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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 improving the
image quality of a region of interest and obtaining a high-
definition ultrasound image showing the vicinity of the skin
surface of a subject with high efficiency.

[0002] Ultrasound diagnostic apparatuses 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] The probe performs transmission and reception of
ultrasonic waves and includes a piezoelectric unit for output-
ting reception signals (electric signals).

[0005] 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
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.

[0006] So-called “speckle” (speckle noise/speckle pattern)
is known as a factor that may deteriorate the 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.

[0007] 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.
[0008] As conceptually shown in FIG. 9, 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.

[0009] More specifically, in the example shown in FIG. 9,
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 —0 with respect to the direction of the
normal transmission and reception.

[0010] 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
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to produce a composite ultrasound image covering the region
of'the ultrasound image A shown by the solid line.

[0011] Intheultrasound diagnostic apparatuses, a so-called
near field is more likely to deteriorate the image quality of
ultrasound images due to sound speed disturbances and mul-
tiple reflection. The near field is a region of the subject near
the probe, that is, an extremely shallow region in the direction
of ultrasound transmission and reception.

[0012] In order to solve this problem, JP 2006-95151 A
describes an ultrasound diagnostic apparatus which performs
spatial compounding only for the near field to improve the
image quality of the near field.

SUMMARY OF THE INVENTION

[0013] According to the ultrasound diagnostic apparatus
described in JP 2006-95151 A, ultrasound images with
improved near field image quality can be obtained by making
use of spatial compounding.

[0014] However, in the ultrasound diagnostic apparatus,
the region of interest (ROI) to be noted for the importance in
diagnosis is not limited to the near field. In other words,
regions with different depths may be used as the ROI in the
ultrasound diagnostic apparatus.

[0015] An object of the present invention is to solve the
foregoing prior art problems and to provide an ultrasound
diagnostic apparatus capable of improving the image quality
of an arbitrary ROI by making use of spatial compounding
and of reducing useless reception signal processing and ultra-
sound scanning (sound rays).

[0016] The ultrasound diagnostic apparatus may use an
acoustic coupler to focus the ultrasonic waves (ultrasonic
beams) near the skin surface of a subject. The acoustic cou-
pler is made of a material having an acoustic impedance close
to that of a living body and is attached to the ultrasound
transmission and reception surface of a probe.

[0017] The attachment of the acoustic coupler enables the
ultrasound transmission and reception surface to be kept apart
from the skin surface of the subject by a predetermined dis-
tance. Therefore, ultrasound images in which the ultrasonic
waves are focused near the skin surface of the subject can be
obtained by using the acoustic coupler.

[0018] Another object of the invention is to provide an
ultrasound diagnostic apparatus capable of efficiently obtain-
ing effective ultrasound images showing the vicinity of the
skin surface of a subject by making use of spatial compound-
ing even when an acoustic coupler is used.

[0019] In order to achieve the first object, a first aspect of
the invention provides an ultrasound diagnostic apparatus
comprising;

[0020] an ultrasound probe configured to transmit ultra-
sonic waves into a subject and receive ultrasonic echoes
generated by reflection of the ultrasonic waves from the
subject, the ultrasound probe including a signal proces-
sor for processing reception signals based on the ultra-
sonic echoes; and

[0021] a diagnostic apparatus body configured to gener-
ate ultrasound images in accordance with the reception
signals processed in the signal processor of said ultra-
sound probe and set a region of interest which is spaced
apart from said ultrasound probe,

[0022] wherein said ultrasound probe is configured to
perform a plurality of types of ultrasound transmission
and reception in mutually different directions of ultra-
sound transmission and reception and said diagnostic
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apparatus body is configured to combine ultrasound
images based on each of the plurality of types of ultra-
sound transmission and reception, and

[0023] wherein, upon production of the composite ultra-
sound image in said diagnostic apparatus body, said
ultrasound probe is configured to control drive of said
signal processor so that a depth of at least one of said
ultrasound images to be combined is changed according
to the region of interest.

[0024] 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 ultrasound trans-
mission and reception for obtaining a main image as an ultra-
sound image in a preset predetermined output region by one
ofthe plurality of types of ultrasound transmission and recep-
tion.

[0025] Upon change of a reception depth of at least one
image of'the ultrasound images to be combined in accordance
with the region of interest, the ultrasound probe preferably
does not perform ultrasound scanning in a region of the at
least one image having the changed reception depth where the
at least one image and the main image do not overlap each
other.

[0026] Preferably, the ultrasound diagnostic apparatus
comprises a temperature sensor for measuring a temperature
at a predetermined position inside the ultrasound probe and,
upon the production of the composite ultrasound image in the
diagnostic apparatus body, the ultrasound probe changes con-
ditions of the ultrasound transmission and reception so as to
change an image quality of an ultrasound image to be com-
bined with the main image in accordance with a temperature
measurement result obtained with the temperature sensor.
[0027] The temperature sensor preferably measures the
temperature of the signal processor.

[0028] The ultrasound probe preferably transmits and
receives ultrasonic waves in identical directions for a last
ultrasound image of one composite ultrasound image in tem-
porally consecutive composite ultrasound images and a first
ultrasound image of its subsequent composite ultrasound
image.

[0029] In order to achieve the second object, a second
aspect of the invention provides an ultrasound diagnostic
apparatus comprising:

[0030] an ultrasound probe configured to transmit ultra-
sonic waves into a subject and receive ultrasonic echoes
generated by reflection of the ultrasonic waves from the
subject, the ultrasound probe including a signal proces-
sor for processing reception signals based on the ultra-
sonic echoes;

[0031] a diagnostic apparatus body configured to gener-
ate ultrasound images in accordance with the reception
signals processed in the signal processor of said ultra-
sound probe;

[0032] an acoustic coupler detachably attached to said
ultrasound probe so as to cover an ultrasound transmission
and reception surface of said ultrasound probe; and

[0033] a detector provided in at least one of said ultra-
sound probe and said diagnostic apparatus body to
detect that said acoustic coupler is attached to said ultra-
sound probe,

[0034] wherein said ultrasound probe is configured to
perform a plurality of types of ultrasound transmission
and reception in mutually different directions of ultra-
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sound transmission and reception and said diagnostic
apparatus body is configured to combine ultrasound
images based on each of the plurality of types of ultra-
sound transmission and reception, and
[0035] wherein, upon production of the composite ultra-
sound image in said diagnostic apparatus body, said
ultrasound probe control drive of said signal processor
so that a depth of at least one of said ultrasound images
to be combined is changed upon detection of attachment
of the acoustic coupler to said ultrasound probe made by
said detector.
[0036] In the ultrasound diagnostic apparatus according to
the second aspect of the invention, upon the detection of the
attachment of the acoustic coupler to the ultrasound probe
made by the detector, the ultrasound probe preferably
increases the depth of at least one of the ultrasound images to
be combined.
[0037] 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.
[0038] Upon the detection of the attachment of the acoustic
coupler to the ultrasound probe made by the detector, the
ultrasound probe preferably does not process the reception
signals in the signal processor as for a depth region corre-
sponding to the acoustic coupler in at least one of the ultra-
sound images to be combined.
[0039] Upon the detection of the attachment of the acoustic
coupler to the ultrasound probe made by the detector, the
ultrasound probe preferably does not process the reception
signals in the signal processor as for the depth region corre-
sponding to the acoustic coupler in all of the ultrasound
images for use in producing the composite ultrasound image.
[0040] Upon the detection of the attachment of the acoustic
coupler to the ultrasound probe made by the detector, the
ultrasound probe preferably does not perform ultrasound
scanning of regions of other ultrasound images than the main
image where the other ultrasound images and the main image
do not overlap each other.
[0041] The ultrasound diagnostic apparatus preferably
includes a proximity mode for combining the ultrasound
images in a predetermined depth region on a subject skin
surface side.
[0042] Upon the detection of the attachment of the acoustic
coupler to the ultrasound probe made by the detector, the
ultrasound probe preferably sets the depth of the at least one
of the ultrasound images to be combined as a predetermined
depth deeper than in the predetermined depth region in the
proximity mode.
[0043] According to the ultrasound diagnostic apparatus in
the first aspect of the invention configured as described above,
spatial compounding which involves combining a plurality of
images different in the direction of ultrasound transmission
and reception is utilized and an arbitrary depth region which
is spaced apart from the piezoelectric unit by a predetermined
distance or more is treated as the region of interest (ROI),
whereby the ROI image quality can be improved. Therefore,
the ultrasound diagnostic apparatus of the invention is
capable of making a proper diagnosis while showing a region
to be noted on an ultrasound image with high definition.
[0044] The drive of the signal processor for processing the
reception signals outputted from the piezoelectric unit which
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performs the ultrasound transmission and reception is con-
trolled to generate ultrasound images each having a depth
corresponding to an ROI, whereby the processing of useless
reception signals which are not involved in the image com-
position can be reduced.

