ultrasonic beam toward a subject to acquire two-
dimensional image data,

[0025] an image producer which produces a three-dimen-
sional ultrasound image using two-dimensional image data
acquired by the transmission and reception circuit while
mechanically scanning with the transducer array in a direc-
tion substantially orthogonal to the array direction of the
transducer array by the array moving unit,

[0026] a region of interest setter which sets a region of
interest in an imaging region,

[0027] atemperature sensor which detects an internal tem-
perature of the ultrasound probe, and

[0028] a controller which, when the internal temperature of
the ultrasound probe detected by the temperature sensor is
equal to or higher than a first set value, controls the transmis-
sion and reception circuit such that the transmission and
reception or the reception of an ultrasonic beam for at least a
part of a region other than the region of interest set by the
region of interest setter is performed with decreased spatial
resolution.

[0029] A method of producing an ultrasound image accord-
ing to a fourth aspect of the invention includes the steps of
[0030] electronically scanning with a one-dimensional
array-type transducer array of an ultrasound probe by a trans-
mission and reception circuit and transmitting and receiving
an ultrasonic beam toward a subject to acquire two-dimen-
sional image data, and mechanically scanning with the trans-
ducer array in a direction substantially orthogonal to the array
direction of the transducer array to acquire a plurality of
pieces of two-dimensional image data,

[0031] producing a three-dimensional ultrasound image
using a plurality of pieces of acquired two-dimensional image
data,

[0032] setting a region of interest in an imaging region,
[0033] detecting an internal temperature of the ultrasound
probe, and

[0034] when the detected internal temperature of the ultra-
sound probe is equal to or higher than a first set value, con-
trolling the transmission and reception circuit such that the
transmission and reception or the reception of an ultrasonic
beam for at least a part of a region other than the region of
interest is paused.

[0035] A method of producing an ultrasound image accord-
ing to a fifth aspect of the invention includes the steps of
[0036] electronically scanning with a one-dimensional
array-type transducer array of an ultrasound probe by a trans-
mission and reception circuit and transmitting and receiving
an ultrasonic beam toward a subject to acquire two-dimen-
sional image data, and mechanically scanning with the trans-
ducer array in a direction substantially orthogonal to the array
direction of the transducer array to acquire a plurality of
pieces of two-dimensional image data,

[0037] producing a three-dimensional ultrasound image
using a plurality of pieces of acquired two-dimensional image
data,

[0038] setting a region of interest in an imaging region,
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[0039] detecting an internal temperature of the ultrasound
probe, and
[0040] when the detected internal temperature of the ultra-

sound probe is equal to or higher than a first set value, con-
trolling the transmission and reception circuit such that the
transmission and reception or the reception of an ultrasonic
beam for at least a part of a region other than the region of
interest is intermittently performed.

[0041] A method of producing an ultrasound image accord-
ing to a sixth aspect of the invention includes the steps of
[0042] electronically scanning with a one-dimensional
array-type transducer array of an ultrasound probe by a trans-
mission and reception circuit and transmitting and receiving
an ultrasonic beam toward a subject to acquire two-dimen-
sional image data, and mechanically scanning with the trans-
ducer array in a direction substantially orthogonal to the array
direction of the transducer array to acquire a plurality of
pieces of two-dimensional image data,

[0043] producing a three-dimensional ultrasound image
using a plurality of pieces of acquired two-dimensional image
data,

[0044] setting a region of interest in an imaging region,
[0045] detecting an internal temperature of the ultrasound
probe, and

[0046] when the detected internal temperature of the ultra-

sound probe is equal to or higher than a first set value, con-
trolling the transmission and reception circuit such that the
transmission and reception or the reception of an ultrasonic
beam for at least a part of a region other than the region of
interest is performed with decreased spatial resolution.

BRIEF DESCRIPTION OF THE DRAWINGS

[0047] FIG. 1is ablock diagram showing the configuration
of an ultrasound diagnostic apparatus according to Embodi-
ment 1 of the invention.

[0048] FIG. 2 is a flowchart showing the operation of
Embodiment 1.
[0049] FIG. 3 is a diagram showing a scan method of a

transducer array in a normal state in Embodiment 1.

[0050] FIG. 4 is a diagram showing a scan method of the
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
Embodiment 1.

[0051] FIG. 5 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a second set value in
Embodiment 2.

[0052] FIG. 6 is a diagram showing a scan method of the
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a third set value in
Embodiment 2.

[0053] FIG. 7 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a third set value in a
modification of Embodiment 2.

[0054] FIG. 8 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
Embodiment 3.

[0055] FIG. 9 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in a
modification of Embodiment 3.
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[0056] FIG. 10 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
another modification of Embodiment 3.

[0057] FIG. 11 is a block diagram showing the configura-
tion of an ultrasound diagnostic apparatus according to
Embodiment 4.

[0058] FIG. 12 is a flowchart showing the operation of
Embodiment 4.

[0059] FIG. 13 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
Embodiment 4.

[0060] FIG. 14 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a second set value in
Embodiment 5.

[0061] FIG. 15 is a diagram showing a scan method of the
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a third set value in
Embodiment 5.

[0062] FIG. 16 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a third set value in a
modification of Embodiment 5.

[0063] FIG. 17 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
Embodiment 6.

[0064] FIG. 18 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in a
modification of Embodiment 6.

[0065] FIG. 19 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
another modification of Embodiment 6.

[0066] FIG. 20 is a diagram showing a scan method of a
transducer array in a normal state in Embodiment 7.

[0067] FIG. 21 is a diagram showing a scan method of the
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
Embodiment 7.

[0068] FIG. 22 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a second set value in
Embodiment 8.

[0069] FIG. 23 is a diagram showing a scan method of the
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a third set value in
Embodiment 8.

[0070] FIG. 24 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a third set value in a
modification of Embodiment 8.

[0071] FIG. 25 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
Embodiment 9.

[0072] FIG. 26 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
modification of Embodiment 9.
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[0073] FIG. 27 is a diagram showing a scan method of a
transducer array when the internal temperature of an ultra-
sound probe is equal to or higher than a first set value in
another modification of Embodiment 9.

DETAILED DESCRIPTION OF THE INVENTION

[0074] Hereinafter, embodiments of the invention will be
described on the basis of the accompanying drawings.

Embodiment 1

[0075] FIG. 1 shows the configuration of an ultrasound
diagnostic apparatus according to Embodiment 1 of the
invention. The ultrasound diagnostic apparatus includes an
ultrasound probe 1, and a diagnostic apparatus body 2 con-
nected to the ultrasound probe 1.

[0076] The ultrasound probe 1 has a transducer array 3
having a plurality of ultrasound transducers arranged one-
dimensionally. An array moving unit 4 is connected to the
transducer array 3, and a transmission circuit 5 and a recep-
tion circuit 6 are also connected to the transducer array 3. A
probe controller 7 is connected to the array moving unit 4, the
transmission circuit 5, and the reception circuit 6. A tempera-
ture sensor 8 which detects the internal temperature of the
ultrasound probe 1is embedded in the ultrasound probe 1, and
the temperature sensor 8 is connected to the probe controller
7. The temperature sensor 8 is disposed, for example, in the
vicinity of the reception circuit 6 where heat is expected to be
generated, particularly, when the ultrasound diagnostic appa-
ratus is in operation.

