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FIG. 5A
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ULTRASOUND DIAGNOSIS APPARATUS AND
ULTRASOUND IMAGE PROCESSING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is based upon and claims the ben-
efit of priority from Japanese Patent Application No. 2013-
049745, filed 12/03/2013; the entire contents of which are
incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally to
an ultrasound diagnosis apparatus and an ultrasound image
processing method.

BACKGROUND

[0003] Ultrasound diagnosis apparatuses transmit ultra-
sound waves to a subject and receive reflected waves there-
from via an ultrasound probe to thereby acquire biological
information of the subject.

[0004] Some ultrasound diagnosis apparatuses generate a
blood flow image (color flow mapping (CFM) image)
together with a tomographic image (B-mode image) at regu-
lar intervals to generate moving image information.

[0005] The blood flow image is generated based on a Dop-
pler signal. In the blood flow image, blood flow information
obtained based on the Doppler signal is associated with color
information, and a two-dimensional blood flow image is dis-
played according to the color information. Thus, a blood flow
is visualized in the blood flow image.

[0006] Doppler signals may sometimes contain clutter
components induced by the movement of subject tissue such
as beating and peristalsis of an organ. When the subject tissue
makes large movement during ultrasound diagnosis, Doppler
signals contain many clutter components, and when it makes
less movement, the signals contain less clutter components. If
the clutter contained in the Doppler signal is directly visual-
ized in a blood flow image, the clutter is rendered in a partial
region of the image. Since the image of the clutter rendered in
the blood flow image does not represent blood flow, it may
lead to misdiagnosis. Besides, Doppler signals may some-
times contain motion artifact generated by the movement of
the ultrasound probe. The movement of the ultrasound probe
can be caused by, for example, the hand movement of the user.
When the ultrasound probe makes large movement during
ultrasound diagnosis, Doppler signals contain many motion
artifacts, and when it makes less movement, the signals con-
tain less motion artifacts. If the motion artifact contained in
the Doppler signal is directly visualized in a blood flow
image, the motion artifact is rendered in a wide region of the
image. The image of such motion artifact poses an obstacle to
the user in visually checking a tomographic image and an
image representing a blood flow. In other words, the image of
the motion artifact is obtrusive to the user. For these reasons,
there is a demand to reduce clutter and motion artifacts for the
ultrasound diagnosis apparatuses.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG.1isablock diagram of an ultrasound diagnosis
apparatus according to an embodiment;

[0008] FIG. 2 is a block diagram of the ultrasound diagno-
sis apparatus of the embodiment;
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[0009] FIG. 3 is a table for explaining the outline of the
ultrasound diagnosis apparatus of the embodiment;

[0010] FIG. 4 is a flowchart of the operation of the ultra-
sound diagnosis apparatus in the embodiment;

[0011] FIG. 5A is an example of an ultrasound image gen-
erated by the ultrasound diagnosis apparatus of the embodi-
ment;

[0012] FIG. 5B is an image for comparison with the ultra-
sound image generated by the ultrasound diagnosis apparatus
of the embodiment;

[0013] FIG. 6 isablock diagram of an ultrasound diagnosis
apparatus according to a modification of the embodiment;
[0014] FIG. 7 is a flowchart of the operation of the ultra-
sound diagnosis apparatus in the modification; and

[0015] FIG. 8is ablock diagram of an ultrasound diagnosis
apparatus according to another modification of the embodi-
ment.

DETAILED DESCRIPTION

[0016] In general, according to one embodiment, an ultra-
sound diagnosis apparatus includes a tomographic image data
generator, a blood flow information generator, a change
detector, and a condition changing unit. The tomographic
image data generator receives a reception signal based on
reflected waves returned from a subject in response to ultra-
sound waves transmitted to the subject, and sequentially
obtains tomographic image data of the subject for a plurality
of times. The blood flow information generator performs
processing on the reception signal based on signal processing
conditions including a velocity threshold related to blood
flow information of the subject to obtain the blood flow infor-
mation. The change detector receives a plurality of pieces of
tomographic image data for different times, and detects the
magnitude of change in the time axis direction of the data. The
condition changing unit changes the signal processing con-
ditions based on the magnitude of change in the time axis
direction detected by the change detector. When condition
changing unit changes the signal processing conditions, the
blood flow information generator performs the processing
based on changed signal processing conditions to obtain the
blood flow information.