[0045] According to the ultrasound diagnostic apparatus in
the second aspect of the invention configured as described
above, also in the case of using the acoustic coupler for
focusing ultrasonic waves near the skin surface of a subject,
effective high-definition ultrasound images can be efficiently
obtained by making use of spatial compounding for combin-
ing a plurality of images different in the direction of ultra-
sound transmission and reception.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] FIG. 1 is a conceptual block diagram showing an
ultrasound diagnostic apparatus according to a first aspect of
the invention.

[0047] FIG. 2 is a conceptual diagram for illustrating spa-
tial compounding that may be performed in the ultrasound
diagnostic apparatus shown in FIG. 1.

[0048] FIGS. 3A, 3B and 3C are conceptual diagrams for
illustrating an example of spatial compounding which is per-
formed in the ultrasound diagnostic apparatus according to
the first aspect of the invention.

[0049] FIGS. 4A and 4B are conceptual diagrams for illus-
trating another example of spatial compounding which is
performed in the ultrasound diagnostic apparatus according
to the first aspect of the invention.

[0050] FIG. 5 is a conceptual block diagram showing the
ultrasound diagnostic apparatus according to the second
aspect of the invention.

[0051] FIGS. 6A, 6B, 6C, 6D and 6E are conceptual dia-
grams for illustrating an example of spatial compounding
which is performed in the ultrasound diagnostic apparatus
according to the second aspect of the invention.

[0052] FIGS. 7A, 7B and 7C 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.

[0053] FIG. 8 is a conceptual diagram for illustrating yet
another example of spatial compounding which is performed
in the ultrasound diagnostic apparatus according to the sec-
ond aspect of the invention.

[0054] FIG. 9 is a conceptual diagram for illustrating spa-
tial compounding.

DETAILED DESCRIPTION OF THE INVENTION

[0055] Next, the ultrasound diagnostic apparatus of the
invention is described in detail by referring to the preferred
embodiments shown in the accompanying drawings.

[0056] FIG. 1 is a conceptual block diagram showing an
embodiment of the ultrasound diagnostic apparatus accord-
ing to the first aspect of the invention.

[0057] 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.

[0058] Theultrasound probe 12A (hereinafter referred to as
“probe 12A”) transmits ultrasonic waves to a subject,
receives ultrasonic echoes generated by reflection of the ultra-
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sound waves on the subject, and outputs reception signals of
an ultrasound image in accordance with the received ultra-
sonic echoes.

[0059] Inthe practice of the 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.
[0060] 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, atransmission controller 32, a reception controller 34A, a
communication controller 36 and a probe controller 38.
[0061] 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.

[0062] 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.

[0063] Each ofthe transducers 18 is connected to the trans-
mission controller 32 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.

[0064] The parallel/serial converter 24, the transmission
controller 32, the reception controller 34A, and the commu-
nication controller 36 are connected to the probe controller
38.

[0065] 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.

[0066] 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.

[0067] 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.

[0068] 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.
The ultrasonic waves generated by the ultrasound transducers
are combined to form ultrasonic beams.

[0069] 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.

[0070] 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-



US 2012/0232392 Al

tric signals (reception signals) and output the electric signals
to the individual signal processors 20a.

[0071] 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.

[0072] The transmission 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 32 and supplies the transducers 18 with adjusted drive
signals so that the ultrasonic waves transmitted from the
transducers 18 form ultrasonic beams.

[0073] The transducers 18 of the piezoelectric unit 16 are
connected to the corresponding individual signal processors
20a of the signal processor 20.

[0074] 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.

[0075] 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.

[0076] The ultrasound diagnostic apparatus 10A has the
function of spatial compounding in which ultrasound images
obtained by the ultrasound transmission and reception (trans-
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
reception controller 34A and the transmission controller 32
control the drive of the transmission drive 30 and the indi-
vidual signal processors 20q, respectively, such that three
types of ultrasound transmission and reception are performed
in mutually different three directions of transmission and
reception.

[0077] In cases where a region of interest (hereinafter
referred to as “ROI”) is set upon spatial compounding, the
reception controller 34A adjusts the depth of the reception
signals to be processed in the signal processor 20 in accor-
dance with the set ROI in the ultrasound transmission and
reception for obtaining ultrasound images to be combined
with a main image which will be described later. This point
will be described in detail later.

[0078] 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.
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[0079] The modulation methods that may be employed
herein include ASK (Amplitude Shift Keying), PSK (Phase
Shift Keying), QPSK (Quadrature Phase Shift Keying), and
16QAM (16 Quadrature Amplitude Modulation).

[0080] 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. The wireless communi-
cation unit 26 also receives various control signals (e.g., the
ROI to be described later) from the diagnostic apparatus body
14A and outputs the received control signals to the commu-
nication controller 36.

[0081] 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 various control signals received by the wireless commu-
nication unit 26 to the probe controller 38.

[0082] The probe controller 38 controls various compo-
nents of the probe 12A according to various control signals
transmitted from the diagnostic apparatus body 14A.

[0083] 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.

[0084] 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 speckles of ultra-
sound images to be reduced.

[0085] When spatial compounding is performed in the
illustrated ultrasound diagnostic apparatus 10A, the probe
12A performs three types of ultrasound transmission and
reception in mutually different directions. As conceptually
shown in FIG. 2, the three types of ultrasound transmission
and reception include, for example, ultrasound transmission
and reception for obtaining a main image which is an ultra-
sound 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 0 with respect to the direction of the transmission and
reception for the main image (ultrasound transmission and
reception in the direction inclined by the angle of 0), and
ultrasound transmission and reception in a direction inclined
by an angle of —6 with respect to the direction of the trans-
mission and reception for the main image (ultrasound trans-
mission and reception in the direction inclined by the angle of
-0).

[0086] 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 6 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 -6 with respect to the
direction of the transmission and reception for the image A to
as the “transmission and reception for an image C.”
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[0087] 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 without changing the frame rate.

[0088] Therefore, when spatial compounding is performed,
the transmission controller 32 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.

[0089] 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.

[0090] Therefore, in the illustrated example, the number
(predetermined number) of ultrasound images to be com-
bined by spatial compounding is 3.

[0091] In the practice of the invention, the predetermined
number of ultrasound images to be combined by spatial com-
pounding is not limited to 3 but may be 2 or 4 or more.

[0092] 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
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.

[0093] 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.

[0094] When spatial compounding is performed in the
ultrasound diagnostic apparatus 10A of the invention, an
arbitrary region in the depth direction (direction of ultrasound
transmission and reception) can be set as the ROI where
appropriate. In the practice of the invention, a region spaced
apart from the piezoelectric unit 16 by a distance which is
equal to or larger than a predetermined depth can be set as the
ROL

[0095] TheROlissetin, for example, an operating unit 72A
of the diagnostic apparatus body 14A to be described later.
[0096] In the practice of the invention, the depth from the
piezoelectric unit 16 (predetermined depth) which can be set
for the ROI is not particularly limited but may be appropri-
ately set according to the characteristics of the piezoelectric
unit 16, the main site to be measured, the transmission focal
position, the sound field characteristics (near field length) and
the like.

[0097] TheROImay have a depth that may reach the deeper
end of the depth of the main image to be described later if the
ROI is spaced apart from the piezoelectric unit 16 by a pre-
determined depth or more.

