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(57) ABSTRACT

The ultrasound probe transmits and receives ultrasonic waves
in different directions and the diagnostic apparatus body
combines a plurality of images captured in the different direc-
tions of transmission and reception to produce an ultrasound
image. In this process, the ultrasound diagnostic apparatus
measures the temperature of the ultrasound probe to change
the ultrasound transmission and reception for producing a
composite ultrasound image or makes the directions of trans-
mission and reception in the last ultrasound image in one
composite ultrasound image coincide with those in the first
ultrasound image in its temporally adjacent composite ultra-
sound image. The ultrasound diagnostic apparatus thus
enables consistent ultrasound diagnosis against heat gener-
ated in the integrated circuit board of the ultrasound probe
while simplifying the control of the ultrasound transmission
and reception.
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ULTRASOUND DIAGNOSTIC APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present invention relates to an ultrasound diag-
nostic apparatus. The invention more particularly relates to an
ultrasound diagnostic apparatus capable of suppressing heat
generation from an ultrasound probe while easily controlling
the ultrasound transmission and reception in spatial com-
pounding.

[0002] Ultrasound diagnostic apparatus using ultrasound
images are put to practical use in the medical field.

[0003] In general, an ultrasound diagnostic apparatus
includes an ultrasound probe (hereinafter referred to as
“probe”) and a diagnostic apparatus body. In the ultrasound
diagnostic apparatus, the probe transmits ultrasonic waves
toward a subject and receives ultrasonic echoes from the
subject. The diagnostic apparatus body electrically processes
the reception signals received by and outputted from the
probe to produce an ultrasound image.

[0004] So-called “speckle” (speckle noise/speckle pattern)
is known as a factor that may deteriorate the image quality of
an ultrasound image in the ultrasound diagnostic apparatus.
Speckle is white spot noise caused by the mutual interference
of scattered waves generated by numerous scattering sources
which are present in a subject and have a smaller wavelength
than that of an ultrasonic wave.

[0005] Spatial compounding as described in JP 2005-
58321 A and JP 2003-70786 A is known as a method of
reducing such speckle in the ultrasound diagnostic apparatus.
[0006] As conceptually shown in FIG. 34, spatial com-
pounding is a technique which involves performing a plural-
ity of types of ultrasound transmission and reception in mutu-
ally different directions (at mutually different scanning
angles) between a piezoelectric unit 100 and a subject, and
combining ultrasound images obtained by the plurality of
types of ultrasound transmission and reception to produce a
composite ultrasound image.

[0007] More specifically, in the example shown in F1G. 34,
three types of ultrasound transmission and reception are per-
formed which include the ultrasound transmission and recep-
tion as in the normal ultrasound image generation (normal
transmission and reception), the ultrasound transmission and
reception in a direction inclined by an angle of 8 with respect
to the direction of the normal transmission and reception, and
the ultrasound transmission and reception in a direction
inclined by an angle of -6 with respect to the direction of the
normal transmission and reception.

[0008] An ultrasound image A (solid line) obtained by the
normal transmission and reception, an ultrasound image B
(broken line) obtained by the transmission and reception in
the direction inclined by the angle of 6, and an ultrasound
image C (chain line) obtained by the transmission and recep-
tion in the direction inclined by the angle of -6 are combined
to produce a composite ultrasound image covering the region
of the ultrasound image A shown by the solid line.

[0009] The probe making up the ultrasound diagnostic
apparatus includes a piezoelectric unit which transmits ultra-
sonic waves to a subject, receives ultrasonic echoes generated
by reflection of the ultrasonic waves on the subject and out-
puts the received ultrasonic echoes as electric signals (recep-
tion signals).

[0010] Recently, the probe may also be provided with an
integrated circuit board for use in amplifying the reception
signals outputted from the piezoelectric unit, performing A/D
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conversion or other processing, changing the timing of trans-
mission and reception of ultrasonic waves in the piezoelectric
unit, wireless communication with the diagnostic apparatus
body without using any cord, and reducing noise.

[0011] As is well known, the piezoelectric unit generates
heat through the ultrasound transmission and reception.
[0012] Higher-definition ultrasound images are obtained
with increasing power of ultrasonic waves transmitted from
the piezoelectric unit. However, the amount of heat generated
from the piezoelectric unit is also increased with increasing
power of ultrasonic waves transmitted from the piezoelectric
unit.

[0013] The integrated circuit board also generates heat
through reception signal processing.

[0014] That is, the probe generates heat through ultrasound
transmission and reception.

[0015] The heat generation from the probe destabilizes the
drive of the piezoelectric unit and the operation of each circuit
ofthe integrated circuit board. As a result, output signals from
the transmitted or received ultrasonic waves are destabilized
to further destabilize the signal processing in the integrated
circuit board. That is, the heat generation from the probe
lowers the image quality of ultrasound images.

[0016] Therefore, it is necessary in the ultrasound diagnos-
tic apparatus to suppress the temperature increase within the
probe as much as possible in order to consistently obtain
high-definition ultrasound images.

[0017] As also described above, spatial compounding
enables speckle on the resulting ultrasound image to be
reduced.

[0018] On the other hand, since the directions of ultrasound
transmission and reception are to be changed for each ultra-
sound image used to produce a composite ultrasound image,
the control of ultrasound transmission and reception becomes
complicated.

SUMMARY OF THE INVENTION

[0019] An object of the present invention is to solve the
foregoing prior art problems and to provide an ultrasound
diagnostic apparatus which, when a composite ultrasound
image is produced from ultrasound images by spatial com-
pounding, is capable of suppressing the temperature increase
within the ultrasound probe while minimizing the image
quality deterioration of ultrasound images even if the tem-
perature is increased.

[0020] Another object of the invention is to provide an
ultrasound diagnostic apparatus capable of reducing the
switching control of the directions of ultrasound transmission
and reception in the production of an ultrasound image
through spatial compounding, thereby simplifying the con-
trol of the ultrasound transmission and reception upon spatial
compounding.

[0021] Inorderto achievethe above objects, afirst aspect of
the invention provides an ultrasound diagnostic apparatus
comprising:

[0022] an ultrasound probe configured to transmit ultra-
sonic waves into a subject and receive ultrasonic echoes gen-
erated by reflection of the ultrasonic waves from the subject,
the ultrasound probe including a signal processor for process-
ing reception signals based on the ultrasonic echoes and a
temperature sensor for measuring a temperature at a prede-
termined position; and
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[0023] a diagnostic apparatus body configured to generate
ultrasound images in accordance with the reception signals
processed in the signal processor of said ultrasound probe,
[0024] wherein said ultrasound probe is configured to per-
form a plurality of types of ultrasound transmission and in
mutually different directions of ultrasound transmission and
reception and said diagnostic apparatus body is configured to
combine ultrasound images based on each of the plurality of
types of ulirasound transmission and reception, and

[0025] wherein, upon production of the composite ultra-
sound image in said diagnostic apparatus body, said ultra-
sound probe is configured to change ultrasound transmission
and reception for producing said composite ultrasound image
in accordance with a temperature measurement result
obtained with said temperature sensor.

[0026] In the ultrasound diagnostic apparatus according to
the first aspect of the invention, upon the production of the
composite ultrasound image in the diagnostic apparatus body,
the ultrasound probe preferably performs the ultrasound
transmission and reception for producing the composite ultra-
sound image through the plurality of types of ultrasound
transmission and reception or through at least one type of
ultrasound transmission and reception after reduction of one
or more types of ultrasound transmission and reception from
the plurality of types of ultrasound transmission and recep-
tion based on the temperature measurement result obtained
with the temperature sensor.

[0027] The temperature sensor preferably measures a tem-
perature of the signal processor.

[0028] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, the ultrasound probe
preferably performs ultrasound transmission and reception
for obtaining a main image as an ultrasound image in a preset
predetermined output region by one of the plurality of types
of ultrasound transmission and reception.

[0029] Preferably, a temperature T1 and a temperature T2
higher than the temperature T2 are set as thresholds and, upon
the production of the composite ultrasound image in the diag-
nostic apparatus body, depending on the temperature mea-
surement result obtained with the temperature sensor, the
ultrasound probe performs the plurality of types of ultrasound
transmission and reception when the temperature measure-
ment result is less than the temperature T1, performs a set
minimum number of types of ultrasound transmission and
reception when the temperature measurement result is equal
to or more than the temperature T2, and performs a given
number of types of ultrasound transmission and reception
which is smaller than the number of the plurality of types of
transmission and reception but is larger than the set minimum
number of types of ultrasound transmission and reception
when the temperature measurement result is equal to or more
than the temperature T1 but less than the temperature T2.
[0030] Preferably, a temperature T1 and a temperature T2
higher than the temperature T2 are set as thresholds and, upon
the production of the composite ultrasound image in the diag-
nostic apparatus body, depending on the temperature mea-
surement result obtained with the temperature sensor, the
ultrasound probe performs the plurality of types of ultrasound
transmission and reception when the temperature measure-
ment result is less than the temperature T1, and when the
temperature measurement result is equal to or more than the
temperature T1, performs, in one composite ultrasound
image, the at least one type of ultrasound transmission and
reception after the reduction of the one or more types of
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ultrasound transmission and reception from the plurality of
types of ultrasound transmission and reception and performs,
in its temporally consecutive composite ultrasound image,
the plurality of types of ultrasound transmission and recep-
tion or the at least one type of ultrasound transmission and
reception after the reduction of the one or more types of
ultrasound transmission and reception from the plurality of
types of ultrasound transmission and reception, a number of
types of ultrasound transmission and reception reduced from
the number of the plurality of types of ultrasound transmis-
sion and reception being different in two consecutive ultra-
sound images including the one composite ultrasound image
and its temporally consecutive composite ultrasound image.
The ultrasound probe preferably performs the ultrasound
transmission and reception by reducing the one or more types
of ultrasound transmission and reception from the plurality of
types of ultrasound transmission and reception in one of the
two temporally consecutive composite ultrasound images
when the temperature measurement result is equal to or more
than the temperature T1 but less than the temperature T2.

[0031] Theultrasound probe preferably performs the ultra-
sound transmission and reception by reducing the one or
more types of ultrasound transmission and reception from the
plurality of types of ultrasound transmission and reception in
both of the two temporally consecutive composite ultrasound
images when the temperature measurement result is equal to
or more than the temperature T2.

[0032] The ultrasound probe preferably transmits and
receives the ultrasonic waves in identical directions for a last
ultrasound image in one composite ultrasound image and a
first ultrasound image in its temporally consecutive compos-
ite ultrasound image.

[0033] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, the ultrasound probe
preferably performs the ultrasound transmission and recep-
tion so as to reduce temporally consecutive ultrasound image
when two or more types of ultrasound transmission and
reception are reduced from the plurality of types of ultra-
sound transmission and reception.

[0034] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, the ultrasound probe
preferably performs the ultrasound transmission and recep-
tion so as to reduce a last ultrasound image in a composite
ultrasound image and a first ultrasound image in its tempo-
rally consecutive composite ultrasound image when the one
or more types of ultrasound transmission and reception are
reduced from the plurality of types ofultrasound transmission
and reception.

[0035] Inthe ultrasound diagnostic apparatus according to
the first aspect of the invention, upon the production of the
composite ultrasound image in the diagnostic apparatus body,
the ultrasound probe preferably adjusts conditions of the
ultrasound transmission and reception so as to change an
image quality of an ultrasound image to be combined in the
diagnostic apparatus body in accordance with the tempera-
ture measurement result obtained with the temperature sen-
sor.

[0036] The temperature sensor preferably measures a tem-
perature of the signal processor.

[0037] The ultrasound probe preferably changes at least
one of a number of available channels and a number of sound
rays to adjust the conditions of the ultrasound transmission
and reception.
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[0038] Preferably, a temperature T3 and a temperature T4
higher than the temperature T3 are set as thresholds, and
ultrasound transmission and reception at a normal image
quality level corresponding to ultrasound images of predetet-
mined image quality, ultrasound transmission and reception
at a low image quality level corresponding to ultrasound
images of lowest image quality, and ultrasound transmission
and reception at a medium image quality level corresponding
to ultrasound images having image quality lower than the
normal image quality level but higher than the low image
quality level are set in the conditions of the ultrasound trans-
mission and reception for obtaining the ultrasound image to
be combined.

[0039] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs all of
the plurality of types of ultrasound transmission and recep-
tion at the normal image quality level when the temperature
measurement result is less than the temperature T3.

[0040] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs at least
two of the plurality of types of ultrasound transmission and
reception at the medium image quality level when the tem-
perature measurement result is equal to or more than the
temperature T3 but less than the temperature T4 and at the low
image quality level when the temperature measurement result
is equal to or more than the temperature T4.

[0041] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs at least
two of the plurality of types of ultrasound transmission and
reception at the medium image quality level when the tem-
perature measurement result is equal to or more than the
temperature T3 but less than the temperature T4, and per-
forms at least one of the plurality of types of ultrasound
transmission and reception at the medium image quality level
and one or more types of ultrasound transmission and recep-
tion except the at least one of the plurality of types of ultra-
sound transmission and reception at the low image quality
level when the temperature measurement result is equal to or
more than the temperature T4.

[0042] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs at least
two of the plurality of types of ultrasound transmission and
reception at the medium image quality level when the tem-
perature measurement result is equal to or more than the
temperature T3 but less than the temperature T4, and per-
forms the at least two of the plurality of types of ultrasound
transmission and reception at the low image quality level and
all of one or more types of ultrasound transmission and recep-
tion except the at least two of the plurality of types of ultra-
sound transmission and reception at the medium image qual-
ity level when the temperature measurement result is equal to
or more than the temperature T4.

[0043] Preferably, upon the production of the composite
ultrasound image in the diagnostic apparatus body, the ultra-
sound probe performs ultrasound transmission and reception
for obtaining a main image as an ultrasound image in a preset
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predetermined output region by one of the plurality of types
of ultrasound transmission and reception and the ultrasound
transmission and reception for the main image are performed
at the normal image quality level.

[0044] The ultrasound probe preferably transmits and
receives the ultrasonic waves in identical directions for a last
ultrasound image in one composite ultrasound image and a
first ultrasound image in its temporally consecutive compos-
ite ultrasound image.

[0045] In the ultrasound diagnostic apparatus according to
the first aspect of the invention, upon the production of the
composite ultrasound image in the diagnostic apparatus body,
the ultrasound probe preferably adjusts a depth of the recep-
tion signals to be processed by the signal processor so as to
change a depth of an ultrasound image to be combined in the
diagnostic apparatus body in accordance with the tempera-
ture measurement result obtained with the temperature sen-
Sor.

[0046] The temperature sensor preferably measures a tem-
perature of the signal processor.

[0047] Preferably, a temperature T5 and a temperature T6
higher than the temperature T5 are set as thresholds and a
normal depth according to which the reception signals are
processed up to a predetermined depth, a small depth accord-
ing to which the reception signals are processed up to a
shallowest depth and a medium depth according to which the
reception signals are processed up to a depth smaller than the
normal depth but larger than the small depth are set for the
depth of the reception signals to be processed by the signal
processor.

[0048] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs all of
reception signal processing in the plurality of types of ultra-
sound transmission and reception up to the normal depth
when the temperature measurement result is less than the
temperature T5.

[0049] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs recep-
tion signal processing in at least two of the plurality of types
of ultrasound transmission and reception up to the medium
depth when the temperature measurement result is equal to or
more than the temperature T5 butless than the temperature T6
and up to the small depth when the temperature measurement
result is equal to or more than the temperature T6.

[0050] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs recep-
tion signal processing at least two of the plurality of types of
ultrasound transmission and reception up to the medium
depth when the temperature measurement result is equal to or
more than the temperature T5 but less than the temperature
T6, and alternately repeats reception signal processing up to
the small depth in at least two of the plurality of types of
ultrasound transmission and reception and reception signal
processing up to the medium depth in the at least two of the
plurality of types of ultrasound transmission and reception in
temporally consecutive composite ultrasound images when
the temperature measurement result is equal to or more than
the temperature T5.



US 2015/0038847 Al

[0051] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs recep-
tion signal processing in at least two of the plurality of types
of ultrasound transmission and reception up to the medium
depth when the temperature measurement result is equal to or
more than the temperature T5 but less than the temperature T6
and performs reception signal processing in at least one of the
plurality of types of ultrasound transmission and reception up
to the medium depth and one or more types of ultrasound
transmission and reception except the at least one of the
plurality of types of ultrasound transmission and reception up
to the small depth when the temperature measurement result
is equal to or more than the temperature T6.

[0052] Ultrasound images subjected to the reception signal
processing up to the medium depth and ultrasound images
subjected to the reception signal processing up to the small
depth are preferably different in order of processing in tem-
porally consecutive composite ultrasound images when the
temperature measurement result is equal to or more than the
temperature T6.

[0053] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably performs recep-
tion signal processing in at least two of the plurality of types
of ultrasound transmission and reception up to the medium
depth when the temperature measurement result is equal to or
more than the temperature T5 but less than the temperature T6
and performs the reception signal processing in the at least
two of the plurality of types of ultrasound transmission and
reception up to the small depth and all of one or more types of
ultrasound transmission and reception except the at least two
of the plurality of types of ultrasound transmission and recep-
tion up to the medium depth when the temperature measure-
ment result is equal to or more than the temperature T6.
[0054] Preferably, upon the production of the composite
ultrasound image in the diagnostic apparatus body, the ultra-
sound probe performs ultrasound transmission and reception
for obtaining a main image as an ultrasound image in a preset
predetermined output region by one of the plurality of types
of ultrasound transmission and reception and reception sig-
nals obtained by the ultrasound transmission and reception
for the main image are processed up to the normal depth.
[0055] The ultrasound probe preferably transmits and
receives the ultrasonic waves in identical directions for a last
ultrasound image in one composite ultrasound image and a
first ultrasound image in its temporally consecutive compos-
ite ultrasound image.

[0056] In the ultrasound diagnostic apparatus according to
the first aspect of the invention, upon the production of the
composite ultrasound image in the diagnostic apparatus body,
the ultrasound probe preferably adjusts reception signal pro-
cessing performed by the signal processor so as to reduce a
number of sound rays in a region beyond a predetermined
depth in an ultrasound image to be combined by the diagnos-
tic apparatus body depending on the temperature measure-
ment result obtained with the temperature sensor, and upon
the production of the composite ultrasound image in the diag-
nostic apparatus body, the diagnostic apparatus body interpo-
lates sound rays eliminated beyond the predetermined depth
with their surrounding sound rays to produce the ultrasound
image.
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[0057] The temperature sensor preferably measures a tem-
perature of the signal processor.

[0058] Preferably, a temperature T7 and a temperature T8
higher than the temperature T7 are set as thresholds, and a
normal depth up to which the number of sound rays is not
reduced, a small depth which is shallowest, and a medium
depth which is smaller than the normal depth but is larger than
the small depth are set for the predetermined depth beyond
which the number of sound rays is reduced.

[0059] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably processes all of
ultrasound images up to the normal depth when the tempera-
ture measurement result is less than the temperature T7.

[0060] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably reduces the num-
ber of sound rays beyond the medium depth in at least two of
ultrasound images when the temperature measurement result
is equal to or more than the temperature T7 but less than the
temperature T8, and reduces the number of sound rays
beyond the small depth in the at least two of ultrasound
images when the temperature measurement result is equal to
or more than the temperature T8.

[0061] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably reduces the num-
ber of sound rays beyond the medium depth in at least two of
ultrasound images when the temperature measurement result
is equal to or more than the temperature T7 but less than the
temperature T8, and reduces the number of sound rays
beyond the medium depth in at least one of ultrasound images
and one or more ultrasound images except the at least one of
ultrasound images beyond the small depth when the tempera-
ture measurement result is equal to or more than the tempera-
ture T8.

[0062] Upon the production of the composite ultrasound
image in the diagnostic apparatus body, depending on the
temperature measurement result obtained with the tempera-
ture sensor, the ultrasound probe preferably reduces the num-
ber of sound rays beyond the medium depth in at least two of
ultrasound images when the temperature measurement result
is equal to or more than the temperature T7 but less than the
temperature T8, and reduces the number of sound rays
beyond the small depth in the at least two of ultrasound
images and all of one or more ultrasound images except the at
least two of ultrasound images beyond the medium depth
when the temperature measurement result is equal to or more
than the temperature T8.

[0063] Preferably, upon the production of the composite
ultrasound image in the diagnostic apparatus body, the ultra-
sound probe performs ultrasound transmission and reception
for obtaining a main image as an ultrasound image in a preset
predetermined output region by one of the plurality of types
of ultrasound transmission and reception and an ultrasound
image obtained by the ultrasound transmission and reception
for the main image has the normal depth.

[0064] The ultrasound probe preferably transmits and
receives the ultrasonic waves in identical directions for a last
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ultrasound image in one composite ultrasound image and a
first ultrasound image in its temporally consecutive compos-
ite ultrasound image.

[0065] A second aspect of the invention provides an ultra-
sound diagnostic apparatus comprising:

[0066] an ultrasound probe configured to transmit ultra-
sonic waves into a subject and receive ultrasonic echoes gen-
erated by reflection of the ultrasonic waves from the subject;
and

[0067] a diagnostic apparatus body configured to generate
ultrasound images in accordance with the reception signals
processed in the signal processor of said ultrasound probe,
[0068] wherein said ultrasound probe is configured to per-
form a plurality of types of ultrasound transmission and in
mutually different directions of ultrasound transmission and
reception and said diagnostic apparatus body is configured to
combine ultrasound images based on each of the plurality of
types of ultrasound transmission and reception, and

[0069] wherein said ultrasound probe configured to pet-
form said plurality of types of ultrasound transmission and
reception so as to transmit and receive the ultrasonic waves in
identical directions in a last ultrasound image of one compos-
ite ultrasound image and a first ultrasound image of its tem-
porally adjacent composite ultrasound image.

[0070] In the ultrasound diagnostic apparatus according to
the second aspect of the invention, the probe preferably fur-
ther comprises a transmission controller for controlling trans-
mission of the ultrasonic waves from the piezoelectric unit
and a signal processor for processing the reception signals
outputted from the piezoelectric unit.

[0071] Atleast one of the diagnostic apparatus body and the
ultrasound probe preferably includes a selector for selecting a
number of ultrasound images to be combined to produce the
composite ultrasound image.

[0072] At least one of a predetermined number of tempo-
rally consecutive composite ultrasound images preferably
has a different number of ultrasound images to be combined.
[0073] At least one of a predetermined number of tempo-
rally consecutive composite ultrasound images preferably
has a different combination of types of ultrasound transmis-
sion and reception in ultrasound images.

[0074] An ultrasound image to be combined is preferably
shared between the temporally adjacent composite ultra-
soundimages so thata last ultrasound image in one composite
ultrasound image and a first ultrasound image in its subse-
quent composite ultrasound image transmit and receive the
ultrasonic waves in the identical directions.