[0017] According to another embodiment, an ultrasound
image processing method is directed to the processing of a
reception signal based on reflected waves returned from a
subject in response to ultrasound waves transmitted to the
subject. The ultrasound image processing method includes:
sequentially obtaining tomographic image data of the subject
for a plurality of times; performing processing on the recep-
tion signal based on signal processing conditions including a
velocity threshold related to blood flow information of the
subject to obtain the blood flow information; detecting the
magnitude of change in the time axis direction ofa plurality of
pieces of tomographic image data for different times; and,
when having changed the signal processing conditions based
on the magnitude of change in the time axis direction, obtain-
ing the blood flow information based on changed signal pro-
cessing conditions.

[Configuration]

[0018] FIGS. 1 and 2 are block diagrams illustrating a
configuration of an ultrasound diagnosis apparatus 1 accord-
ing to this embodiment. The ultrasound diagnosis apparatus 1
includes an ultrasound probe 10, a transmitter 11, a receiver
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12, a tomographic image data generator 13, a blood flow
information generator 14, a change detector 15, a condition
changing unit 16, an image generator 17, a display controller
18, a display 19, a system controller 20, and an operation unit
21.

(Ultrasound Probe 10)

[0019] The ultrasound probe 10 may be a one-dimensional
array probe including an array of a plurality of ultrasound
transducers arranged ina scanning direction, or a two- dimen-
sional array probe including two-dimensional arrays of a
plurality of ultrasound transducers. The ultrasound probe 10
may also be a mechanical one-dimensional array probe
formed of a plurality of ultrasound transducers that are
arranged in an array in the scanning direction and are swung
in a swing direction perpendicular to the scanning direction.
The ultrasound probe 10 transmits ultrasound waves to a
subject, and receives reflected waves therefrom as an echo
signal.

(Transmitter 11)

[0020] The transmitter 11 supplies electrical signals to the
ultrasound probe 10 to generate ultrasound waves. The trans-
mitter 11 includes a transmission delay circuit and a pulsar
circuit (not illustrated). The transmission delay circuit adds
delay to the transmission of ultrasound waves to implement
transmission focus. The pulser circuit includes as many
pulsers as paths (channels) corresponding to the ultrasound
transducers. The pulser circuit generates a driving pulse to be
supplied to the ultrasound transducers of the ultrasound probe
10 at the transmission timing delayed.

(Receiver 12)

[0021] The receiver 12 is fed with an echo signal received
by the ultrasound probe 10. Upon receipt of the echo signal,
the receiver 12 adds delay to the echo signal to convert the
analog echo signal to digital data having been subjected to
phasing (i.e., subjected to beam forming).

[0022] The receiver 12 includes, for example, a preampli-
fier circuit, an A/D converter, a reception delay circuit, and an
adder (not illustrated). The preamplifier circuit amplifies echo
signals output from the ultrasound transducers of the ultra-
sound probe 10 with respect to each receiver channel. The
A/D converter converts the amplified echo signals to digital
signals. The reception delay circuit assigns the echo signals
each converted into a digital signal with a delay time required
to determine the reception directivity. The adder performs
phasing and adding of the echo signals having the delay time.
Thereby, areflection component from a direction correspond-
ing to the reception directivity is emphasized. The receiver 12
performs quadrature detection on a signal obtained by the
addition, and outputs it as a reception signal to the tomo-
graphic image data generator 13 and the blood flow informa-
tion generator 14.

