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(57) ABSTRACT

According to this invention, an ultrasound diagnostic appa-
ratus is provided which generates a tomographic image of a
subject site in a living body, including a region-of-interest
setting section which sets a region-of-interest in the tomo-
graphic image, a data acquiring section which samples, from
one piece of sound ray data within the region-of-interest,
pieces of data at at least two positions including a piece of data
atone position included in the one piece of sound ray data and
a piece of data at at least one position upwardly or down-
wardly spaced apart from the one position by an interval of a

(22)  Filed: Jul. 31, 2008 predetermined number of pixels in a depth direction of the
one piece of sound ray data, and a blood flow data calculating
(30) Foreign Application Priority Data section which calculates a piece of blood flow data at the one
position by performing spatial averaging on the pieces of data
Aug. 31,2007  (IP) weooereiiirieeeee e 2007-226621 sampled by the data acquiring section.
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ULTRASOUND DIAGNOSTIC APPARATUS

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims benefit of Japanese Appli-
cation No. 2007-226621 filed in Japan on Aug. 31, 2007, the
contents of which are incorporated by this reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an ultrasound diag-
nostic apparatus and, more particularly, to an ultrasound diag-
nostic apparatus capable of calculating blood flow data on the
basis of sound ray data.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnostic apparatuses capable of
acquiring a tomographic image of a living body as a subject
and a blood flow image within a region-of-interest of the
tomographic image by transmitting an ultrasound wave into
the living body and receiving a reflected wave obtained when
the ultrasound wave is reflected in a living tissue as a subject
site in the living body are conventionally widely used. A
tomographic image and blood flow image of a living body
acquired by the ultrasound diagnostic apparatus are used,
e.g., when a user such as a surgeon diagnoses an invasion
depth of a lesion, observes an intraorgan state, or performs
other operations.

[0006] As anexample of an apparatus for acquiring a tomo-
graphic image and blood flow image of a living body as
described above using an electronic scan type ultrasound
transducer, an ultrasound Doppler device disclosed in Japa-
nese Patent Application Laid-Open Publication No.
1-148244 is widely known.

[0007] Ifblood flow image data is generated using pieces of
sound ray data acquired by an electronic scan type ultrasound
transducer, a process of extracting respective pieces of data at
a plurality of adjacent sample points from each piece of sound
ray data and then generating blood flow image data for one
pixel by grouping and averaging the pieces of data at the
plurality of sample points is conventionally performed, for
example.

SUMMARY OF THE INVENTION

[0008] An ultrasound diagnostic apparatus according to the
present invention is an ultrasound diagnostic apparatus which
generates a tomographic image of a subject site in a living
body by receiving as sound ray data a reflected wave of an
ultrasound wave transmitted to the subject site and perform-
ing predetermined signal processing on the sound ray data,
including a region-of-interest setting section which sets a
region-of-interest in the tomographic image, a data acquiring
section which samples, from one piece of sound ray data
within the region-of-interest, pieces of data at at least two
positions including a piece of data at one position included in
the one piece of sound ray data and a piece of data at at least
one position upwardly or downwardly spaced apart from the
one position by an interval of a predetermined number of
pixels in a depth direction of the one piece of sound ray data,
and a blood flow data calculating section which calculates a
piece of blood flow data at the one position by performing
spatial averaging on the pieces of data sampled by the data
acquiring section.
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[0009] Anultrasound diagnostic apparatus according to the
presentinvention is an ultrasound diagnostic apparatus which
generates a tomographic image of a subject site in a living
body by receiving as sound ray data a reflected wave of an
ultrasound wave transmitted to the subject site and perform-
ing predetermined signal processing on the sound ray data,
including a region-of-interest setting section which sets a
region-of-interest in the tomographic image, a data acquiring
section which samples pieces of pixel data in sound ray data
within the region-of-interest while switching between sam-
pling intervals in order, starting with a first sampling interval
and ending with a second sampling interval, in a depth direc-
tion of the sound ray data, and a blood flow data calculating
section which calculates a piece of blood flow data for each of
the sampling intervals by performing spatial averaging on the
pieces of pixel data sampled by the data acquiring section,
wherein the blood flow data calculating section sets, as a
sampling interval at the time of calculation of blood flow data
in the sound ray data, one of the sampling intervals for which
the number ofisolated blood flow data is at a minimum, on the
basis of the pieces of blood flow data for the sampling inter-
vals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a diagram showing an example of a con-
figuration of a main portion of an ultrasound diagnostic sys-
tem in which an ultrasound diagnostic apparatus according to
the present embodiment is used;