[0098] Inthe illustrated example, when the ROl is set in the
operating unit 72A, the reception controller 34 A of the probe
12A controls the drive of the individual signal processors 20a
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(the AFEs thereof) for processing the reception signals
according to the ROl as for the transmission and reception for
the images B and C.

[0099] In other words, the ultrasound diagnostic apparatus
10A turns on/off the individual signal processors 20a accord-
ing to the depth of the ROI to adjust the depth region where the
reception signals are to be processed, thereby generating the
ROI ultrasound images B and C as ultrasound images to be
combined with the ultrasound image A as the main image.
[0100] In cases where the ROI is not set upon spatial com-
pounding, the ultrasound diagnostic apparatus 10A generates
ultrasound images A to C of the normal depth as shown in
FIG. 2 (of the same depth or the same size in the depth
direction as the main image) and combines the ultrasound
images A to C to produce a composite ultrasound image.
[0101] For example, the depth of the transmission and
reception for the image A for obtaining the ultrasound image
A as the main image is denoted by the depth L1 as concep-
tually shown in FIG. 3A.

[0102] The depth region from the deeper end of the depth
L3 to the deeper end of the depth L2 is set as the ROI in the
operating unit 72A.

[0103] The reception controller 34 A of the probe 12A acti-
vates or deactivates (on/off) the drive of the individual signal
processors 20a of the signal processor 20 according to the
depth L1 of the transmission and reception for the image A,
and the depths [.2 and L3 of the set ROI.

[0104] More specifically, in the transmission and reception
for the image A, as conceptually shown in FIG. 3B, a trans-
mission 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 20a is deactivated when a
time period corresponding to the depth L1 (depth correspond-
ing to the ultrasound image A, that is, the main image) has
passed.

[0105] On the other hand, in the transmission and reception
for theimages B and C, as conceptually shown in FIG. 3C, the
drive of the individual signal processors 20a is not activated
even when a transmission pulse is applied, and the drive ofthe
individual signal processors 20a is activated at a point in time
when a time period corresponding to the depth L3 on the
shallow side of the ROI has passed. Then, the drive of the
individual signal processors 20a is deactivated at a point in
time when a time period corresponding to the depth L.2 on the
deep side of the ROI has passed.

[0106] Therefore, in this case, the ultrasound image A as
the main image has a rectangular region shown by a solid line
in FIG. 3A as in the above example.

[0107] In contrast, an ultrasound image Bi in the form of a
parallelogram as shown by a thick broken line in FIG. 3A
which corresponds to the depth of the ROI is obtained by the
transmission and reception for the image B. An ultrasound
image Ci in the form of a parallelogram as shown by a thick
chain line in FIG. 3A which corresponds to the depth of the
ROI is obtained by the transmission and reception for the
image C.

[0108] As is clear from the above description, the ultra-
sound diagnostic apparatus 10A of the invention can set an
arbitrary ROI in a region spaced apart from the piezoelectric
unit 16 by a predetermined depth or more and the image
quality of the arbitrarily set ROI can be improved by spatial
compounding.

[0109] The drive of the individual signal processors 20a for
processing the reception signals outputted from the transduc-
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ers 18 is controlled to generate the ROI ultrasound images to
be combined with the main image. Therefore, signal process-
ing can be performed with high efficiency while eliminating
the useless reception signal processing. In addition, heat gen-
eration from the individual signal processors 20a can also be
suppressed as compared to cases where the ultrasound trans-
mission and reception are performed up to the normal depth.
[0110] As described above, in cases where the ROI is set
upon spatial compounding, the ultrasound diagnostic appa-
ratus 10A processes the reception signals only for the ROI in
the ultrasound transmission and reception for at least one
image other than the main image, thereby generating an ultra-
sound image.

[0111] Asdescribed above, the ROl is a region spaced apart
from the piezoelectric unit 16 by a predetermined depth or
more. Therefore, as conceptually shown in FIG. 4A, in the
ultrasound images Bi and Ci as the ROI images having the
depth from the deeper end ofthe depth L3 to the deeper end of
the depth L2, regions occur where the ultrasound images Bi
and Ci and the ultrasound image A as the main image do not
overlap each other.

[0112] In other words, the ultrasound images Bi and Ci
corresponding to the ROI and the ultrasound image A as the
main image do not overlap each other in the regions corre-
sponding to “L3xtanB8” in terms of the distance in the direc-
tion orthogonal to the depth direction as shown by oblique
lines in FIG. 4A.

[0113] Therefore, it is useless to perform the ultrasound
transmission and reception in the regions where the transmis-
sion and reception for the images B and C in which the
reception signals are processed only for the ROI and those for
the image A corresponding to the main image do not overlap
each other.

[0114] Therefore, in a preferred embodiment of the ultra-
sound diagnostic apparatus 10A of the invention, as for the
ultrasound transmission and reception for obtaining the ROI
ultrasound images to be combined with the main image,
ultrasound scanning (generation of sound rays) is not per-
formed in the regions where the ultrasound transmission and
reception for the main image and those for the ROI ultrasound
images do not overlap each other. In other words, ultrasound
transmission and reception are not performed in the regions of
the ultrasound images to be combined with the main image
where the main image and the ultrasound images to be com-
bined with the main image do not overlap each other.

[0115] Forexample in the example shown in FIGS. 4A and
4B, as for the transmission and reception for the images B and
C, ultrasound scanning is not performed in the shaded regions
shown by the oblique lines to obtain the ultrasound images
Bi-s and Ci-s which do not include the shaded regions as
shown in FIG. 4B.

[0116] When spatial compounding is performed by setting
the ROI, the total number of sound rays of the ultrasound
images to be combined with the main image can be thus
reduced to eliminate the useless ultrasound transmission and
reception and efficiently process the reception signals. Heat
generation from the individual signal processors 20a can also
be suppressed more advantageously.

[0117] Instead of ultrasound scanning is not performed, the
number of sound rays may be reduced in the regions of the
ultrasound images to be combined with the main image where
the ultrasound images and the main image do not overlap each
other. Alternatively, in the regions of the ultrasound images to
be combined with the main image where the ultrasound
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images and the main image do not overlap each other, the
number of available channels may be reduced instead of
ultrasound scanning is not performed. Alternatively, in the
regions of the ultrasound images to be combined with the
main image where the ultrasound images and the main image
do not overlap each other, both of the number of sound rays
and the number of available channels may be reduced instead
of ultrasound scanning is not performed.

[0118] In the above examples, when the ROI is set, the
images other than the ultrasound image A as the main image
are all ROI ultrasound images. However, this is not the sole
case of the invention.

[0119] In other words, in the practice of the invention,
various combinations are possible between the number of
ultrasound images having the normal depth and the number of
ROI ultrasound images to be combined therewith according
to the number (predetermined number) of ultrasound images
to be combined by spatial compounding if at least one image
is formed according to the set ROI as the ROI ultrasound
image.

[0120] For example, in the examples shown in FIGS. 2 and
3A-3C, the ultrasound images A and B having the normal
depth may be combined with the ROI ultrasound image Ci.
Alternatively, the ultrasound images A and C having the nor-
mal depth may be combined with the ROI ultrasound image
Bi.

[0121] The ultrasound image A may also be formed as the
image having the ROI depth so that the ultrasound images
which are all the ROI ultrasound images are combined
together.

[0122] Inaddition, when the ROl s set, only two ultrasound
images may be combined together. For example, the ultra-
sound image A having the normal depth may be combined
with the ROI ultrasound image Bi. Alternatively, the ROI
ultrasound image Bi may be combined with the ROI ultra-
sound image Ci.

[0123] However, the image for which the ultrasonic waves
are transmitted and received in the same directions as in the
ultrasound image to be outputted normally is preferably used
not as the ROl image but as the image having the normal depth
including the predetermined region which serves as the main
image to be combined by spatial compounding.

[0124] The illustrated probe 12A includes the individual
signal processors 20a each of which has the AFE for process-
ing the reception signals (electric signals) outputted from the
corresponding transducer 18 which has received the ultra-
sonic echoes.