(Tomographic Image Data Generator 13)

[0023] The tomographic image data generator 13 receives
the reception signal from the receiver 12. By sending ultra-
sound waves to a subject, the reception signal is obtained
based on reflected waves therefrom. The tomographic image
data generator 13 sequentially obtains tomographic image
data of the subject for a plurality of times. In other words,
based on the reception signal received from the receiver 12,
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the tomographic image data generator 13 obtains the tomo-
graphic image data at regular intervals (at a predetermined
frame rate). The tomographic image data obtained with
respect to a certain time corresponds to a still image at the
time (frame). The tomographic image data includes output
from any of a log compressor 130, an edge enhancement unit
131, a tomographic smoothing processor 132, and a tomog-
raphy persistence unit 133 (described later). The tomographic
image data generator 13 includes the log compressor 130, the
edge enhancement unit 131, the tomographic smoothing pro-
cessor 132, and the tomography persistence unit 133. The log
compressor 130 compresses the reception signal by logarith-
mic conversion, and outputs it to the edge enhancement unit
131 and a storage 150. The edge enhancement unit 131
enhances the edges of the signal received from the log com-
pressor 130, and outputs it to the tomographic smoothing
processor 132. The tomographic smoothing processor 132
performs filtering to smooth the signal received from the edge
enhancement unit 131, and outputs it to the tomography pet-
sistence unit 133. The tomography persistence unit 133 per-
forms weighted addition of the signal newly received from the
tomographic smoothing processor 132 to signals received
therefrom in the past. The tomography persistence unit 133
outputs the signal obtained by the weighted addition to the
image generator 17.

(Blood Flow Information Generator 14)

[0024] The blood flow information generator 14 receives
the reception signal from the receiver 12, and performs pro-
cessing based on specified signal processing conditions on
the reception signal to obtain blood flow information of the
subject. Having received the reception signal, the blood flow
information generator 14 obtains the blood flow information
of the subject by performing processing on the reception
signal based on the signal processing conditions including a
velocity threshold related to the blood flow information. The
signal processing conditions include frequency characteris-
tics, a velocity threshold, a variance threshold, a lower power
threshold, or an upper power threshold, or a combination of
these (described later). The blood flow information includes
the velocity, variance, or power of the blood flow in the
subject, or a combination of these. The blood flow informa-
tion generator 14 obtains the blood flow information at regu-
lar intervals. The blood flow information obtained with
respect to a certain time corresponds to a still image at the
time (frame). When the condition changing unit 16 changes
the signal processing conditions, the blood flow information
generator 14 performs processing on the reception signal
based on changed signal processing conditions to obtain the
blood flow information. The signal processing conditions
may be specified by the user, or may be preset. The blood flow
information generator 14 includes a frequency filter 140, an
autocorrelation unit 141, a calculator 142, a blank processor
143, ablood flow smoothing processor 144, and a blood flow
persistence unit 145.

[0025] The frequency filter 140 performs filtering on the
reception signal received from the receiver 12 based on speci-
fied frequency characteristics. When the condition changing
unit 16 changes the frequency characteristics, the frequency
filter 140 performs filtering on the reception signal based on
changed frequency characteristics. Thereby, the frequency
filter 140 reduces clutter in the reception signal. Examples of
the frequency characteristic include a filter type such as But-
terworth, Bessel, and Chebyshev, cut-off frequency of each
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filter type, a passband, and a filter order. The frequency filter
140 outputs the signal subjected to the filtering to the auto-
correlation unit 141.

[0026] The autocorrelation unit 141 performs an autocor-
relation calculation with respect to the signal received from
the frequency filter 140. The autocorrelation unit 141 outputs
the signal, on which the autocorrelation calculation has been
performed, to the calculator 142.

[0027] Thecalculator 142 receives the signal from the auto-
correlation unit 141, and calculates the velocity of blood flow
in the subject. The calculator 142 outputs the velocity calcu-
lated to the blank processor 143. In addition, the calculator
142 calculates the variance of blood flow in the subject. The
calculator 142 outputs the variance calculated to the blank
processor 143. Further, the calculator 142 calculates the
power of blood flow in the subject. The calculator 142 outputs
the power calculated to the blank processor 143.