[0077] The diagnostic apparatus body 2 has a signal pro-
cessor 11 connected to the reception circuit 6 of the ultra-
sound probe 1. A DSC (Digital Scan Converter) 12, an image
processor 13, a display controller 14, and a monitor 15 are
sequentially connected to the signal processor 11, and an
image memory 16 is connected to the image processor 13. An
apparatus controller 17 is connected to the signal processor
11, the DSC 12, and the display controller 14. An operating
unit 18 and a storage unit 19 are connected to the apparatus
controller 17.

[0078] The probe controller 7 of the ultrasound probe 1 and
the apparatus controller 17 of the diagnostic apparatus body 2
are connected together.

[0079] The transducer array 3 of the ultrasound probe 1 has
a plurality of ultrasound transducers arranged one-dimen-
sionally. These ultrasound transducers are constituted by
transducers in which electrodes are formed at both ends of a
piezoelectric body made of piezoelectric ceramic represented
by, for example, PZT (lead zirconate titanate), a polymer
piezoelectric device represented by PVDF (polyvinylidene
fluoride), or piezoelectric monocrystal represented by PMN-
PT (lead magnesium niobate-lead titanate solid solution).
[0080] Ifapulsed or continuous-wave voltage is applied to
the electrodes of each transducer, the piezoelectric body
expands and contracts, and pulsed or continuous-wave ultra-
sonic waves are generated from the transducers and synthe-
sized to form an ultrasonic beam. When receiving propagat-
ing ultrasonic waves, the transducers expand and contract to
generate electric signals, and the electric signals are output as
reception signals of ultrasonic waves.

[0081] The transducer array 3 is disposed pivotably or slid-
ably in a direction substantially orthogonal to the array direc-
tion of the ultrasound transducers, and is configured to repeat-
edly pivot in a predetermined period and angle range or to



US 2012/0238876 Al

linearly reciprocate with a predetermined cycle and stroke by
the actuation of the array moving unit 4. As the array moving
unit 4, various motors, actuators, or the like may be used.

[0082] The transmission circuit 5 includes, for example, a
plurality of pulsars. The transmission circuit 5 adjusts the
delay amount of each actuation signal on the basis of a trans-
mission delay pattern selected in response to a control signal
from the probe controller 6 such that ultrasonic waves trans-
mitted from a plurality of ultrasound transducers of the trans-
ducer array 3 form an ultrasonic beam, and supplies the
adjusted delay amount to each of a plurality of ultrasound
transducers.

[0083] The reception circuit 6 performs a reception focus
process in which a reception signal transmitted from each
ultrasound transducer of the transducer array 3 is amplified,
subjected to A/D conversion, and reception signals are added
with delay added thereto in accordance with a sound velocity
or a sound velocity distribution set on the basis of a reception
delay pattern selected in response to a control signal from the
probe controller 6. With this reception focus process, the
focus of an ultrasonic echo is narrowed to produce reception
data (sound ray signal).

[0084] The transmission circuit 5 and the reception circuit
6 constitute a transmission and reception circuit of the inven-
tion.

[0085] The temperature sensor 8 detects the internal tem-
perature Tp of the ultrasound probe 1 and outputs the result to
the probe controller 7.

[0086] The probe controller 7 controls the respective units
of the ultrasound probe 1 on the basis of various control
signals transmitted from the apparatus controller 17 of the
diagnostic apparatus body 2.

[0087] The signal processor 11 of the diagnostic apparatus
body 2 corrects attenuation depending on the distance in
accordance with the depth of the reflection position of the
ultrasonic wave for reception data produced by the reception
circuit 6 of the ultrasound probe 1, and performs an envelope
detection process to produce a B-mode image signal which is
tomographic image information relating to a tissue in the
subject.

[0088] The DSC 12 converts (raster-converts) the B-mode
image signal produced by the signal processor 11 to an image
signal according to a normal television signal scan system.

[0089] Theimage processor 13 performs various necessary
image processes, such as a gradation process, on the B-mode
image signal input from the DSC 12 to produce two-dimen-
sional image data, and stores two-dimensional image data in
the image memory 16. Simultaneously, the image processor
13 produces three-dimensional image data from a plurality of
pieces of two-dimensional image data stored in the image
memory 16, and outputs three-dimensional image data to the
display controller 14.

[0090] The signal processor 11, the DSC 12, the image
processor 13, and the image memory 16 form an image pro-
ducer 20.

[0091] Thedisplay controller 14 performs control such that
the monitor 15 displays a three-dimensional ultrasound diag-
nostic image on the basis of three-dimensional image data
input from the image processor 13.

[0092] The monitor 15 includes a display device, such as an
LCD, and displays an ultrasound diagnostic image under the
control of the display controller 14.
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[0093] The apparatus controller 17 controls the respective
units of the ultrasound diagnostic apparatus on the basis of a
command input from the operating unit 18 by an operator.
The apparatus controller 17 controls the transmission circuit
5 and the reception circuit 6 through the probe controller 7
such that either normal scan in which the transmission and
reception of an ultrasonic beam is performed evenly over a
space under observation including a region of interest or
temperature rise suppressing scan in which the transmission
and reception or the reception of an ultrasonic beam for at
least a part of a region other than the region of interest in the
spatial region under observation is paused is performed in
accordance with the internal temperature Tp detected by the
temperature sensor 8 of the ultrasound probe 1.

[0094] The operating unit 18 is configured to allow the
operator to perform an input operation. The operating unit 18
constitutes a region of interest setter of the invention, and
includes a keyboard, a mouse, a trackball, a touch panel, or
the like.

[0095] The storage unit 19 stores an operation program or
the like, and a recording medium, such as a hard disk, a
flexible disk, an MO, an MT, a RAM, a CD-ROM, a DVD-
ROM, an SD card, a CF card, or a USB memory, a server, or
the like may be used.

[0096] The signal processor 11, the DSC 12, the image
processor 13, the display controller 14, and the apparatus
controller 17 are constituted by a CPU and operation pro-
grams for causing the CPU to perform various processes, and
they may be constituted by digital circuits.

[0097] When producing a three-dimensional image, the
transducer array 3 is electronically scanned by the transmis-
sion circuit 5 and the reception circuit 6, and transmits and
receives an ultrasonic beam toward the subject to acquire
two-dimensional image data in a single tomographic plane,
and the transducer array 3 is mechanically scanned by the
array moving unit 4 to collect two-dimensional image data
corresponding to a large number of tomographic planes.
[0098] That is, ultrasonic waves are transmitted from a
plurality of ultrasound transducers of the transducer array 3 in
response to an actuation signal supplied from the transmis-
sion circuit 5 of the ultrasound probe 1, reception signals are
output from the respective ultrasound transducers having
received an ultrasonic echo from the subject to the reception
circuit 6, and reception data is produced by the reception
circuit 6. A B-mode image signal is produced by the signal
processor 11 of the diagnostic apparatus body 2 to which
reception data has been input, the B-mode image signal is
raster-converted by the DSC 12, and various image processes
are performed on the B-mode image signal in the image
processor 13. Accordingly, two-dimensional image data in a
single tomographic plane is produced and stored in the image
memory 16.

[0099] In this way, while two-dimensional image data in a
single tomographic plane is produced, the transducer array 3
is mechanically scanned by the array moving unit 4 with a
predetermined angle range or stroke, such that two-dimen-
sional image data corresponding to a large number of tomo-
graphic planes are sequentially produced and stored in the
image memory 16. Three-dimensional image data for a space
determined in the angle range or stroke of mechanical scan or
the electronic scan range of the transducer array 3 is produced
in the image processor 13 using image data stored in the
image memory 16. A three-dimensional image is displayed
on the monitor 15 by the display controller 14 on the basis of
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three-dimensional image data by an image projection
method, such as VR (Volume Rendering) or MPR (Multipla-
nar Reconstruction).