[0011] FIG. 2 is a diagram showing an example of a
detailed configuration of a color data processing section of
the ultrasound diagnostic apparatus in FIG. 1;

[0012] FIG. 3 is a schematic view showing an example of
processing performed in a spatial averaging circuit in FIG. 2;
and

[0013] FIG. 4 is a flow chart showing a variation of the
processing performed in the spatial averaging circuit in FIG.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] An embodiment of the present invention will be
described below with reference to the drawings.

[0015] FIGS. 1 to 4 relate to the embodiment of the present
invention. FIG. 1 is a diagram showing an example of a
configuration of a main portion of an ultrasound diagnostic
system in which an ultrasound diagnostic apparatus accord-
ing to the present embodiment is used. FIG. 2 is a diagram
showing an example of a detailed configuration of a color data
processing section of the ultrasound diagnostic apparatus in
FIG. 1. FIG. 3 is a schematic view showing an example of
processing performed in a spatial averaging circuit in FIG. 2.
FIG. 4 is a flow chart showing a variation of the processing
performed in the spatial averaging circuit in FIG. 2.

[0016] As showninFIG. 1, a main portion of an ultrasound
diagnostic system 1 is configured to have an ultrasound endo-
scope 2, an ultrasound diagnostic apparatus 3 which pro-
cesses echo signals from the ultrasound endoscope 2 and
outputs the processed echo signals as video signals, a monitor
4 which displays an image on the basis of video signals
outputted from the ultrasound diagnostic apparatus 3, and an
operating instruction section 5 including switches which is
capable of outputting instruction signals for instructing sec-
tions of the ultrasound diagnostic system 1.
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[0017] The ultrasound endoscope 2 is configured to be
detachable from the ultrasound diagnostic apparatus 3 on a
proximal end side and has an ultrasound transducer 21 on a
distal end side.

[0018] For example, the ultrasound transducer 21 has a
configuration corresponding to an electronic scan method
such as linear scanning and/or convex scanning. The ultra-
sound transducer 21 transmits an ultrasound wave to, e.g., a
subject site 101 which is a living tissue on the basis of an
ultrasound signal outputted from the ultrasound diagnostic
apparatus 3. The ultrasound transducer 21 receives a reflected
wave of an ultrasound wave transmitted to the subject site 101
and outputs, as echo signals, respective pieces of scan infor-
mation for sound rays based on the reflected wave to the
ultrasound diagnostic apparatus 3.

[0019] As showninFIG. 1, the ultrasound diagnostic appa-
ratus 3 is configured to have a pulse generating section 31, a
beam former 32, a region-of-interest setting section 33, a
B-mode data processing section 34, a color data processing
section 35, a persistence processing section 36, and an image
synthesizing section 37. Note that the above-described sec-
tions of the ultrasound diagnostic apparatus 3 are controlled
by a control section (not shown) composed of a CPU and the
like.

[0020] The pulse generating section 31 outputs a pulse
signal for driving the ultrasound transducer 21 to the beam
former 32 on the basis of a control signal outputted from the
control section (not shown).

[0021] The beam former 32 generates and outputs an ultra-
sound signal for generating an ultrasound wave in the ultra-
sound transducer 21 on the basis of a pulse signal outputted
from the pulse generating section 31. The beam former 32
also performs processing such as amplification on echo sig-
nals outputted from the ultrasound transducer 21 and outputs
the echo signals after the processing to the B-mode data
processing section 34 and color data processing section 35.
The beam former 32 further sets, by itself range of ultrasound
wave emission to the subject site 101 on the basis of a display
range setting signal outputted from the region-of-interest set-
ting section 33. The beam former 32 outputs an ultrasound
signal to the ultrasound transducer 21 on the basis of the
emission range set by itself.