[0075] According to the first aspect of the inventive ultra-
sound diagnostic apparatus configured as described above,
the ultrasound transmission and reception are changed
depending on the temperature increase in the ultrasound
probe upon spatial compounding for combining a plurality of
images different in the directions of ultrasound transmission
and reception. More specifically, the number of images to be
combined by spatial compounding is reduced depending on
the temperature increase in the ultrasound probe. Alterna-
tively, the image quality of images to be combined by spatial
compounding is changed depending on the temperature
increase in the ultrasound probe. Alternatively, the depth of
images to be combined by spatial compounding is changed
depending on the temperature increase in the ultrasound
probe. Alternatively, depending on the temperature increase
of the ultrasound probe, the number of sound rays is changed
beyond the predetermined depth in images to be combined by

Feb. 5, 2015

spatial compounding and the areas having no sound rays are
interpolated upon the composition.

[0076] Therefore, according to the ultrasound diagnostic
apparatus in the first aspect of the invention, the drive fre-
quency, drive time and transmission/reception processing fre-
quency of the piezoelectric unit and the integrated circuits
such as AFEs for processing reception signals which are
mounted on the ultrasound probe can be reduced depending
on the internal temperature of the ultrasound probe. There-
fore, when heat is generated within the ultrasound probe, the
temperature increase in the integrated circuit and the piezo-
electric unit can be suppressed. Heat generation from the
ultrasound probe can also be suppressed to minimize the
deterioration of the image quality.

[0077] Therefore, the ultrasound diagnostic apparatus
according to the first aspect of the invention is capable of
consistently obtaining high-definition ultrasound images
through spatial compounding.

[0078] According to the ultrasound diagnostic apparatus in
the second aspect of the invention, the frequency of the
switching in the directions of ultrasound transmission and
reception can be reduced also upon spatial compounding.
[0079] Therefore, the ultrasound diagnostic apparatus
according to the second aspect of the invention is capable of
simplifying the control of ultrasound transmission and recep-
tion upon spatial compounding. Accordingly, the burden of
the ultrasound probe upon spatial compounding can be
reduced, for example, in the ultrasound diagnostic apparatus
in which the function of controlling the ultrasound transmis-
sion and reception is incorporated in the ultrasound probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0080] FIG. 1 is a conceptual block diagram showing the
first embodiment of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0081] FIG. 2 is a conceptual diagram for illustrating spa-
tial compounding that may be performed in the ultrasound
diagnostic apparatus of the invention.

[0082] FIGS. 3A, 3B and 3C are conceptual diagrams for
illustrating an example of spatial compounding which is per-
formed in the first embodiment of the ultrasound diagnostic
apparatus according to the first aspect of the invention.
[0083] FIGS. 4A, 4B and 4C are conceptual diagrams for
illustrating another example of spatial compounding which is
performed in the first embodiment of the ultrasound diagnos-
tic apparatus according to the first aspect of the invention.
[0084] FIGS.5A and 5B are conceptual diagrams for illus-
trating yet another example of spatial compounding which is
performed in the first embodiment of the ultrasound diagnos-
tic apparatus according to the first aspect of the invention.
[0085] FIG. 6 is a conceptual block diagram showing the
second embodiment of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0086] FIGS. 7A, 7B and 7C are conceptual diagrams for
illustrating an example of spatial compounding which is per-
formed in the second embodiment of the ultrasound diagnos-
tic apparatus according to the first aspect of the invention.
[0087] FIGS. 8A, 8B and 8C are conceptual diagrams for
illustrating another example of spatial compounding which is
performed in the second embodiment of the ultrasound diag-
nostic apparatus according to the first aspect of the invention.
[0088] FIGS. 9A, 9B and 9C are conceptual diagrams for
illustrating vet another example of spatial compounding
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which is performed in the second embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of the
invention.

[0089] FIGS. 10A, 10B and 10C are conceptual diagrams
for illustrating still another example of spatial compounding
which is performed in the second embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of the
invention.

[0090] FIG. 11 is a conceptual block diagram showing the
third embodiment of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0091] FIG. 12 is a conceptual diagram for illustrating
reception signal processing through spatial compounding
which is performed in the third embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the inven-
tion.

[0092] FIGS. 13A, 13B and 13C are conceptual diagrams
for illustrating reception signal processing through spatial
compounding which is performed in the third embodiment of
the ultrasound diagnostic apparatus according to the first
aspect of the invention.

[0093] FIGS. 14A, 14B and 14C are conceptual diagrams
for illustrating an example of spatial compounding which is
performed in the third embodiment of the ultrasound diag-
nostic apparatus according to the first aspect of the invention.
[0094] FIGS. 15A,15B, 15C, 15D and 15E are conceptual
diagrams for illustrating another example of spatial com-
pounding which is performed in the third embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.

[0095] FIGS. 16A, 16B and 16C are conceptual diagrams
for illustrating vet another example of spatial compounding
which is performed in the third embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the inven-
tion.

[0096] FIGS.17A,17B,17C, 17D and 17E are conceptual
diagrams for illustrating still another example of spatial com-
pounding which is performed in the third embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.

[0097] FIGS. 18A, 18B and 18C are conceptual diagrams
for illustrating still yet another example of spatial compound-
ing which is performed in the third embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of the
invention.

[0098] FIGS. 19A, 19B and 19C are conceptual diagrams
for illustrating a further example of spatial compounding
which is performed in the third embodiment of the ultrasound
diagnostic apparatus according to the first aspect of the inven-
tion.

[0099] FIG. 20 is a conceptual block diagram showing the
fourth embodiment of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0100] FIGS. 21A, 21B and 21C are conceptual diagrams
for illustrating sound ray reduction through spatial com-
pounding which is performed in the fourth embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.

[0101] FIGS. 22A, 22B and 22C are conceptual diagrams
for illustrating sound ray reduction through spatial com-
pounding which is performed in the fourth embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.
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[0102] FIGS. 23A, 23B and 23C are conceptual diagrams
for illustrating an example of spatial compounding which is
performed in the fourth embodiment of the ultrasound diag-
nostic apparatus according to the first aspect of the invention.
[0103] FIGS. 24A, 24B and 24C are conceptual diagrams
for illustrating another example of spatial compounding
which is performed in the fourth embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of the
invention.

[0104] FIGS. 25A, 25B and 25C are conceptual diagrams
for illustrating yet another example of spatial compounding
which is performed in the fourth embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of the
invention.

[0105] FIGS. 26A, 26B and 26C are conceptual diagrams
for illustrating still another example of spatial compounding
which is performed in the fourth embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of the
invention.

[0106] FIGS. 27A, 27B and 27C are conceptual diagrams
for illustrating still yet another example of spatial compound-
ing which is performed in the fourth embodiment of the
ultrasound diagnostic apparatus according to the first aspect
of the invention.

[0107] FIGS. 28A, 28B and 28C are conceptual diagrams
for illustrating a further example of spatial compounding
which is performed in the fourth embodiment of the ultra-
sound diagnostic apparatus according to the first aspect of the
invention.

[0108] FIG. 29 is a conceptual block diagram showing the
ultrasound diagnostic apparatus according to the second
aspect of the invention.

[0109] FIGS. 30A and 30B are conceptual diagrams for
illustrating an example of spatial compounding which is pet-
formed in the ultrasound diagnostic apparatus according to
the second aspect of the invention. FIG. 30C is a conceptual
diagram for illustrating normal spatial compounding.

[0110] FIGS. 31A and 31B are conceptual diagrams for
illustrating another example of spatial compounding which is
performed in the ultrasound diagnostic apparatus according
to the second aspect of the invention.

[0111] FIGS. 32A and 32B are conceptual diagrams for
illustrating yet another example of spatial compounding
which is performed in the ultrasound diagnostic apparatus
according to the second aspect of the invention.

[0112] FIGS. 33A and 33B are conceptual diagrams for
illustrating still another example of spatial compounding
which is performed in the ultrasound diagnostic apparatus
according to the second aspect of the invention.

[0113] FIG. 34 is a conceptual diagram for illustrating spa-
tial compounding.

DETAILED DESCRIPTION OF THE INVENTION

[0114] Next, the ultrasound diagnostic apparatus of the
invention is described in detail by referring to the preferred
embodiments shown in the accompanying drawings.

[0115] FIG. 1 is a conceptual block diagram showing the
first embodiment of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0116] An ultrasound diagnostic apparatus 10A shown in
FIG. 1 includes an ultrasound probe 12A and a diagnostic
apparatus body 14A. The ultrasound probe 12A is connected
to the diagnostic apparatus body 14A by wireless communi-
cation.
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[0117] Theultrasound probe 12A (hereinafier referred to as
“probe 12A”) transmits ultrasonic waves to a subject,
receives ultrasonic echoes generated by reflection of the ultra-
sound waves on the subject, and outputs reception signals of
an ultrasound image in accordance with the received ultra-
sonic echoes.

[0118] Inthepractice ofthe invention, various known ultra-
sound probes can be used for the probe 12A. Therefore, there
is no particular limitation on the type of the probe 12A and
various types such as convex type, linear type and sector type
can be used. The probe may be an external probe or a radial
scan type probe for use in an ultrasound endoscope. In addi-
tion, the probe 12A may have ultrasound transducers com-
patible with harmonic imaging for use in receiving second or
higher order harmonics from transmitted ultrasonic waves.
[0119] The probe 12A includes a piezoelectric unit 16, a
signal processor 20, a parallel/serial converter 24, a wireless
communication unit 26, an antenna 28, a transmission drive
30, a transmission controller 32A, areception controller 34A,
a communication controller 36, a probe controller 38 and a
temperature sensor 42.

[0120] The piezoelectric unit 16 is a one-dimensional or
two-dimensional array of (ultrasound) transducers 18 trans-
mitting and receiving ultrasonic waves. The piezoelectric unit
16 is connected to the signal processor 20.

[0121] The signal processor 20 includes individual signal
processors 20a corresponding to the individual transducers
18 of the piezoelectric unit 16. The individual signal proces-
sors 20a are connected to the wireless communication unit 26
via the parallel/serial converter 24. The wireless communica-
tion unit 26 is further connected to the antenna 28.

[0122] Each of the transducers 18 is connected to the trans-
mission controller 32A via the transmission drive 30. Each of
the individual signal processors 20a is connected to the recep-
tion controller 34A. The wireless communication unit 26 is
connected to the communication controller 36.

[0123] The parallel/serial converter 24, the transmission
controller 32A, the reception controller 34A, and the com-
munication controller 36 are connected to the probe control-
ler 38.

[0124] The probe 12A of the ultrasound diagnostic appara-
tus 10A is provided with the temperature sensor 42 for mea-
suring the temperature of the signal processor 20. The tem-
perature measurement result obtained with the temperature
sensor 42 is supplied to the transmission controller 32A and
the reception controller 34A.

[0125] The probe 12A includes a built-in battery, which
supplies electric power for drive to each component. The
battery is not shown in FIG. 1.

[0126] The piezoelectric unit 16 is of a known type which
includes a one-dimensional or two-dimensional array of the
transducers 18 transmitting and receiving ultrasonic waves,
and a backing layer, an acoustic matching layer and an acous-
tic lens laminated thereon.

[0127] Each of the transducers 18 is an ultrasound trans-
ducer having a piezoelectric body made of, for example, PZT
(lead zirconate titanate) or PVDF (polyvinylidene fluoride),
and electrodes provided on both ends of the piezoelectric
body.

[0128] When a pulsed voltage or a continuous-wave volt-
age is applied to the electrodes of the ultrasound transducer,
the piezoelectric body expands and contracts to cause the
transducer to generate pulsed or continuous ultrasonic waves.
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The ultrasonic waves generated by the ultrasound transducers
are combined to form ultrasonic beams.

[0129] Upon reception of propagating ultrasonic waves,
each ultrasound transducer expands and contracts to produce
electric signals, which are then outputted as ultrasonic recep-
tion signals.

[0130] The transducers 18 transmit ultrasonic waves
according to drive signals supplied from the transmission
drive 30. The transducers 18 receive ultrasonic echoes from
the subject, convert the received ultrasonic echoes into elec-
tric signals (reception signals) and output the electric signals
to the individual signal processors 20a.

[0131] The transmission drive 30 includes a digital/analog
converter, a low-pass filter, an amplifier and pulsers. The
transmission drive 30 supplies each transducer 18 (electrodes
of the ultrasound transducer) with a pulsed drive voltage
(transmission pulse) to oscillate the ultrasound transducer to
thereby transmit ultrasonic waves.

[0132] Thetransmission drive 30 adjusts the delay amounts
of drive signals for the respective transducers 18 based on a
transmission delay pattern selected by the transmission con-
troller 32A and supplies the transducers 18 with adjusted
drive signals so that the ultrasonic waves transmitted from the
transducers 18 form ultrasonic beams.

[0133] The transducers 18 of the piezoelectric unit 16 are
connected to the corresponding individual signal processors
20a of the signal processor 20.

[0134] Each individual signal processor 20a has an AFE
(analog front end) including an LNA (low-noise amplifier), a
VCA (voltage-controlled attenuator), a PGA (programmable
gain amplifier), a low-pass filter and an analog/digital con-
verter. Under the control of the reception controller 34A, the
individual signal processors 20a convert the reception signals
outputted from the corresponding transducers 18 into digital
reception signals in the AFE. Then, the individual signal
processors 20a subject the digital reception signals generated
in the AFE to quadrature detection or quadrature sampling to
generate complex baseband signals. In addition, the indi-
vidual signal processors 20a sample the generated complex
baseband signals to generate sample data containing tissue
area information and supply the generated sample data to the
parallel/serial converter 24.

[0135] The parallel/serial converter 24 converts the parallel
sample data generated by the individual signal processors 20a
in a plurality of channels into serial sample data.

[0136] The probe 12A is provided with the temperature
sensor 42 for measuring the temperature of the signal proces-
sor 20 (reception signal processing circuit portion). The tem-
perature measurement result of the signal processor 20
obtained with the temperature sensor 42 is sent to the trans-
mission controller 32A and the reception controller 34A.
[0137] Thetemperature sensor42 isnot particularly limited
but known temperature sensors can be used.

[0138] Theuse ofthe temperature sensor42is not limited to
the measurement of the temperature of the signal processor
20 but the internal temperature of the probe 12A may be
measured. However, the temperature sensor 42 preferably
measures the temperature of the signal processor 20 because
heat generation from the signal processor 20 (in particular the
AFEs) which processes the reception signals outputted from
the transducers 18 is the largest in the probe 12A.

[0139] The ultrasound diagnostic apparatus 10A has the
function of spatial compounding in which ultrasound images
obtained by the ultrasound transmission and reception (trans-
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mission and reception of an ultrasonic wave) in mutually
different directions are combined to produce a composite
ultrasound image. In the illustrated case, for example, three
ultrasound images are combined in spatial compounding.
Therefore, when spatial compounding is performed, the
transmission controller 32A and the reception controller 34A
control the drive of the transmission drive 30 and the indi-
vidual signal processors 20a, respectively, such that three
types of ultrasound transmission and reception are performed
in three mutually different directions of transmission and
reception.

[0140] In the ultrasound diagnostic apparatus 10A, the
number of images to be combined by spatial compounding is
changed depending on the temperature at a predetermined
position inside the probe 12A. More specifically, the recep-
tion controller 34A and the transmission controller 32A
change the number of types of ultrasound transmission and
reception depending on the temperature of the signal proces-
sor 20 measured with the temperature sensor 42 so as to
change the number of ultrasound images to be subjected to
spatial compounding. This point will be described in detail
later.

[0141] The wireless communication unit 26 performs car-
rier modulation based on the serial sample data to generate
transmission signals. The wireless communication unit 26
supplies the antenna 28 with the generated transmission sig-
nals so that the antenna 28 transmits radio waves to achieve
transmission of the serial sample data.

[0142] The modulation methods that may be employed
herein include ASK (Amplitude Shift Keying), PSK (Phase
Shift Keying), QPSK (Quadrature Phase Shift Keying), and
16 QAM (16 Quadrature Amplitude Modulation).

[0143] The wireless communication unit 26 uses the
antenna 28 to transmit the sample data to the diagnostic
apparatus body 14A through wireless communication with
the diagnostic apparatus body 14A. In addition, the wireless
communication unit 26 receives various control signals from
the diagnostic apparatus body 14A and outputs the received
control signals to the communication controller 36.

[0144] The communication controller 36 controls the wire-
less communication unit 26 so that the sample data is trans-
mitted at a transmission radio field intensity that is set by the
probe controller 38. The communication controller 36 out-
puts the various control signals received by the wireless com-
munication unit 26 to the probe controller 38.

[0145] The probe controller 38 controls various compo-
nents of the probe 12A according to various control signals
transmitted from the diagnostic apparatus body 14A.

[0146] As described above, the ultrasound diagnostic appa-
ratus 10A of the invention has the function of producing an
image (composite ultrasound image) through spatial com-
pounding.

[0147] As is well known, spatial compounding is a tech-
nique which involves performing a plurality of types of ultra-
sound transmission and reception with respect to a subject in
mutually different directions of ultrasound transmission and
reception (at mutually different scanning angles or in mutu-
ally different scanning directions), and combining ultrasound
images obtained by the plurality of types of ultrasound trans-
mission and reception to produce a composite ultrasound
image. Such spatial compounding enables speckle of ultra-
sound images to be reduced.

[0148] When spatial compounding is performed in the
illustrated ultrasound diagnostic apparatus 10A, the probe
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12A performs the three types of ultrasound transmission and
reception in mutually different directions. As conceptually
shown in FIG. 2, the three types of transmission and reception
include, for example, transmission and reception for obtain-
ing a main image (ultrasound image covering the whole area
for outputting as a composite ultrasound image) which is an
ultrasound image having the same region as that of a normal
ultrasound image (this case is hereinafter referred to as the
“transmission and reception for the main image™), ultrasound
transmission and reception in a direction inclined by an angle
of 6 with respect to the direction of the ultrasound transmis-
sion and reception for the main image (ultrasound transmis-
sionand reception in the direction inclined by the angle of 6"),
and ultrasound transmission and reception in a direction
inclined by an angle of -6 with respect to the direction of the
transmission and reception for the main image.

[0149] For convenience, the transmission and reception for
the main image is also referred to as the “transmission and
reception for an image A”, the ultrasound transmission and
reception in the direction inclined by the angle of 8 with
respect to the direction of the transmission and reception for
the image A to as the “transmission and reception for an
image B”, and the ultrasound transmission and reception in
the direction inclined by the angle of -8 with respect to the
direction of the transmission and reception for the image A to
as the “transmission and reception for an image C.”

[0150] When spatial compounding is performed, the trans-
mission controller 32A and the reception controller 34 A con-
trol the drive of the transmission drive 30 and the individual
signal processors 20q, respectively, such that the transmission
and reception for the images A, B and C are performed in a
predetermined order.

[0151] In other words, when spatial compounding is per-
formed in the illustrated example, the three types of ultra-
sound transmission and reception which make up a frame unit
for obtaining a composite ultrasound image are repeatedly
performed on a frame basis without changing the frame rate.
[0152] Therefore, when spatial compounding is performed,
the transmission controller 32A and the reception controller
34A of the probe 12A control the drive of the transmission
drive 30 and the individual signal processors 20a, respec-
tively, such that the three types of ultrasound transmission and
reception are repeatedly performed.

[0153] When spatial compounding is performed, the diag-
nostic apparatus body 14A (more specifically an image com-
bining unit 80) combines the three ultrasound images includ-
ing the ultrasound image A (solid line) obtained by the
transmission and reception for the image A, the ultrasound
image B (broken line) obtained by the transmission and
reception for the image B, and the ultrasound image C (chain
line) obtained by the transmission and reception for the image
C to produce a composite ultrasound image covering the
region of the ultrasound image A.

[0154] Therefore, in the illustrated example, the number
(predetermined number) of ultrasound images to be com-
bined by spatial compounding is three.

[0155] In the practice of the invention, the predetermined
number of ultrasound images to be combined by spatial com-
pounding is not limited to three but may be two or four or
more.

[0156] The method of ultrasound transmission and recep-
tion in different directions is not limited to the method as
conceptually shown in FIG. 2 in which the ultrasound trans-
mission and reception are delayed. Various known methods of
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ultrasound transmission and reception in different directions
can be used, as exemplified by the methods described in JP
2005-58321 A and JP 2003-70786 A.

[0157] In addition, the illustrated example refers to the
linear type but, as described above, the invention is applicable
to probes of various types including convex type and sector
type.

[0158] As described above, the probe 16 is provided with
the temperature sensor 42 for measuring the temperature of
the signal processor 20. The temperature measurement result
obtained with the temperature sensor 42 is supplied to the
transmission controller 32A and the reception controller 34 A.
[0159] The temperature thresholds including the first tem-
perature T1 [° C.] and the second temperature T2 [° C.] which
is higher than T1 are set for the probe 12A (the transmission
controller 32A and the reception controller 34A). In the ultra-
sound diagnostic apparatus 10A, T1 and T2 may be fixed or
variable if the relation of T1<T2 is met.

[0160] When the temperature measurement result obtained
with the temperature sensor 42 is less than T1 upon spatial
compounding, the three types of ultrasound transmission and
reception (corresponding to three ultrasound images) are all
performed in one frame. In other words, the three types of
ultrasound transmission and reception are all performed
when the probe 12A (signal processor 20) has a steady tem-
perature.

[0161] For example, the transmission controller 32A and
the reception controller 34A first perform the transmission
and reception for the image A for obtaining the ultrasound
image A serving as the main image.

[0162] Then, the transmission controller 32A and the
reception controller 34A perform the transmission and recep-
tion for the image B for obtaining the ultrasound image B in
the direction inclined by the angle of 6 with respect to the
direction for the ultrasound image A.

[0163] Then, the transmission controller 32A and the
reception controller 34A perform the transmission and recep-
tion for the image C for obtaining the ultrasound image C in
the direction inclined by the angle of -8 with respect to the
direction for the ultrasound image A.

[0164] More specifically, when the temperature measure-
ment result obtained with the temperature sensor 42 is less
than T1, as conceptually shown in FIG. 3A, the probe 12A
performs, in one frame, all of the three types of ultrasound
transmission and reception including the “transmission and
reception for the image A”, the “transmission and reception
for the image B” and the “transmission and reception for the
image C”. Therefore, the ultrasound transmission and recep-
tion are performed for three images. The diagnostic apparatus
body 14A combines the three ultrasound images obtained in
one frame to produce a composite ultrasound image.

[0165] In contrast, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T1 but less than T2, the probe 12A reduces, in one
frame, the number of times of ultrasound transmission and
reception for producing the composite ultrasound image by 1
corresponding to the formation of one image, thus performing
the ultrasound transmission and reception for two images not
for one image (non-operational periods are provided). In
other words, when the temperature is equal to or more than T1
but less than T2, one type of ultrasound transmission and
reception is reduced from the three types of ultrasound trans-
mission and reception to perform two types of ultrasound
transmission and reception.
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[0166] For example, when the temperature measurement
result is equal to or more than T1 but less than T2, the probe
12A first performs, in one frame, the transmission and recep-
tion for the image A, then the transmission and reception for
the image B, and does not perform the transmission and
reception for the subsequent image C.