[0100] Next, the operation of Embodiment 1 will be
described with reference to a flowchart of FIG. 2.

[0101] First, in Step S1, the transducer array 3 is electroni-
cally scanned by the transmission circuit 5 and the reception
circuit 6 to acquire two-dimensional image data, and the
transducer array 3 is mechanically scanned by the array mov-
ing unit 4 to produce three-dimensional image data. A three-
dimensional image is displayed on the monitor 15 by the
display controller 14.

[0102] In Step S2, the operator operates the operating unit
18, and as shown in FIG. 3, a region V of interest is set on a
three-dimensional image on a spatial region W under obser-
vation displayed on the monitor 15. In FIG. 3, the X axis
represents a moving direction of the transducer array 3 by the
array moving unit 4, that is, a mechanical scan direction, the
Y axis represents a one-dimensional array direction of a plu-
rality of ultrasound transducers of the transducer array 3, and
the Z axis represents a measurement depth direction. It is
assumed that the region V of interest has a size of Xv, Yv, and
Zv in the X-axis direction, the Y-axis direction, and the Z-axis
direction.

[0103] If the region V of interest is set, in Step S3, the
internal temperature Tp of the ultrasound probe 1 is detected
by the temperature sensor 8. In Step S4, the detected internal
temperature Tp is compared with a first set value T1 set in
advance.

[0104] When it is determined that the internal temperature
Tp of the ultrasound probe 1 is lower than the first set value
T1, the process progresses to Step S5, and the transmission
circuit 5 and the reception circuit 6 are controlled by the
apparatus controller 17 through the probe controller 7, and the
normal scan is performed. That is, as shown in FIG. 3, the
transducer array 3 is electronically scanned by the transmis-
sion circuit 5 and the reception circuit 6, and the transducer
array 3 is mechanically scanned by the array moving unit 4.
Therefore, electronic scan planes E are formed evenly over
the spatial region W under observation, and two-dimensional
image data for each electronic scan plane E is produced and
stored in the image memory 16.

[0105] Next, in Step S6, three-dimensional image data for
the spatial region W under observation is produced by the
image processor 13 using two-dimensional image data stored
in the image memory 16. Subsequently, in Step S7, a three-
dimensional image is displayed on the monitor 15 by the
display controller 14.

[0106] InStep S8, itisconfirmed whether or not the inspec-
tion ends. While the inspection is continuing, Steps S3 to S8
are repeated. When the inspection ends, a sequence of pro-
cessing is completed.

[0107] Ultrasound diagnosis is executed in the above-de-
scribed manner, and as the execution time elapses, the internal
temperature Tp of the ultrasound probe 1 gradually increases.
Accordingly, in Step S4, when it is determined that the inter-
nal temperature Tp of the ultrasound probe 1 is equal to or
higher than the first set value T1, the process progresses to
Step S9, and the transmission circuit 5 and the reception
circuit 6 are controlled by the apparatus controller 17 through
the probe controller 7 such that the temperature rise suppress-
ing scan is now performed.
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[0108] That is, as shown in FIG. 4, while the mechanical
scan of the transducer array 3 by the array moving unit 4 is
performed over the spatial region W under observation,
regardless of the region V of interest, electronic scan plane E
are formed only in a range of the length Xv including the
region V of interest in the X-axis direction which is the
mechanical scan direction of the transducer array 3, and the
transmission and reception of an ultrasonic beam for a region
other than the region V of interest in the X-axis direction is
paused. The pause time of the transmission circuit 5 and the
reception circuit 6 is extended by this amount, and a tempera-
ture rise in the ultrasound probe 1 is suppressed.

[0109] Thereafter, in Step S6, three-dimensional image
data is produced using two-dimensional image data for each
electronic scan plane E stored in the image memory 16 in the
image processor 13, and in Step S7, a three-dimensional
image is displayed on the monitor 15 by the display controller
14.

[0110] If the temperature rise suppressing scan is per-
formed, and the internal temperature Tp of the ultrasound
probe 1 decreases to be equal to or lower than the first set
value T1, the normal scan is performed again, such that a
three-dimensional image corresponding to the spatial region
W under observation can be displayed.

[0111] As described above, when the internal temperature
Tp of the ultrasound probe 1 detected by the temperature
sensor 8 is equal to or higher than the first set value T1, the
transmission circuit 5 and the reception circuit 6 are con-
trolled such that the transmission and reception of an ultra-
sonic beam for a region other than the region V of interest in
the mechanical scan direction of the transducer array 3 is
paused. Therefore, it becomes possible to obtain a high-qual-
ity three-dimensional ultrasound image for at least the region
V of interest while suppressing a rise in the internal tempera-
ture Tp of the ultrasound probe 1.

Embodiment 2

[0112] Although in Embodiment 1 described above, the
first set value T1 is set, and when the internal temperature Tp
of'the ultrasound probe 1 is equal to or higher than the first set
value T1, the temperature rise suppressing scan is performed,
a plurality of temperature set values may be set, and scan
having different temperature rise suppressing effects may be
performed in a stepwise manner depending on the internal
temperature Tp of the ultrasound probe 1.

[0113] For example, a second set value T2 higher than the
first set value T1 and a third set value T3 higher than the
second set value T2 are set in advance, and when the internal
temperature Tp of the ultrasound probe 1 detected by the
temperature sensor 8 is equal to or higher than the first set
value T1 and lower than the second set value T2, as shown in
FIG. 4, in the mechanical scan direction of the transducer
array 3, electronic scan planes E are formed only in a range of
the length Xv including the region V of interest. When the
internal temperature Tp of the ultrasound probe 1 is equal to
or higher than the second set value T2 and lower than the third
set value T3, as shown in FIG. 5, electronic scan planes E can
be formed only in a range of the length Yv including the
region V of interest in the Y-axis direction which is the one-
dimensional array direction of the transducer array 3, and the
transmission and reception of an ultrasonic beam for a region
other than the region V of interest in the Y-axis direction can
be paused.
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[0114] When this happens, the range in which the transmis-
sion and reception of an ultrasonic beam is paused increases
by the amount corresponding to the region other than the
region V of interest in the Y-axis direction, and the pause
period of the transmission circuit 5 and the reception circuit 6
is further extended by this amount, thereby suppressing a rise
in the temperature of the ultrasound probe 1.

[0115] When the internal temperature Tp of the ultrasound
probe 1 detected by the temperature sensor 8 is equal to or
higher than the third set value T3, as shown in FIG. 6, elec-
tronic scan planes E can be formed only in a range of the
length Zv including the region V of interest and a region
shallower than the region V of interest in the Z-axis direction
which is the measurement depth direction, and the reception
of'an ultrasonic beam for a region deeper than the region V of
interest can be paused.

[0116] When this happens, the range in which the reception
of an ultrasonic beam is paused increases by the amount
corresponding to the region deeper than the region V of inter-
est, and the pause period of the reception circuit 6 is further
extended by this amount, thereby further suppressing a rise in
the temperature of the ultrasound probe 1.