[0022] The region-of-interest setting section 33 having a
function of a region-of-interest setting section sets a display
range for a blood flow image of the subject site 101 to be
displayed on the monitor 4 on the basis of an instruction
signal from the operating instruction section 5 and outputs, as
a display range setting signal, the settings to the color data
processing section 35.

[0023] The region-of-interest setting section 33 also sets a
display range for a tomographic image acquired together with
a blood flow image of the subject site 101 to a maximum
displayable range (for the monitor 4). Additionally, the
region-of-interest setting section 33 combines the settings as
the display range for a tomographic image with the settings as
the display range for a blood flow image and outputs, as a
display range setting signal, the combination to the beam
former 32.

[0024] The B-mode data processing section 34 generates a
tomographic image of the subject site 101 on the basis of echo
signals outputted from the beam former 32 and then outputs,
as tomographic image signals, the tomographic image to the
image synthesizing section 37.
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[0025] The color data processing section 35 generates a
piece of blood flow data which is blood flow image data
within a range set by the region-of-interest setting section 33
using color Doppler processing or power Doppler processing
on the basis of echo signals outputted from the beam former
32 and a display range setting signal outputted from the
region-of-interest setting section 33 and outputs the gener-
ated piece of blood flow data to the persistence processing
section 36.

[0026] As a configuration capable of at least one of color
Doppler processing and power Doppler processing, the color
data processing section 35 is configured to have a complex
signaling circuit 354, an MTI (Moving Target Indicator) filter
35b, an autocorrelation circuit 35¢, a spatial averaging circuit
35d, a memory 35e storing predetermined information on
spatial averaging performed in the spatial averaging circuit
35d, athreshold processing circuit 35/, and a coordinate trans-
forming circuit 35¢, as shown in, e.g., FIG. 2.

[0027] Thecomplex signaling circuit 35a performs quadra-
ture detection processing on echo signals outputted from the
beam former 32 and outputs the resultant signals to the MTI
filter 355.

[0028] The MTI filter 356 performs filtering processing on
echo signals outputted from the complex signaling circuit 35a
forremoving a component in slow motionin aliving body and
outputs the echo signals to the autocorrelation circuit 35¢.
[0029] The autocorrelation circuit 35¢ generates a piece of
complex data representing a complex autocorrelation vector
for each sound ray on the basis of echo signals outputted from
the MTT filter 354 and outputs, as pieces of sound ray data, the
pieces of complex data to the spatial averaging circuit 354.
[0030] The spatial averaging circuit 35d reads, from the
memory 35e, predetermined information indicating a corre-
lation between a display range set by the region-of-interest
setting section 33 and a sampling interval for pieces of sound
ray data outputted from the autocorrelation circuit 35¢, on the
basis of a display range setting signal outputted from the
region-of-interest setting section 33. The spatial averaging
circuit 354 then calculates, by spatial averaging, velocity and
intensity of a blood flow within the range set by the region-
of-interest setting section 33, on the basis of the pieces of
sound ray data outputted from the autocorrelation circuit 35¢
and the predetermined information read from the memory
35e¢ and outputs, as a piece of blood flow data, the calculated
velocity and intensity of the blood flow to the threshold pro-
cessing circuit 351

[0031] The threshold processing circuit 35/ performs a pro-
cess of removing, e.g., one whose velocity component is not
more than a predetermined value and one whose intensity
component falls outside a predetermined range from pieces of
blood flow data outputted from the spatial averaging circuit
35d and outputs pieces of blood flow data left after the process
to the coordinate transforming circuit 35g.

[0032] The coordinate transforming circuit 35g sets a coor-
dinate position for a piece of blood flow data outputted from
the threshold processing circuit 35/to be within a range set by
the region-of-interest setting section 33, on the basis of the
outputted piece of blood flow data and outputs the piece of
blood flow data after the setting to the persistence processing
section 36.