[0167] More specifically, when the temperature measure-
ment result obtained with the temperature sensor 42 is equal
to or more than T1 but less than T2, as conceptually shown in
FIG. 3B, the ultrasound transmission and reception are
repeatedly performed on a frame basis according to the pro-
cess of one frame including the “transmission and reception
for the image A”, “transmission and reception for the image
B” and “non-operation (stop).” The diagnostic apparatus
body 14A combines two ultrasound images obtained in one
frame to produce a composite ultrasound image.

[0168] When the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T2, the
probe 12A reduces the number of times of ultrasound trans-
mission and reception for producing the composite ultra-
sound image by 2 corresponding to the formation of two
images, thus performing the ultrasound transmission and
reception for one image not for two images (non-operational
periods are prolonged). In other words, when the temperature
is equal to or more than T2, two types of ultrasound transmis-
sion and reception are reduced from the three types of ultra-
sound transmission and reception to perform only one type of
ultrasound transmission and reception.

[0169] For example, when the temperature measurement
result is equal to or more than T2, the probe 12A first per-
forms, in one frame, the transmission and reception for the
image A but does not perform the transmission and reception
for the image B and also the transmission and reception for
the subsequent image C.

[0170] More specifically, when the temperature measure-
ment result obtained with the temperature sensor 42 is equal
to or more than T2, as conceptually shown in FIG. 3C, the
ultrasound transmission and reception are repeatedly per-
formed on a frame basis according to the process of one frame
including the “transmission and reception for the image A”,
“non-operation” and “non-operation.” The diagnostic appa-
ratus body 14A uses one ultrasound image obtained in one
frame to produce a composite ultrasound image. In other
words, when the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T2,
spatial compounding is not performed in the ultrasound diag-
nostic apparatus 10A.

[0171] As is clear from the above description, in cases
where the temperature of the probe 12A is increased upon
spatial compounding, the ultrasound diagnostic apparatus
10A reduces the drive time of the signal processor 20 and the
like without changing the frame rate for producing composite
ultrasound images through spatial compounding. In other
words, in cases where the temperature of the probe 12A is
increased, the drive of the signal processor 20 and other heat
generation part is stopped depending on the temperature.
[0172] Therefore, according to the invention, the internal
temperature of the probe 12A can be promptly reduced by
stopping the heat generation part such as the signal processor
20 even if the temperature of the probe 12A is increased upon
spatial compounding. Even if the temperature of the probe
12A is increased, the image quality deterioration can be mini-
mized by promptly reducing the temperature inside the probe
12A while suppressing the temperature increase therein.
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[0173] 1Inthe example shown in FIGS. 3A to 3C, the order
of ultrasound transmission and reception of the images of one
frame is the same for all the frames but this is not the sole case
of the invention. In other words, the order of ultrasound
transmission and reception of the images in each frame may
be different. In addition, the order of ultrasound transmission
and reception of the images of one frame may be different
between cases where the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T1 but less than T2 and cases where the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T2.

[0174] Examples of these processes are shown in FIGS.
4A-4C and 5A-5B.

[0175] For example, when the temperature measurement
result obtained with the temperature sensor 42 is less thanT1,
as shown in FIG. 4A, the ultrasound transmission and recep-
tion of the first frame, the second frame, the third frame and
the like may be performed in the orders of “image A—image
B—image C”, “image C—image B—simage A”, “image
A—image B—image C” and the like, respectively.

[0176] When the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T1 but
less than T2 and the ultrasound transmission and reception are
not performed for the image C, as shown in FIG. 4B, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame and the like may be performed
in the orders of “image A—image B—non-operation (stop)”,
“image B—image A—snon-operation”, “image A—simage
B—snon-operation” and the like, respectively.

[0177] That is, in the practice of the invention, the direc-
tions of ultrasound transmission and reception in the last
ultrasound image in one of two consecutive frames (i.e., two
temporally consecutive composite ultrasound images) and
the first ultrasound image in the subsequent frame may be the
same.

[0178] This order of ultrasound transmission and reception
enables the ultrasound transmission and reception to be con-
tinued in the same directions to facilitate the control of the
transmission drive 30 and the individual signal processors
20a.

[0179] For example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T1 but less than T2 and the ultrasound transmission
and reception are not performed for the image C, as shown in
FIG. 4C, the non-operational time period may be increased by
continuing the non-operational state provided in the last part
of one frame up to the first part of the subsequent frame, more
specifically by performing the ultrasound transmission and
reception of the first frame, the second frame, the third frame
and the like in the orders of “image A—simage B—non-
operation (stop)”, “non-operation—image B—simage A”,
“image A—=image B—non-operation” and the like, respec-
tively.

[0180] In the above examples, the number of non-opera-
tional states determined by the temperature measurement
results is the same in all the frames but this is not the sole case
of the invention. That is, the number of non-operational states
may be different in the consecutive frames. In other words, in
the practice of the invention, in cases where the temperature
of the probe 12A is increased, the ultrasound transmission
and reception may be stopped anywhere within two consecu-
tive frames.
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[0181] For example, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T1 but less than T2, as shown in FIG. 5A, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
may be performed in the orders of “image B-simage
A—image C”, “image C—image A—non-operation (stop)”,
“image A—image B-snon-operation”, “image B—simage
A—image C” and the like, respectively.

[0182] When the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T2, as
shown in FIG. 5B, the ultrasound transmission and reception
ofthe first frame, the second frame, the third frame, the fourth
frame and the like may be performed in the orders of “image
B—image A-snon-operation”, “non-operation—image
A—snon-operation”, “non-operation—image A—non-opera-
tion”, “image A—image B—=non-operation” and the like,
respectively.

[0183] Intheexample shown in FIGS.5A and 5B, similarly
to the example shown in FIGS. 4A to 4C, the directions of
ultrasound transmission and reception are the same in the last
ultrasound image in one frame and the first ultrasound image
in its subsequent frame. However, in the example shown in
FIGS. 5A and 5B in which the number of ultrasound images
to be combined is different in the consecutive frames, this is
not the sole case of the invention. That is, even in the example
shown in FIGS. 5A and 5B in which the number of ultrasound
images to be combined is different in the consecutive frames,
the directions of ultrasound transmission and reception may
be different between the last ultrasound image in one frame
and the first ultrasound image in its subsequent frame as in the
example shown in FIG. 3A.

[0184] Inthe above examples, the transmission and recep-
tion for the image B and/or the transmission and reception for
the image C are stopped when the temperature inside the
probe 12A is increased but this is not the sole case of the
invention. That is, the transmission and reception for the
image A may be stopped as a result of a temperature increase
and a composite ultrasound image in the region of the ultra-
sound image A be produced from the transmission and recep-
tion for the image B and the transmission and reception for the
image C.

[0185] However, the composite ultrasound image produced
in the diagnostic apparatus body 14A is an image having the
region of the ultrasound image A serving as the main image.
Therefore, it is more advantageous to perform the transmis-
sion and reception for the image A serving as the main image
(transmission and reception covering the whole area for out-
putting as a composite ultrasound image) because a proper
composite ultrasound image can be consistently obtained. In
cases where the ultrasound transmission and reception are
performed only for one image because of the temperature
increase, the transmission and reception for the image A
which is the normal ultrasound transmission and reception is
to be performed to output an ultrasound image in a predeter-
mined region.

[0186] In addition, in the above examples, since the prede-
termined number (maximum number of images to be com-
bined) upon spatial compounding is three, two temperature
thresholds are provided but this is not the sole case of the
invention. For example, in cases where the predetermined
number upon spatial compounding is four or more, three or
more thresholds may be provided.
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[0187] Even if the predetermined number is four or more
and/or the number of thresholds is three or more, the example
shown in FIGS. 4A-4C in which the order of ultrasound
transmission and reception of the images is different in con-
secutive frames and the example shown in FIGS. 5A and 5B
in which the number of times of ultrasound transmission and
reception performed in consecutive frames is different are of
course applicable.

[0188] As described above, the reception signals outputted
from the probe 12A are supplied to the diagnostic apparatus
body 14A by wireless communication.

[0189] The diagnostic apparatus body 14A includes an
antenna 50, a wireless communication unit 52, a serial/paral-
lel converter 54, a data storage unit 56, an image generating
unit 58, a display controller 62, a monitor 64, a communica-
tion controller 68, an apparatus body controller 70 and an
operating unit 72.

[0190] The antenna 50 for use in the transmission to and
reception from the antenna 28 of the probe 12A is connected
to the wireless communication unit 52. The wireless commu-
nication unit 52 is connected to the data storage unit 56 via the
serial/parallel converter 54. The data storage unit 56 is con-
nected to the image generating unit 58. The image generating
unit 58 is connected to the monitor 64 via the display con-
troller 62.

[0191] The wireless communication unit 52 is connected to
the communication controller 68. The serial/parallel con-
verter 54, the image generating unit 58, the display controller
62 and the communication controller 68 are connected to the
apparatus body controller 70.

[0192] The apparatus body controller 70 controls the com-
ponents in the diagnostic apparatus body 14A. The apparatus
body controller 70 is connected to the operating unit 72 to
perform various input operations including as to whether or
not spatial compounding is to be performed.

[0193] Thediagnostic apparatus body 14A includes a built-
in power supply unit, which supplies electric power for drive
to each component. The power supply unit is not shown in
FIG. 1.

[0194] The diagnostic apparatus body 14A may include a
recharging means for recharging a built-in battery of the
probe 12A.

[0195] The wireless communication unit 52 transmits vari-
ous control signals to the probe 12A through wireless com-
munication with the probe 12A. The wireless communication
unit 52 demodulates the signals received by the antenna 50 to
output serial sample data.

[0196] Thecommunication controller 68 controls the wire-
less communication unit 52 so that various control signals are
transmitted at a transmission radio field intensity thatis set by
the apparatus body controller 70.

[0197] The serial/parallel converter 54 converts the serial
sample data outputted from the wireless communication unit
52 into parallel sample data. The data storage unit 56 is
constituted by a memory, a hard disk, or the like and stores at
least one frame of sample data converted by the serial/parallel
converter 54.

[0198] The image generating unit 58 performs reception
focusing on sample data for each image read out from the data
storage unit 56 to generate image signals representing an
ultrasound image. The image generating unit 58 includes a
phase adjusting and summing unit 76, an image processor 78
and the image combining unit 80.
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[0199] The phase adjusting and summing unit 76 selects
one reception delay pattern from a plurality of previously
stored reception delay patterns according to the reception
direction set by the apparatus body controller 70 and, based
on the selected reception delay pattern, provides the complex
baseband signals represented by the sample data with respec-
tive delays and adds them up to perform the reception focus-
ing. This reception focusing yields baseband signals (sound
ray signals) where the ultrasonic echoes are well focused.
[0200] Theimage processor 78 generates image signals for
an ultrasound image (B-mode image), which is tomographic
image information on a tissue inside the subject, according to
the sound ray signals generated by the phase adjusting and
summing unit 76.

[0201] The image processor 78 includes an STC (sensitiv-
ity time control) section and a DSC (digital scan converter).
The STC section corrects the sound ray signals for the attenu-
ation due to distance according to the depth at which the
ultrasonic waves are reflected. The DSC converts the sound
ray signals corrected by the STC into image signals compat-
ible with the common scanning method of television signals
(raster conversion) and performs required image processing
such as gradation processing to generate ultrasound image
signals.

[0202] The image combining unit 80 combines the ultra-
sound images when spatial compounding is performed.
[0203] The ultrasound diagnostic apparatus 10A basically
combines three ultrasound images when spatial compound-
ing is performed.

[0204] In the ultrasound diagnostic apparatus 10A, as
described above, the temperature of the reception processor
20 is measured with the temperature sensor 42 and the num-
ber of ultrasound images to be combined by spatial com-
pounding is appropriately reduced while increasing the non-
operational time period of the reception processor 20 and the
like each time the measured temperature exceeds one of the
set temperature thresholds.

[0205] For example, upon spatial compounding, the probe
12A performs the transmission and reception for the image A,
the transmission and reception for the image B and the trans-
mission and reception for the image C as shown in FIG. 3A
when the temperature measurement result obtained with the
temperature sensor 42 shows that the temperature is less than
T1.

[0206] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T1 but less than T2, as
shown in FIG. 3B, the probe 12A only performs the transmis-
sion and reception for the image A and the transmission and
reception for the image B (the transmission and reception for
the image C are not performed).

[0207] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T2, as shown in FIG.
3C, the probe 12A only performs the transmission and recep-
tion for the image A (the transmission and reception for the
images B and C are not performed).

[0208] When spatial compounding is performed in the
respective cases, the image combining unit 80 combines three
or two ultrasound images for which the ultrasound transmis-
sion and reception were performed based on the temperature
of the reception processor 20 measured with the temperature
sensor 42 and there is no image composition when one ultra-
sound image is formed.

[0209] In the example shown in FIGS. 3A to 3C, when the
temperature measured with the temperature sensor 42 is less
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than T1, the image combining unit 80 combines the ultra-
sound image A derived from the transmission and reception
for the image A, the ultrasound image B derived from the
transmission and reception for the image B, and the ultra-
sound image C derived from the transmission and reception
for the image C to generate image signals for a composite
ultrasound image.

[0210] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T1 but less than T2, the
image combining unit 80 combines the ultrasound image A
derived from the transmission and reception for the image A
and the ultrasound image B derived from the transmission and
reception for the image B to generate image signals for a
composite ultrasound image.

[0211] When the temperature measured with the tempera-
ture sensor 42 1s equal to or more than T2, the ultrasound
image A derived from the transmission and reception for the
image A is only supplied and therefore the image combining
unit 80 does not perform image composition but directly
outputs the image signals for the ultrasound image A as in the
production of a normal ultrasound image.

[0212] The display controller 62 causes the monitor 64 to
display the ultrasound image according to the image signals
generated by the image generating unit 58.

[0213] The monitor 64 includes a display device such as an
LCD, for example, and displays the ultrasound image under
the control of the display controller 62.

[0214] The operation of the ultrasound diagnostic appara-
tus 10A shown in FIG. 1 is described below.

[0215] In the ultrasound diagnostic apparatus 10A, during
the diagnosis, various kinds of information inputted from the
operating unit 72 of the diagnostic apparatus body 14A are
first sent from the wireless communication unit 52 (antenna
50) of the diagnostic apparatus body 14A to the wireless
communication unit 26 (antenna 28) of the probe 12A and
then supplied to the probe controller 38. Then, ultrasonic
waves are transmitted from the transducers 18 in accordance
with the drive voltage supplied from the transmission drive 30
of the probe 12A.

[0216] The reception signals outputted from the transduc-
ers 18 that have received the ultrasonic echoes generated by
reflection of the ultrasonic waves on the subject are supplied
to the corresponding individual signal processors 20a to gen-
erate sample data.

[0217] In the probe 12A, when spatial compounding is
performed, the temperature measurement result of the signal
processor 20 obtained with the temperature sensor 42 is sent
to the transmission controller 32A and the reception control-
ler 34A.

[0218] In the ultrasound diagnostic apparatus 10A, the
number of ultrasound images to be combined by spatial com-
pounding is appropriately reduced based on the temperature
measurement result each time the temperature of the recep-
tion processor 20 exceeds one of the set temperature thresh-
olds. Therefore, in the probe 12A, the number of ultrasound
images for which the ultrasound transmission and reception
are to be performed is appropriately reduced while increasing
the non-operational time period of the reception processor 20
and the like based on the temperature measurement result of
the signal processor 20 obtained with the temperature sensor
42.

[0219] For example, when the temperature measurement
result obtained with the temperature sensor 42 is less thanT1,
the transmission controller 32A and the reception controller
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34A control the operations of the transmission drive 30 and
the signal processor 20 (each individual signal processor 20a)
so that the transmission and reception for the image A, the
transmission and reception for the image B and the transmis-
sion and reception for the image C are performed as shown in
FIG. 3A.

[0220] When the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T1 but
less than T2, the transmission controller 32A and the recep-
tion controller 34 A control the operations of the transmission
drive 30 and the signal processor 20 so that the transmission
and reception for the image A and the transmission and recep-
tion for the image B are performed but the transmission and
reception for the image C are stopped as shown in FIG. 3B.

[0221] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T2, the transmission
controller 32A and the reception controller 34A control the
operations of the transmission drive 30 and the signal proces-
sor 20 so that the transmission and reception for the image A
are only performed and the transmission and reception for the
image B and the transmission and reception for the image C
are stopped as shown in FIG. 3C.

[0222] The sample data generated by the individual signal
processors 20a are sent to the parallel/serial converter 24,
where the sample data is converted into serial data. The serial
data is then wirelessly transmitted from the wireless commu-
nication unit 26 (antenna 28) to the diagnostic apparatus body
14A.

[0223] The sample data received by the antenna 50 of the
diagnostic apparatus body 14A is sent to the wireless com-
munication unit 52. The sample data is then sent from the
wireless communication unit 52 to the serial/parallel con-
verter 54 and is converted into parallel data. The sample data
converted into parallel form is stored in the data storage umt
56.

[0224] Further, the sample data for each image is read out
from the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The display
controller 62 causes the monitor 64 to display the ultrasound
image based on the image signals.

[0225] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 combines
the ultrasound images.

[0226] In the ultrasound diagnostic apparatus 10A, as
described above, the number of ultrasound images to be com-
bined by spatial compounding is appropriately reduced each
time the temperature of the reception processor 20 exceeds
one of the set temperature thresholds. Based on the tempera-
ture of the reception processor 20, the image combining unit
80 combines three or two images or does not perform image
composition when one ultrasound image is formed.

[0227] More specifically, in the example shown in FIG. 3A
to 3C, when the temperature measured with the temperature
sensor 42 in the probe 12A is less than T1, the image com-
bining unit 80 combines the ultrasound image A derived from
the transmission and reception for the image A, the ultrasound
image B derived from the transmission and reception for the
image B, and the ultrasound image C derived from the trans-
mission and reception for the image C to generate image
signals for a composite ultrasound image, and outputs the
image signals to the display controller 62.

[0228] When the temperature measured with the tempera-
ture sensor 42 in the probe 12A is equal to or more than T1 but
less than T2, the image combining unit 80 combines the
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ultrasound image A derived from the transmission and recep-
tion for the image A and the ultrasound image B derived from
the transmission and reception for the image B to generate
image signals for a composite ultrasound image, and outputs
the image signals to the display controller 62.

[0229] When the temperature measured with the tempera-
ture sensor 42 in the probe 12 A is equal to or more than T2, the
image combining unit 80 does not perform image composi-
tion but directly outputs the image signals of the ultrasound
image A to the display controller 62.

[0230] FIG. 6 is a conceptual block diagram showing the
second embodiment of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0231] Many components of the ultrasound diagnostic
apparatus 10B shown in FIG. 6 are the same as those of the
ultrasound diagnostic apparatus 10A shown in FIG. 1. There-
fore, like components are denoted by the same reference
numerals and the following description mainly focuses on the
different features.

[0232] As in the first embodiment of the ultrasound diag-
nostic apparatus 10A, the ultrasound diagnostic apparatus
10B shown in FIG. 6 includes an ultrasound probe 12B (here-
inafter referred to as “probe 12B”") and a diagnostic apparatus
body 14B. As in the above embodiment, the ultrasound probe
12B is connected to the diagnostic apparatus body 14B by
wireless communication.

[0233] Similarly to the probe 12A in the first embodiment,
the probe 12B transmits ultrasonic waves to the subject,
receives ultrasonic echoes generated by reflection of the ultra-
sound waves on the subject, and outputs reception signals of
an ultrasound image in accordance with the received ultra-
sonic echoes.

[0234] There is no limitation on the type of the probe 12B
and various known ultrasound probes can be used.

[0235] As in the probe 12A, the probe 12B also includes a
piezoelectric unit 16, a signal processor 20, a parallel/serial
converter 24, a wireless communication unit 26, an antenna
28, a transmission drive 30, a transmission controller 32B, a
reception controller 34B, a communication controller 36, a
probe controller 38 and a temperature sensor 42.

[0236] The probe 12B also includes a built-in battery (not
shown), which supplies electric power for drive to each com-
ponent.

[0237] The piezoelectric unit 16, the signal processor 20,
the parallel/serial converter 24, the wireless communication
unit 26, the antenna 28, the transmission drive 30, the com-
munication controller 36, the probe controller 38 and the
temperature sensor 42 are basically the same as those of the
probe 12A.

[0238] More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

[0239] The transmission drive 30 supplies the transducers
18 with a drive voltage so that the transducers transmit ultra-
sonic waves so as to form ultrasonic beams.

[0240] The transducers 18 output the reception signals of
the ultrasonic echoes to individual signal processors 20a of
the signal processor 20. As described above, each individual
signal processor 20a has an AFE, processes the reception
signals to generate sample data and supplies the generated
sample data to the parallel/serial converter 24. The parallel/
serial converter 24 converts the parallel sample data into
serial sample data.
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[0241] The ultrasound diagnostic apparatus 10B also has
the function of spatial compounding in which ultrasound
images obtained by the ultrasound transmission and reception
in mutually different directions are combined to produce a
composite ultrasound image.

[0242] Similarly to the above ultrasound diagnostic appa-
ratus 10A, the ultrasound diagnostic apparatus 10B com-
bines, for example, three ultrasound images upon spatial
compounding. Therefore, the transmission controller 32B
and the reception controller 34B control the drive of the
transmission drive 30 and the individual signal processors
20a, respectively, such that three types of ultrasound trans-
mission and reception are performed in mutually different
directions of ultrasound transmission and reception.

[0243] The probe 12B has the temperature sensor 42 for
measuring the temperature of the signal processor 20. The
temperature sensor 42 supplies the temperature measurement
result to the transmission controller 32B and the reception
controller 34B.

[0244] Upon spatial compounding, the transmission con-
troller 32B and the reception controller 34B change the image
quality of the ultrasound images for use in producing the
composite ultrasound image based on the temperature mea-
surement result. More specifically, based on the temperature
of the signal processor 20 measured with the temperature
sensor 42, the transmission controller 32B and the reception
controller 34B control the drive of the transmission drive 30
and the individual signal processors 20a, respectively so as to
change the number of sound rays and/or the number of avail-
able channels in the ultrasound transmission and reception for
the predetermined ultrasound images to be subjected to spa-
tial compounding.

[0245] This point will be described in detail later.

[0246] The wireless communication unit 26 generates
transmission signals from the serial sample data and transmits
the serial sample data to the diagnostic apparatus body 14B
via the antenna 28.

[0247] The wireless communication unit 26 receives vari-
ous control signals from the diagnostic apparatus body 14B
and outputs the received control signals to the communication
controller 36.

[0248] Thecommunication controller 36 controls the wire-
less communication unit 26. The communication controller
36 outputs the various control signals received by the wireless
communication unit 26 to the probe controller 38.

[0249] The probe controller 38 controls various compo-
nents of the probe 12B according to various control signals
transmitted from the diagnostic apparatus body 14B.

[0250] As described above, the ultrasound diagnostic appa-
ratus 10B has the function of producing an image (composite
ultrasound image) through spatial compounding.