[0125] As is well known, the integrated circuit such as the
AFE processes the signals to generate heat, which may desta-
bilize the operation. As a result, the processing of the recep-
tion signals in the individual signal processors 20q is desta-
bilized to deteriorate the quality of the ultrasound images
obtained.

[0126] Therefore, a temperature sensor (temperature mea-
surement means) may be provided inside the probe 12A so
that the number of sound rays and/or the number of available
channels (number of transducers 18 to be operated for the
ultrasound transmission and reception) can be adjusted
according to the temperature measurement results to reduce
the quality of the ultrasound images to be combined with the
main image.

[0127] The temperature sensor is not particularly limited
but various known temperature sensors can be used. The
temperature sensor preferably measures the temperature of
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the signal processor 20 having the individual signal proces-
sors 20a which are major heat generation sources.

[0128] For example, the temperature thresholds including
T1[°C.]and T2 [° C.] which is higher in temperature than T1
are set.

[0129] Normal image quality, medium image quality and
low image quality are prepared to set the ultrasound image
quality. At the normal image quality level, the number of
sound rays is 256 and the number of available channels is 64.
At the medium image quality level, the number of sound rays
is 128 and the number of available channels is 48. At the low
image quality level, the number of sound rays is 96 and the
number of available channels is 32.

[0130] In addition, when the temperature measurement
result obtained with the temperature sensor is less than T1, the
transmission and reception for the images A, B and C are all
performed under the conditions at the normal image quality
level.

[0131] When the temperature measurement result obtained
with the temperature sensor is equal to or more than T1 but
less than T2, the transmission and reception for the image A
are performed under the conditions at the normal image qual-
ity level, whereas those for the images B and C are performed
under the conditions at the medium image quality level.
[0132] When the temperature measurement result obtained
with the temperature sensor is equal to or more than T2, the
transmission and reception for the image A are performed
under the conditions at the normal image quality level,
whereas those of the images B and C are performed under the
conditions at the low image quality level.

[0133] The temperature increase due to the heat generation
within the probe 12A can be thus rapidly suppressed. Heat
generation from the probe 12A can also be suppressed heat
generation and be suppressed to minimize the deterioration of
the image quality. Therefore, this image quality adjusting
method enables high-definition ultrasound images to be con-
sistently obtained by spatial compounding.

[0134] The conditions of the ultrasound transmission and
reception can be adjusted in the same manner according to the
temperature of the probe 12 A irrespective of whether the ROI
is set.

[0135] When spatial compounding is performed in the
ultrasound diagnostic apparatus 10A of the invention, the
order of the ultrasound transmission and reception is not
limited to that in which the image A, the image B and the
image C are transmitted and received in this order, but the
transmission and reception can be performed in various
orders.

[0136] Forexample, theultrasound transmission and recep-
tion of the first frame, the second frame, the third frame and
the fourth frame and the like may be performed in the orders
of “image A—image B—image C”, “image C—simage
B—image A”, “image A—image B—image C” and “image
C—image B—image A” and the like, respectively.

[0137] That is, in the practice of the invention, the direc-
tions of transmission and reception in the last ultrasound
image of one composite ultrasound image in consecutive two
frames (i.e., temporally consecutive two composite ultra-
sound images) and the first ultrasound image of its subse-
quent composite ultrasound image may be the same. This
order of transmission and reception enables the transmission
and reception to be continued in the same directions to facili-
tate the control of the transmission drive 30 and the individual
signal processors 20a.
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[0138] As described above, the reception signals outputted
from the probe 12A are supplied to the diagnostic apparatus
body 14 A by wireless communication.

[0139] 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 the
operating unit 72A.

[0140] 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.

[0141] 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.

[0142] 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 72A to
perform various input operations including as to whether or
not spatial compounding is to be performed.

[0143] The diagnostic 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.

[0144] The diagnostic apparatus body 14A may include a
recharging means for recharging a built-in battery of the
probe 12A.

[0145] For example, the operating unit 72A of the illus-
trated ultrasound diagnostic apparatus 10A serves as the
means for setting the ROI.

[0146] In the ultrasound diagnostic apparatus 10A of the
invention, there is no limitation on the method of setting the
ROI. Therefore, various known methods of setting and input-
ting a position and/or a region which are utilized in ultrasound
diagnostic apparatuses can be used to set the ROI, as exem-
plified by a method using a GUI (graphical user interface).
[0147] The ultrasound diagnostic apparatus 10A of the
invention sets the ROI by inputting the instruction for setting
the ROI after the instruction for implementing spatial com-
pounding is issued. Alternatively, spatial compounding for
combining ultrasound images may be performed by auto-
matically generating ROI ultrasound images according to the
set ROI without the particular need to issue the instruction for
implementing spatial compounding.

[0148] 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.

[0149] The communication controller 68 controls the wire-
less communication unit 52 so that various control signals are
transmitted at a transmission radio field intensity that is set by
the apparatus body controller 70.

[0150] 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 com-
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prises a memory, a hard disk, or the like and stores at least one
frame of sample data converted by the serial/parallel con-
verter 54.

[0151] The image generating unit S8 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.

[0152] 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.
[0153] The image 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.

[0154] 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.

[0155] The image combining unit 80 combines the ultra-
sound images generated in the image processor 78 when
spatial compounding is performed.

[0156] As described above, when spatial compounding is
performed, the probe 12A performs the three types of ultra-
sound transmission and reception for three images, that is, the
transmission and reception for the image A, those for the
image B and those for the image C.

[0157] When spatial compounding is performed, the image
combining unit 80 correspondingly combines the ultrasound
image A derived from the transmission and reception for the
image A, the ultrasound image B derived from the transmis-
sion 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.

[0158] In cases where the ROI is set upon spatial com-
pounding in the ultrasound diagnostic apparatus 10A of the
invention, at least one of the ultrasound images to be com-
bined is an image having the depth of the ROIL.

[0159] For example, the illustrated example performs spa-
tial compounding of the three images including the ultra-
sound image A (main image) and the ultrasound images B and
C. In cases where the ROl is set upon spatial compounding, as
described above, the probe 12A performs the transmission
and reception for the image A corresponding to the main
image up to the normal depth and changes, according to the
RO, the depth of the reception signal processing of the ultra-
sonic echoes in the transmission and reception for the images
B and C corresponding to the ultrasound images to be com-
bined with the main image. The image combining unit 80
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correspondingly combines the ultrasound image A as the
main image derived from the transmission and reception for
the image A with the ultrasound images Bi and Ci as the
images having the depth of the ROI.

[0160] The display controller 62 causes the monitor 64 to
display an ultrasound image according to the image signals
generated by the image generating unit 58.

[0161] The monitor 64 includes a display device such as an
LCD, for example, and displays an ultrasound image under
the control of the display controller 62.

[0162] The operation of the ultrasound diagnostic appara-
tus 10A shown in FIG. 1 is described below.

[0163] In the ultrasound diagnostic apparatus 10A, during
the diagnosis, various kinds of information inputted from the
operating unit 72A 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.

[0164] 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.

[0165] This embodiment refers to the case in which an
instruction for spatial compounding is issued using the oper-
ating unit 72A and the depth from the deeper end of the depth
L3 to the deeper end of the depth L2 as shown in FIG. 3 is set
as the ROL

[0166] Inthe probe 12A,the ROI setting information is sent
from the probe controller 38 to the reception controller 34 A
and the transmission controller 32.

[0167] Inthe probe 12A, upon receipt of such information,
the transmission controller 32 controls the drive of the piezo-
electric unit 16 (transducers 18) so as to perform the trans-
mission and reception for the images A, B and C. In addition,
the reception controller 34A controls the operation of the
signal processor 20 (individual signal processors 20a)
according to the set ROI so as to process the reception signals
for the image A up to the depth L1 as shown in FIG. 3B and to
process the reception signals of the images B and C only in the
ROI depth from the deeper end of the depth L3 to the deeper
end of the depth L2 as shown in FIG. 3C.