[0033] Note that the color data processing section 35 may
have a configuration supporting both of a mode of performing
color Doppler processing Thereinafter abbreviated as “the
color Doppler mode™) and a mode of performing power Dop-
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pler processing (hereinafter abbreviated as “the power Dop-
pler mode”) and may be configured to be capable of switching
between the two modes on the basis of an instruction signal
from the operating instruction section 5.

[0034] Ifthecolor data processing section 35 has a configu-
ration capable of switching between the two modes, the pulse
generating section 31 and beam former 32 may perform con-
trol in conjunction with switching between the color Doppler
mode and the power Doppler mode such that the number of
burst waves or the number of transmission of an ultrasound
wave outputted from the ultrasound transducer 21 in the
power Doppler mode is made larger than the number in the
color Doppler mode. If the pulse generating section 31, beam
former 32, and color data processing section 35 are config-
ured in such a manner, the ultrasound diagnostic apparatus 3
can improve an S/N ratio of a blood flow image of the subject
site 101 in the power Doppler mode.

[0035] The persistence processing section 36 is configured
to have, e.g., table data for appropriately changing and out-
putting a luminance value of an inputted piece of blood flow
data such that a blood flow image within a range set by the
region-of-interest setting section 33 is displayed with a per-
sistence on the monitor 4. The persistence processing section
36 performs data conversion processing on a piece of blood
flow data outputted from the color data processing section 35
using the table data and outputs the piece of blood flow data
after the data conversion to the image synthesizing section 37.

[0036] The image synthesizing section 37 generates video
signals by combining tomographic image signals outputted
from the B-mode data processing section 34 and pieces of
blood flow data outputted from the persistence processing
section 36 and outputs the generated video signals to the
monitor 4.

[0037] Action of the ultrasound diagnostic system 1 will
now be described.

[0038] First, a user inserts the ultrasound endoscope 2 into
a living body or the like and brings a distal end portion of the
ultrasound endoscope 2 into contact with a desired observa-
tion part of the subject site 101 in the living body. After that,
the user specifies a display range for a tomographic image of
the subject site 101 to be displayed on the monitor 4 by
manipulating a predetermined switch or the like provided at
the operating instruction section 5 and vibrates the ultrasound
transducer 21 provided at the distal end portion of the ultra-
sound endoscope 2 to transmit an ultrasound wave to the
desired observation part of the subject site 101.

[0039] Theregion-of-interest setting section 33 sets respec-
tive display ranges for a blood flow image and tomographic
image of'the subject site 101 to be displayed on the monitor 4
on the basis of an instruction signal from the operating
instruction section 5 and outputs, as a display range setting
signal, the settings to the beam former 32 and color data
processing section 35.

[0040] The beam former 32 sets, by itself, range of ultra-
sound wave emission to the subject site 101 on the basis of the
display range setting signal outputted from the region-of-
interest setting section 33 and outputs an ultrasound signal to
the ultrasound transducer 21 on the basis of the emission
range set by itself.

[0041] The ultrasound transducer 21 transmits an ultra-
sound wave to the subject site 101 in response to the ultra-
sound signal outputted from the beam former 32. After that,
the ultrasound transducer 21 receives a reflected wave of the
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ultrasound wave from the subject site 101 and outputs, as
echo signals, the reflected wave to the ultrasound diagnostic
apparatus 3.

[0042] The echo signals inputted to the ultrasound diagnos-
tic apparatus 3 are outputted to the B-mode data processing
section 34 and color data processing section 35 through the
beam former 32.

[0043] The B-mode data processing section 34 generates a
tomographic image of the subject site 101 on the basis of the
echo signals outputted from the beam former 32 and then
outputs, as tomographic image signals, the tomographic
image to the image synthesizing section 37.

[0044] In the meantime, the echo signals inputted to the
color data processing section 35 are subjected to quadrature
detection processing by the complex signaling circuit 354, are
subjected to filtering processing by the MTI filter 355, and are
converted into pieces of sound ray data by the autocorrelation
circuit 35¢. After that, the pieces of sound ray data are out-
putted to the spatial averaging circuit 354.

[0045] The spatial averaging circuit 354 calculates pieces
of blood flow data within the range set by the region-of-
interest setting section 33 by spatial averaging, on the basis of
the pieces of sound ray data outputted from the autocorrela-
tion circuit 35¢, the display range setting signal outputted
from the region-of-interest setting section 33, and predeter-
mined information read from the memory 35e.