[0251] As in the first embodiment of the ultrasound diag-
nostic apparatus 10A shown in FIG. 1, the ultrasound diag-
nostic apparatus 10B also performs, for example, the three
types of ultrasound transmission and reception in mutually
different directions upon spatial compounding as conceptu-
ally shown in FIG. 2. More specifically, upon spatial com-
pounding, the probe 12B performs the three types of ultra-
sound transmission and reception, including the
“transmission and reception for the image A” as the ultra-
sound transmission and reception for obtaining the main
image (image including the whole area of the composite
ultrasound image formed by spatial compounding), the
“transmission and reception for the image B” in a direction
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inclined by an angle of 0 with respect to the direction of the
transmission and reception for the image A, and the “trans-
mission and reception for the image C” in a direction inclined
by an angle of -0 with respect to the direction of the trans-
mission and reception for the image A.

[0252] Also in this embodiment, when spatial compound-
ing is performed, the probe 12B repeatedly performs the three
types of ultrasound transmission and reception which make
up a frame unit without changing the frame rate (see FIGS. 7A
to 7C).

[0253] When spatial compounding is performed, the trans-
mission controller 32B and the reception controller 34B of
the probe 12B control the drive of the transmission drive 30
and the individual signal processors 20a, respectively, such
that the three types of ultrasound transmission and reception
are repeatedly performed.

[0254] On the other hand, when spatial compounding is
performed, the diagnostic apparatus body 14B (more specifi-
cally an image combining unit 80) combines the three ultra-
sound images including the ultrasound image A (solid line) as
the main image obtained by the transmission and reception
for the image A, the ultrasound image B (broken line)
obtained by the transmission and reception for the image B,
and the ultrasound image C (chain line) obtained by the
transmission and reception for the image C to produce a
composite ultrasound image covering the region of the ultra-
sound image A.

[0255] Therefore, the number (predetermined number) of
ultrasound images to be combined by spatial compounding in
the ultrasound diagnostic apparatus 10B is three. However,
the predetermined number may be two or four or more as in
the above embodiment.

[0256] In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiment.

[0257] As described above, the probe 12B is provided with
the temperature sensor 42 for measuring the temperature of
the signal processor 20. The temperature measurement result
obtained with the temperature sensor 42 is supplied to the
transmission controller 32B and the reception controller 34B.
[0258] The temperature thresholds including the first tem-
perature T3 [° C.] and the second temperature T4 [° C.] which
is higher than T3 are set for the probe 12B (transmission
controller 32B and the reception controller 34B). In the ultra-
sound diagnostic apparatus 10B, T3 and T4 may be fixed or
variable if the relation of T3<T4 is met.

[0259] As described above, the ultrasound diagnostic appa-
ratus 10B changes the conditions of ultrasound transmission
and reception for obtaining ultrasound images to be subjected
to spatial compounding based on the temperature measure-
ment result obtained with the temperature sensor 42.

[0260] In the illustrated embodiment, three conditions of
ultrasound transmission and reception under which the image
quality of the resulting ultrasound images is different are set
in the probe 12B for the ultrasound transmission and recep-
tion upon spatial compounding.

[0261] The first is the “transmission and reception at the
normal image quality level” which are those corresponding to
ultrasound images of predetermined image quality to be com-
bined by spatial compounding. The second is the “transmis-
sion and reception at the low image quality level” which are
those corresponding to ultrasound images of the lowest image
quality to be combined by spatial compounding. The third is
the “transmission and reception at the medium image quality
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level” which are those corresponding to ultrasound images
having image quality between that in the transmission and
reception at the normal image quality level and that in the
transmission and reception at the low image quality level.

[0262] In the illustrated embodiment, the image quality is
adjusted by the number of available channels and/or the num-
ber of sound rays (number of scanning lines). The number of
available channels (number of simultaneously available
channels) is the number of the transducers used in the ultra-
sound transmission and reception.

[0263] More specifically, the transmission and reception at
the normal image quality level are performed by setting the
number of available channels and the number of sound rays to
predetermined numbers. The transmission and reception at
the medium image quality level are performed by reducing
the number of available channels and/or the number of sound
rays from those in the transmission and reception at the nor-
malimage quality level. The transmission and reception at the
low image quality level are performed by reducing the num-
ber of available channels and/or the number of sound rays
from those in the transmission and reception at the medium
image quality level.

[0264] In the illustrated embodiment, in the transmission
and reception at the normal image quality level, the number of
sound rays and the number of available channels are, for
example, 256 and 64, respectively. In the transmission and
reception at the medium image quality level, the number of
sound rays and the number of available channels are, for
example, 128 and 48, respectively. In the transmission and
reception at the low image quality level, the number of sound
rays and the number of available channels are, for example,
96 and 32, respectively.

[0265] In this embodiment, the transmission and reception
at the normal image quality level, the transmission and recep-
tion at the medium image quality level and the transmission
and reception at the low image quality level use different
numbers of sound rays and available channels, respectively,
but this is not the sole case of the invention.

[0266] For example, the transmission and reception at the
normal image quality level, the transmission and reception at
the medium image quality level and the transmission and
reception at the low image quality level may be performed by
only changing the number of sound rays or the number of
available channels. Each type of ultrasound transmission and
reception may have different parameters. For example, the
number of sound rays may only be different between the
transmission and reception at the normal image quality level
and the transmission and reception at the medium image
quality level, or the number of sound rays and the number of
available channels may be different between the transmission
and reception at the medium image quality level and the
transmission and reception at the low image quality level.

[0267] As described above, upon spatial compounding, the
illustrated ultrasound diagnostic apparatus 10B performs the
three types of ultrasound transmission and reception for three
images in mutually different directions of ultrasound trans-
mission and reception as conceptually shown in FIGS. 2 and
7A to 7C. In the ultrasound diagnostic apparatus 10B, the
three types of ultrasound transmission and reception which
make up a frame unit for obtaining a composite ultrasound
image are repeatedly performed on a frame basis.

[0268] Forexample, as shown in FIGS. 7A to 7C, the trans-
mission controller 32B and the reception controller 34B first
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perform the transmission and reception for the image A for
obtaining the ultrasound image A as the main image.

[0269] Then, the transmission controller 32B and the
reception controller 34B perform the transmission and recep-
tion for the image B for obtaining the ultrasound image B in
the direction inclined by the angle of 0 with respect to the
direction for the ultrasound image A.

[0270] Then, the transmission controller 32B and the
reception controller 34B perform the transmission and recep-
tion for the image C for obtaining the ultrasound image C in
the direction inclined by the angle of -0 with respect to the
direction for the ultrasound image A.

[0271] InFIGS. 7A to 7C, areas each having a black letter
on a white background correspond to the transmission and
reception at the normal image quality level. Coarsely hatched
(shaded) areas correspond to the transmission and reception
at the medium image quality level. Densely hatched areas
correspond to the transmission and reception at the low image
quality level.

[0272] When spatial compounding is performed, the trans-
mission controller 32B and the reception controller 34B of
the probe 12B in the ultrasound diagnostic apparatus 10B
control, as described below, the drive of the transmission
drive 30 and the individual signal processors 20a based on the
temperature measurement result obtained with the tempera-
ture sensor 42, respectively.

[0273] That is, when the temperature measurement result
obtained with the temperature sensor 42 is less than T3, the
transmission controller 32B and the reception controller 34B
control the drive of the transmission drive 30 and the indi-
vidual signal processors 20a, respectively, so that the trans-
mission and reception for the images A, B and C are all
performed in one frame at the normal image quality level as
shown in FIG. 7TA.

[0274] The case in which the temperature measurement
result obtained with the temperature sensor 42 is less than T3
refers to the case in which the probe 12B (signal processor 20)
has a steady temperature.

[0275] When the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T3 but
less than T4, the transmission controller 32B and the recep-
tion controller 34B control the drive of the transmission drive
30 and the individual signal processors 20a, respectively, so
that, in one frame, the transmission and reception for the
image A are performed at the normal image quality level and
the transmission and reception for the images B and C are
performed at the medium image quality level as shown in
FIG. 7B.

[0276] 1In addition, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T4, the transmission controller 32B and the recep-
tion controller 34B control the drive of the transmission drive
30 and the individual signal processors 20a, respectively, so
that, in each frame, the transmission and reception for the
image A are performed at the normal image quality level and
the transmission and reception for the images B and C are
performed at the low image quality level as shown in FI1G. 7C.
[0277] As is clear from the above description, in cases
where the temperature of the probe 12B is increased upon
spatial compounding, the ultrasound diagnostic apparatus
10B reduces the number of sound rays and/or the number of
available channels in the ultrasound transmission and recep-
tion for obtaining ultrasound images to be combined into a
composite ultrasound image, thereby lowering the image
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quality of the ultrasound images. More specifically, in the
ultrasound diagnostic apparatus 10B of the invention, when
the temperature of the probe 12B is increased, the number of
times the heat generation areas such as the individual signal
processors 20a are driven or the number of times the recep-
tion signals are processed in the signal processor 20 or the like
is reduced depending on the temperature.

[0278] Therefore, according to the invention, the internal
temperature of the probe 12B can be promptly reduced by
stopping the heat generation areas such as the signal proces-
sor 20 even if the temperature of the probe 12B is increased
during spatial compounding. Even if the temperature of the
probe 12B is increased, the image quality deterioration can be
minimized by promptly reducing the temperature inside the
probe 12B while suppressing the temperature increase
therein.

[0279] Intheexample shown in FIGS. 7B and 7C, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is equal to or more than T3 but less than T4 or
is equal to or more than T4, the ultrasound transmission and
reception are performed under the same condition for the
images for which the condition of ultrasound transmission
and reception is to be changed from the transmission and
reception at the normal image quality level. However, this is
not the sole case of the invention.

[0280] Inother words, the transmission and reception at the
medium image quality level and the transmission and recep-
tion at the low image quality level may be performed in one
frame, or the transmission and reception at the normal image
quality level, the transmission and reception at the medium
image quality level and the transmission and reception at the
low image quality level may be performed in one frame.
[0281] An example of the ultrasound transmission and
reception is conceptually shown in FIGS. 8A to 8C.

[0282] In this example, as in FIG. 7A, when the tempera-
ture measurement result obtained with the temperature sensor
42 is less than T3, the transmission and reception for the
images A, B and C are all performed at the normal image
quality level as shown in FIG. 8A. As in FIG. 7B, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is equal to or more than T3 but less than T4, the
transmission and reception for the image A are performed at
the normal image quality level, whereas those for the images
B and C are performed t the medium image quality level as
shown in FIG. 8B.

[0283] In contrast, in this example, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T4, the transmission and reception for
the image A are performed at the normal image quality level,
those for the image B at the medium image quality level and
those for the image C at the low image quality level as shown
in FIG. 8C. Alternatively, the transmission and reception for
the image A may be performed at the normal image quality
level, those for the image B at the low image quality level and
those for the image C at the medium image quality level.
[0284] Compared to the example shown in FIGS. 7A to 7C,
this method reduces the effect of preventing heat generation
but is advantageous in terms of the image quality of the
composite ultrasound images.

[0285] In the above example, when the temperature in the
probe 12B is increased, the condition of ultrasound transmis-
sion and reception is changed from the transmission and
reception at the normal image quality level in the transmis-
sion and reception for the image B and/or those for the image
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C but this is not the sole case of the invention. That is, the
transmission and reception for the image A may be performed
by changing from the transmission and reception at the nor-
mal image quality level to those at the medium or low image
quality level depending on the temperature increase.

[0286] However, the ultrasound image A is the main image.
In other words, the composite ultrasound image produced in
the diagnostic apparatus body 14B through spatial com-
pounding is the image having the region of the ultrasound
image A (transmission and reception for the image A). There-
fore, when the transmission and reception at the normal
image quality level are included in one frame, it is more
advantageous to perform the transmission and reception for
the image A serving as the main image at the normal image
quality level because a proper composite ultrasound image
can be consistently obtained.

[0287] In the above example, the transmission and recep-
tion for the image A are performed at the normal image
quality level at any temperature but this is not the sole case of
the invention. That is, the transmission and reception for the
image A may be performed at the medium or low image
quality level based on the temperature measurement result
obtained with the temperature sensor 42.

[0288] An example of the ultrasound transmission and
reception is conceptually shown in FIGS. 9A to 9C.

[0289] In this example, as in FIG. 7A, when the tempera-
ture measurement result obtained with the temperature sensor
42 is less than T3, the transmission and reception for the
images A, B and C are all performed at the normal image
quality level as shown in FIG. 9A. As in FIG. 7B, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is equal to or more than T3 but less than T4, the
transmission and reception for the image A are performed at
the normal image quality level, whereas those for the images
B and C are performed at the medium image quality level as
shown in FIG. 9B.

[0290] In contrast, in this example, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T4, the transmission and reception for
the image A are performed at the medium image quality level,
whereas those for the images B and C are performed at the low
image quality level as shown in FIG. 9C.

[0291] Compared to the examples shown in FIGS. 7A-7C
and 8A-8C, this method is disadvantageous in terms of the
image quality but enhances the effect of preventing heat gen-
eration.

[0292] Inthisexample, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T3, the ultrasound transmission and reception for
the two images are performed by changing from the trans-
mission and reception at the normal image quality level to
another. However, this is not the sole case of the invention.
[0293] Thecondition of ultrasound transmission and recep-
tion for only one image or three or more images may be
changed from the transmission and reception at the normal
image quality level based on the temperature measurement
result obtained with the temperature sensor 42.

[0294] Considering the purpose that the temperature
increase within the probe 12B is suppressed while minimiz-
ing the image quality deterioration due to the temperature
increase, when the temperature exceeds one of the thresholds,
the ultrasound transmission and reception for two or more
images are preferably performed by changing the condition
of ultrasound transmission and reception from the transmis-
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sion and reception at the normal image quality level depend-
ing on the temperature. In addition, in order to suppress the
temperature increase while preventing the image quality dete-
rioration, when the temperature exceeds one of the thresh-
olds, the transmission and reception for all images except the
image A (main image) are preferably performed by changing
the condition of ultrasound transmission and reception from
the transmission and reception at the normal image quality
level depending on the temperature.

[0295] In addition, in the above examples, since the prede-
termined number upon spatial compounding is three, two
temperature thresholds are provided. However, this is not the
sole case of the invention and in cases where the predeter-
mined number is four or more, three or more thresholds may
be provided.

[0296] The number of conditions of ultrasound transmis-
sion and reception determined by the temperature is not lim-
ited to three. For example, two conditions including the trans-
mission and reception at the normal image quality level and
the transmission and reception at the low image quality level
may be applied. Alternatively, four or more conditions includ-
ing a plurality of types of transmission and reception at the
medium image quality level in addition to the transmission
and reception at the normal image quality level and the trans-
mission and reception at the low image quality level may be
applied.

[0297] Inthe examples shown in FIGS. 7A to 9C, the order
of ultrasound transmission and reception in one frame is the
same for all the frames but this is not the sole case of the
invention and the order of ultrasound transmission and recep-
tion of the images may be different frame by frame.

[0298] For example, as shown in FIGS. 10A to 10C, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
may be performed in the orders of “image B-simage
A—image C”, “image C—image A—=image B”, “image
B—image A—image C”, “image C—image A—" image B
and the like, respectively.

[0299] That is, in the second embodiment of the ultrasound
diagnostic apparatus 10B, as in the first embodiment, the
directions of ultrasound transmission and reception in the last
ultrasound image in the earlier one of two consecutive frames
(i.e., two temporally consecutive composite ultrasound
images) and the first ultrasound image in the subsequent
frame may be the same.

[0300] This order of ultrasound transmission and reception
enables the ultrasound transmission and reception to be con-
tinued in the same directions to facilitate the control of the
transmission drive 30 and the individual signal processors
20a.

[0301] As described above, the reception signals outputted
from the probe 12B are supplied to the diagnostic apparatus
body 14B by wireless communication.

[0302] Similarly to the first embodiment of the diagnostic
apparatus body 14A shown in FIG. 1, the diagnostic appara-
tus body 14B includes an antenna 50, a wireless communica-
tion unit 52, a serial/parallel converter 54, a data storage unit
56, an image generating unit 58, a display controller 62, a
monitor 64, a communication controller 68, an apparatus
body controller 70 and an operating unit 72.

[0303] As in the above embodiment, the diagnostic appa-
ratus body 14B includes a built-in power supply unit (not
shown), which supplies electric power for drive to each com-
ponent.
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[0304] The antenna 50, the wireless communication unit
52, the serial/parallel converter 54, the data storage unit 56,
the image generating unit 58, the display controller 62, the
monitor 64, the communication controller 68 and the appa-
ratus body controller 70 are basically the same as those in the
diagnostic apparatus body 10A shown in FIG. 1.

[0305] More specifically, the wireless communication unit
52 performs wireless communication with the probe 12B via
the antenna 50 to transmit control signals to the probe 12B
and receive signals sent from the probe 12B. The wireless
communication unit 52 demodulates the received signals and
outputs them to the serial/parallel converter 54 as serial
sample data.

[0306] Thecommunication controller 68 controls the wire-
less communication unit 52 so that various control signals are
transmitted according to the settings made by the apparatus
body controller 70.

[0307] The serial/parallel converter 54 converts the serial
sample data into parallel sample data. The data storage unit 56
stores at least one frame of sample data converted by the
serial/parallel converter 54.

[0308] The image generating unit 58 (phase adjusting and
summing unit 76, image processor 78 and image combining
unit 80) performs reception focusing on sample data for each
image read out from the data storage unit 56 to generate image
signals representing an ultrasound image.

[0309] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10B, the
probe 12B performs, for example, the ultrasound transmis-
sion and reception for three images, that is, the transmission
and reception for the images A, B and C.

[0310] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 accord-
ingly combines the ultrasound image A derived from the
transmission and reception for the image A, the ultrasound
image B derived from the transmission and reception for the
image B, and the ultrasound image C derived from the trans-
mission and reception for the image C to generate image
signals for a composite ultrasound image.

[0311] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10B, the
probe 12B changes the condition of ultrasound transmission
and reception for obtaining ultrasound images to be com-
bined based on the temperature measurement result obtained
with the temperature sensor 42.

[0312] Therefore, the ultrasound images to be combined in
the image combining unit 80 have accordingly changed
image quality such as normal, medium or low image quality.
[0313] The display controller 62 causes the monitor 64 to
display the ultrasound image according to the image signals
generated by the image generating unit 58.

[0314] Under the control of the display controller 62, the
monitor 64 displays the ultrasound image.

[0315] The apparatus body controller 70 controls the com-
ponents in the diagnostic apparatus body 14B. The apparatus
body controller 70 is connected to the operating unit 72 to
perform various input operations including as to whether or
not spatial compounding is to be performed.

[0316] The operation of the ultrasound diagnostic appara-
tus 10B shown in FIG. 6 is described below.

[0317] Similarly to the ultrasound diagnostic apparatus
10A, during the diagnosis, various kinds of information
inputted to the operating unit 72 are first sent to the probe 12B
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by wireless communication and then supplied to the probe
controller 38 also in the ultrasound diagnostic apparatus 10B.
[0318] Then, ultrasonic waves are transmitted from the
transducers 18 in accordance with the drive voltage supplied
from the transmission drive 30 of the probe 12B.

[0319] The reception signals outputted from the transduc-
ers 18 that have received the ultrasonic echoes generated by
reflection of the ultrasonic waves on the subject are supplied
to the corresponding individual signal processors 20a to gen-
erate sample data.

[0320] In the probe 12B, when spatial compounding is
performed, the temperature measurement result of the signal
processor 20 obtained with the temperature sensor 42 is sent
to the transmission controller 32B and the reception control-
ler 34B.

[0321] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10B, the
probe 12B adjusts the image quality of the ultrasound images
to be combined based on the temperature measurement result
of the reception processor 20 obtained with the temperature
sensor 42. More specifically, when spatial compounding is
performed, the probe 12B selects the condition of ultrasound
transmission and reception for obtaining ultrasound images
to be combined from among the transmission and reception at
the normal image quality level, transmission and reception at
the medium image quality level and transmission and recep-
tion at the low image quality level based on the temperature
measurement result of the reception processor 20 such that
the image quality of the composite ultrasound image is low-
ered each time the temperature of the reception processor 20
exceeds one of the temperature thresholds.

[0322] For example, when the temperature measured with
the temperature sensor 42 is less than T3, the transmission
controller 32B and the reception controller 34B control the
operations of the transmission drive 30 and the signal proces-
sor 20 (each individual signal processor 20a) so that the
transmission and reception for the images A, B and C are all
performed at the normal image quality level as shown in FIG.
TA.

[0323] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T3 but less than T4, the
transmission controller 32B and the reception controller 34B
control the operations of the transmission drive 30 and the
signal processor 20 so that the transmission and reception for
the image A are performed at the normal image quality level
and the transmission and reception for the images B and C are
performed at the medium image quality level as shown in
FIG. 7B.

[0324] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T4, the transmission
controller 32B and the reception controller 34B control the
operations of the transmission drive 30 and the signal proces-
sor 20 so that the transmission and reception for the image A
are performed at the normal image quality level and the trans-
mission and reception for the images B and C are performed
at the low image quality level as shown in FI1G. 7C.

[0325] The sample data generated by the individual signal
processors 20a are sent to the parallel/serial converter 24,
where the sample data is converted into serial data. The serial
data is then wirelessly transmitted from the wireless commu-
nication unit 26 (antenna 28) to the diagnostic apparatus body
14B.

[0326] The sample data received by the wireless commu-
nication unit 52 of the diagnostic apparatus body 14B is
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converted into parallel data in the serial/parallel converter 54
and stored in the data storage unit 56.

[0327] Further, the sample data for each image is read out
from the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The display
controller 62 causes the monitor 64 to display the ultrasound
image based on the image signals.

[0328] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 combines
the ultrasound images.

[0329] More specifically, as described above, when spatial
compounding is performed, the image combining unit 80
combines the ultrasound image A derived from the transmis-
sion and reception for the image A, the ultrasound image B
derived from the transmission and reception for the image B,
and the ultrasound image C derived from the transmission and
reception for the image C to generate image signals for a
composite ultrasound image, and outputs the image signals to
the display controller 62.

[0330] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10B, the
probe 12B selects the condition of ultrasound transmission
and reception from among the transmission and reception at
the normal image quality level, transmission and reception at
the medium image quality level and transmission and recep-
tion at the low image quality level based on the temperature
measurement result of the reception processor 20 such that
the image quality of the composite ultrasound image is low-
ered each time the temperature of the reception processor 20
exceeds one of the temperature thresholds.

[0331] Therefore, the ultrasound images to be combined in
the image combining unit 80 are also various combinations of
normal image quality images, medium image quality images
and low image quality images based on the temperature mea-
surement results.

[0332] For example, in the above-described ultrasound
transmission and reception shown in FIGS. 7A to 7C, when
the temperature measured with the temperature sensor 42 in
the probe 12B is less than T3, the ultrasound images A, B and
C all have normal image quality as obtained by the transmis-
sion and reception at the normal image quality level.

[0333] When the temperature measured with the tempera-
ture sensor 42 in the probe 12B is equal to or more than T3 but
less than T4, the ultrasound image A has normal image qual-
ity as obtained by the transmission and reception at the nor-
mal image quality level, and the ultrasound images B and C
have medium image quality as obtained by the transmission
and reception at the medium image quality level.