[0168] Preferably, the transmission controller 32 controls
the drive of the transducers 18 and the reception controller
34A controls the operation of the individual signal processors
20a so that the regions of the ROI ultrasound images where
the ultrasound images and the main image do not overlap each
other are not subjected to ultrasound scanning as shown in
FIG. 4B.

[0169] 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.

[0170] 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-
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verter 54 and is converted into parallel data. The sample data
converted into parallel form is stored in the data storage unit
56.

[0171] 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.

[0172] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 combines
the ultrasound images.

[0173] More specifically, as described above, when spatial
compounding is performed, the image combining unit 80
combines the ultrasound image A (main image) 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.

[0174] Since the ROI is set in this embodiment, the image
combining unit 80 combines the ultrasound image A as the
main image with the ROI ultrasound images Bi (Bi-s) and Ci
(Ci-s) to generate image signals of a composite ultrasound
image and outputs the image signals to the display controller
62.

[0175] FIG. 5 is a conceptual block diagram showing an
embodiment of the ultrasound diagnostic apparatus accord-
ing to the second aspect of the invention.

[0176] Many components of the ultrasound diagnostic
apparatus 10B shown in FIG. 5 are the same as those of the
ultrasound diagnostic apparatus 10A in the first aspect of the
invention shown in FIG. 1. Therefore, like components are
denoted by the same reference numerals and the following
description mainly focuses on the different features.

[0177] As in the above-described ultrasound diagnostic
apparatus 10A, the ultrasound diagnostic apparatus 10B
shown in FIG. 5 includes an ultrasound probe 12B (hereinaf-
ter 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.

[0178] Inaddition the ultrasound diagnostic apparatus 10B
includes an acoustic coupler 15 which is detachably attached
to the ultrasound transmission and reception surface of the
probe 12B.

[0179] The acoustic coupler 15 is used to focus the ultra-
sonic waves (ultrasonic beams) near the skin surface of the
subject. The acoustic coupler 15 is formed of a material
having an acoustic impedance close to that of the living body
(subject) and is detachably attached to the surface of the probe
12B.

[0180] Inthe practice of the invention, the acoustic coupler
15 is of a known type used in ultrasound diagnostic appara-
tuses. The acoustic coupler 15 used in the ultrasound diag-
nostic apparatus 10B of the invention is not limited to one
type but a plurality of types of couplers different in thickness
and shape may be used for the acoustic coupler 15.

[0181] As inthe probe 12A, the probe 12B transmits ultra-
sonic waves to the subject, receives ultrasonic echoes gener-
ated by reflection of the ultrasound waves on the subject, and
outputs reception signals of an ultrasound image in accor-
dance with the received ultrasonic echoes.
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[0182] There is no limitation on the type of the probe 12B
and various known probes can be used.

[0183] 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 32, a
reception controller 34B, a communication controller 36 and
a probe controller 38.

[0184] The probe 12B also includes a built-in battery (not
shown), which supplies electric power for drive to each com-
ponent.

[0185] 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 trans-
mission controller 32, the communication controller 36 and
the probe controller 38 are basically the same as those of the
probe 12A.

[0186] More specifically, the piezoelectric unit 16 is a one-
dimensional or two-dimensional array of transducers 18
transmitting and receiving ultrasonic waves.

[0187] 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.

[0188] The transducers 18 output the reception signals of
the ultrasonic echoes to individual signal processors 20a of
the signal processor 20. The individual signal processors 20a
process the reception signals to generate sample data and
supply the generated sample data to the parallel/serial con-
verter 24. The parallel/serial converter 24 converts the paral-
lel sample data into serial sample data.

[0189] 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.

[0190] As in the above embodiment, the ultrasound diag-
nostic apparatus 10B also combines three ultrasound images
when spatial compounding is performed. Therefore, the
transmission controller 32 and the reception controller 34B
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 mutually different directions of transmission and recep-
tion.

[0191] Incases where the acoustic coupler 15 is attached to
the probe 12B when spatial compounding is to be performed,
the reception controller 34B adjusts the depth of the reception
signals to be processed in the signal processor 20 in at least
one of the ultrasound images to be combined in spatial com-
pounding.

[0192] In addition, proximity mode in which images in a
predetermined depth region close to the skin surface of the
subject are combined by spatial compounding is set in the
ultrasound diagnostic apparatus 10B. Also in cases where the
proximity mode is instructed, the depth of the reception sig-
nals to be processed in the signal processors 20 is adjusted in
at least one ultrasound image to be combined by spatial com-
pounding.

[0193] This point will be described in detail later.

[0194] 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.
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[0195] The wireless communication unit 26 receives vari-
ous control signals (for example regarding the attachment of
the acoustic coupler to be described later) from the diagnostic
apparatus body 14B and outputs the received control signals
to the communication controller 36.

[0196] The communication controller 36 controls the wire-
less communication unit 26. The communication controller
36 outputs various control signals received by the wireless
communication unit 26 to the probe controller 38.

[0197] The probe controller 38 controls various compo-
nents of the probe 12B according to various control signals
transmitted from the diagnostic apparatus body 14B.

[0198] As described above, the ultrasound diagnostic appa-
ratus 10B of the invention has the function of producing an
image (composite ultrasound image) through spatial com-
pounding.

[0199] As in the ultrasound diagnostic apparatus 10A
shown in FIG. 1, the ultrasound diagnostic apparatus 10B 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, when spatial compounding is selected, the probe
12B 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, 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
(main image), and the “transmission and reception for the
image C” ina direction inclined by an angle of -6 with respect
to the direction of the transmission and reception for the
image A.

[0200] 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.

[0201] When spatial compounding is performed, the trans-
mission controller 32 and the reception controller 34B of the
probe 12B control the drive of the transmission drive 30 and
the individual signal processors 20q, respectively, such that
the three types of ultrasound transmission and reception are
repeatedly performed.

[0202] 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.

[0203] Therefore, the number (predetermined number) of
ultrasound images to be combined by spatial compounding in
the ultrasound diagnostic apparatus 10B is 3. However, the
predetermined number may be 2 or 4 or more as in the above
embodiment.

[0204] In addition, various known methods can be used to
transmit and receive ultrasonic waves in different directions
as in the above embodiment.

[0205] As described above, the proximity mode in which
images in a predetermined depth region near the skin surface
of the subject (a predetermined region in the direction of
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ultrasound transmission and reception) are combined by spa-
tial compounding is set in the ultrasound diagnostic apparatus
10B.

[0206] Also in cases where the proximity mode is
instructed, the depth of the reception signals to be processed
in the signal processors 20 is adjusted in at least one ultra-
sound image to be combined by spatial compounding.
[0207] Inthe illustrated embodiment, the depth L1 (e.g., 5
cm)in normal spatial compounding is set to as conceptually
shown in FIG. 6A. Therefore, the ultrasound images A to C
are all images having the depth L1 in normal spatial com-
pounding.

[0208] Incontrast, when spatial compounding is performed
in the proximity mode, the transmission and reception for the
image A corresponding to the main image are performed up to
the depth L1 and those for the images B and C are performed
up to the depth L2 (e.g., 2 cm). More specifically, the ultra-
sound image A having the depth L1 is combined with the
ultrasound images Bn and Cn having the depth 1.2 by spatial
compounding in the proximity mode to produce a composite
ultrasound image in which the images are combined in the
region of the depth L2 near the skin surface of the subject.
[0209] In the ultrasound diagnostic apparatus 10B, the
drive of the individual signal processors 20a (AFEs thereof)
for processing the reception signals is controlled according to
the depth of the ultrasound images.

[0210] More specifically, in the ultrasound diagnostic
apparatus 10B, the reception controller 34B activates or deac-
tivates (on/off) the drive of the individual signal processors
20qa of the signal processor 20 according to the depth of the
ultrasound images to be combined by spatial compounding to
adjust the depth region in which the reception signals are
processed, thereby obtaining each ultrasound image as an
image having a predetermined depth.