[0046] The spatial averaging performed by the spatial aver-
aging circuit 354 will be specifically described.

[0047] Each point having a piece of data for one pixel (each
point having a piece of data serving as a candidate for sam-
pling) in a piece of sound ray data outputted from the auto-
correlation circuit 35¢ is indicated by, e.g., a circle shown in
FIG. 3.

[0048] Thespatial averaging circuit 354 performs sampling
of sound ray data outputted from the autocorrelation circuit
35¢ at six points in FIG. 3 (a point S, a point P1, a point P2, a
point R1, a point R2, and a point R3) as sample points on the
basis of the predetermined information read from the memory
35e¢ and performs spatial averaging (signal averaging) on a
piece of data at each sample point, thereby calculating a piece
of'blood flow data at the point S.

[0049] In other words, the spatial averaging circuit 354
having a function of a data acquiring section samples the
respective pieces of data at the six points in total composed of
the point S itself, the points P1 and P2, which are upwardly
and downwardly spaced apart from the point S by one pixel in
a depth direction of a piece of sound ray data to which the
point S belongs, and the points R1, R2, and R3, which are
respectively located at same depth positions as the points P1,
S, and P2 ina next piece of sound ray data which is temporally
continuous with the piece of sound ray data to which the point
S belongs, at the time of calculating the piece of blood flow
data at the point S in FIG. 3. The spatial averaging circuit 354
having a function of a blood flow data calculating section
performs spatial averaging (signal averaging) on the pieces of
data at the six sample points, thereby calculating the piece of
blood flow data at the point S.

[0050] If sampling is performed at sample points adjacent
to each other in a depth direction of a piece of sound ray data
in generation of a piece of blood flow data, noise components
become almost in phase with each other, and a piece of blood
flow data from which noise is not adequately removed may be
generated. On the other hand, if sampling is performed at
sample points widely spaced apart from each other in a depth
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direction of a piece of sound ray data, a piece of blood flow
data including artifacts may be generated. For this reason,
control information such as a program for causing the spatial
averaging circuit 354 to perform sampling of sound ray data
while changing a sampling interval depending on a distance
in a depth direction of a region-of-interest set by the region-
of-interest setting section 33 is stored in advance in the
memory 35¢ as predetermined information which optimizes
an S/N ratio of a piece of blood flow data calculated in the
spatial averaging circuit 35d.

[0051] Using this information, the spatial averaging circuit
35d calculates the piece of blood flow data at the point S while
appropriately changing sample points as sampling sites cor-
responding to the points P1 and P2 in FIG. 3 to, e.g., positions
upwardly and downwardly spaced apart from the point S by
two pixels or positions upwardly and downwardly spaced
apart from the point S by three pixels in the depth direction of
the piece of sound ray data to which the point S belongs,
depending on a display range set by the region-of-interest
setting section 33. Note that along with a change in positions
in the depth direction of the sample points corresponding to
the points P1 and P2 in FIG. 3, positions in a depth direction
of sample points corresponding to the points R1 and R3 in
FIG. 3 are similarly changed.

[0052] Note that the spatial averaging circuit 354 does not
necessarily perform sampling at the six sample points
described above to calculate the piece of blood flow data at the
point S in FIG. 3. More specifically, the spatial averaging
circuit 354 may calculate the piece of blood flow data at the
point S by, e.g., sampling pieces of data at nine sample points
in total composed of points Q1, Q2, and Q3 which are respec-
tively located at same depth positions as the points P1, S, and
P2 in a previous piece of sound ray data which is temporally
continuous with the piece of sound ray data to which the point
S belongs and the above-described six sample points and
performing spatial averaging (signal averaging) on the pieces
of data at the nine sample points. The present embodiment is
not limited to sampling at three sample points in one piece of
sound ray data. For example, sampling may be performed at
at least two sample points having a piece of data at one
position included in one piece of sound ray data and a piece of
data at at least one position upwardly or downwardly spaced
apart from the one position by a predetermined number of
pixels.