[0117] InEmbodiment 2, the mechanical scan of the trans-
ducer array 3 by the array moving unit 4 is performed over the
spatial region W under observation, regardless of the internal
temperature Tp of the ultrasound probe 1 and the region V of
interest.

[0118] When the internal temperature Tp of the ultrasound
probe 1 detected by the temperature sensor 8 is equal to or
higher than the third set value T3, as shown in FIG. 7, elec-
tronic scan planes E may be formed only in a range of the
length Zv including the region V of interest in the measure-
ment depth direction, and the reception of an ultrasonic beam
for a region other than the region V of interest in the Z-axis
direction may be paused. It becomes possible to further
extend the pause period of the reception circuit 6, compared to
a case where the reception of an ultrasonic beam for a region
shallower than the region V of interest is paused, as shown in
FIG. 6.

Embodiment 3

[0119] Although in Embodiment 1 described above, when
the internal temperature Tp of the ultrasound probe 1 is equal
to or higher than the first set value T1 and lower than the
second set value T2, as shown in FIG. 4, the transmission and
reception of an ultrasonic beam for a region other than the
region V of interest in the X-axis direction which is the
mechanical scan direction of the transducer array 3 is paused,
the invention is not limited thereto. For example, as shown in
FIG. 8, electronic scan planes E may be formed only in a
range of the length Yv including the region V of interest in the
Y-axis direction which is the one-dimensional array direction
of the transducer array 3, and the transmission and reception
of an ultrasonic beam for a region other than the region V of
interest in the Y-axis direction may be paused.

[0120] Inthis case, a plurality of temperature set values are
set, and when the internal temperature Tp of the ultrasound
probe 1 increases to be equal to or higher than the second set
value T2, the transmission and reception of an ultrasonic
beam for a region other than the region V of interest in the
X-axis direction which is the mechanical scan direction of the
transducer array 3 may be paused or the reception of an
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ultrasonic beam for a region other than the region V of interest
in the Z-axis direction which is the measurement depth direc-
tion may be paused.

[0121] When the internal temperature Tp of the ultrasound
probe 1 is equal to or higher than the first set value T1 and
lower than the second set value T2, as shown in FIG. 9,
electronic scan planes E may be formed only in a range of the
length Zv including the region V of interest and a region
shallower than the region V of interest in the Z-axis direction
which is the measurement depth direction, and the reception
of'an ultrasonic beam for a region deeper than the region V of
interest may be paused. Alternatively, as shown in FIG. 10,
electronic scan planes E may be formed only in a range of the
length Zv including the region V of interest in the Z-axis
direction which is the measurement depth direction, and the
reception of an ultrasonic beam for a region other than the
region V of interest in the Z-axis direction may be paused.
[0122] Even when the scan shown in FIG. 9 or 10 is per-
formed, a plurality of temperature set values may be set, and
when the internal temperature Tp of the ultrasound probe 1
increases to be equal to or higher than the second set value T2,
the transmission and reception of an ultrasonic beam for a
region other than the region V of interest in the X-axis direc-
tion which is the mechanical scan direction of the transducer
array 3 or for a region other than the region V of interest in the
Y-axis direction which is the one-dimensional array direction
of the transducer array 3 may be further paused.

[0123] In Embodiment 3, as in Embodiment 1, the pause
period of the transmission circuit 5 and the reception circuit 6
or the pause period of the reception circuit 6 is extended,
making it possible to obtain a high-quality three-dimensional
ultrasound image for at least the region V of interest while
suppressing a rise in the internal temperature Tp of the ultra-
sound probe 1.

Embodiment 4

[0124] Although in Embodiments 1 to 3 described above,
when the internal temperature Tp of the ultrasound probe 1 is
equal to or higher than the first set value T1, the transmission
and reception or the reception of an ultrasonic beam for at
least a part of a region other than the region V of interest is
paused, in Embodiment 4, the transmission and reception or
the reception of an ultrasonic beam for at least a part of a
region other than the region V of interest is intermittently
performed.

[0125] FIG. 11 shows the configuration of an ultrasound
diagnostic apparatus according to Embodiment 4. The ultra-
sound diagnostic apparatus includes an ultrasound probe 1,
and a diagnostic apparatus body 2A connected to the ultra-
sound probe 1.

[0126] The diagnostic apparatus body 2A is configured
such that an interpolator 21 is connected to the image proces-
sor 13 in the diagnostic apparatus body 2 of Embodiment 1
shown in FIG. 1, and the apparatus controller 17 is connected
to the interpolator 21.

[0127] The interpolator 21 interpolates and forms two-di-
mensional image data of an intermediate frame between pre-
vious and next frames on the basis of two-dimensional image
data of the previous and next frames.

[0128] The signal processor 11, the DSC 12, the image
processor 13, the image memory 16, and the interpolator 21
form an image producer 20A.
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[0129] The apparatus controller 17 controls the transmis-
sion circuit 5 and the reception circuit 6 through the probe
controller 7 such that either normal scan in which the trans-
mission and reception of an ultrasonic beam is performed
evenly over a spatial region under observation including a
region of interest or temperature rise suppressing scan in
which the transmission and reception or the reception of an
ultrasonic beam for at least a part of a region other than the
region of interest in the spatial region under observation is
intermittently performed is performed in accordance with the
internal temperature Tp detected by the temperature sensor 8
of the ultrasound probe 1.

[0130] The operation of Embodiment 4 is shown in a flow-
chart of FIG. 12. Steps S1 to S8 are the same as the operation
in embodiment 1 shown in FIG. 2. That is, when the internal
temperature Tp of the ultrasound probe 1 is lower than the first
set value T1, the same normal scan as in Embodiment 1 is
performed.

[0131] In Step S4, when it is determined that the internal
temperature Tp of the ultrasound probe 1 is equal to or higher
than the first set value T1, the process progresses to Step S11,
and the transmission circuit 5 and the reception circuit 6 are
controlled by the apparatus controller 17 through the probe
controller 7 such that the temperature rise suppressing scan is
performed.

[0132] At this time, as shown in FIG. 13, while the
mechanical scan of the transducer array 3 by the array moving
unit 4 is performed over the spatial region W under observa-
tion regardless of the region V of interest, electronic scan
planes E are formed evenly in a range of the length Xv
including the region V of interest in the X-axis direction
which is the mechanical scan direction of the transducer array
3 as in the normal scan, and the transmission and reception of
an ultrasonic beam for a region other than the region V of
interest in the X-axis direction is intermittently performed
frame by frame. In FIG. 13, the formed electronic scan plane
E is indicated by a solid line, and an electronic scan plane
being not formed is indicated by a dotted line.

[0133] For this reason, while electronic scan planes E are
formed in the range including the region V of interest in the
X-axis direction at the same interval as in the normal scan, the
number of electronic scan planes E out of the range is reduced
compared to the normal scan, and the interval between the
electronic scan planes E being formed is expanded. The pause
period of the transmission circuit 5 and the reception circuit 6
is extended by the amount corresponding to the electronic
scan planes having not been formed compared to the normal
scan, thereby suppressing a rise in the temperature of the
ultrasound probe 1.

[0134] If the temperature rise suppressing scan is per-
formed in the above-described manner, and two-dimensional
image data for each formed electronic scan plane E is stored
in the image memory 16, in Step S12, an interpolation process
of two-dimensional image data is performed by the interpo-
lator 21. That is, two-dimensional image data of a frame
where the transmission and reception of an ultrasonic beam
has not been performed and no electronic scan plane has been
formed in a region other than the region V of interest in the
X-axis direction is interpolated and formed on the basis of
two-dimensional image data of the previous and next frames.