[0211] More specifically, in cases where spatial compound-
ing in the proximity mode is selected and instructed by the
operation in an operating unit 72B to be described later, as for
the transmission and reception for the image A, as conceptu-
ally shown in FIG. 6C, a transmission 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 proces-
sors 20a is deactivated when a time period corresponding to
the depth L1 (depth corresponding to the ultrasound image A,
that is, the main image) has passed.

[0212] Ontheotherhand, as for the transmission and recep-
tion for the images B and C in the proximity mode, as con-
ceptually shown in FIG. 6D, a transmission pulse is applied
while at the same time the drive of the individual signal
processors 20q is activated, and the drive of the individual
signal processors 20a is deactivated at a point in time when a
time period corresponding to the depth L2 in the proximity
mode which is shorter than the depth L1 has passed.

[0213] The ultrasound image A having the depth L1 and the
ultrasound images Bn and Cn having the depth L2 can be thus
generated.

[0214] As described above, the illustrated ultrasound diag-
nostic apparatus 10B includes the acoustic coupler 15 to
focus the ultrasonic waves near the skin surface of the subject.
[0215] In the ultrasound diagnostic apparatus 10B, the
attachment of the acoustic coupler 15 to the probe 12B is
detected by an input operation made with the operating unit
72B of the diagnostic apparatus body 14B to be described
later. In other words, in the illustrated embodiment, the oper-
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ating unit 72B serves as the detector (detection means) for
detecting the attachment of the acoustic coupler 15.

[0216] Once the attachment of the acoustic coupler 15 is
detected in the ultrasound diagnostic apparatus 10B, the
probe 12B automatically performs the ultrasound transmis-
sion and reception according to the proximity mode, i.e., the
generation of ultrasound images according to the proximity
mode.

[0217] Inotherwords, once the ultrasound diagnostic appa-
ratus 10B detects the attachment of the acoustic coupler 15,
the probe 12B automatically transmits and receives ultrasonic
waves so that spatial compounding may be only performed
near the skin surface of the subject.

[0218] Alternatively, in response to the detection of the
attachment of the acoustic coupler 15, the probe 12B may
simply increase the ultrasound transmission and reception
depth of at least one ultrasound image by the thickness of the
acoustic coupler 15. Alternatively, in response to the detec-
tion of the attachment of the acoustic coupler 15 made when
the proximity mode is instructed, the probe 12B may increase
the ultrasound transmission and reception depth of at least
one ultrasound image by the thickness of the acoustic coupler
15. In addition, these operation modes may be provided so
that one of them can be selected.

[0219] For example, also in cases where the acoustic cou-
pler 15 is attached, the transmission and reception for the
image A (ultrasound image A) is performed up to the depth .1
similarly to the above embodiment as conceptually shown in
FIG. 6B.

[0220] Incontrast, once the acoustic coupler 15 is attached,
the transmission and reception for the images B and C is
performed up to the depth L3 obtained by adding the depth t
(e.g., 1 cm) corresponding to the thickness of the acoustic
coupler 15 (the size in the depth direction or in the direction
ofultrasound transmission and reception) to the depth L.2. In
other words, in this case, as shown in FIG. 6B, the ultrasound
image A having the depth L1 which is the main image is
combined with the ultrasound images Bc and Cc having the
depth L3 which is obtained by adding the depth t correspond-
ing to the thickness of the acoustic coupler 15 to the depth .2
in the proximity mode.

[0221] Therefore, as in the above embodiment, as for the
transmission and reception for the image A, as conceptually
shown in FIG. 6C, a transmission 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
20a is deactivated at a point in time when a time period
corresponding to the depth L1 has passed.

[0222] On the otherhand, as for the transmission and recep-
tion for the images B and C, as conceptually shown in FIG.
6E, a transmission pulse is applied while at the same time the
drive of the individual signal processors 20a is activated, and
the drive ofthe individual signal processors 20a is deactivated
at a point in time when a time period corresponding to the
depth L3 which is longer by the depth t than the depth .2 has
passed.

[0223] Theultrasound image A having the depth L1 and the
ultrasound images Be and Cc having the depth L3 can be thus
generated.

[0224] The case where the acoustic coupler 15 is attached
to make an ultrasound diagnosis is namely the case where
ultrasound images near the skin surface of the subject are
necessary and those in the deep regions are not necessary.
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[0225] In contrast, according to the invention, once the
acoustic coupler 15 is attached, the depth is decreased to a
predetermined value or less in at least one of the ultrasound
images to be combined by spatial compounding. Therefore,
this invention is capable of efficiently obtaining effective
high-definition ultrasound images without the need for use-
less signal processing and generation of sound rays.

[0226] Inthe invention, the operation of spatial compound-
ing near the skin surface of the subject as in the proximity
mode is preferably set. In the practice of the invention, it is
possible, in the proximity mode, to generate ultrasound
images having a depth which is set in consideration of the
thickness of the acoustic coupler to thereby produce a com-
posite ultrasound image having a sufficient depth near the
skin surface of the subject.

[0227] In addition, the drive of the individual signal pro-
cessors 20a for processing the reception signals outputted
from the transducers 18 is controlled to adjust the depth of the
ultrasound images. Therefore, useless reception signal pro-
cessing is eliminated to enable efficient signal processing
while controlling useless drive of the AFE and suppressing
the heat generation from the individual signal processors 20a.
[0228] Inspatial compounding with the acoustic coupler 15
attached, the processing of the reception signals is useless to
do in the depth region where the acoustic coupler 15 is
attached. In other words, in the ultrasound diagnostic appa-
ratus 10B of the invention, it is not necessary to generate
ultrasound images by the transmission and reception for the
images B ad C in the region of the depth t corresponding to the
acoustic coupler 15.

[0229] Accordingly, as conceptually shown in FIG. 7A, the
ultrasound image A as the main image may be used as the
image having the depth [.1 and the images obtained by the
transmission and reception for the images B and C as the
ultrasound images Bex and Cex in the region from the deeper
end of the depth t to the deeper end of the depth L.2 which is
obtained by removing the region of the depth t on the probe
12B side from the region of the depth L3.

[0230] Therefore, as for the transmission and reception for
the image A, the individual signal processors 20a are driven at
the timing shown in FIG. 6C as in the above embodiment.
[0231] Ontheotherhand, as for the transmission and recep-
tion for the images B and C, as shown in FIG. 7C, the drive of
the individual signal processors 20a is not activated even
when a transmission pulse is applied, and the drive of the
individual signal processors 20a is activated at a point in time
when a time period corresponding to the depth t which cor-
responds to the thickness of the acoustic coupler 15 has
passed. Then, the drive of the individual signal processors 20a
is deactivated at a point in time when a time period corre-
sponding to the depth L3 has passed.

[0232] Useless signal processing can be thus further elimi-
nated to perform spatial compounding near the skin surface of
the subject with higher efficiency. The heat generation from
the signal processor 20 can also be more suppressed.

[0233] As shown in FIG. 7B, in the ultrasound images Bex
and Ccx which have no image in the region of the depth t
corresponding to the thickness of the acoustic coupler 15,
regions occur where these ultrasound images Bex and Cex
and the ultrasound image A as the image do not overlap each
other.

[0234] In other words, the ultrasound images Bex and Cex
and the ultrasound image A as the main image do not overlap
each other in the regions corresponding to “txtanf” in terms
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of the distance in the direction orthogonal to the depth direc-
tion as shown by oblique lines in FIG. 7B. Therefore, it is no
use transmitting and receiving ultrasonic waves in these
regions.

[0235] Therefore, similarly to the ultrasound diagnostic
apparatus 10A, the ultrasound diagnostic apparatus 10B of
the invention preferably do not perform the ultrasound trans-
mission and reception in the regions of the ultrasound images
to be combined with the main image where the main image
and the ultrasound images do not overlap each other. Alter-
natively, in the regions of the ultrasound images to be com-
bined with the main image where the main image and the
ultrasound images do not overlap each other, the number of
sound rays and/or the number of available channels may be
reduced as in the above embodiment.