[0334] When the temperature measured with the tempera-
ture sensor 42 in the probe 12B is equal to or more than T4, the
ultrasound image A has normal image quality as obtained by
the transmission and reception at the normal image quality
level, and the ultrasound images B and C have low image
quality as obtained by the transmission and reception at the
low image quality level.

[0335] FIG. 11 is a conceptual block diagram showing the
third embodiment of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0336] Many components of the ultrasound diagnostic
apparatus 10C shown in FIG. 11 are the same as those of the
ultrasound diagnostic apparatus 10A shown in FIG. 1. There-
fore, like components are denoted by the same reference
numerals and the following description mainly focuses on the
different features.
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[0337] As in the first embodiment of the ultrasound diag-
nostic apparatus 10A, the ultrasound diagnostic apparatus
10C shown in FIG. 11 includes an ultrasound probe 12C
(hereinafter referred to as “probe 12C”) and a diagnostic
apparatus body 14C. As in the above embodiment, the ultra-
sound probe 12C is connected to the diagnostic apparatus
body 14C by wireless communication.

[0338] Similarly to the probe 12A in the first embodiment,
the probe 12C transmits ultrasonic waves to the subject,
receives ultrasonic echoes generated by reflection of the ultra-
sound waves on the subject, and outputs reception signals of
an ultrasound image in accordance with the received ultra-
sonic echoes.

[0339] There is no limitation on the type of the probe 12C
and various known ultrasound probes can be used.

[0340] As in the probe 12A, the probe 12C also includes a
piezoelectric unit 16, a signal processor 20, a parallel/serial
converter 24, a wireless communication unit 26, an antenna
28, a transmission drive 30, a transmission controller 32C, a
reception controller 34C, a communication controller 36, a
probe controller 38 and a temperature sensor 42.

[0341] The probe 12C also includes a built-in battery (not
shown), which supplies electric power for drive to each com-
ponent.

[0342] The piezoelectric unit 16, the signal processor 20,
the parallel/serial converter 24, the wireless communication
unit 26, the antenna 28, the transmission drive 30, the com-
munication controller 36, the probe controller 38 and the
temperature sensor 42 are basically the same as those of the
probe 12A.

[0343] More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

[0344] The transmission drive 30 supplies the transducers
18 with a drive voltage so that the transducers transmit ultra-
sonic waves so as to form ultrasonic beams.

[0345] The transducers 18 output the reception signals of
the ultrasonic echoes to individual signal processors 20a of
the signal processor 20. As described above, the individual
signal processors 20a each include an AFE, process the recep-
tion signals to generate sample data and supply the generated
sample data to the parallel/serial converter 24. The parallel/
serial converter 24 converts the parallel sample data into
serial sample data.

[0346] The ultrasound diagnostic apparatus 10C also has
the function of spatial compounding in which ultrasound
images obtained by the ultrasound transmission and reception
in mutually different directions are combined to produce a
composite ultrasound image.

[0347] Similarly to the above ultrasound diagnostic appa-
ratus 10A, the ultrasound diagnostic apparatus 10C com-
bines, for example, three ultrasound images upon spatial
compounding. Therefore, the transmission controller 32C
and the reception controller 34C control the drive of the
transmission drive 30 and the individual signal processors
20a, respectively, such that three types of ultrasound trans-
mission and reception are performed in mutually different
directions of ultrasound transmission and reception.

[0348] The probe 12C has the temperature sensor 42 for
measuring the temperature of the signal processor 20. The
temperature sensor 42 supplies the temperature measurement
result to the reception controller 34C.

[0349] Upon spatial compounding, based on the tempera-
ture measurement result, the reception controller 34C adjusts
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the depth of the reception signals to be processed in the signal
processor 20 and changes the depth of the ultrasound images
to be combined by spatial compounding.

[0350] This point will be described in detail later.

[0351] The wireless communication unit 26 generates
transmission signals from the serial sample data and transmits
the serial sample data to the diagnostic apparatus body 14C
via the antenna 28.

[0352] The wireless communication unit 26 receives vari-
ous control signals from the diagnostic apparatus body 14C
and outputs the received control signals to the communication
controller 36.

[0353] Thecommunication controller 36 controls the wire-
less communication unit 26. The communication controller
36 outputs the various control signals received by the wireless
communication unit 26 to the probe controller 38.

[0354] The probe controller 38 controls various compo-
nents of the probe 12C according to various control signals
transmitted from the diagnostic apparatus body 14C.

[0355] As described above, the ultrasound diagnostic appa-
ratus 10C of the invention has the function of producing an
image (composite ultrasound image) through spatial com-
pounding.

[0356] As in the ultrasound diagnostic apparatus 10A
shown in FIG. 1, the ultrasound diagnostic apparatus 10C also
performs, for example, the three types of ultrasound trans-
mission and reception in mutually different directions upon
spatial compounding as conceptually shown in FIG. 12 (FIG.
2). More specifically, upon spatial compounding, the probe
12C performs the three types of ultrasound transmission and
reception, including the “transmission and reception for the
image A” as the transmission and reception for obtaining the
main image (image including the whole area of the composite
ultrasound image formed by spatial compounding), the
“transmission and reception for the image B” in a direction
inclined by an angle of 6 with respect to the direction of the
transmission and reception for the image A, and the “trans-
mission and reception for the image C” in a direction inclined
by an angle of -0 with respect to the direction of the trans-
mission and reception for the image A.

[0357] Also in this embodiment, when spatial compound-
ing is performed, the probe 12C repeatedly performs the three
types of ultrasound transmission and reception which make
up a frame unit (see FIGS. 14A to 14C).

[0358] When spatial compounding is performed, the trans-
mission controller 32C and the reception controller 34C of
the probe 12C control the drive of the transmission drive 30
and the individual signal processors 20a, respectively, such
that the three types of ultrasound transmission and reception
are repeatedly performed.

[0359] On the other hand, when spatial compounding is
performed, the diagnostic apparatus body 14C (more specifi-
cally an image combining unit 80) combines the three ultra-
sound images including the ultrasound image A (solid line) as
the main image obtained by the transmission and reception
for the image A, the ultrasound image B (broken line)
obtained by the transmission and reception for the image B,
and the ultrasound image C (chain line) obtained by the
transmission and reception for the image C to produce a
composite ultrasound image covering the region of the ultra-
sound image A.

[0360] Therefore, the number (predetermined number) of
ultrasound images to be combined by spatial compounding in
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the ultrasound diagnostic apparatus 10C is three. However,
the predetermined number may be two or four or more as in
the above embodiments.

[0361] In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiments.

[0362] As described above, the probe 12C is provided with
the temperature sensor 42 for measuring the temperature of
the signal processor 20. The temperature measurement result
obtained with the temperature sensor 42 is supplied to the
reception controller 34C.

[0363] The temperature thresholds including the first tem-
perature T5 [° C.] and the second temperature T6 [° C.] which
is higher than T5 are set for the probe 12C (reception control-
ler 34C). In the ultrasound diagnostic apparatus 10C, T5 and
T6 may be fixed or variable if the relation of T5<T6 is met.
[0364] As described above, in the ultrasound diagnostic
apparatus 10C, when spatial compounding is performed, the
depth of the reception signal processing in the ultrasound
transmission and reception which is performed in the indi-
vidual signal processors 20a is changed based on the tem-
perature measurement result obtained with the temperature
sensor 42.

[0365] Intheillustrated example, as conceptually shown in
FIG. 12, three depths are set in the probe 12C (reception
controller 34C) for the depth of the reception signal process-
ing in the individual signal processors 20a (depth in the
directions of ultrasound transmission and reception) in the
ultrasound transmission and reception for obtaining ultra-
sound images to be combined by spatial compounding.
[0366] That is, ultrasound images having three different
depths are set as the ultrasound images to be combined by
spatial compounding. In other words, three types of ultra-
sound images different in size in the depth direction are set as
the ultrasound images to be combined by spatial compound-
ing.

[0367] In the first type, the reception signal processing is
performed up to the “depth L1” (normal depth) which is the
same as that of the composite ultrasound image to be pro-
duced by spatial compounding (i.e., main image) and the
ultrasound image having a predetermined depth (a predeter-
mined size in the depth direction) is generated.

[0368] Inthe second type, the reception signal processing is
performed up to the “depth L3” (small depth) which is the
smallest in the images to be combined by spatial compound-
ing and the ultrasound image having the smallest depth
(smallest size in the depth direction) is generated.

[0369] In the third type, the reception signal processing is
performed up to the “depth L.2” (medium depth) which is
smaller than the depth L1 but larger than the depth .3 and the
ultrasound image having the medium depth (medium size in
the depth direction) is generated.

[0370] The depths L1, 1.2 and L3 in this embodiment may
be the same as or different from those in the fourth embodi-
ment to be described later.

[0371] Intheillustrated example, the drive of the individual
signal processors 20a of the signal processor 20 (more spe-
cifically the AFEs thereof) is activated or deactivated (on/off)
to adjust the depth of the reception signal processing (adjust
the depth of the ultrasound images).

[0372] More specifically, when the individual signal pro-
cessor 20a performs the reception signal processing up to the
depth L1, as conceptually shown in FIG. 13 A, a transmission
pulse is applied while at the same time the drive of the indi-
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vidual signal processor 20a is activated (on), and the drive of
the individual signal processor 20a is deactivated (off) at a
point in time when a time period corresponding to the depth
L1 (depth corresponding to the composite ultrasound image)
has passed.

[0373] When the individual signal processor 20a performs
the reception signal processing up to the depth L2, as concep-
tually shown in FIG. 13B, a transmission pulse is applied
while at the same time the drive of the individual signal
processor 20a is activated, and the drive of the individual
signal processor 20q is deactivated at a point in time when a
time period corresponding to the depth .2 which is smaller
than the depth L1 has passed.

[0374] In addition, when the individual signal processor
20a performs the reception signal processing up to the depth
L3, as conceptually shown in FIG. 13C, a transmission pulse
is applied while at the same time the drive of the individual
signal processor 20q is activated, and the drive of the indi-
vidual signal processor 20a is deactivated at a point in time
when a time period corresponding to the smallest depth L3
which is smaller than the depth 1.2 has passed.

[0375] As described above, as conceptually shownin FIGS.
12 and 14 A to 14C, when spatial compounding is performed
in the illustrated ultrasound diagnostic apparatus 10C, the
three types of ultrasound transmission and reception for three
images which are made in mutually different directions of
ultrasound transmission and reception and which make up a
frame unit for obtaining a composite ultrasound image are
repeatedly performed on a frame basis.

[0376] Forexample, as shown in FIGS. 12 and 14A to 14C,
the transmission controller 32C and the reception controller
34C first perform the transmission and reception for the
image A for obtaining the ultrasound image A as the main
image.

[0377] Then, the transmission controller 32C and the
reception controller 34C perform the transmission and recep-
tion for the image B for obtaining the ultrasound image B in
the direction inclined by the angle of 0 with respect to the
direction for the ultrasound image A.

[0378] Then, the transmission controller 32C and the
reception controller 34C perform the transmission and recep-
tion for the image C for obtaining the ultrasound image C in
the direction inclined by the angle of -0 with respect to the
direction for the ultrasound image A.

[0379] In FIGS. 14A to 14C, areas each having a black
letter on a white background correspond to the processing of
the reception signals up to the depth L1 (normal depth);
coarsely hatched (shaded) areas correspond to the processing
of the reception signals up to the depth L.2 (medium depth);
and densely hatched areas correspond to the processing of the
reception signals up to the depth L3 (small depth).

[0380] When the temperature measurement result obtained
with the temperature sensor 42 is less than T5 upon spatial
compounding, the reception controller 34C of the probe 12C
in the ultrasound diagnostic apparatus 10C controls the drive
of the individual signal processors 20q so that, in one frame,
the reception signal processing in the transmission and recep-
tion for the images A, B and C is all performed up to the depth
L1 as shown in FIG. 14A.

[0381] The case in which the temperature measurement
result obtained with the temperature sensor 42 is less than TS
refers to the case in which the probe 12C (signal processor 20)
has a steady temperature.
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[0382] When the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T5 but
less than T6, the reception controller 34C controls the drive of
the individual signal processors 20« so that, in one frame, the
reception signal processing in the transmission and reception
for the image A is performed up to the depth L1 and that in the
transmission and reception for the images B and C is per-
formed up to the depth L2 as shown in FIG. 14B.

[0383] That is, according to this processing, spatial com-
pounding is not performed in the region distant from the
piezoelectric unit 16 (region beyond the depth [.2) and the
deeper region of the composite ultrasound image is only made
up of the ultrasound image A.

[0384] In addition, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T6, the reception controller 34C controls the drive
of the individual signal processors 20a so that, in one frame,
the reception signal processing in the transmission and recep-
tion for the image A is performed up to the depth L1 and that
in the transmission and reception for the images B and C is
performed up to the depth L3 as shown in FIG. 14C.

[0385] That is, according to this processing, the three ultra-
sound images are combined by spatial compounding to obtain
a high-quality image only in the region near the piezoelectric
unit 16.

[0386] As is clear from the above description, in cases
where the temperature of the probe 12C is increased upon
spatial compounding, the ultrasound diagnostic apparatus
10C reduces the processing depth in the processing of the
reception signals from the ultrasound transmission and recep-
tion for obtaining ultrasound images to be combined into a
composite ultrasound image. That is, when the temperature of
the probe 12C is increased, the ultrasound diagnostic appa-
ratus 10C reduces the drive time of the individual signal
processors 20a for processing the reception signals from the
ultrasonic echoes depending on the temperature.

[0387] Therefore, according to the invention, the internal
temperature of the probe 12C can be promptly reduced by
stopping the signal processor 20 which is the major heat
generation area even if the temperature of the probe 12C is
increased during spatial compounding. Even if the tempera-
ture of the probe 12C is increased, the image quality deterio-
ration can be minimized by promptly reducing the tempera-
ture inside the probe 12C while suppressing the temperature
increase therein.

[0388] In the example shown in FIGS. 14A to 14C, the
processing depth of all the reception signals is the same in one
frame making up a composite ultrasound image. However,
this is not the sole case of the invention and the reception
signals of one or more ultrasound images in each frame (each
composite ultrasound image) may be different.

[0389] An example of the reception signal processing is
conceptually shown in FIGS. 15A to 15C.

[0390] Inthisexample, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T6, as shown in FIG. 15C, the reception signal
processing in the transmission and reception for the image A
is performed up to the depth L1 for all the frames but the
reception signal processing for the other images is performed
so that the depth is different between the odd frames and the
even frames. More specifically, the reception signal process-
ing for the images B and C is performed up to the depth L3 in
the odd frames and up to the depth 1.2 in the even frames.
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[0391] FIG. 15A showing the case where the temperature
measurement result is less than T5 and FIG. 15B showing the
case where the temperature measurement result is equal to or
more than T5 but less than Té are similar to FIG. 14A and
FIG. 14B, respectively.

[0392] Therefore, in this example, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T6, the ultrasound images A to C as
shown in FIG. 15D are combined to obtain the composite
ultrasound image in each odd frame, whereas the ultrasound
images A to C as shown in FIG. 15E are combined to obtain
the composite ultrasound image in each even frame.

[0393] In this example, the depth of the images to be com-
bined by spatial compounding can be increased in every two
frames and therefore the image quality deterioration in the
section from the deeper end of the depth L3 to the deeper end
of the depth L2 can be reduced compared to the example
shown in FIGS. 14A to 14C in which the images produced by
spatial compounding are observed as consecutive images.
[0394] In the example shown in FIGS. 14A to 14C, when
the temperature in the case shown in FIG. 14B is equal to or
more than T5 but less than T6, the same ultrasound image as
that shown in FIG. 15E is obtained, and when the temperature
in the case shown in FIG. 14C is equal to or more than T6, the
same ultrasound image as that shown in FIG. 15D is obtained.
[0395] In the above example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T5 but less than T6 or equal to or more
than T6, the images in one frame for which the depth of the
reception signal processing was changed from the depth L1
both have the same depth. However, this is not the sole case of
the invention.

[0396] Inother words, the reception signal processing up to
the depth 1.2 and that up to the depth L3 may be performed in
one frame. The reception signal processing up to the depth
L1, that up to the depth 1.2 and that up to the depth .3 may be
performed in one frame.

[0397] An example of the reception signal processing is
conceptually shown in FIGS. 16A to 16C.

[0398] In this example, as in FIG. 14A, when the tempera-
ture measurement result obtained with the temperature sensor
42 is less than T5, the reception signal processing for all the
images A, B and C is performed up to the depth L1 as shown
in FIG. 16A. Asin FIG. 14B, when the temperature measure-
ment result obtained with the temperature sensor 42 is equal
to or more than T5 but less than T6, the reception signal
processing for the image A is performed up to the depth L1
and that for the images B and C is performed up to the depth
L2 as shown in FIG. 16B.

[0399] In contrast, in this example, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T6, the reception signal processing for
the image A is performed up to the depth L1, that for the
image B up to the depth [.2 and that for the image C up to the
depth L3 as shown in FIG. 16C. Alternatively, the depth of the
images A, B and C may be set to the depth L1, depth L3 and
the depth L2, respectively.

[0400] Compared to the example shown in FIGS. 14A to
14C, this method reduces the effect of preventing heat gen-
eration but is advantageous in terms of the image quality of
the composite ultrasound images.

[0401] Inthisexample, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T6, the reception signal processing up to the depth
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L2 and the reception signal processing up to the depth 1.3 may
be alternately performed for the images B and C.

[0402] An example is shown in FIGS. 17A to 17E.

[0403] In the example shown in FIGS. 17A to 17E, when
the temperature measurement result obtained with the tem-
perature sensor 42 is equal to or more than T6, in the odd
frames, the reception signal processing for the image A is
performed up to the depth L1, that for the image B up to the
depth 1.2 and that for the image C up to the depth L3 as shown
in FIG. 17C (as in FIG. 16C). In contrast, in the even frames,
the reception signal processing for the image A is performed
up to the depth L1 but that for the images B and C is per-
formed up to the depths .3 and L2, respectively.

[0404] Also in FIGS.17A and 17B, FIG. 17A showing the
case where the temperature measurement result is less than
T5 and FIG. 17B showing the case where the temperature
measurement result is equal to or more than T5 but less than
T6 are similar to FIG. 16A and FIG. 16B, respectively.

[0405] Therefore, in this example, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T6, the ultrasound images A to C
having three different depths as shown in FIG. 17D are com-
bined to obtain the composite ultrasound image in each odd
frame, whereas the ultrasound images A to C having three
different depths as shown in FIG. 17E are combined to obtain
the composite ultrasound image in each even frame.

[0406] In this example, the composite ultrasound image
shown in FIG. 17D and the composite ultrasound image
shown in FIG. 17E are replaced by each other in every two
frames. Therefore, in the regions shown by the oblique lines
in FIGS. 17D and 17E which are made up of one image,
one-image composition and two-image composition are
alternately used in very two frames. Accordingly, when the
images produced by spatial compounding are observed as
continuous images, portions having continuously and partly
deteriorating image quality can be eliminated to suppress the
deterioration of the image quality of the composite ultrasound
images.

[0407] In the above example, when the temperature in the
probe 12C is increased, the depth of the reception signal
processing is changed to L2 or L3 in the transmission and
reception for the image B and/or those for the image C but this
is not the sole case of the invention. That is, the depth of the
reception signal processing in the transmission and reception
for the image A may be changed to L2 or 3 depending on the
temperature increase.

[0408] However, the ultrasound image A is the main image.
In other words, the composite ultrasound image produced in
the diagnostic apparatus body 14C through spatial com-
pounding is the image having the region of the ultrasound
image A (transmission and reception for the image A). There-
fore, when the reception signal processing up to the depth L1
is included in one frame, it is more advantageous to process
the reception signals derived from the transmission and
reception for the image A serving as the main image up to the
depth L1 because a proper composite ultrasound image can
be consistently obtained.

[0409] Inthe above example, the processing for at least one
image (the reception signal processing for the image A) is
performed up to the depth L1 at any temperature. However,
this is not the sole case of the invention and the reception
signal processing for all the images may be performed up to
the depth 1.2 or L3 depending on the temperature.
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[0410] An example of the ultrasound transmission and
reception is conceptually shown in FIGS. 18A to 18C.
[0411] In this example, as in FIG. 14A, when the tempera-
ture measurement result obtained with the temperature sensor
42 is less than T5, the reception signal processing for the
images A, B and C is all performed up to the depth L1 as
shown in FIG. 18A. As in FIG. 14B, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T5 but less than T6, the reception
signal processing for the image A is performed up to the depth
L1 and that for the images B and C is performed up to the
depth L2 as shown in FIG. 18B.

[0412] In contrast, in this example, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T6, the reception signal processing for
the image A is performed up to the depth L2, and that for the
images B and C up to the depth L3 as shown in FIG. 18C.
[0413] According to this example, the depth of the resulting
composite ultrasound image is reduced but the effect of pre-
venting heat generation is increased.

[0414] Inthisexample, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T5, the depth of the reception signal processing for
the two images was changed from the depth L1 but this is not
the sole case of the invention. That is, the depth of the recep-
tion signal processing for only one image or three or more
images may be changed from the depth L1 based on the
temperature measurement result obtained with the tempera-
ture sensor 42.

[0415] Considering the purpose that the temperature
increase within the probe 12C is suppressed while minimiz-
ing the image quality deterioration due to the temperature
increase, when the temperature exceeds one of the thresholds,
the depth of the reception signal processing for two or more
images is preferably changed from the depth L1. In addition,
in order to suppress the temperature increase while prevent-
ing the image quality deterioration, when the temperature
exceeds one of the thresholds, the depth of the reception
signal processing for all the images except the image A (main
image) is preferably changed from the depth L1 depending on
the temperature.

[0416] In addition, in the above examples, since the prede-
termined number upon spatial compounding is three, two
temperature thresholds are provided. However, this is not the
sole case of the invention and in cases where the predeter-
mined number is four or more, three or more thresholds may
be provided.

[0417] The number of depths set for the reception signal
processing depending on the temperature is also not limited to
three. For example, two depths including the normal depth
(L1) and the small depth (L.3) may be provided. Alternatively,
four or more depths of reception signal processing may be
provided by setting a plurality of medium depths such as the
depth 1.2-1 and the depth [.2-2 between the normal depth .1
and the small depth L3.

[0418] In the examples shown in FIGS. 14A to 18C, the
order of ultrasound transmission and reception in one frame is
the same for all the frames. However, this is not the sole case
of the invention and the order of ultrasound transmission and
reception of the images in each frame may be different.
[0419] For example, as shown in FIGS. 19A to 19C, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
may be performed in the orders of “image B—simage
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A—image C”, “image C—image A—image B”, “image
B—image A—image C”, “image C—image A—image B”
and the like, respectively.

[0420] That is, also in the third embodiment of the ultra-
sound diagnostic apparatus 10C, as in the first embodiment,
the directions of ultrasound transmission and reception in the
last ultrasound image in the earlier one of two consecutive
frames (i.e., two temporally consecutive composite ultra-
sound images) and the first ultrasound image in the subse-
quent frame may be the same.