[0028] The blank processor 143 stores a velocity threshold
to obtain the velocity calculated by the calculator 142 as
blood flow information. Of velocities received from the cal-
culator 142, the blank processor 143 outputs a velocity equal
to or above the velocity threshold to the blood flow smoothing
processor 144. That is, from velocities received from the
calculator 142, the blank processor 143 removes a velocity
less than the velocity threshold as has been calculated from
clutter, and outputs the rest to the blood flow smoothing
processor 144. Incidentally, when the condition changing unit
16 changes the velocity threshold, the blank processor 143
outputs a velocity equal to or above a new velocity threshold
to the blood flow smoothing processor 144.

[0029] The blank processor 143 also stores a variance
threshold to obtain the variance calculated by the calculator
142 as blood flow information. Of variances received from the
calculator 142, the blank processor 143 outputs a variance
equal to or above the variance threshold to the blood flow
smoothing processor 144. That is, from variances received
from the calculator 142, the blank processor 143 removes a
variance less than the variance threshold as has been calcu-
lated from clutter, and outputs the rest to the blood flow
smoothing processor 144. Incidentally, when the condition
changing unit 16 changes the variance threshold, the blank
processor 143 outputs a variance equal to or above a new
variance threshold to the blood flow smoothing processor
144.

[0030] Further, the blank processor 143 stores a lower
power threshold and an upper power threshold to obtain the
power calculated by the calculator 142 as blood flow infor-
mation. Of powers received from the calculator 142, the blank
processor 143 outputs a power equal to or above the lower
power threshold as well as equal to or below the upper power
threshold to the blood flow smoothing processor 144. That is,
from powers received from the calculator 142, the blank
processor 143 removes a power below the lower power
threshold and above the upper power threshold as has been
calculated from clutter, and outputs the rest to the blood flow
smoothing processor 144. Incidentally, when the condition
changing unit 16 changes the lower power threshold and the
upper power threshold, the blank processor 143 outputs a
power equal to or above a new lower power threshold as well
as equal to or below a new upper power threshold to the blood
flow smoothing processor 144.

[0031] Upon receipt of the output from the blank processor
143, the blood flow smoothing processor 144 performs
smoothing filtering thereon, and outputs it to the blood flow
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persistence unit 145. In this embodiment, although an
example is described in which the blank processor 143
receives output from the calculator 142, and the blood flow
smoothing processor 144 receives output from the blank pro-
cessor 143, this is not so limited. The blood flow smoothing
processor 144 may receive output from the calculator 142 and
output from the blank processor 143.

[0032] The blood flow persistence unit 145 performs
weighted addition of a signal newly received from the blood
flow smoothing processor 144 to signals received therefrom
in the past. The blood flow persistence unit 145 outputs the
signal obtained by the weighted addition to the image gen-
erator 17.

(Change Detector 15)

[0033] Thechange detector 15 receives a plurality of pieces
of tomographic image data for different times from the tomo-
graphic image data generator 13, and detects the magnitude of
change in the time axis direction of the pieces of tomographic
image data. The change detector 15 retrieves, from the storage
150, a latest frame corresponding to tomographic image data
obtained as to the most recent time, and a previous frame
corresponding to tomographic image data obtained as to the
time before the most recent time. The change detector 15
calculates the average of signal amplitudes in the latest frame
as a latest average value, and the average of signal amplitudes
in the previous frame as a previous average value. The change
detector 15 calculates a difference between the latest average
value and the previous average value, and determines the
difference as the magnitude of change in the time axis direc-
tion of tomographic image data. In this case, the larger the
difference is, the larger magnitude of change is detected. The
change detector 15 outputs the magnitude of change thus
detected to the condition changing unit 16. Incidentally, when
the storage 150 does not store the previous frame, the change
detector 15 does not detect the magnitude of change in the
time axis direction of tomographic image data.