[0236] For example in the example shown in FIGS. 7A and
7B, as for the transmission and reception for the images B and
C, ultrasound scanning is not performed in the shaded regions
shown by the oblique lines in FIG. 7B to obtain the ultrasound
images Bex-s and Cex-s which do not include the shaded
region.

[0237] When spatial compounding is performed with the
acoustic coupler 15 attached, the total number of sound rays
ofthe ultrasound images to be combined with the main image
can be thus reduced to eliminate useless ultrasound transmis-
sion and reception and efficiently process the reception sig-
nals while further suppressing the heat generation from the
individual signal processors 20a more advantageously.
[0238] Theregion of the depth t corresponding to the acous-
tic coupler 15 is useless also in the main image.

[0239] Therefore, in the ultrasound diagnostic apparatus
10B of the invention, the individual signal processors 20a
may not process the reception signals in the region of the
depth t even in the transmission and reception for the image A
as the main image. In other words, an ultrasound image Ax
having no image in the region of the depth t corresponding to
the acoustic coupler 15 as shown in FIG. 8 may be used as the
main image.

[0240] This method eliminates more useless signal pro-
cessing to enable ultrasound images to be efficiently gener-
ated by spatial compounding while suppressing the heat gen-
eration from the signal processor 20.

[0241] The illustrated probe 12B includes the individual
signal processors 20a each of which has the AFE for process-
ing the reception signals (electric signals) outputted from the
transducer 18. As described above, the integrated circuit
including the AFE generates heat by signal processing. The
heat generation destabilizes the processing to deteriorate the
quality of the ultrasound images obtained.

[0242] Therefore, similarly to the probe 12A shown in FIG.
1, the probe 12B may also include a temperature sensor in its
interior so that the number of sound rays and/or the number of
available channels in the ultrasound transmission and recep-
tion can be adjusted according to the temperature measure-
ment results to adjust the quality of the ultrasound images to
be combined with the main image to, for example, the above-
described normal, medium or low level.

[0243] In this way, the temperature increase within the
probe 12B can be rapidly suppressed while minimizing the
deterioration of the image quality due to the probe 12B.
[0244] Also in the ultrasound diagnostic apparatus 10B of
the invention, the ultrasonic waves can be transmitted and
received in any of various orders when spatial compounding
is performed.
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[0245] In other words, similarly to the ultrasound diagnos-
tic apparatus 10A, also in the ultrasound diagnostic apparatus
10B, the directions of ultrasound transmission and reception
in the last ultrasound image in one of consecutive two frames
and the first ultrasound image of the subsequent frame may be
the same. This order of transmission and reception enables
the transmission and reception to be continued in the same
directions to facilitate the control of the transmission drive 30
and the individual signal processors 20a.

[0246] As described above, the reception signals outputted
from the probe 12B are supplied to the diagnostic apparatus
body 14B by wireless communication.

[0247] Similarly to the diagnostic apparatus body 10A
shown in FIG. 1, the diagnostic apparatus body 14B includes
an antenna 50, a wireless communication unit 52, a serial/
parallel converter 54, a data storage unit 56, an image gener-
ating unit 58, a display controller 62, a monitor 64, a com-
munication controller 68, an apparatus body controller 70 and
the operating unit 72B.

[0248] 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.

[0249] 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.

[0250] 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.

[0251] 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.

[0252] 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.

[0253] 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 diagnostic image.

[0254] 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 ultrasound
transmission and reception for the images A, B and C.
[0255] 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.

[0256] When spatial compounding is performed in the
ultrasound diagnostic apparatus 10B of the invention, once
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the acoustic coupler 15 is attached to the probe 12B, the depth
of at least one of the ultrasound images to be combined is
adjusted (is increased).

[0257] Inthe illustrated embodiment, spatial compounding
ofthree images is performed. Alternatively, when the acoustic
coupler 15 is attached, the probe 12B performs the transmis-
sion and reception for the image A corresponding to the main
image to the normal depth L1 and changes the depth of the
transmission and reception for the images B and C corre-
sponding to the ultrasound images to be combined with the
main image to the depth L3. Alternatively, the ultrasound
image Ax having no region of the depth t corresponding to the
acoustic coupler 15 may be used as the main image.

[0258] Theimage combining unit 80 accordingly combines
the ultrasound image A (Ax) as the main image with the
ultrasound images Be (Bex, Bex-s) and Ce (Cex, Cex-s) as the
ultrasound images near the skin surface of the subject.
[0259] The display controller 62 causes the monitor 64 to
display an ultrasound image according to the image signals
generated by the image generating unit 58.

[0260] Under the control of the display controller 62, the
monitor 64 displays the ultrasound image.

[0261] 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 72B to
perform various input operations including as to whether or
not spatial compounding is to be performed.

[0262] As described above, a means for informing the
probe 12B of the attachment of the acoustic coupler 15 is, for
example, set in the operating unit 72B of the ultrasound
diagnostic apparatus 10B shown in FIG. 5. In the ultrasound
diagnostic apparatus 10B, the attachment of the acoustic cou-
pler 15is detected through the input operation in the operating
unit 72B and the probe 12B is informed of the detection.
[0263] Thereisno limitation on the input method to inform
of the attachment of the acoustic coupler 15 in the ultrasound
diagnostic apparatus 10B and various methods of inputting
information and instructions used in various diagnostic appa-
ratuses can be utilized, as exemplified by a method using a
GUI (graphical user interface) and a method which involves
providing a dedicated switch to input for and inform of the
attachment of the acoustic coupler 15.

[0264] In cases where a plurality of types of the acoustic
couplers 15 different in thickness, that is, size in the direction
of ultrasound transmission and reception are provided, the
type of the acoustic coupler 15 used may be inputted so that
the thickness, that is, the depth t thereof can be detected. The
thickness of the acoustic coupler 15 used may be inputted
instead of the type of the acoustic coupler 15.

[0265] The method of detecting the attachment of the
acoustic coupler 15 is not limited to inputting to the operating
unit 72B but various methods can be used.

[0266] Forexample, the probe 12B may be provided with a
means for detecting the acoustic coupler 15 so that the attach-
ment of the acoustic coupler 15 to the probe 12B can be
detected by this detection means. The detection method is not
particularly limited but various known member detection
methods can be used, as exemplified by a method using a
switch which is turned on or off depending on whether or not
the acoustic coupler 15 is attached, a magnetic method, and an
optical detection method.

[0267] In addition, ultrasonic waves may be used to detect
the attachment of the acoustic coupler 15. For example, the
ultrasound transmission and reception from and in the trans-
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ducers 18 are performed and whether or not the acoustic
coupler 15 is attached is determined based on the time period
from the start of the transmission to the reception of the
reflected waves.

[0268] The detection means provided in the diagnostic
apparatus body 14B such as the operating unit 72B may be
used in combination with the detection means provided in the
probe 12B.

[0269] In the ultrasound diagnostic apparatus 10B of the
invention, both of the implementation of spatial compound-
ing and the attachment of the acoustic coupler 15 may be
instructed by input operations.

[0270] Alternatively, spatial compounding which involves
generating the ultrasound image having the depth L3 and
combining it with the main image having the depth L1 may be
automatically performed at a point in time when the attach-
ment of the acoustic coupler 15 to the probe 12B is detected
even if there is no input instruction for spatial compounding.

[0271] The operation of the ultrasound diagnostic appara-
tus 10B shown in FIG. 5 is described below.

[0272] Similarly to the ultrasound diagnostic apparatus
10A, during the diagnosis, various kinds of information
inputted to the operating unit 72B is first sent to the probe 12B
by wireless communication and then supplied to the probe
controller 38 also in the ultrasound diagnostic apparatus 10B.

[0273] 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.

[0274] 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.

[0275] This embodiment refers to the case in which the
acoustic coupler 15 is attached to the probe 12B, an instruc-
tion for spatial compounding is issued using the operating
unit 72B and an input operation is made to inform of the
attachment of the acoustic coupler 15.

[0276] Information as to whether spatial compounding is to
be performed and information as to whether the acoustic
coupler 15 is attached are sent to the probe 12B, and further
sent from the probe controller 38 to the reception controller
34B and the transmission controller 32.