[0421] This order of ultrasound transmission and reception
enables the ultrasound transmission and reception to be con-
tinued in the same directions to facilitate the control of the
transmission drive 30 and the individual signal processors
20a.

[0422] As described above, the reception signals outputted
from the probe 12C are supplied to the diagnostic apparatus
body 14C by wireless communication.

[0423] Similarly to the first embodiment of the diagnostic
apparatus body 10A shown in FIG. 1, the diagnostic appara-
tus body 14C includes an antenna 50, a wireless communica-
tion unit 52, a serial/parallel converter 54, a data storage unit
56, an image generating unit 58, a display controller 62, a
monitor 64, a communication controller 68, an apparatus
body controller 70 and an operating unit 72.

[0424] As in the above embodiment, the diagnostic appa-
ratus body 14C includes a built-in power supply unit (not
shown), which supplies electric power for drive to each com-
ponent.

[0425] The antenna 50, the wireless communication unit
52, the serial/parallel converter 54, the data storage unit 56,
the image generating unit 58, the display controller 62, the
monitor 64, the communication controller 68 and the appa-
ratus body controller 70 are basically the same as those in the
diagnostic apparatus body 10A shown in FIG. 1.

[0426] More specifically, the wireless communication unit
52 performs wireless communication with the probe 12C via
the antenna 50 to transmit control signals to the probe 12C
and receive signals sent from the probe 12C. The wireless
communication unit 52 demodulates the received signals and
outputs them to the serial/parallel converter 54 as serial
sample data.

[0427] The communication controller 68 controls the wire-
less communication unit 52 so that various control signals are
transmitted according to the settings made by the apparatus
body controller 70.

[0428] The serial/parallel converter 54 converts the serial
sample data into parallel sample data. The data storage unit 56
stores at least one frame of sample data converted by the
serial/parallel converter 54.

[0429] The image generating unit 58 (phase adjusting and
summing unit 76, image processor 78 and image combining
unit 80) performs reception focusing on sample data for each
image read out from the data storage unit 56 to generate image
signals representing an ultrasound image.

[0430] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10C, the
probe 12C performs, for example, the ultrasound transmis-
sion and reception for three images, that is, the transmission
and reception for the images A, B and C.

[0431] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 accord-
ingly combines the ultrasound image A derived from the
transmission and reception for the image A, the ultrasound
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image B derived from the transmission and reception for the
image B, and the ultrasound image C derived from the trans-
mission and reception for the image C to generate image
signals for a composite ultrasound image.

[0432] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10C, the
probe 12C changes, based on the temperature measurement
result obtained with the temperature sensor 42, the depth of
the ultrasonic echoes to be subjected to the reception signal
processing which is used to obtain the ultrasound images to be
combined. Therefore, the ultrasound images to be combined
by spatial compounding accordingly have a depth (size in the
depth direction) corresponding to the depth L1, L.2 or L3.
[0433] The display controller 62 causes the monitor 64 to
display the ultrasound image according to the image signals
generated by the image generating unit 58.

[0434] Under the control of the display controller 62, the
monitor 64 displays the ultrasound image.

[0435] The apparatus body controller 70 controls the com-
ponents in the diagnostic apparatus body 14C. The apparatus
body controller 70 is connected to the operating unit 72 to
perform various input operations including as to whether or
not spatial compounding is to be performed.

[0436] The operation of the ultrasound diagnostic appara-
tus 10C shown in FIG. 11 is described below.

[0437] Similarly to the ultrasound diagnostic apparatus
10A, during the diagnosis, various kinds of information
inputted to the operating unit 72 are first sent to the probe 12C
by wireless communication and then supplied to the probe
controller 38 also in the ultrasound diagnostic apparatus 10C.
[0438] Then, ultrasonic waves are transmitted from the
transducers 18 in accordance with the drive voltage supplied
from the transmission drive 30 of the probe 12C.

[0439] The reception signals outputted from the transduc-
ers 18 that have received the ultrasonic echoes generated by
reflection of the ultrasonic waves on the subject are supplied
to the corresponding individual signal processors 20a to gen-
erate sample data.

[0440] In the probe 12C, when spatial compounding is
performed, the temperature measurement result of the signal
processor 20 obtained with the temperature sensor 42 is sent
to the reception controller 34C.

[0441] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10C, the
probe 12C adjusts, based on the temperature measurement
result of the reception processor 20 obtained with the tem-
perature sensor 42, the depth in the reception signal process-
ing for obtaining the ultrasound images to be combined. More
specifically, the probe 12C sets the depth of the reception
signal processing for the ultrasound images to be combined to
oneofthe depths .1, 1.2 and L3 so that the depth of any of the
ultrasound images to be combined may be reduced each time
the temperature exceeds one of the thresholds according to
the temperature measurement result obtained with the tem-
perature sensor 42 and controls the drive of the individual
signal processors 20a for processing the reception signals.
[0442] For example, when the temperature measured with
the temperature sensor 42 is less than T5, the reception con-
troller 34C controls the operation of the signal processor 20
(individual signal processors 20a) so as to process the recep-
tion signals for all of the images A, B and C up to the depth L1
as shown in 14A.

[0443] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T5 but less than T6, the
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reception controller 34C controls the operation of the signal
processor 20 so as to process the reception signals for the
image A up to the depth .1 and those for the images B and C
up to the depth L2 as shown in 14B.

[0444] In addition, when the temperature measured with
the temperature sensor 42 is equal to or more than T6, the
reception controller 34C controls the operation of the signal
processor 20 so as to process the reception signals for the
image A up to the depth L1 and those for the images B and C
up to the depth L3 as shown in 14C.

[0445] The sample data generated by the individual signal
processors 20a are sent to the parallel/serial converter 24,
where the sample data is converted into serial data. The serial
data is then wirelessly transmitted from the wireless commu-
nication unit 26 (antenna 28) to the diagnostic apparatus body
14C.

[0446] The sample data received by the wireless commu-
nication unit 52 of the diagnostic apparatus body 14C is
converted into parallel data in the serial/paralle] converter 54
and stored in the data storage unit 56.

[0447] Further, the sample data for each image is read out
from the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The display
controller 62 causes the monitor 64 to display the ultrasound
image based on the image signals.

[0448] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 combines
the ultrasound images.

[0449] More specifically, as described above, when spatial
compounding is performed, the image combining unit 80
combines the ultrasound image A derived from the transmis-
sion and reception for the image A, the ultrasound image B
derived from the transmission and reception for the image B,
and the ultrasound image C derived from the transmission and
reception for the image C to generate image signals for a
composite ultrasound image, and outputs the image signals to
the display controller 62.

[0450] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10C, the
probe 12C controls the drive of the individual signal proces-
sors 20a based on the temperature measurement result
obtained with the temperature sensor 42 such that the depth of
any of the ultrasound images to be combined is reduced each
time the temperature exceeds one of the temperature thresh-
olds. Therefore, the ultrasound images to be combined in the
image combining unit 80 are also various combinations of
normal depth images, medium depth images and small depth
images based on the temperature measurement results
obtained with the temperature sensor 42.

[0451] For example, in the above example shown in FIGS.
14A to 14C, when the temperature measured with the tem-
perature sensor 42 in the probe 12C is less than T5, the
ultrasound images A, B and C to be combined in the image
combining unit 80 all have the normal depth. When the tem-
perature measured with the temperature sensor 42 in the
probe 12C is equal to or more than T5 but less than T6, the
ultrasound images to be combined in the image combining
unit 80 include the ultrasound image A having the normal
depth and the ultrasound images B and C having the medium
depth. In addition, when the temperature measured with the
temperature sensor 42 in the probe 12C is equal to or more
than T6, the ultrasound images to be combined in the image
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combining unit 80 include the ultrasound image A having the
normal depth and the ultrasound images B and C having the
small depth.

[0452] FIG. 20 is a conceptual block diagram showing the
fourth embodiment of the ultrasound diagnostic apparatus
according to the first aspect of the invention.

[0453] Many components of the ultrasound diagnostic
apparatus 10D shown in FIG. 20 are the same as those of the
ultrasound diagnostic apparatus 10A shown in FIG. 1. There-
fore, like components are denoted by the same reference
numerals and the following description mainly focuses on the
different features.

[0454] As in the first embodiment of the ultrasound diag-
nostic apparatus 104, the ultrasound diagnostic apparatus
10D shown in FIG. 20 includes an ultrasound probe 12D
(hereinafter referred to as “probe 12D”) and a diagnostic
apparatus body 14D. As in the above embodiment, the ultra-
sound probe 12D is connected to the diagnostic apparatus
body 14D by wireless communication.

[0455] Similarly to the probe 12A in the first embodiment,
the probe 12D transmits ultrasonic waves to the subject,
receives ultrasonic echoes generated by reflection of the ultra-
sound waves on the subject, and outputs reception signals of
an ultrasound image in accordance with the received ultra-
sonic echoes.

[0456] There is no limitation on the type of the probe 12D
and various known ultrasound probes can be used.

[0457] As in the probe 12A, the probe 12D also includes a
piezoelectric unit 16, a signal processor 20, a parallel/serial
converter 24, a wireless communication unit 26, an antenna
28, a transmission drive 30, a transmission controller 32D, a
reception controller 34D, a communication controller 36, a
probe controller 38 and a temperature sensor 42.

[0458] The probe 12D also includes a built-in battery (not
shown), which supplies electric power for drive to each com-
ponent.

[0459] The piezoelectric unit 16, the signal processor 20,
the parallel/serial converter 24, the wireless communication
unit 26, the antenna 28, the transmission drive 30, the com-
munication controller 36, the probe controller 38 and the
temperature sensor 42 are basically the same as those of the
probe 12A.

[0460] More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

[0461] The transmission drive 30 supplies the transducers
18 with a drive voltage so that the transducers transmit ultra-
sonic waves so as to form ultrasonic beams.

[0462] The transducers 18 output the reception signals of
the ultrasonic echoes to individual signal processors 20a of
the signal processor 20. As described above, each individual
signal processor 20a has an AFE, processes the reception
signals to generate sample data and supplies the generated
sample data to the parallel/serial converter 24. The parallel/
serial converter 24 converts the parallel sample data into
serial sample data.

[0463] The ultrasound diagnostic apparatus 10D also has
the function of spatial compounding in which ultrasound
images obtained by the ultrasound transmission and reception
in mutually different directions are combined to produce a
composite ultrasound image.

[0464] Similarly to the above ultrasound diagnostic appa-
ratus 10A, the ultrasound diagnostic apparatus 10D com-
bines, for example, three ultrasound images upon spatial
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compounding. Therefore, the transmission controller 32D
and the reception controller 34D control the drive of the
transmission drive 30 and the individual signal processors
20a, respectively, such that three types of ultrasound trans-
mission and reception are performed in mutually different
directions of ultrasound transmission and reception.

[0465] The probe 12D has the temperature sensor 42 for
measuring the temperature of the signal processor 20. The
temperature sensor 42 supplies the temperature measurement
result to the reception controller 34D.

[0466] Upon spatial compounding, based on the tempera-
ture measurement result, the reception controller 34D adjusts
the depth of the reception signals to be processed in the signal
processor 20 and reduces the number of sound rays in the
regions of the ultrasound images to be combined by spatial
compounding beyond the predetermined depth.

[0467] This point will be described in detail later.

[0468] The wireless communication unit 26 generates
transmission signals from the serial sample data and transmits
the serial sample data to the diagnostic apparatus body 14D
via the antenna 28.

[0469] The wireless communication unit 26 receives vari-
ous control signals from the diagnostic apparatus body 14D
and outputs the received control signals to the communication
controller 36.

[0470] The communication controller 36 controls the wire-
less communication unit 26. The communication controller
36 outputs the various control signals received by the wireless
communication unit 26 to the probe controller 38.

[0471] The probe controller 38 controls various compo-
nents of the probe 12D according to various control signals
transmitted from the diagnostic apparatus body 14D.

[0472] As described above, the ultrasound diagnostic appa-
ratus 10D of the invention has the function of producing an
image (composite ultrasound image) through spatial com-
pounding.

[0473] As in the ultrasound diagnostic apparatus 10A
shown in FIG. 1, the ultrasound diagnostic apparatus 10D
also performs, for example, the three types of ultrasound
transmission and reception in mutually different directions
upon spatial compounding as conceptually shown in FIG.
21A (FIG. 2). More specifically, upon spatial compounding,
the probe 12D performs the three types of ultrasound trans-
mission and reception, including the “transmission and
reception for the image A” as the ultrasound transmission and
reception for obtaining the main image (image including the
whole area of the composite ultrasound image formed by
spatial compounding), the “transmission and reception for
the image B” in a direction inclined by an angle of 8 with
respect to the direction of the transmission and reception for
the image A, and the “transmission and reception for the
image C”inadirectioninclined by an angle of -8 with respect
to the direction of the transmission and reception for the
image A.

[0474] Also in this embodiment, when spatial compound-
ing is performed, the probe 12D repeatedly performs the three
types of ultrasound transmission and reception which make
up a frame unit (see FIGS. 23A to 23C).

[0475] When spatial compounding is performed, the trans-
mission controller 32D and the reception controller 34D of
the probe 12D control the drive of the transmission drive 30
and the individual signal processors 20a, respectively, such
that the three types of ultrasound transmission and reception
are repeatedly performed.
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[0476] On the other hand, when spatial compounding is
performed, the diagnostic apparatus body 14D (more specifi-
cally an image combining unit 80) combines the three ultra-
sound images including the ultrasound image A (solid line) as
the main image obtained by the transmission and reception
for the image A. the ultrasound image B (broken line)
obtained by the transmission and reception for the image B,
and the ultrasound image C (chain line) obtained by the
transmission and reception for the image C to produce a
composite ultrasound image covering the region of the ultra-
sound image A.

[0477] Therefore, the number (predetermined number) of
ultrasound images to be combined by spatial compounding in
the ultrasound diagnostic apparatus 10D is three. However,
the predetermined number may be two or four or more as in
the above embodiments.

[0478] In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiments.

[0479] As described above, the probe 12D is provided with
the temperature sensor 42 for measuring the temperature of
the signal processor 20. The temperature measurement result
obtained with the temperature sensor 42 is supplied to the
reception controller 34D.

[0480] The temperature thresholds including the first tem-
perature T7 [° C.] and the second temperature T8 [° C.] which
is higher than T7 are set for the probe 12D (the reception
controller 34D). In the ultrasound diagnostic apparatus 10D,
T7 and T8 may be fixed or variable if the relation of T7<T8 is
met.

[0481] In the ultrasound diagnostic apparatus 10D, when
spatial compounding is performed, the number of sound rays
in the ultrasound image is reduced in the region bevond the
predetermined depth based on the temperature measurement
result obtained with the temperature sensor 42.

[0482] Inthe illustrated example, as conceptually shown in
FIG. 21A, three depths are set in the probe 12D (reception
controller 34D) for the depth (depth in the directions of ultra-
sound transmission and reception) beyond which the number
of sound rays is reduced upon spatial compounding. The first
is the depth L1 (normal depth) within which the number of
sound rays is not reduced, that is, all the sound rays have the
same depth as that of the composite ultrasound image to be
produced by spatial compounding. The second is the shallow-
est or smallest depth L3. The third is the depth L.2 (medium
depth) which is the depth between the depth L1 and the depth
L3.

[0483] For example, the probe 12D reduces the number of
sound rays by eliminating one of every two sound rays based
on the temperature measurement result obtained with the
temperature sensor 42.

[0484] When the number of sound rays is reduced beyond
the depth L2, the sound rays for producing the ultrasound
imageis as conceptually shown in FIG. 21B (illustrated by the
ultrasound image B) in which the sound rays are shown by
thin solid lines and the eliminated sound rays are shown by
thin broken lines. When the number of sound rays is reduced
beyond the depth L3, the sound rays for producing the ultra-
sound image is as conceptually shown in FIG. 21C.

[0485] The portions of the image corresponding to the
sound rays eliminated by the probe 12D, that is, the portions
shown by thin broken lines are produced later by interpolation
using the surrounding sound rays in the image generating unit
58 of the diagnostic apparatus body 14D.
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[0486] 1In this embodiment, the number of sound rays is
reduced in the region beyond the predetermined depth by
eliminating one of every two sound rays as in the illustrated
case (the number of sound rays is reduced by half). However,
this is not the sole case of the invention. Therefore, in this
embodiment, the number of sound rays may be reduced in the
region beyond the predetermined depth by eliminating one of
every three sound rays (the number of sound rays is reduced
to two-thirds) or by eliminating one of every four sound rays
(the number of sound rays is reduced to three-fourths).
[0487] Alternatively, the number of sound rays in the region
beyond the predetermined depth may be reduced by eliminat-
ing two or more than two consecutive sound rays.

[0488] Inthe illustrated example, the drive ofthe individual
signal processors 20a of the signal processor 20 (more spe-
cifically the AFEs thereof) is activated or deactivated (on/off)
to reduce the number of sound rays in the region beyond the
predetermined depth.

[0489] Inthe caseofthe depth L1, that is, when the number
of sound rays is not reduced, as conceptually shown in FIG.
22A, for all the sound rays, a transmission pulse is applied
while at the same time the drive of the individual signal
processors 20a is activated (on), and the drive of the indi-
vidual signal processors 20a is deactivated (off) when a time
period corresponding to the depth L1 (depth corresponding to
the composite ultrasound image) has passed.

[0490] When the number of sound rays is reduced beyond
the depth .2, as conceptually shown in FIG. 22B, a transmis-
sion pulse is applied while at the same time the drive of the
individual signal processors 20a is activated, and the drive of
the individual signal processors 20« is deactivated in the
corresponding sound rays (sound rays to be eliminated
beyond the predetermined depth) at a point in time when a
time period corresponding to the depth .2 which is smaller
than the depth L1 has passed.

[0491] That is, in the example in which one of every two
sound rays is eliminated, the individual signal processors 20a
alternately perform the drive shown in FIG. 22A and the drive
shown in FIG. 22B on the basis of every two sound rays.
[0492] When the number of sound rays is reduced beyond
the depth L3, as conceptually shown in FIG. 22C, a transmis-
sion pulse is applied while at the same time the drive of the
individual signal processors 20a is activated, and the drive of
the individual signal processors 20¢ is deactivated in the
corresponding sound rays at a point in time when a time
period corresponding to the smallest depth L3 which is
smaller than the depth L2 has passed.

[0493] That is, in the example in which one of every two
sound rays is eliminated, the individual signal processors 20a
alternately perform the drive shown in F1G. 22 A and the drive
shown in FIG. 22C on the basis of every two sound rays.
[0494] As described above, when spatial compounding is
performed in the illustrated ultrasound diagnostic apparatus
10D, as conceptually shown in FIGS. 21A and 23A to 23C,
the three types of ultrasound transmission and reception for
three images which are made in mutually different directions
of ultrasound transmission and reception and which make up
a frame unit for obtaining a composite ultrasound image are
repeatedly performed on a frame basis.

[0495] For example, the transmission controller 32D and
the reception controller 34D first perform the transmission
and reception for the image A for obtaining the ultrasound
image A as the main image as shown in FIGS. 21A and 23A
to 23C.
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[0496] Then, the transmission controller 32D and the
reception controller 34D perform the transmission and recep-
tion for the image B for obtaining the ultrasound image B in
the direction inclined by the angle of 8 with respect to the
direction for the ultrasound image A.

[0497] Then, the transmission controller 32D and the
reception controller 34D perform the transmission and recep-
tion for the image C for obtaining the ultrasound image C in
the direction inclined by the angle of -0 with respect to the
direction for the ultrasound image A.

[0498] In FIGS. 23A to 23C, areas each having a black
letter on a white background correspond to the ultrasound
transmission and reception up to the depth L1 (normal depth),
that is, the ultrasound transmission and reception for the
image in which the number of sound rays is not reduced,
coarsely hatched (shaded) areas correspond to the ultrasound
transmission and reception for the image in which the number
of sound rays is reduced beyond the depth L2 (medium
depth); and densely hatched areas correspond to the ultra-
sound transmission and reception for the image in which the
number of sound rays is reduced beyond the depth L3 (small
depth).

[0499] When the temperature measurement result obtained
with the temperature sensor 42 is less than T7 upon spatial
compounding, the reception controller 34D of the probe 12D
in the ultrasound diagnostic apparatus 10D controls the drive
of the individual signal processors 20a so that the number of
sound rays is not reduced in the transmission and reception
for all the images A, B and C in one frame (the reception
signal processing is performed up to the depth 1) as shown
in FIG. 23A.

[0500] The case in which the temperature measurement
result obtained with the temperature sensor 42 is less than T7
refers to the case in which the probe 12D (signal processor 20)
has a steady temperature.

[0501] When the temperature measurement result obtained
with the temperature sensor 42 is equal to or more than T7 but
less than T8, the reception controller 34D controls the drive of
the individual signal processors 20« so that, in one frame, the
number of sound rays is not reduced in the transmission and
reception for the image A but is reduced in the transmission
and reception for the images B and C beyond the depth .2 as
shown in FIG. 23B.

[0502] That is, this processing reduces the image quality of
the image formed by spatial compounding in the region dis-
tant from the piezoelectric unit 16 (region beyond the depth
L2).

[0503] In addition, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T8, the reception controller 34D controls the drive
of the individual signal processors 20a so that, in one frame,
the number of sound rays is not reduced in the transmission
and reception for the image A but is reduced in the transmis-
sion and reception for the images B and C beyond the depth
L3 as shown in FIG. 23C.

[0504] That is, this processing reduces the image quality of
the image formed by spatial compounding in the region dis-
tant from the vicinity of the piezoelectric unit 16 (region
beyond the depth 1.3).

[0505] As is clear from the above description, in cases
where the temperature of the probe 12D is increased upon
spatial compounding, the ultrasound diagnostic apparatus
10D of the invention reduces the number of sound rays in the
regions of the ultrasound images beyond the predetermined
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depth by processing the reception signals in the ultrasound
transmission and reception for obtaining the ultrasound
images to be combined into a composite ultrasound image.
That is, when the temperature of the probe 12D is increased,
the ultrasound diagnostic apparatus 10D of the invention
reduces the drive time of the individual signal processors 20a
for processing the reception signals from the ultrasonic ech-
oes depending on the temperature.

[0506] Therefore, according to the invention, the internal
temperature of the probe 12D can be promptly reduced by
stopping the signal processor 20 which is the major heat
generation area even if the temperature of the probe 12D is
increased during spatial compounding. Even if the tempera-
ture of the probe 12D is increased, the image quality deterio-
ration can be minimized by promptly reducing the tempera-
ture inside the probe 12D while suppressing the temperature
increase therein.

[0507] In the example shown in FIGS. 23A to 23C, the
processing depth of all the reception signals is the same in one
frame making up the composite ultrasound image. However,
this is not the sole case of the invention and the reception
signal processing depth of one or more ultrasound images in
each frame (each composite ultrasound image) may be dif-
ferent.