[0053] One whose velocity component is not more than a
predetermined value and one whose intensity component
falls outside a predetermined range are removed from the
pieces of blood flow data outputted from the spatial averaging
circuit 354 by the threshold processing circuit 35/ Pieces of
blood flow data left after the removal are subjected to coor-
dinate position setting by the coordinate transforming circuit
35g and are then outputted to the persistence processing sec-
tion 36.

[0054] The pieces of blood flow data outputted from the
color data processing section 35 are subjected to data conver-
sion processing by the persistence processing section 36, are
combined with the tomographic image signals in the image
synthesizing section 37, and then are outputted to the monitor
4. With this operation, a high-quality blood flow image with
noise such as dot noise suppressed is outputted to the monitor
4.

[0055] Note that an interval of sampling by the spatial
averaging circuit 354 is not limited to the above-described
one which is appropriately changed depending on a distance
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in a depth direction of the range set by the region-of-interest
setting section 33. For example, the sampling interval may be
a desired user-selectable sampling interval or may be a fixed
sampling interval.

[0056] The ultrasound diagnostic system 1 of the present
embodiment may be configured such that the sections per-
form operations corresponding to action to be described
below, in order to achieve almost the same advantages as
described above. Note that a following description will be
given while a description of same portions as described above
being appropriately omitted, for descriptive simplicity.
[0057] First, a user inserts the ultrasound endoscope 2 into
aliving body or the like and brings the distal end portion of the
ultrasound endoscope 2 into contact with a desired observa-
tion part of the subject site 101 in the living body. After that,
the user specifies a display range for a tomographic image of
the subject site 101 to be displayed on the monitor 4 by
manipulating a predetermined switch or the like provided at
the operating instruction section 5.

[0058] Theregion-of-interest setting section 33 sets respec-
tive display ranges for a blood flow image and tomographic
image of the subject site 101 to be displayed on the monitor 4
on the basis of an instruction signal from the operating
instruction section 5 and outputs, as a display range setting
signal, the settings to the beam former 32 and color data
processing section 35.

[0059] The spatial averaging circuit 35d sets a minimum
sampling interval Nmin and a maximum sampling interval
Nmax in a depth direction of sound ray data on the basis of the
display range setting signal outputted from the region-of-
interest setting section 33 (step S1 in FIG. 4) and sets a
variable n representing a sampling interval to Nmin (step S2
in FIG. 4).

[0060] After that, when an instruction to transmit an ultra-
sound wave to the desired observation part is given at the
operating instruction section 5, the ultrasound transducer 21
transmits an ultrasound wave to the subject site 101 under
control of the beam former 32. After that, the ultrasound
transducer 21 receives a reflected wave of the ultrasound
wave from the subject site 101 and outputs, as echo signals,
the reflected wave to the beam former 32.

[0061] The echo signals inputted to the ultrasound diagnos-
tic apparatus 3 are outputted to the B-mode data processing
section 34 and color data processing section 35 through the
beam former 32.

[0062] The B-mode data processing section 34 generates a
tomographic image of the subject site 101 on the basis of the
echo signals outputted from the beam former 32 and then
outputs, as tomographic image signals, the tomographic
image to the image synthesizing section 37.

[0063] In the meantime, the echo signals inputted to the
color data processing section 35 are subjected to quadrature
detection processing by the complex signaling circuit 354, are
subjected to filtering processing by the MTI filter 355, and are
converted into pieces of sound ray data by the autocorrelation
circuit 35¢. After that, the pieces of sound ray data are out-
putted to the spatial averaging circuit 354.

[0064] The spatial averaging circuit 35d performs the
above-described spatial averaging (signal averaging) with a
sampling interval for sample points in the depth direction of
sound ray data set to n pixels, on the basis of the display range
setting signal outputted from the region-of-interest setting
section 33 and the pieces of sound ray data outputted from the
autocorrelation circuit 35¢, thereby calculating pieces of
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blood flow data within the range set by the region-of-interest
setting section 33 (step S3 in FIG. 4).