[0135] Accordingly, two-dimensional image data of the
same number of frames as when the normal scan is performed
is produced, and in Step S6, the image processor 13 produces
three-dimensional image data using two-dimensional image
data. Subsequently, in Step S7, a three-dimensional image is
displayed on the monitor 15 by the display controller 14.
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[0136] If the temperature rise suppressing scan is per-
formed, and the internal temperature Tp of the ultrasound
probe 1 decreases to be equal to or lower than the first set
value T1, the normal scan is performed again, and a three-
dimensional image can be displayed.

[0137] As described above, when the internal temperature
Tp of the ultrasound probe 1 detected by the temperature
sensor 8 is equal to or higher than the first set value T1, the
transmission circuit 5 and the reception circuit 6 are con-
trolled such that the transmission and reception of an ultra-
sonic beam for a region other than the region V of interest in
the mechanical scan direction of the transducer array 3 is
intermittently performed. Therefore, it becomes possible to
obtain a high-quality three-dimensional ultrasound image for
at least the region V of interest while suppressing a rise in the
internal temperature Tp of the ultrasound probe 1.

Embodiment 5

[0138] Although in Embodiment 4 described above, the
first set value T1 is set, and when the internal temperature Tp
ofthe ultrasound probe 1 is equal to or higher than the first set
value T1, the temperature rise suppressing scan is performed,
a plurality of temperature set values may be set, and scan
having different temperature rise suppressing effects may be
performed in a stepwise manner depending on the internal
temperature Tp of the ultrasound probe 1.

[0139] For example, a second set value T2 higher than the
first set value T1 and a third set value T3 higher than the
second set value T2 are set in advance, and when the internal
temperature Tp of the ultrasound probe 1 detected by the
temperature sensor 8 is equal to or higher than the first set
value T1 and lower than the second set value T2, as shown in
FIG. 13, the transmission and reception of an ultrasonic beam
is performed in a range of the length Xv including the region
V of interest in the X-axis direction which is the mechanical
scan direction of the transducer array 3 as in the normal scan,
and the transmission and reception of an ultrasonic beam for
a region other than the region V of interest is intermittently
performed.

[0140] When the internal temperature Tp of the ultrasound
probe 1 is equal to or higher than the second set value T2 and
lower than the third set value T3, as shown in FIG. 14, the
transmission and reception of an ultrasonic beam can be
further performed in a range of the length Yv including the
region V of interest in the Y-axis direction which is the one-
dimensional array direction of the transducer array 3 as in the
normal scan, and the transmission and reception of an ultra-
sonic beam for a region other than the region V of interest in
the Y-axis direction can be intermittently performed.

[0141] When this happens, the range in which the transmis-
sion and reception of an ultrasonic beam is not performed
increases by an amount such that the transmission and recep-
tion of an ultrasonic beam is intermittently performed for a
region other than the region V of interest in the Y-axis direc-
tion, and the pause period of the transmission circuit 5 and the
reception circuit 6 is further extended by this amount, thereby
suppressing a rise in the temperature of the ultrasound probe

[0142] When the internal temperature Tp of the ultrasound
probe 1 detected by the temperature sensor 8 is equal to or
higher than the third set value T3, as shown in FIG. 15, the
transmission and reception of an ultrasonic beam may be
further performed only in a range of the length Zv including
the region V of'interest and a region shallower than the region
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V ofinterest in the Z-axis direction which is the measurement
depth direction as in the normal scan, and the reception of an
ultrasonic beam for a region deeper than the region V of
interest may be intermittently performed.

[0143] When this happens, the range in which the reception
of an ultrasonic beam is intermittently performed increases
by the amount corresponding to the region deeper than the
region V of interest, and the pause period of the reception
circuit 6 is further extended by this amount, thereby further
suppressing a rise in the temperature of the ultrasound probe

[0144] InEmbodiment 5, the mechanical scan of the trans-
ducer array 3 by the array moving unit 4 is performed over the
spatial region W under observation regardless of the internal
temperature Tp of the ultrasound probe 1 and the region V of
interest.

[0145] When the internal temperature Tp of the ultrasound
probe 1 detected by the temperature sensor 8 is equal to or
higher than the third set value T3, as shown in FIG. 16, the
transmission and reception of an ultrasonic beam may be
performed only in a range of the length Zv including the
region V of interest in the measurement depth direction as in
the normal scan, and the reception of an ultrasonic beam for
a region other than the region V of interest in the Z-axis
direction may be intermittently performed. It becomes pos-
sible to further extend the pause period of the reception circuit
6 compared to a case where the reception of an ultrasonic
beam for a region deeper than the region V of interest is
intermittently performed as shown in FIG. 15.

Embodiment 6

[0146] Although in Embodiment 4 described above, when
the internal temperature Tp of the ultrasound probe 1 is equal
to or higher than the first set value T1 and lower than the
second set value T2, as shown in FIG. 13, the transmission
and reception of an ultrasonic beam for a region other than the
region V of interest in the X-axis direction which is the
mechanical scan direction of the transducer array 3 is inter-
mittently performed, the invention is not limited thereto. For
example, as shown in FIG. 17, the transmission and reception
of'an ultrasonic beam may be performed only in a range of the
length Yv including the region V of interest in the Y-axis
direction which is the one-dimensional array direction of the
transducer array 3 as in the normal scan, and the transmission
and reception of an ultrasonic beam for a region other than the
region V of interest in the Y-axis direction may be intermit-
tently performed.

[0147] Inthis case, a plurality of temperature set values are
set, and when the internal temperature Tp of the ultrasound
probe 1 increases to be equal to or higher than the second set
value T2, the transmission and reception of an ultrasonic
beam for a region other than the region V of interest in the
X-axis direction which is the mechanical scan direction of the
transducer array 3 may be further intermittently performed, or
the reception of an ultrasonic beam for a region other than the
region V of interest in the Z-axis direction which is the mea-
surement depth direction may be intermittently performed.
[0148] When the internal temperature Tp of the ultrasound
probe 1 is equal to or higher than the first set value T1 and
lower than the second set value T2, as shown in FIG. 18, the
transmission and reception of an ultrasonic beam may be
performed only in a range of the length Zv including the
region V of interest and a region shallower than the region V
of interest in the Z-axis direction which is the measurement
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depth direction as in the normal scan, and the reception of an
ultrasonic beam for a region deeper than the region V of
interest may be intermittently performed. Alternatively, as
shown in FIG. 19, the transmission and reception of an ultra-
sonic beam may be performed only in a range of the length Zv
including the region V of interest in the Z-axis direction
which is the measurement depth direction as in the normal
scan, and the reception of an ultrasonic beam for a region
other than the region V of interest in the Z-axis direction may
be intermittently performed.

[0149] Even when the scan shown in FIG. 18 or 19 is
performed, a plurality of temperature set values may be set,
and when the internal temperature Tp of the ultrasound probe
1 increases to be equal to or higher than the second set value
T2, the transmission and reception of an ultrasonic beam for
a region other than the region V of interest in the X-axis
direction which is the mechanical scan direction of the trans-
ducer array 3 or a region other than the region V of interest in
the Y-axis direction which is the one-dimensional array direc-
tion of the transducer array 3 may be further intermittently
performed.