[0277] Upon receipt of such information, the transmission
controller 32 of the probe 12B controls the drive of the piezo-
electric unit 16 (transducers 18) so as to perform the trans-
mission and reception for the images A, B and C. In addition,
the reception controller 34B controls the operation of the
signal processor 20 (individual signal processors 20a)
according to the attachment of the acoustic coupler 15 so as to
process the reception signals for the image A up to the depth
L1 as shown in FIG. 6C and to process the reception signals
forthe images B and C up to the depth L3 as shown in FIG. 6E.
As described above, the reception signals for the image A may
be processed from the deeper end of the depth t to the deeper
end of the depth L1, and the reception signals for the images
B and C may be processed from the deeper end of the depth t
to the deeper end of the depth L3.

[0278] Preferably, the transmission controller 32 controls
the drive of the transducers 18 and the reception controller
34B controls the operation of the individual signal processors
20a so that the regions of the ROI ultrasound images where
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the ultrasound images and the main image do not overlap each
other are not subjected to ultrasound scanning as shown in
FIG. 7B.

[0279] 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.

[0280] The sample data received by the wireless commu-
nication unit 52 of the diagnostic apparatus body 14B is
converted into parallel data in the serial/parallel converter 54
and stored in the data storage unit 56.

[0281] 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.

[0282] When spatial compounding is performed, the image
combining unit 80 of the image generating unit 58 combines
the ultrasound images.

[0283] More specifically, as described above, when spatial
compounding is performed, the image combining unit 80
combines the ultrasound image A (main image) 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.

[0284] Since the acoustic coupler 15 is attached in this
embodiment, the image combining unit 80 combines the
ultrasound image A (Ax) as the main image with the ultra-
sound images Be (Bex, Bex-s) and Ce (Cex, Cex-s) near the
skin surface of the subject to generate image signals of a
composite ultrasound image and outputs the image signals to
the display controller 62.

[0285] In the above embodiments, the ultrasound diagnos-
tic apparatus 10A shown in FIG. 1 has the function of spatial
compounding according to the set ROI and the ultrasound
diagnostic apparatus 10B shown in FIG. 5 has the function of
spatial compounding according to the attachment of the
acoustic coupler and the function of spatial compounding
according to the proximity mode.

[0286] However, the ultrasound diagnostic apparatus of the
invention is not limited to these configurations. More specifi-
cally, the ultrasound diagnostic apparatus of the invention
may include the function of spatial compounding according
to the set ROI, and the function of spatial compounding
according to the attachment of the acoustic coupler. In addi-
tion, the ultrasound diagnostic apparatus of the invention may
include the function of spatial compounding according to the
set ROI, the function of spatial compounding according to the
attachment of the acoustic coupler, and the function of spatial
compounding according to the proximity mode.

[0287] 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-
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erated by reflection of the ultrasonic waves from the
subject, the ultrasound probe including a signal proces-
sor for processing reception signals based on the ultra-
sonic echoes; 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 and set a region of interest which is spaced apart
from said ultrasound probe,
wherein said ultrasound probe is configured to perform a
plurality of types of ultrasound transmission and recep-
tion in mutually different directions of ultrasound trans-
mission and reception and said diagnostic apparatus
body is configured to combine ultrasound images based
on each of the plurality of types of ultrasound transmis-
sion and reception, and
wherein, upon production of the composite ultrasound
image in said diagnostic apparatus body, said ultrasound
probe is configured to control drive of said signal pro-
cessor so that a depth of at least one of said ultrasound
images to be combined is changed according to the
region of interest.
2. The ultrasound diagnostic apparatus according to claim
1, wherein, upon the production of the composite ultrasound
image in said diagnostic apparatus body, said ultrasound
probe performs ultrasound transmission and reception for
obtaining a main image as an ultrasound image in a preset
predetermined output region by one of said plurality of types
of ultrasound transmission and reception.
3. The ultrasound diagnostic apparatus according to claim
2, wherein, upon change of a reception depth of at least one
image of said ultrasound images to be combined in accor-
dance with the region of interest, said ultrasound probe does
not perform ultrasound scanning in a region of said at least
one image having the changed reception depth where said at
least one image and said main image do not overlap each
other.
4. The ultrasound diagnostic apparatus according to claim
25
wherein said ultrasound diagnostic apparatus comprises a
temperature sensor for measuring a temperature at a
predetermined position inside said ultrasound probe,
and
wherein, upon the production of the composite ultrasound
image in said diagnostic apparatus body, said ultrasound
probe changes conditions of the ultrasound transmission
and reception so as to change an image quality of an
ultrasound image to be combined with said main image
in accordance with a temperature measurement result
obtained with said temperature sensor.
5. The ultrasound diagnostic apparatus according to claim
4, wherein said temperature sensor measures the temperature
of said signal processor.
6. The ultrasound diagnostic apparatus according to claim
1, wherein said ultrasound probe transmits and receives ultra-
sonic waves in identical directions for a last ultrasound image
of one composite ultrasound image in temporally consecutive
composite ultrasound images and a first ultrasound image of
its subsequent composite ultrasound image.

7. 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
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subject, the ultrasound probe including a signal proces-
sor for processing reception signals based on the ultra-
sonic echoes;

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;

an acoustic coupler detachably attached to said ultrasound
probe so as to cover an ultrasound transmission and
reception surface of said ultrasound probe; and

a detector provided in at least one of said ultrasound probe
and said diagnostic apparatus body to detect that said
acoustic coupler is attached to said ultrasound probe,

wherein said ultrasound probe is configured to perform a
plurality of types of ultrasound transmission and recep-
tion in mutually different directions of ultrasound trans-
mission and reception and said diagnostic apparatus
body is configured to combine ultrasound images based
on each of the plurality of types of ultrasound transmis-
sion and reception, and

wherein, upon production of the composite ultrasound
image in said diagnostic apparatus body, said ultrasound
probe control drive of said signal processor so that a
depth of at least one of said ultrasound images to be
combined is changed upon detection of attachment of
the acoustic coupler to said ultrasound probe made by
said detector.

8. The ultrasound diagnostic apparatus according to claim

7, wherein, upon the detection of the attachment of the acous-
tic coupler to said ultrasound probe made by said detector,
said ultrasound probe increases the depth of at least one of
said ultrasound images to be combined.

9. The ultrasound diagnostic apparatus according to claim

7, wherein, upon the production of the composite ultrasound
image in said diagnostic apparatus body, said ultrasound
probe performs ultrasound transmission and reception for

15
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obtaining a main image as an ultrasound image in a preset
predetermined output region by one of said plurality of types
of ultrasound transmission and reception.

10. The ultrasound diagnostic apparatus according to claim
7, wherein, upon the detection of the attachment of the acous-
tic coupler to said ultrasound probe made by said detector,
said ultrasound probe does not process the reception signals
in said signal processor as for a depth region corresponding to
the acoustic coupler in at least one of said ultrasound images
to be combined.

11. The ultrasound diagnostic apparatus according to claim
10, wherein, upon the detection of the attachment of the
acoustic coupler to said ultrasound probe made by said detec-
tor, said ultrasound probe does not process the reception
signals in said signal processor as for the depth region corre-
sponding to said acoustic coupler in all of said ultrasound
images for use in producing said composite ultrasound image.

12. The ultrasound diagnostic apparatus according to claim
10, wherein, upon the detection of the attachment of the
acoustic coupler to said ultrasound probe made by said detec-
tor, said ultrasound probe does not perform ultrasound scan-
ning of regions of other ultrasound images than said main
image where the other ultrasound images and the main image
do not overlap each other.

13. The ultrasound diagnostic apparatus according to claim
7, which includes a proximity mode for combining said ultra-
sound images in a predetermined depth region on a subject
skin surface side.

14. The ultrasound diagnostic apparatus according to claim
13, wherein, upon the detection of the attachment of the
acoustic coupler to said ultrasound probe made by said detec-
tor, said ultrasound probe sets the depth of the at least one of
said ultrasound images to be combined as a predetermined
depth deeper than in said predetermined depth region in said
proximity mode.
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