[0508] Forexample, in the example shown in FIGS. 23A to
23C, the number of sound rays is reduced in all the frames
beyond the depth 1.3 in the transmission and reception for the
images B and C when the temperature measurement result
obtained with the temperature sensor 42 is equal to or more
than T8. However, this is not the sole case of the invention.

[0509] For example, as in the above case, when the tem-
perature measurement result obtained with the temperature
sensor 42 is less than T7, the number of sound rays is not
reduced in the ultrasound transmission and reception for all
the images as shown in FIG. 24A, and when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T7 but less than T8, the number of
sound rays is not reduced in the transmission and reception
for the image A but is reduced in the transmission and recep-
tion for the images B and C beyond the depth L2 as shown in
FIG. 24B.

[0510] In contrast, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T8, for example, the process may be applied in
which the number of sound rays is likewise not reduced in the
transmission and reception for the image A in all the frames
but is reduced in each odd frame in the transmission and
reception for the images B and C beyond the depth L3 and in
each even frame in the transmission and reception for the
images B and C beyond the depth L2 as shown in FIG. 24C.

[0511] Inthisexample, one of every two frames can have an
increased depth beyond which no sound ray is provided.
Therefore, when the images produced by spatial compound-
ing are observed as continuous images, the image quality
deterioration in the section from the deeper end of the depth
L3 to the deeper end of the depth L2 can be reduced compared
to the example shown in FIGS. 23A to 23C.

[0512] In the above example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T7 but less than T8 or equal to or more
than T8, the images in one frame in which the number of
sound rays is reduced have no sound ray beyond the same
depth. However, this is not the sole case of the invention.
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[0513] In other words, reduction in the number of sound
rays beyond the depth L2 and reduction in the number of
sound rays beyond the depth .3 may coexist in one frame.
Alternatively, non-reduction in the number of sound rays,
reduction in the number of sound rays bevond the depth 1.2
and reduction in the number of sound rays beyond the depth
.3 may coexist in one frame.

[0514] An example of the reception signal processing is
conceptually shown in FIGS. 25A to 25C.

[0515] In this example, as in the above example, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is less than T7, the number of sound rays is not
reduced in the transmission and reception for all the images
A, B and C as shown in FIG. 25A. As in the above example,
when the temperature measurement result obtained with the
temperature sensor 42 is equal to or more than T7 but less than
T8, the number of sound rays is not reduced in the transmis-
sion and reception for the image A but is reduced in the
transmission and reception for the images B and C beyond the
depth 1.2 as shown in FIG. 25B.

[0516] In contrast, in this example, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T8, the number of sound rays is not
reduced in the transmission and reception for the image A but
is reduced in the transmission and reception for the images B
and Cbeyond the depths 1.2 and L3, respectively, as shown in
FIG. 25C. Alternatively, the depth of the images A, B and C
may be set to L1, L3 and [.2, respectively.

[0517] Compared to the example shown in FIGS. 23A to
23C, this example reduces the effect of preventing heat gen-
eration but is advantageous in terms of the image quality of
the composite ultrasound images.

[0518] Inthisexample, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T8, reduction in the number of sound rays beyond
the depth L2 and reduction in the number of sound rays
beyond the depth L3 may be alternately performed for the
images B and C.

[0519] For example, as in the above example, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is less than T7, the number of sound rays is not
reduced in the ultrasound transmission and reception for all
the images as shown in FIG. 26, and when the temperature
measurement result is equal to or more than T7 but less than
T8, the number of sound rays is not reduced in the transmis-
sion and reception for the image A but is reduced in the
transmission and reception for the images B and C beyond the
depth L2 as shown in FIG. 26B.

[0520] In contrast, when the temperature measurement
result obtained with the temperature sensor 42 is equal to or
more than T8, for example, the process may be applied in
which the number of sound rays is likewise not reduced in the
transmission and reception for the image A in all the frames
but is reduced in each odd frame in the transmission and
reception for the images B and C beyond the depths 1.2 and
L3, respectively, and in each even frame in the transmission
and reception for the images B and C beyond the depths 1.3
and L2, respectively, as shown in FIG. 26C.

[0521] In this example, the region beyond the depth L3
where the number of sound rays is reduced is repeated in the
ultrasound images to be combined by spatial compounding
on the basis of every two frames. Therefore, any region where
the image quality is continuously deteriorated can be elimi-
nated from the composite ultrasound images to suppress the
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image quality deterioration when the images produced by
spatial compounding are observed as continuous images.

[0522] In the above example, when the temperature in the
probe 12D s increased, the transmission and reception for the
image B and/or those for the image C are performed by
reducing the number of sound rays in the region beyond the
predetermined depth but this is not the sole case of the inven-
tion. That is, the transmission and reception for the image A
may be performed by reducing the number of sound rays in
the region beyond the predetermined depth depending on the
temperature increase.

[0523] However, the ultrasound image A is the main image.
In other words, the composite ultrasound image produced in
the diagnostic apparatus body 14D through spatial com-
pounding is the image having the region of the ultrasound
image A (derived from the transmission and reception for the
image A). Therefore, when the ultrasound transmission and
reception which does not involve the reduction in the number
of sound rays is included in one frame, it is more advanta-
geous to perform the transmission and reception for the image
A serving as the main image without reducing the number of
sound rays because a proper composite ultrasound image can
be consistently obtained.

[0524] In the above example, the number of sound rays is
not reduced up to the depth L1 in at least one image (the
transmission and reception for the image A) at any tempera-
ture. However, this is not the sole case of the invention and the
number of sound rays may be performed beyond the depth 1.2
or L3 in the ultrasound transmission and reception for all the
images depending on the temperature.

[0525] An example of the ultrasound transmission and
reception is conceptually shown in FIGS. 27A to 27C.

[0526] In this example, as in the above example, when the
temperature measurement result obtained with the tempera-
ture sensor 42 is less than T7, the number of sound rays is not
reduced in the transmission and reception for all the images
A, B and C as shown in FIG. 27A. As in the above example,
when the temperature measurement result obtained with the
temperature sensor 42 is equal to or more than T7 but less than
T8, the number of sound rays is not reduced in the transmis-
sion and reception for the image A but is reduced in the
transmission and reception for the images B and C beyond the
depth 1.2 as shown in FIG. 27B.

[0527] In contrast, in this example, when the temperature
measurement result obtained with the temperature sensor 42
is equal to or more than T8, the number of sound rays is
reduced in the transmission and reception for the image A
beyond the depth 1.2 and in the transmission and reception for
the images B and C beyond the depth L3 as shown in FIG.
27C.

[0528] According to this example, the image quality of the
resulting composite ultrasound image is reduced as s whole
but the effect of preventing heat generation is increased.

[0529] In the above example, when the temperature mea-
surement result obtained with the temperature sensor 42 is
equal to or more than T7, the number of sound rays is reduced
in the region deeper than the predetermined depth in the
ultrasound transmission and reception for two images in one
frame but this is not the sole case of the invention. That is,
based on the temperature measurement result obtained with
the temperature sensor 42, the number of sound rays may be
reduced beyond the predetermined depth in the ultrasound
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transmission and reception for only one image in one frame or
in the ultrasound transmission and reception for three or more
images in one frame.

[0530] Considering the purpose that the temperature
increase within the probe 12D is suppressed while minimiz-
ing the image quality deterioration due to the temperature
increase, when the temperature exceeds one of the thresholds,
the number of sound rays is preferably reduced bevond the
predetermined depth in two or more images of one frame. In
addition, in order to suppress the temperature increase while
preventing the image quality deterioration, when the tem-
perature exceeds one of the thresholds, the number of sound
rays for all the images except the image A (main image) is
preferably reduced in the region beyond the predetermined
depth depending on the temperature.

[0531] In addition, in the above examples, since the prede-
termined number upon spatial compounding is three, two
temperature thresholds are provided. However, this is not the
sole case of the invention and in cases where the predeter-
mined number is four or more, three or more thresholds may
be provided.

[0532] The number of depths set for the reception signal
processing depending on the temperature is also not limited to
three. For example, two depths including the normal depth
(L1) and the small depth (I3) may be provided. Alternatively,
four or more depths of reception signal processing may be
provided by setting a plurality of medium depths such as the
depth 1.2-1 and the depth [.2-2 between the normal depth L1
and the small depth L3.

[0533] In the examples shown in FIGS. 23A to 27C, the
order of ultrasound transmission and reception in one frame is
the same for all the frames. However, this is not the sole case
of the invention and the order of ultrasound transmission and
reception of the images in each frame may be different.

[0534] For example, as shown in FIGS. 28A to 28C, the
ultrasound transmission and reception of the first frame, the
second frame, the third frame, the fourth frame and the like
may be performed in the orders of “image B-simage
A—image C”, “image C—image A—image B”, “image
B—image A—image C” and “image C—image A—=image B”
and the like, respectively.

[0535] That is, also in the fourth embodiment of the ultra-
sound diagnostic apparatus 10D, as in the first embodiment,
the directions of ultrasound transmission and reception in the
last ultrasound image in the earlier one of two consecutive
frames (i.e., two temporally consecutive composite ultra-
sound images) and the first ultrasound image in the subse-
quent frame may be the same.

[0536] This order of ultrasound transmission and reception
enables the ultrasound transmission and reception to be con-
tinued in the same directions to facilitate the control of the
transmission drive 30 and the individual signal processors
20a.

[0537] As described above, the reception signals outputted
from the probe 12D are supplied to the diagnostic apparatus
body 14D by wireless communication.

[0538] Similarly to the first embodiment of the diagnostic
apparatus body 10A shown in FIG. 1, the diagnostic appara-
tus body 14D includes an antenna 50, a wireless communi-
cation unit 52, a serial/parallel converter 54, a data storage
unit 56, an image generating unit 58, a display controller 62,
a monitor 64, a communication controller 68, an apparatus
body controller 70 and an operating unit 72.
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[0539] As in the above embodiment, the diagnostic appa-
ratus body 14D includes a built-in power supply unit (not
shown), which supplies electric power for drive to each com-
ponent.

[0540] The antenna 50, the wireless communication unit
52, the serial/parallel converter 54, the data storage unit 56,
the image generating unit 58, the display controller 62, the
monitor 64, the communication controller 68 and the appa-
ratus body controller 70 are basically the same as those in the
diagnostic apparatus body 10A shown in FIG. 1.

[0541] More specifically, the wireless communication unit
52 performs wireless communication with the probe 12D via
the antenna 50 to transmit control signals to the probe 12D
and receive signals sent from the probe 12D. The wireless
communication unit 52 demodulates the received signals and
outputs them to the serial/parallel converter 54 as serial
sample data.

[0542] The communication controller 68 controls the wire-
less communication unit 52 so that various control signals are
transmitted according to the settings made by the apparatus
body controller 70.

[0543] The serial/parallel converter 54 converts the serial
sample data into parallel sample data. The data storage unit 56
stores at least one frame of sample data converted by the
serial/parallel converter 54.

[0544] The image generating unit 58 (phase adjusting and
summing unit 76D, image processor 78 and image combining
unit 80) performs reception focusing on sample data for each
image read out from the data storage unit 56 to generate image
signals representing an ultrasound image.

[0545] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10D, the
probe 12D performs, for example, the ultrasound transmis-
sion and reception for three images, that is, the transmission
and reception for the images A, B and C.

[0546] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 accord-
ingly combines the ultrasound image A derived from the
transmission and reception for the image A, the ultrasound
image B derived from the transmission and reception for the
image B, and the ultrasound image C derived from the trans-
mission and reception for the image C to generate image
signals for a composite ultrasound image.

[0547] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10D, the
probe 12D reduces the number of sound rays in the region
beyond the predetermined depth as for the reception of the
ultrasonic echoes based on the temperature measured with the
temperature sensor 42. That is, the number of sound rays is
reduced in the region of the ultrasound image beyond the
predetermined depth based on the temperature measured with
the temperature sensor 42.

[0548] Upon spatial compounding, the phase adjusting and
summing unit 76D interpolates the eliminated sound rays
with the adjacent sound rays (surrounding sound rays) as to
the ultrasound image in which the number of sound rays is
reduced in the region beyond the predetermined depth to
generate sound rays corresponding to those of the region
where the number of sound rays was reduced, thus generating
sound rays (sound ray signals) for the whole ultrasound
image.

[0549] The interpolation method is not particularly limited
but any known interpolation method implemented in various
image processing steps can all be used.
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[0550] The display controller 62 causes the monitor 64 to
display the ultrasound image according to the image signals
generated by the image generating unit 58.

[0551] Under the control of the display controller 62, the
monitor 64 displays the ultrasound image.

[0552] The apparatus body controller 70 controls the com-
ponents in the diagnostic apparatus body 14D. The apparatus
body controller 70 is connected to the operating unit 72 to
perform various input operations including as to whether or
not spatial compounding is to be performed.

[0553] The operation of the ultrasound diagnostic appara-
tus 10D shown in FIG. 20 is described below.

[0554] Similarly to the ultrasound diagnostic apparatus
10A, during the diagnosis, various kinds of information
inputted to the operating unit 72 are first sent to the probe 12D
by wireless communication and then supplied to the probe
controller 38 also in the ultrasound diagnostic apparatus 10D.
[0555] Then, ultrasonic waves are transmitted from the
transducers 18 in accordance with the drive voltage supplied
from the transmission drive 30 of the probe 12D.

[0556] The reception signals outputted from the transduc-
ers 18 that have received the ultrasonic echoes generated by
reflection of the ultrasonic waves on the subject are supplied
to the corresponding individual signal processors 20a to gen-
erate sample data.

[0557] In the probe 12D, when spatial compounding is
performed, the temperature measurement result of the signal
processor 20 obtained with the temperature sensor 42 is sent
to the reception controller 34D.

[0558] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10D, the
probe 12D reduces the number of sound rays in the regions of
the ultrasound images beyond the predetermined depth based
on the temperature measurement results of the reception sig-
nal processor 20 obtained with the temperature sensor 42.
More specifically, the probe 12D controls the drive of the
individual signal processors 20a processing the reception
signals such that the depth beyond which the number of sound
rays is reduced in any of the ultrasound images to be com-
bined is decreased in the order of “depth Ll-=depth
L2—depth .3” each time the temperature exceeds one of the
thresholds according to the temperature measurement results
obtained with the temperature sensor 42.

[0559] For example, when the temperature measured with
the temperature sensor 42 is less than T7, the reception con-
troller 34D controls the operation of the signal processor 20
(individual signal processors 20a) so that the number of
sound rays is not reduced in the transmission and reception
for all the images A, B and C as shown in 23A.

[0560] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T7 but less than T8, the
reception controller 34D controls the operation of the signal
processor 20 so that the number of sound rays is not reduced
in the transmission and reception for the image A but is
reduced in the transmission and reception for the images B
and C beyond the depth L2 in one of every two frames as
shown in FIG. 23B.

[0561] When the temperature measured with the tempera-
ture sensor 42 is equal to or more than T8, the reception
controller 34D controls the operation of the signal processor
20 so that the number of sound rays is not reduced in the
transmission and reception for the image A but is reduced in
the transmission and reception for the images B and C beyond
the depth L3 in one of every two frames as shown in FIG. 23C.
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[0562] The sample data generated by the individual signal
processors 20a are sent to the parallel/serial converter 24,
where the sample data is converted into serial data. The serial
data is then wirelessly transmitted from the wireless commu-
nication unit 26 (antenna 28) to the diagnostic apparatus body
14D.

[0563] The sample data received by the wireless commu-
nication unit 52 of the diagnostic apparatus body 14D is
converted into parallel data in the serial/parallel converter 54
and stored in the data storage unit 56.

[0564] Further, the sample data for each image is read out
from the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The display
controller 62 causes the monitor 64 to display the ultrasound
image based on the image signals.

[0565] Upon spatial compounding, the phase adjusting and
summing unit 76D of the image generating unit 58 interpo-
lates the sound rays eliminated by the probe 12D and then the
image combining unit 80 combines the ultrasound images.
[0566] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10D, the
probe 12D reduces the number of sound rays in the ultrasound
images to be combined beyond the predetermined depth
based on the temperature measurement results of the recep-
tion processor 20 obtained with the temperature sensor 42.
More specifically, the probe 12D reduces the number of
sound rays in any of the ultrasound images to be combined
beyond the depth L2 or L3 based on the temperature mea-
surement result obtained with the temperature sensor 42.
[0567] Forexample, in the example shown in FIGS. 23A to
23C, when the temperature is less than T7 upon spatial com-
pounding, the probe 12D does not reduce the number of
soundrays in the ultrasound transmission and reception based
on the temperature measurement result obtained with the
temperature sensor 42. When the temperature measured with
the temperature sensor 42 is equal to or more than T7 but less
than T8, the number of sound rays is reduced in the region
beyond the depth 1.2 in one of every two frames. In addition,
when the temperature measured with the temperature sensor
42 is equal to or more than T8, the number of sound rays is
reduced in the region beyond the depth L3 in one of every two
frames.

[0568] When spatial compounding is performed, the phase
adjusting and summing unit 76D correspondingly interpo-
lates the eliminated sound rays (the portions having no sound
rays) with the surrounding sound rays as for the image for
which the number of sound rays is reduced in the region
beyond the depth 1.2 or L3 to thereby generate sound rays
corresponding to the whole area of one ultrasound image and
sends the produced sound rays to the image combining unit
80.

[0569] When spatial compounding is performed, the image
combining unit 80 combines the ultrasound image A derived
from the transmission and reception for the image A, the
ultrasound image B derived from the transmission and recep-
tion for the image B, and the ultrasound image C derived from
the transmission and reception for the image C which were
generated in the phase adjusting and summing unit 76D to
thereby generate image signals for a composite ultrasound
image, and outputs the image signals to the display controller
62.

[0570] FIG. 29 is a conceptual block diagram showing an
embodiment of the ultrasound diagnostic apparatus accord-
ing to the second aspect of the invention.
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[0571] Many components of the ultrasound diagnostic
apparatus 10E shown in FIG. 29 are the same as those of the
ultrasound diagnostic apparatus 10A shown in FIG. 1 except
that the temperature sensor 42 is not provided. Therefore, like
components are denoted by the same reference numerals and
the following description mainly focuses on the different
features.

[0572] As in the first embodiment of the ultrasound diag-
nostic apparatus 10A, the ultrasound diagnostic apparatus
10E shown in FIG. 29 includes an ultrasound probe 12E
(hereinafter referred to as “probe 12E”) and a diagnostic
apparatus body 14E. As in the above embodiment, the ultra-
sound probe 12E is connected to the diagnostic apparatus
body 14E by wireless communication.

[0573] As in the first embodiment of the probe 12A, the
probe 12E transmits ultrasonic waves to the subject, receives
ultrasonic echoes generated by reflection of the ultrasound
waves on the subject, and outputs reception signals of an
ultrasound image in accordance with the received ultrasonic
echoes.

[0574] There is no limitation on the type of the probe 12E
and various known ultrasound probes can be used.

[0575] As in the probe 12A, the probe 12E also includes a
piezoelectric unit 16, a signal processor 20, a parallel/serial
converter 24, a wireless communication unit 26, an antenna
28, a transmission drive 30, a transmission controller 32E, a
reception controller 34E, a communication controller 36 and
a probe controller 38. As described above, the probe 12E in
this aspect includes no temperature sensor.

[0576] The probe 12E also includes a built-in battery (not
shown), which supplies electric power for drive to each com-
ponent.

[0577] The piezoelectric unit 16, the signal processor 20,
the parallel/serial converter 24, the wireless communication
unit 26, the antenna 28, the transmission drive 30, the com-
munication controller 36 and the probe controller 38 are
basically the same as those of the probe 12A.

[0578] More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

[0579] The transmission drive 30 supplies the transducers
18 with a drive voltage so that the transducers transmit ultra-
sonic waves so as to form ultrasonic beams.

[0580] The transducers 18 output the reception signals of
the ultrasonic echoes to individual signal processors 20a of
the signal processor 20. As described above, each individual
signal processor 20a has an AFE, processes the reception
signals to generate sample data and supplies the generated
sample data to the parallel/serial converter 24. The parallel/
serial converter 24 converts the parallel sample data into
serial sample data.

[0581] The ultrasound diagnostic apparatus 10E also has
the function of spatial compounding in which ultrasound
images obtained by the ultrasound transmission and reception
in mutually different directions are combined to produce a
composite ultrasound image.

[0582] Similarly to the above ultrasound diagnostic appa-
ratus 10A, the ultrasound diagnostic apparatus 10E com-
bines, for example, three ultrasound images upon spatial
compounding. Therefore, the transmission controller 32E
and the reception controller 34E control the drive of the
transmission drive 30 and the individual signal processors
20aq, respectively, such that three types of ultrasound trans-
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mission and reception are performed in mutually different
directions of ultrasound transmission and reception.

[0583] When spatial compounding is performed, the trans-
mission controller 32E and the reception controller 34E of the
probe 12E control the drive of the transmission drive 30 and
the individual signal processors 20a, respectively, such that
the plurality of types of ultrasound transmission and recep-
tion are performed in a predetermined order.

[0584] When spatial compounding is performed in the
ultrasound diagnostic apparatus 10E according to this aspect,
the probe 12E makes the directions of ultrasound transmis-
sion and reception in the last ultrasound image in the earlier
one of two temporally consecutive frames (composite ultra-
sound images) coincide with those in the first ultrasound
image in its subsequent frame. In other words, the last ultra-
sound image in the earlier one of two temporally consecutive
composite ultrasound images is made to coincide with the
first ultrasound image in its subsequent composite ultrasound
image in the directions of ultrasound transmission and recep-
tion.

[0585] This point will be described in detail later.

[0586] The wireless communication unit 26 generates
transmission signals from the serial sample data and transmits
the serial sample data to the diagnostic apparatus body 14E
via the antenna 28.

[0587] The wireless communication unit 26 receives vari-
ous control signals from the diagnostic apparatus body 14E
and outputs the received control signals to the communication
controller 36.

[0588] Thecommunication controller 36 controls the wire-
less communication vnit 26. The communication controller
36 outputs the various control signals received by the wireless
communication unit 26 to the probe controller 38.

[0589] The probe controller 38 controls various compo-
nents of the probe 12E according to various control signals
transmitted from the diagnostic apparatus body 14E.

[0590] As described above, the ultrasound diagnostic appa-
ratus 10E of the invention has the function of producing an
image (composite ultrasound image) through spatial com-
pounding.

[0591] As in the ultrasound diagnostic apparatus 10A
shown in FIG. 1, the ultrasound diagnostic apparatus 10E also
performs, for example, the three types of ultrasound trans-
mission and reception in mutually different directions upon
spatial compounding as conceptually shown in FIG. 2. More
specifically, upon spatial compounding, the probe 12E per-
forms the three types of ultrasound transmission and recep-
tion, including the “transmission and reception for the image
A” as the ultrasound transmission and reception for obtaining
the main image (image including the whole area of the com-
positeultrasound image formed by spatial compounding), the
“transmission and reception for the image B” in a direction
inclined by an angle of 0 with respect to the direction of the
transmission and reception for the image A, and the “trans-
mission and reception for the image C” in a direction inclined
by an angle of -0 with respect to the direction of the transmis-
sion and reception for the image A.