[0150] In Embodiment 6, as in Embodiment 4, the pause
period of the transmission circuit 5 and the reception circuit 6
or the pause period of the reception circuit 6 is extended,
making it possible to obtain a high-quality three-dimensional
ultrasound image for at least the region V of interest while
suppressing a rise in the internal temperature Tp of the ultra-
sound probe 1.

Embodiment 7

[0151] Although in Embodiments 4 to 6 described above,
when the internal temperature Tp of the ultrasound probe 1 is
equal to or higher than the first set value T1, the transmission
and reception or the reception of an ultrasonic beam for at
least a part of a region other than the region V of interest is
intermittently performed, in Embodiment 7, the transmission
and reception or the reception of an ultrasonic beam for at
least a part of a region other than the region V of interest is
performed with decreased spatial resolution.

[0152] Anultrasound diagnostic apparatus of Embodiment
7 has the same configuration as the ultrasound diagnostic
apparatus of Embodiment 1 shown in FIG. 1. When the inter-
nal temperature Tp of the ultrasound probe 1 is lower than the
first set value T1, the same normal scan as in Embodiment 1
is performed. That is, as shown in FIG. 20, while the trans-
ducer array 3 is electronically scanned by the transmission
circuit 5 and the reception circuit 6, the transducer array 3 is
mechanically scanned by the array moving unit 4, such that
electronic scan planes E1 are formed over the spatial region
W under observation, and two-dimensional image data for
each electronic scan plane E1 is produced and stored in the
image memory 16. In the normal scan, it is assumed that the
reception of an ultrasonic beam is performed using a prede-
termined number N of simultaneous opening channels, and a
predetermined number S of sound rays per frame are formed.

[0153] Ultrasound diagnosis is performed in the above-
described manner, and when it is determined that the internal
temperature Tp of the ultrasound probe 1 is equal to or higher
than the first set value T1, the transmission circuit 5 and the
reception circuit 6 are controlled by the apparatus controller
17 through the probe controller 7 such that the temperature
rise suppressing scan is now performed.
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[0154] That is, as shown in FIG. 21, while the mechanical
scan of the transducer array 3 by the array moving unit 4 is
performed over the spatial region W under observation
regardless of the region V of interest, the transducer array 3 is
electronically scanned only in a range of the length Xv includ-
ing the region V of interest in the X-axis direction which is the
mechanical scan direction of the transducer array 3 as in the
normal scan so as to form S sound rays per frame with the
number N of simultaneous opening channels at the time of the
reception. Thus, electronic scan planes E1 are formed. The
transducer array 3 is electronically scanned for a region other
than the region V of interest in the X-axis direction the num-
ber of sound rays per frame or the number of simultaneous
opening channels at the time of the reception is reduced
compared to the normal scan. Thus, electronic scan planes E2
are formed. In FIG. 21, each electronic scan plane E1 which
is formed by the same number N of simultaneous opening
channels at the time of the reception and the same number S
of sound rays per frame as in the normal scan is indicated by
a solid line. Each electronic scan plane E2 which is formed by
the temperature rise suppressing scan where the number of
sound rays per frame or the number of simultaneous opening
channels at the time of the reception is reduced compared to
the normal scan is indicated by a dotted line.

[0155] With the reduction in the number of sound rays per
frame or the reduction in the number of simultaneous opening
channels at the time of the reception, the spatial resolution
decreases, and image quality for a region other than the region
V of interest in the X-axis direction is degraded. Meanwhile,
the pause period of the transmission circuit 5 and the recep-
tion circuit 6 is extended by this amount, thereby suppressing
a rise in the temperature of the ultrasound probe 1.

[0156] If two-dimensional image data for each of the elec-
tronic scan planes E1 and E2 formed in the above-described
manner is stored in the image memory 16, the image proces-
sor 13 produces three-dimensional image data using two-
dimensional image data, and a three-dimensional image is
displayed on the monitor 15 by the display controller 14.
[0157] If the temperature rise suppressing scan is per-
formed, and the internal temperature Tp of the ultrasound
probe 1 decreases to be equal to or lower than the first set
value T1, the normal scan is performed again, and a three-
dimensional image can be displayed.

[0158] As described above, when the internal temperature
Tp of the ultrasound probe 1 detected by the temperature
sensor 8 is equal to or higher than the first set value T1, the
transmission circuit 5 and the reception circuit 6 are con-
trolled such that, for a region other than the region V of
interest in the mechanical scan direction of the transducer
array 3, the number of sound rays per frame or the number of
simultaneous opening channels at the time of the reception is
reduced to decrease spatial resolution. Therefore, it becomes
possible to obtain a high-quality three-dimensional ultra-
sound image for at least the region V of interest while sup-
pressing arise in the internal temperature Tp of the ultrasound
probe 1.

Embodiment 8

[0159] Although in Embodiment 7 described above, the
first set value T1 is set, and when the internal temperature Tp
ofthe ultrasound probe 1 is equal to or higher than the first set
value T1, the temperature rise suppressing scan is performed,
a plurality of temperature set values may be set, and scan
having different temperature rise suppressing effects may be
performed in a stepwise manner depending on the internal
temperature Tp of the ultrasound probe 1.
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[0160] For example, a second set value T2 higher than the
first set value T1 and a third set value T3 higher than the
second set value T2 are set in advance, and when the internal
temperature Tp of the ultrasound probe 1 detected by the
temperature sensor 8 is equal to or higher than the first set
value T1 and lower than the second set value T2, as shown in
FIG. 21, the transmission and reception of an ultrasonic beam
is performed such that spatial resolution becomes equal to
that in the normal scan in a range of the length Xv including
the region V of interest in the X-axis direction which is the
mechanical scan direction of the transducer array 3. For a
region other than the regionV of'interest, the transmission and
reception of an ultrasonic beam is performed with decreased
spatial resolution.

[0161] When the internal temperature Tp of the ultrasound
probe 1 is equal to or higher than the second set value T2 and
lower than the third set value T3, as shown in FIG. 22, the
transmission and reception of an ultrasonic beam can be
further performed such that spatial resolution becomes equal
to that in the normal scan in a range of the length Yv including
the region V of interest in the Y-axis direction which is the
one-dimensional array direction of the transducer array 3. For
a region other than the region V of interest in the Y-axis
direction, the transmission and reception of an ultrasonic
beam can be performed with decreased spatial resolution.
[0162] When this happens, the pause period of the trans-
mission circuit 5 and the reception circuit 6 is further
extended by an amount such that the transmission and recep-
tion of an ultrasonic beam for a region other than the region V
ofinterest in the Y-axis direction is performed with decreased
spatial resolution, thereby suppressing a rise in the tempera-
ture of the ultrasound probe 1.

[0163] When the internal temperature Tp of the ultrasound
probe 1 detected by the temperature sensor 8 is equal to or
higher than the third set value T3, as shown in FIG. 23, the
transmission and reception of an ultrasonic beam may be
performed such that spatial resolution becomes equal to that
in the normal scan only in a range of the length Zv including
the region V of'interest and a region shallower than the region
V of'interest in the Z-axis direction which is the measurement
depth direction. For a region deeper than the region V of
interest, the reception of an ultrasonic beam may be per-
formed with decreased spatial resolution.

[0164] When this happens, the range in which the reception
of an ultrasonic beam is performed with decreased spatial
resolution increases by the amount corresponding to the
region deeper than the region V of interest, and the pause
period of the reception circuit 6 is further extended by this
amount, thereby further suppressing a rise in the temperature
of the ultrasound probe 1.