[0065] The spatial averaging circuit 354 further counts the
number Mn of pieces of isolated blood flow data of the cal-
culated pieces of blood flow data (step S4 in FIG. 4) and
temporarily stores, in itself, a count result. Note that, for
example, the spatial averaging circuit 354 refers to pieces of
data for eight pixels adjacent to one pixel having a piece of
blood flow data and extracts the piece of blood flow data at the
one pixel as a piece of isolated blood flow data if all of the
pieces of data for the eight pixels have no piece of blood flow
data.

[0066] After that, the spatial averaging circuit 354 deter-
mines whether the variable n is equal to Nmax (step 85 in FIG.
4). If the spatial averaging circuit 354 has detected that the
variable n is not equal to Nmax, the spatial averaging circuit
35d repeats the processes in steps S3 to S5 in FIG. 4 on the
pieces of data outputted to the autocorrelation circuit 35¢
while adding 1 to the variable n (step S6 in FIG. 4), until the
variable n becomes equal to Nmax. On the other hand, if the
spatial averaging circuit 354 has detected that the variable n is
equal to Nmax, the spatial averaging circuit 35d refers to
values for Mn stored in itself. The spatial averaging circuit
35d performs blood flow data calculation later using one
sampling interval for which Mn has a minimum value (step S7
in FIG. 4).

[0067] The ultrasound diagnostic system 1 of the present
embodiment can output a high-quality blood flow image with
noise such as dot noise suppressed to the monitor 4 even if an
operation corresponding to the above-described action.
[0068] Note that the present invention is not limited to the
above-described embodiment and that various modifications
and applications can, of course, be made without departing
from spirit and scope of the invention.

What is claimed is:

1. An ultrasound diagnostic apparatus which generates a
tomographic image of a subject site in a living body by
receiving as sound ray data a reflected wave of an ultrasound
wave transmitted to the subject site and performing predeter-
mined signal processing on the sound ray data, comprising:

a region-of-interest setting section which sets a region-of-
interest in the tomographic image;

a data acquiring section which samples, from one piece of
sound ray data within the region-of-interest, pieces of
data at at least two positions including a piece of data at
one position included in the one piece of sound ray data
and a piece of data at at least one position upwardly or
downwardly spaced apart from the one position by an
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interval of a predetermined number of pixels in a depth
direction of the one piece of sound ray data; and

a blood flow data calculating section which calculates a
piece of blood flow data at the one position by perform-
ing spatial averaging on the pieces of data sampled by
the data acquiring section.

2. The ultrasound diagnostic apparatus according to claim

1, wherein the data acquiring section samples pieces of data at
at least four positions including the pieces of data at the at
least two positions and pieces of data at at least two other
positions at same depths as depths of the at least two positions
in a next piece of sound ray data temporally continuous with
the one piece of sound ray data.

3. The ultrasound diagnostic apparatus according to claim

1, wherein

the interval of the predetermined number of pixels is an
interval which is appropriately changed depending on a
distance in a depth direction of the region-of-interest.

4. The ultrasound diagnostic apparatus according to claim

2, wherein

the interval of the predetermined number of pixels is an
interval which is appropriately changed depending on a
distance in a depth direction of the region-of-interest.

5. An ultrasound diagnostic apparatus which generates a

tomographic image of a subject site in a living body by
receiving as sound ray data a reflected wave of an ultrasound
wave transmitted to the subject site and performing predeter-
mined signal processing on the sound ray data, comprising:

a region-of-interest setting section which sets a region-of-
interest in the tomographic image;

a data acquiring section which samples pieces of pixel data
in sound ray data within the region-of-interest while
switching between sampling intervals in order, starting
with a first sampling interval and ending with a second
sampling interval, in a depth direction of the sound ray
data; and

a blood flow data calculating section which calculates a
piece of blood flow data for each of the sampling inter-
vals by performing spatial averaging on the pieces of
pixel data sampled by the data acquiring section,
wherein

the blood flow data calculating section sets, as a sampling
interval at the time of calculation of blood flow data in
the sound ray data, one of the sampling intervals for
which the number of isolated blood flow data is at a
minimum, on the basis of the pieces of blood flow data
for the sampling intervals.
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