[0592] The diagnostic apparatus body 14E (more specifi-
cally an image combining unit 80 to be described later) com-
bines one to three ultrasound images selected from the ultra-
sound image A (solid line) as the main image obtained by the
transmission and reception for the image A, the ultrasound
image B (broken line) obtained by the transmission and
reception for the image B, and the ultrasound image C (chain
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line) obtained by the transmission and reception for the image
C according to the number of types of ultrasound transmis-
sion and reception performed in each frame to thereby pro-
duce a composite ultrasound image covering the region of the
ultrasound image A.

[0593] When spatial compounding is performed in the
ultrasound diagnostic apparatus 10E, for example, a prede-
termined number of (i.e., one to three) types of ultrasound
transmission and reception which are selected from the three
types including the transmission and reception for the image
A, those for the image B and those for the image C and which
make up a frame unit for obtaining a composite ultrasound
image are repeatedly performed on a frame basis.

[0594] As will be described later in detail, in the second
aspect of the invention, the number of types of ultrasound
transmission and reception in each frame upon spatial com-
pounding may be the same in all the frames or a frame having
a different number of types of ultrasound transmission and
reception may be included. That is, when spatial compound-
ing is performed in the ultrasound diagnostic apparatus 10E,
the number of ultrasound images to be combined may be the
same for all the composite ultrasound images or composite
ultrasound images made from different numbers of ultra-
sound images may coexist.

[0595] Inthe practice of the invention, the number of types
of ultrasound transmission and reception set to perform spa-
tial compounding, that is, the maximum number of ultra-
sound images to be combined is not limited to three. That is,
the maximum number of ultrasound images to be combined
by spatial compounding may be two or four or more.

[0596] In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiments.

[0597] As described above, when spatial compounding is
performed, the plurality of types of ultrasound transmission
and reception which are made in mutually different directions
of ultrasound transmission and reception and which make up
a frame are repeatedly performed on a frame basis.

[0598] In normal spatial compounding, the plurality of
types of ultrasound transmission and reception which are
different in the directions of ultrasound transmission and
reception are performed in each frame in the same order.
More specifically, when the transmission and reception for
the images A, B and C are performed as in the illustrated
example, as conceptually shown in FIG. 30C, the ultrasound
transmission and reception are repeatedly performed on a
frame basis in the order of the transmission and reception for
the image A, those for the image B and those for the image C
which make up one frame. Therefore, in normal spatial com-
pounding, the directions of ultrasound transmission and
reception are to be changed each time the transmission and
reception for each image are performed.

[0599] Incontrast, when spatial compounding is performed
in the ultrasound diagnostic apparatus 10E, the probe 12E
makes the directions of ultrasound transmission and recep-
tion in the last ultrasound image in the earlier one of two
temporally consecutive frames (composite ultrasound
images) coincide with those in the first ultrasound image in its
subsequent frame. In other words, the last ultrasound image in
the earlier one of two temporally consecutive composite
ultrasound images is made to coincide with the first ultra-
sound image in its subsequent composite ultrasound image in
the directions of ultrasound transmission and reception.
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[0600] 1Inother words, in the ultrasound diagnostic appara-
tus 10E of the invention, the last ultrasound transmission and
reception in the earlier one of two temporally consecutive
frames is made to coincide with the first ultrasound transmis-
sion and reception in its subsequent frame in the directions of
ultrasound transmission and reception.

[0601] For example, as conceptually shown in FIG. 30A,
the ultrasound transmission and reception of the first frame,
the second frame, the third frame, the fourth frame and the
like are performed in the orders of “image B—image
A—image C”, “image C—image A—image B”, “image
B—image A—image C” (in the same order as the first frame),
“image C—=image A—image B” (in the same order as the
second frame) and the like, respectively. In other words, the
ultrasound transmission and reception in the order of “image
B—image A—image C” and those in the order of “image
C—image A—image B” are alternately repeated.

[0602] Alternatively, as conceptually shown in FIG. 30B,
the ultrasound transmission and reception of the first frame,
the second frame, the third frame, the fourth frame and the
like are performed in the orders of “image A—simage
B—image C”, “image C—image B—image A”, “image
A—image B—image C” (in the same order as the first frame),
“image C—=image B—image A” (in the same order as the
second frame) and the like, respectively. In other words, the
ultrasound transmission and reception in the order of “image
A—image B—image C” and those in the order of “image
C—image B—image A” are alternately repeated.

[0603] In this aspect, when spatial compounding is thus
performed, the last image in the earlier one of two temporally
consecutive frames is made to coincide with the first image in
its subsequent frame in the directions of ultrasound transmis-
sion and reception. In other words, the last ultrasound image
in the earlier one of two temporally adjacent composite ultra-
sound images produced by spatial compounding and the first
ultrasound image in the subsequent composite ultrasound
image are obtained by the ultrasound transmission and recep-
tion in the same directions.

[0604] Therefore, it is not necessary to change the direc-
tions of ultrasound transmission and reception between two
adjacent frames, which can simplify the control of the ultra-
sound transmission and reception in the transmission drive 30
and the individual signal processors 20a, for example when
changing the control of the delay for changing the directions
of ultrasound transmission and reception. Accordingly, the
illustrated ultrasound diagnostic apparatus 10E can reduce
the burden of the probe 12E in spatial compounding.

[0605] Spatial compounding performed in the ultrasound
diagnostic apparatus 10E is not limited to the case where all
the set types of ultrasound transmission and reception are
performed in one frame. That is, in this aspect, one frame of
ultrasound images may be formed by any number of types of
ultrasound transmission and reception if the number is equal
to or smaller than the appropriately set predetermined num-
ber.

[0606] In other words, this aspect is not limited to the case
where the set maximum number of ultrasound images are
combined by spatial compounding.

[0607] When spatial compounding is performed in the
ultrasound diagnostic apparatus 10E, the number of types of
ultrasound transmission and reception in one frame is not
limited to three but may be two if the directions of ultrasound
transmission and reception in the last ultrasound image in one
of two adjacent frames may coincide with those in the first
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ultrasound image in its subsequent frame. That is, the number
of ultrasound images to be combined in one frame by spatial
compounding may be two.

[0608] For example, high image quality mode in which
three images are combined and normal image quality mode in
which two images are combined are set as spatial compound-
ing modes so that one of three-image composition and two-
image composition may be selected with an operating unit
72E to be described later by any known method such as the
GUI (graphical user interface). Alternatively, the probe 12E
may be provided with a selection means such as a switch.
These modes are also applied to the cases shown in FIGS.
32A to 33B to be described later.

[0609] For example, as conceptually shown in FIG. 31A,
the transmission and reception for the image A (main image)
are not performed and the ultrasound transmission and recep-
tion of the first frame, the second frame, the third frame, the
fourth frame and the like may be performed in the orders of
“image B—simage C”, “image C—simage B”, “image
B—image C” (in the same order as the first frame), “image
C—image B ” (in the same order as the second frame) and the
like, respectively. In other words, the ultrasound transmission
and reception in the order of “image B—image C” and those
in the order of “image C—image B” may be alternately
repeated.

[0610] When two ultrasound images are used to perform
spatial compounding in the ultrasound diagnostic apparatus
10E, frames may coexist in which combinations of types of
ultrasound transmission and reception are different.

[0611] That is, when the number of types of ultrasound
transmission and reception used to perform special com-
pounding is smaller than the set number, frames may coexist
in which combinations of types of ultrasound transmission
and reception are different. In other words, when the number
of ultrasound images to be combined by spatial compounding
is smaller than the set maximum number, composite ultra-
sound images obtained by combining ultrasound images
which are different in the directions of ultrasound transmis-
sion and reception may coexist.

[0612] For example, as conceptually shown in FIG. 31B,
the ultrasound transmission and reception of the first frame,
the second frame, the third frame and the fourth frame may be
performed in the orders of “image A—simage B”, “image
B—image A”, “image A—=image C” and “image C—image
A”, respectively, and those of the first to fourth frames may be
repeatedly performed.

[0613] In the practice of the invention, if the directions of
the ultrasound transmission and reception in temporally adja-
cent frames coincide with each other when spatial compound-
ing is performed, frames which are different in the number of
types of ultrasound transmission and reception (the number
of ultrasound images to be combined) may coexist in the
predetermined number of temporally consecutive frames.
[0614] That is, in the practice of the invention, frames
which are different in the frame rate in spatial compounding
may coexist.

[0615] For example, as conceptually shown in FIG. 324,
the ultrasound transmission and reception of the first and
second frames may be performed in the orders of “image
B—image A—image C” and “image C—image A—image
B”, respectively, and those of the third and fourth frames be
performed so as to form two images such as “image
B—image C” and “image C—image B”, respectively, and
those of the first to fourth frames be repeatedly performed.
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[0616] Alternatively, as conceptually shown in FIG. 32B,
the ultrasound transmission and reception of the first and
second frames may be performed in the orders of “image
A—image B—image C” and “image C—image B—image
A”, respectively, and those of the third, fourth and fifth frames
be performed so as to form two images such as “image
A—image C”, “image C—+image B” and “image B—image
A”, respectively, those of the sixth and seventh frames be
performed so as not to perform image composition or to form
only one image, that is, image A, and those of the first to
seventh frames be repeatedly performed.

[0617] The predetermined number of temporally consecu-
tive frames is not limited to four and seven as in the above
cases but may be five, six or eight or more. The transmission
and reception for the image A serving as the main image are
preferably performed for the frames in which one type of
ultrasound transmission and reception is only performed.
[0618] In addition, in the ultrasound diagnostic apparatus
10E according to this aspect, the ultrasound transmission and
reception may be shared between the last ultrasound image in
the earlier one of two temporally adjacent frames and the first
ultrasound image in the subsequent frame so that the direc-
tions of ultrasound transmission and reception in the last
ultrasound image may coincide with those in the first ultra-
sound image.

[0619] Inother words, in two temporally adjacent compos-
ite ultrasound images, one ultrasound image may serve as
both of the last ultrasound image in the earlier composite
ultrasound image and the first ultrasound image in the subse-
quent composite ultrasound image.

[0620] For example when spatial compounding is per-
formed according to the example shown in FIG. 32A, as
conceptually shown in FIG. 33A, the pattern of ultrasound
transmission and reception of “image B—image A—image
C—image A—image B—image C—image B” is repeatedly
performed.

[0621] The first three images of “image B-simage
A—image C” are used as the first frame. The image C is
shared between the last image in the first frame and the first
image in the second frame and the three images starting from
the third image C: “image C—image A—=image B” are used
as the second frame. The image B is shared between the last
image in the second frame and the first image in the third
frame and the two images starting from the fifth image B:
“image B—image C” are used as the third frame. In addition,
The image C is shared between the last image in the third
frame and the first image in the fourth frame and the two
images starting from the sixth image C: “image C—image B”
are used as the fourth frame, and the ultrasound transmission
and reception of the first to fourth frames are repeatedly
performed.

[0622] Inthis case, the image B may be shared between the
last image in the fourth frame and the first image in the first
frame.

[0623] When spatial compounding is performed according
to the example shown in FIG. 32B, as conceptually shown in
FIG. 33B, the pattern of ultrasound transmission and recep-
tion of “image A—image B—image C—image B—image
A—image C—image B—image A—image A—>image A” is
repeatedly performed.

[0624] The first three images of “image A-—simage
B—image C” are used as the first frame. The image C is
shared between the last image in the first frame and the first
image in the second frame and the three images starting from
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the third image C: “image C—image B—image A” are used
as the second frame. The image A is shared between the last
image in the second frame and the first image in the third
frame and the two images starting from the fifth image A:
“image A—=image C” are used as the third frame. The image
C is shared between the last image in the third frame and the
first image in the fourth frame and the two images starting
from the sixth image C: “image C—image B” are used as the
fourth frame. The image B is shared between the last image in
the fourth frame and the first image in the fifth frame and the
two images starting from the seventh image B: “image
B—=image A” are used as the fifth frame. In addition, the
image A as the ninth image and the image A as the tenth image
are used as the sixth frame and seventh frame, respectively,
and the ultrasound transmission and reception of the first to
seventh frames are repeatedly performed.

[0625] In this case, the image A may be shared between the
image in the seventh frame and the first image in the first
frame.

[0626] By thus sharing the ultrasound transmission and
reception (ultrasound images to be used for composition)
between adjacent frames, the composite ultrasound images
can be produced by spatial compounding at higher speeds.
[0627] As described above, the reception signals outputted
from the probe 12E are supplied to the diagnostic apparatus
body 14E by wireless communication.

[0628] Similarly to the first embodiment of the diagnostic
apparatus body 10A shown in FIG. 1, the diagnostic appara-
tus body 14E includes an antenna 50, a wireless communica-
tion unit 52, a serial/parallel converter 54, a data storage unit
56, an image generating unit 58, a display controller 62, a
monitor 64, a communication controller 68, an apparatus
body controller 70 and the operating unit 72E.

[0629] As in the above embodiment, the diagnostic appa-
ratus body 14E includes a built-in power supply unit (not
shown), which supplies electric power for drive to each com-
ponent.

[0630] The antenna 50, the wireless communication unit
52, the serial/parallel converter 54, the data storage unit 56,
the image generating unit 58, the display controller 62, the
monitor 64, the communication controller 68 and the appa-
ratus body controller 70 are basically the same as those in the
diagnostic apparatus body 10A shown in FIG. 1.

[0631] More specifically, the wireless communication unit
52 performs wireless communication with the probe 12E via
the antenna 50 to transmit control signals to the probe 12E and
receive signals sent from the probe 12E. The wireless com-
munication unit 52 demodulates the received signals and
outputs them to the serial/parallel converter 54 as serial
sample data.

[0632] Thecommunication controller 68 controls the wire-
less communication unit 52 so that various control signals are
transmitted according to the settings made by the apparatus
body controller 70.

[0633] The serial/parallel converter 54 converts the serial
sample data into parallel sample data. The data storage unit 56
stores at least one frame of sample data converted by the
serial/parallel converter 54.

[0634] The image generating unit 58 (phase adjusting and
summing unit 76, image processor 78 and image combining
unit 80) performs reception focusing on sample data for each
imageread out from the data storage unit 56 to generate image
signals representing an ultrasound image.

Feb. 5, 2015

[0635] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10E, the
probe 12E performs, for example, the ultrasound transmis-
sion and reception for three images, that is, the transmission
and reception for the images A, B and C.

[0636] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 accord-
ingly combines the ultrasound image A derived from the
transmission and reception for the image A, the ultrasound
image B derived from the transmission and reception for the
image B, and the ultrasound image C derived from the trans-
mission and reception for the image C to generate image
signals for a composite ultrasound image.

[0637] Alternatively, when two types of ultrasound trans-
mission and reception are used in spatial compounding as
shown in FIGS. 31A and 31B, the image combining unit 80
combines two ultrasound images.

[0638] The image combining unit 80 performs no image
composition in a frame where only one type of ultrasound
transmission and reception is performed as seen in the
example shown in FIG. 32B and an ultrasound image sent
from the image processor 78 is used as the image signals ofa
composite ultrasound image.

[0639] The display controller 62 causes the monitor 64 to
display the ultrasound image according to the image signals
generated by the image generating unit 58.

[0640] Under the control of the display controller 62, the
monitor 64 displays the ultrasound image.

[0641] The apparatus body controller 70 controls the com-
ponents in the diagnostic apparatus body 14E. The apparatus
body controller 70 is connected to the operating unit 72E to
perform various input operations for the selection of the num-
ber of images to be combined or as to whether or not spatial
compounding is to be performed.

[0642] The operation of the ultrasound diagnostic appara-
tus 10E shown in FIG. 29 is described below.

[0643] Similarly to the ultrasound diagnostic apparatus
10A, during the diagnosis, various kinds of information
inputted to the operating unit 72E are first sent to the probe
12E by wireless communication and then supplied to the
probe controller 38 also in the ultrasound diagnostic appara-
tus 10E.

[0644] Then, ultrasonic waves are transmitted from the
transducers 18 in accordance with the drive voltage supplied
from the transmission drive 30 of the probe 12E.

[0645] The reception signals outputted from the transduc-
ers 18 that have received the ultrasonic echoes generated by
reflection of the ultrasonic waves on the subject are supplied
to the corresponding individual signal processors 20a to gen-
erate sample data.

[0646] As described above, when spatial compounding is
performed in the ultrasound diagnostic apparatus 10E, the
probe 12E performs ultrasound transmission and reception so
that the last ultrasound image in the earlier one of two tem-
porally consecutive frames (i.e., composite ultrasound
images) is made to coincide with the first ultrasound image in
its subsequent frame in the directions of ultrasound transmis-
sion and reception.

[0647] For example, the transmission controller 32E and
the reception controller 34E control the operations of the
transmission drive 30 and the signal processor 20 (individual
signal processors 20a) so that the transmission and reception
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for the “image B—image A—=image C” and those for the
“image C—image A—image B” are alternately repeated as
shown in FIG. 30A.

[0648] Alternatively, two types of ultrasound transmission
and reception may be used in one frame as shown in FIGS.
31A and 31B, or frames which are different in the number of
types of ultrasound transmission and reception may coexist as
shown in FIGS. 32A and 32B. In addition, the ultrasound
transmission and reception may be shared between the last
image in the earlier one of temporally adjacent frames and the
first image in the subsequent frame as shown in FIGS. 33A
and 33B.

[0649] The sample data generated by the individual signal
processors 20a are sent to the parallel/serial converter 24,
where the sample data is converted into serial data. The serial
data is then wirelessly transmitted from the wireless commu-
nication unit 26 (antenna 28) to the diagnostic apparatus body
14E.

[0650] The sample data received by the wireless commu-
nication unit 52 of the diagnostic apparatus body 14E is
converted into parallel data in the serial/parallel converter 54
and stored in the data storage unit 56.

[0651] Further, the sample data for each image is read out
from the data storage unit 56 to generate image signals of an
ultrasound image in the image generating unit 58. The display
controller 62 causes the monitor 64 to display the ultrasound
image based on the image signals.

[0652] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 combines
the ultrasound images.

[0653] More specifically, when spatial compounding is pet-
formed in the ultrasound transmission and reception as shown
in FIGS. 30A to 30C, the image combining unit 80 combines
the ultrasound image A derived from the transmission and
reception for the image A, the ultrasound image B derived
from the transmission and reception for the image B, and the
ultrasound image C derived from the transmission and recep-
tion for the image C to generate image signals for a composite
ultrasound image, and outputs the image signals to the display
controller 62.

[0654] Alternatively, when two types of ultrasound trans-
mission and reception are used in spatial compounding as
shown in FIGS. 31A and 31B, two ultrasound images are
combined to generate image signals of a composite ultra-
sound image. In a frame where only one type of ultrasound
transmission and reception is performed as shown in FIG.
32B, an ultrasound image sent from the image processor 78 is
not combined with other but is directly used as the image
signals of a composite ultrasound image.

[0655] Inthe above-described embodiments, the illustrated
ultrasound diagnostic apparatus 10A to 10E are each config-
ured so that the probe has a means for controlling ultrasound
transmission and reception and a means for processing recep-
tion signals obtained from ultrasonic echoes from a subject
and the probe is connected to the diagnostic apparatus body
by wireless communication. However, this is not the sole case
of the invention.

[0656] This invention is also applicable to an ultrasound
diagnostic apparatus configured so that a wired connection is
established between the ultrasound probe and the diagnostic
apparatus body, the ultrasound probe only includes a piezo-
electric unit and the diagnostic apparatus body controls the
ultrasound transmission and reception.
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[0657] However, as described above, this invention enables
the control of the ultrasound transmission and reception to be
simplified while suppressing the heat generation from the
probe when spatial compounding is performed.
[0658] Therefore, when spatial compounding is performed,
heat generation from or burden of the probe which is required
to perform larger amounts of operation control and signal
processing can be reduced by making use of the invention in
an apparatus having a signal processing function and a
mechanism for controlling ultrasound transmission and
reception incorporated in the small probe, as exemplified by
the illustrated ultrasound diagnostic apparatus in which the
probe is wirelessly connected to the diagnostic apparatus
body. Therefore, this invention can be advantageously used in
an ultrasound diagnostic apparatus configured so that a probe
includes a mechanism for controlling ultrasound transmis-
sion and reception.
[0659] Theillustrated ultrasound diagnostic apparatus 10A
to 10E individually include the spatial compounding func-
tions in the first to fourth embodiments in the first aspect of
the invention and the spatial compounding function in the
second aspect of the invention. However, this is not the sole
case of the invention.
[0660] In other words, the ultrasound diagnostic apparatus
of the invention has two or more functions selected from the
functions according to the first to fourth embodiments in the
first aspect of the invention and the function in the second
aspect of the invention so that a suitable mode can be selected
to determine as to which spatial compounding function is to
be performed.
[0661] While the ultrasound diagnostic apparatus of the
invention has been described above in detail, the invention is
by no means limited to the above embodiments, and various
improvements and modifications may be made without
departing from the scope and spirit of the invention.
What is claimed is:
1. An ultrasound diagnostic apparatus comprising:
an ultrasound probe configured to transmit ultrasonic
waves into a subject and receive ultrasonic echoes gen-
erated by reflection of the ultrasonic waves from the
subject; and
a diagnostic apparatus body configured to generate ultra-
sound images in accordance with the reception signals
processed in the signal processor of said ultrasound
probe,
wherein said ultrasound probe is configured to perform a
plurality of types of ultrasound transmission and in
mutually different directions of ultrasound transmission
and reception and said diagnostic apparatus body is con-
figured to combine ultrasound images based on each of
the plurality of types of ultrasound transmission and
reception, and
wherein said ultrasound probe configured to perform said
plurality of types of ultrasound transmission and recep-
tion so as to transmit and receive the ultrasonic waves in
identical directions in a last ultrasound image of one
composite ultrasound image and a first ultrasound image
of its temporally adjacent composite ultrasound image.
2. The ultrasound diagnostic apparatus according to claim
1, wherein said probe further comprises a transmission con-
troller for controlling transmission of the ultrasonic waves
from said piezoelectric unit and a signal processor for pro-
cessing the reception signals outputted from said piezoelec-
tric unit.
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3. The ultrasound diagnostic apparatus according to claim
1, wherein at least one of said diagnostic apparatus body and
said ultrasound probe includes a selector for selecting a num-
ber of ultrasound images to be combined to produce said
composite ultrasound image.

4. The ultrasound diagnostic apparatus according to claim
1, wherein at least one of a predetermined number of tempo-
rally consecutive composite ultrasound images has a different
number of ultrasound images to be combined.

5. The ultrasound diagnostic apparatus according to claim
1, wherein at least one of a predetermined number of tempo-
rally consecutive composite ultrasound images has a different
combination of types of ultrasound transmission and recep-
tion in ultrasound images.

6. The ultrasound diagnostic apparatus according to claim
1, wherein an ultrasound image to be combined is shared
between said temporally adjacent composite ultrasound
images so that a last ultrasound image in one composite
ultrasound image and a first ultrasound image in its subse-
quent composite ultrasound image transmit and receive the
ultrasonic waves in the identical directions.
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