[0165] InEmbodiment 8, the mechanical scan of the trans-
ducer array 3 by the array moving unit 4 is performed over the
spatial region W under observation regardless of the internal
temperature Tp of the ultrasound probe 1 and the region V of
interest.

[0166] When the internal temperature Tp of the ultrasound
probe 1 detected by the temperature sensor 8 is equal to or
higher than the third set value T3, as shown in FIG. 24, the
transmission and reception of an ultrasonic beam may be
performed such that spatial resolution becomes equal to that
in the normal scan only in a range of the length Zv including
the region V of interest in the measurement depth direction.
For a region other than the region V of interest in the Z-axis
direction, the reception of an ultrasonic beam may be per-
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formed with decreased spatial resolution. It becomes possible
to further extend the pause period of the reception circuit 6
compared to a case where the reception of an ultrasonic beam
for a region deeper than the region V of interest is performed
with low spatial resolution as shown in FIG. 23.

Embodiment 9

[0167] Although in Embodiment 7 described above, when
the internal temperature Tp of the ultrasound probe 1 is equal
to or higher than the first set value T1 and lower than the
second set value T2, as shown in FIG. 21, for a region other
than the region V of interest in the X-axis direction which is
the mechanical scan direction of the transducer array 3, the
transmission and reception of an ultrasonic beam is per-
formed with decreased spatial resolution, the invention is not
limited thereto. For example, as shown in FIG. 25, the trans-
mission and reception of an ultrasonic beam may be per-
formed such that spatial resolution becomes equal to that in
the normal scan only in a range of the length Yv including the
region V of interest in the Y-axis direction which is the one-
dimensional array direction of the transducer array 3. For a
region other than the region V of interest in the Y-axis direc-
tion, the transmission and reception of an ultrasonic beam
may be performed with decreased spatial resolution.

[0168] Inthis case, a plurality of temperature set values are
set, and when the internal temperature Tp of the ultrasound
probe 1 increases to be equal to or higher than the second set
value T2, for a region other than the region V of interest in the
X-axis direction which is the mechanical scan direction of the
transducer array 3 or a region other than the region V of
interest in the Z-axis direction which is the measurement
depth direction, the reception of an ultrasonic beam may be
performed with decreased spatial resolution.

[0169] When the internal temperature Tp of the ultrasound
probe 1 is equal to or higher than the first set value T1 and
lower than the second set value T2, as shown in FIG. 26, the
transmission and reception of an ultrasonic beam may be
performed such that spatial resolution becomes equal to that
in the normal scan only in a range of the length Zv including
the region V of interest and a region shallower than the region
V of interest in the Z-axis direction which is the measurement
depth direction. For a region deeper than the region V of
interest, the reception of an ultrasonic beam may be per-
formed with decreased spatial resolution. Alternatively, as
shown in FIG. 27, the transmission and reception of an ultra-
sonic beam may be performed such that spatial resolution
becomes equal to that in the normal scan only in a range of the
length Zv including the region V of interest in the Z-axis
direction which is the measurement depth direction. For a
region other than the region V of interest in the Z-axis direc-
tion, the reception of an ultrasonic beam may be performed
with decreased spatial resolution.

[0170] Even when the scan shown in FIG. 26 or 27 is
performed, a plurality of temperature set values may be set,
when the internal temperature Tp of the ultrasound probe 1
increases to be equal to or higher than the second set value T2,
for a region other than the region V of interest in the X-axis
direction which is the mechanical scan direction of the trans-
ducer array 3 or a region other than the region V of interest in
the Y-axis direction which is the one-dimensional array direc-
tion of the transducer array 3, the transmission and reception
of an ultrasonic beam may be performed with decreased
spatial resolution.
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[0171] In Embodiment 9, as in Embodiment 7, the pause
period of the transmission circuit 5 and the reception circuit 6
or the pause period of the reception circuit 6 is extended,
making it possible to obtain a high-quality three-dimensional
ultrasound image for at least the region V of interest while
suppressing a rise in the internal temperature Tp of the ultra-
sound probe 1.

[0172] The connection of the ultrasound probe 1 and the
diagnostic apparatus body 2 in Embodiments 1 to 9 described
above may be either wired connection or connection by wire-
less communication.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

an ultrasound probe which has a one-dimensional array-
type transducer array and an array moving unit moving
the transducer array in a direction substantially orthogo-
nal to the array direction of the transducer array;

a transmission and reception circuit which electronically
scans with the transducer array, and transmits and
receives an ultrasonic beam toward a subject to acquire
two-dimensional image data;

an image producer which produces a three-dimensional
ultrasound image using two-dimensional image data
acquired by the transmission and reception circuit while
mechanically scanning with the transducer array in a
direction substantially orthogonal to the array direction
of the transducer array by the array moving unit;

a region of interest setter which sets a region of interest in
an imaging region;

a temperature sensor which detects an internal temperature
of the ultrasound probe; and

a controller which, when the internal temperature of the
ultrasound probe detected by the temperature sensor is
equal to or higher than a first set value, controls the
transmission and reception circuit such that the trans-
mission and reception or the reception of an ultrasonic
beam for at least a part of a region other than the region
of interest set by the region of interest setter is paused.

2. The ultrasound diagnostic apparatus according to claim

1:

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the trans-
mission and reception of an ultrasonic beam for a region
other than the region of interest in a mechanical scan
direction of the transducer array is paused.

3. The ultrasound diagnostic apparatus according to claim

25

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a second set value which is set to be higher
than the first set value, the controller further controls the
transmission and reception circuit such that the trans-
mission and reception of an ultrasonic beam for a region
other than the region of interest in the array direction of
the transducer array is paused.

4. The ultrasound diagnostic apparatus according to claim

33

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a third set value which is set to be higher than
the second set value, the controller further controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region deeper than the
region of interest is paused.



US 2012/0238876 Al

3:

15

15

15

5. The ultrasound diagnostic apparatus according to claim

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a third set value which s set to be higher than
the second set value, the controller further controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region other than the
region of interest in a measurement depth direction is
paused.

6. The ultrasound diagnostic apparatus according to claim

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the trans-
mission and reception of an ultrasonic beam for a region
other than the region of interest in the array direction of
the transducer array is paused.

7. The ultrasound diagnostic apparatus according to claim

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region deeper than the
region of interest is paused.

8. The ultrasound diagnostic apparatus according to claim

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region other than the
region of interest in a measurement depth direction is
paused.

9. An ultrasound diagnostic apparatus comprising:

an ultrasound probe which has a one-dimensional array-
type transducer array and an array moving unit moving
the transducer array in a direction substantially orthogo-
nal to the array direction of the transducer array;

a transmission and reception circuit which electronically
scans with the transducer array, and transmits and
receives an ultrasonic beam toward a subject to acquire
two-dimensional image data;

an image producer which produces a three-dimensional
ultrasound image using two-dimensional image data
acquired by the transmission and reception circuit while
mechanically scanning with the transducer array in a
direction substantially orthogonal to the array direction
of the transducer array by the array moving unit;

a region of interest setter which sets a region of interest in
an imaging region;

atemperature sensor which detects an internal temperature
of the ultrasound probe; and

a controller which, when the internal temperature of the
ultrasound probe detected by the temperature sensor is
equal to or higher than a first set value, controls the
transmission and reception circuit such that the trans-
mission and reception or the reception of an ultrasonic
beam for at least a part of a region other than the region
of interest set by the region of interest setter is intermit-
tently performed.
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10. The ultrasound diagnostic apparatus according to claim

9, further comprising:

an interpolator which interpolates and forms two-dimen-
sional image data of an intermediate frame on the basis
of two-dimensional image data of previous and next
frames,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the trans-
mission and reception or the reception of an ultrasonic
beam for at least a part of a region other than the region
of interest is intermittently performed frame by frame,
and

two-dimensional image data of a frame where the trans-
mission and reception of an ultrasonic beam for at least
apart of a region other than the region of interest has not
been performed is interpolated and formed by the inter-
polator.

11. The ultrasound diagnostic apparatus according to claim

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the trans-
mission and reception of an ultrasonic beam for a region
other than the region of interest in a mechanical scan
direction of the transducer array is intermittently per-
formed.

12. The ultrasound diagnostic apparatus according to claim

11,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a second set value which is set to be higher
than the first set value, the controller further controls the
transmission and reception circuit such that the trans-
mission and reception of an ultrasonic beam for a region
other than the region of interest in the array direction of
the transducer array is intermittently performed.

13. The ultrasound diagnostic apparatus according to claim

12,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a third set value which is set to be higher than
the second set value, the controller further controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region deeper than the
region of interest is intermittently performed.

14. The ultrasound diagnostic apparatus according to claim

12,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a third set value which is set to be higher than
the second set value, the controller further controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region other than the
region of interest in a measurement depth direction is
intermittently performed.

15. The ultrasound diagnostic apparatus according to claim

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the trans-
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mission and reception of an ultrasonic beam for a region
other than the region of interest in the array direction of
the transducer array is intermittently performed.

16. The ultrasound diagnostic apparatus according to claim

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region deeper than the
region of interest is intermittently performed.

17. The ultrasound diagnostic apparatus according to claim

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region other than the
region of interest in a measurement depth direction is
intermittently performed.

18. An ultrasound diagnostic apparatus comprising:

an ultrasound probe which has a one-dimensional array-
type transducer array and an array moving unit moving
the transducer array in a direction substantially orthogo-
nal to the array direction of the transducer array;

a transmission and reception circuit which electronically
scans with the transducer array, and transmits and
receives an ultrasonic beam toward a subject to acquire
two-dimensional image data;

an image producer which produces a three-dimensional
ultrasound image using two-dimensional image data
acquired by the transmission and reception circuit while
mechanically scanning with the transducer array in a
direction substantially orthogonal to the array direction
of the transducer array by the array moving unit;

a region of interest setter which sets a region of interest in
an imaging region;

atemperature sensor which detects an internal temperature
of the ultrasound probe; and

a controller which, when the internal temperature of the
ultrasound probe detected by the temperature sensor is
equal to or higher than a first set value, controls the
transmission and reception circuit such that the trans-
mission and reception or the reception of an ultrasonic
beam for at least a part of a region other than the region
ofinterest set by the region of interest setter is performed
with decreased spatial resolution.

19. The ultrasound diagnostic apparatus according to claim

18,

wherein the controller reduces the number of sound rays
per frame or reduces the number of simultaneous open-
ing channels at the time of reception to form the
decreased spatial resolution.

20. The ultrasound diagnostic apparatus according to claim

18,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the trans-
mission and reception of an ultrasonic beam for a region
other than the region of interest in a mechanical scan
direction of the transducer array is performed with the
decreased spatial resolution.
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21. The ultrasound diagnostic apparatus according to claim

20,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a second set value which is set to be higher
than the first set value, the controller further controls the
transmission and reception circuit such that the trans-
mission and reception of an ultrasonic beam for a region
other than the region of interest in the array direction of
the transducer array is performed with the decreased
spatial resolution.

22. The ultrasound diagnostic apparatus according to claim

21,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a third set value which is set to be higher than
the second set value, the controller further controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region deeper than the
region of interest is performed with the decreased spatial
resolution.

23. The ultrasound diagnostic apparatus according to claim

21,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than a third set value which is set to be higher than
the second set value, the controller further controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region other than the
region of interest in a measurement depth direction is
performed with the decreased spatial resolution.

24.The ultrasound diagnostic apparatus according to claim

18,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the trans-
mission and reception of an ultrasonic beam for a region
other than the region of interest in the array direction of
the transducer array is performed with the decreased
spatial resolution.

25. The ultrasound diagnostic apparatus according to claim

18,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region deeper than the
region of interest is performed with the decreased spatial
resolution.

26. The ultrasound diagnostic apparatus according to claim

18,

wherein, when the internal temperature of the ultrasound
probe detected by the temperature sensor is equal to or
higher than the first set value, the controller controls the
transmission and reception circuit such that the recep-
tion of an ultrasonic beam for a region other than the
region of interest in a measurement depth direction is
performed with the decreased spatial resolution.

27. A method of producing an ultrasound image, the

method comprising the steps of:

electronically scanning with a one-dimensional array-type
transducer array of an ultrasound probe by a transmis-
sion and reception circuit and transmitting and receiving
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an ultrasonic beam toward a subject to acquire two-
dimensional image data, and mechanically scanning
with the transducer array in a direction substantially
orthogonal to the array direction of the transducer array
to acquire a plurality of pieces of two-dimensional
image data;

producing a three-dimensional ultrasound image using a
plurality of pieces of acquired two-dimensional image
data;

setting a region of interest in an imaging region;

detecting an internal temperature of the ultrasound probe;
and

when the detected internal temperature of the ultrasound
probe is equal to or higher than a first set value, control-
ling the transmission and reception circuit such that the
transmission and reception or the reception of an ultra-
sonic beam for at least a part of a region other than the
region of interest is paused.

28. A method of producing an ultrasound image, the

method comprising the steps of:

electronically scanning with a one-dimensional array-type
transducer array of an ultrasound probe by a transmis-
sion and reception circuit and transmitting and receiving
an ultrasonic beam toward a subject to acquire two-
dimensional image data, and mechanically scanning
with the transducer array in a direction substantially
orthogonal to the array direction of the transducer array
to acquire a plurality of pieces of two-dimensional
image data;

producing a three-dimensional ultrasound image using a
plurality of pieces of acquired two-dimensional image
data;

setting a region of interest in an imaging region;

13
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detecting an internal temperature of the ultrasound probe;
and

when the detected internal temperature of the ultrasound
probe is equal to or higher than a first set value, control-
ling the transmission and reception circuit such that the
transmission and reception or the reception of an ultra-
sonic beam for at least a part of a region other than the
region of interest is intermittently performed.

29. A method of producing an ultrasound image, the

method comprising the steps of:

electronically scanning with a one-dimensional array-type
transducer array of an ultrasound probe by a transmis-
sion and reception circuit and transmitting and receiving
an ultrasonic beam toward a subject to acquire two-
dimensional image data, and mechanically scanning
with the transducer array in a direction substantially
orthogonal to the array direction of the transducer array
to acquire a plurality of pieces of two-dimensional
image data;

producing a three-dimensional ultrasound image using a
plurality of pieces of acquired two-dimensional image
data;

setting a region of interest in an imaging region;

detecting an internal temperature of the ultrasound probe;
and

when the detected internal temperature of the ultrasound
probe is equal to or higher than a first set value, control-
ling the transmission and reception circuit such that the
transmission and reception or the reception of an ultra-
sonic beam for at least a part of a region other than the
region of interest is performed with decreased spatial
resolution.
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