[0034] Described below is a relationship between the
change of the tomographic image data in the time axis direc-
tion and the movement of subject tissue as well as the move-
ment of the ultrasound probe 10. The change of the tomo-
graphic image data in the time axis direction refers to the
difference in the shape of the subject tissue (contents of the
image) rendered in the previous frame and the latest frame.
For example, when clutter occurs due to the movement of the
subject tissue, a difference is caused in a partial image corre-
sponding to the tissue having moved. Besides, when a motion
artifact is generated due to the movement of the ultrasound
probe 10, the tissue is rendered in an image as having moved
in parallel or rotated. If the subject tissue or the ultrasound
probe 10 moves while the ultrasound diagnosis apparatus 1 is
capturing tomographic images at a predetermined frame rate,
a difference is caused in the shape of the subject tissue ren-
dered (contents of the image) between the previous frame and
the latest frame. The larger movement of the subject tissue or
the ultrasound probe 10 causes a greater change in the shape
of the subject tissue rendered in the tomographic images. The
change detector 15 detects the magnitude of the change, and
outputs it to the condition changing unit 16.

[0035] The change detector 15 may divide the latest frame
and the previous frame into a plurality of regions and calcu-
late a latest average value and a previous average value to
obtain the difference therebetween with respect to each
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region to thereby detect the magnitude of change in the time
axis direction of tomographic image data.

[0036] The change detector 15 may also calculate the aver-
age value of signals of the latest frame and the average value
of signals of the previous frame with respect to a designated
partial region (region of interest), and obtain the difference
between the average values to thereby detect the magnitude of
change in the time axis direction of tomographic image data.
In this case, the partial region may be specified by the user, or
may be preset.

[0037] Further, the change detector 15 may obtain the simi-
larity between the latest frame and the previous frame by
cross-correlation analysis, and use the similarity as the mag-
nitude of change in the time axis direction of tomographic
image data. In this case, the lower the similarity is, the greater
the detected change is.

[0038] Still further, the change detector 15 may retrieve the
latest frame and a plurality of previous frames of different
times from the storage 150. In this case, the change detector
15 detects the magnitude of change in the time axis direction
oftomographic image data based on three or more frames. For
example, the change detector 15 obtains the magnitude of
change in the time axis direction of previous tomographic
image data from previous frames of two times, and also
obtains the magnitude of change in the time axis direction of
the latest tomographic image data from the latest frame and a
previous frame of a time closest to the latest frame. The
change detector 15 adds weight to the magnitude of change in
the time axis direction of the previous tomographic image
data, and adds it to the magnitude of change in the time axis
direction of the latest tomographic image data or multiplying
the magnitude of change by it to detect the magnitude of
change in the time axis direction of tomographic image data.
Besides, for example, the change detector 15 extrapolates a
plurality of signals of the previous frame and predicts a frame
of the same time as the latest frame. The frame predicted is
referred to as “predicted frame”. The change detector 15
calculates a difference between the predicted frame and the
latest frame retrieved from the storage 150. The change detec-
tor 15 adds weight to the difference, and adds it to the mag-
nitude of change in the time axis direction of the latest tomo-
graphic image data or multiplying the magnitude of change
by it to detect the magnitude of change in the time axis
direction of tomographic image data.

[0039] The change detector 15 includes the storage 150.
The storage 150 stores the tomographic image data received
from the log compressor 130. Here, the storage 150 stores at
least tomographic image data of the number of frames that the
change detector 15 uses for detecting the magnitude of
change in the time axis direction of tomographic image data.
For example, when the change detector 15 detects the mag-
nitude of change in the time axis direction of tomographic
image data based on the latest frame and one previous frame,
the storage 150 stores two pieces of tomographic image data
for the latest frame and the one previous frame. When the
change detector 15 detects the magnitude of change in the
time axis direction of tomographic image data, the storage
150 deletes the one previous frame stored therein, and a frame
stored as the latest frame becomes a previous frame. Then, the
storage 150 stores new tomographic image data as the latest
frame. Similarly, when the change detector 15 detects the
magnitude of change in the time axis direction of tomo-
graphic image data based on n frames, the storage 150 stores
the latest frame and n-1 previous frames. When the change
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detector 15 detects the magnitude of change in the time axis
direction of tomographic image data, the storage 150 deletes
the oldest one of the n-1 previous frames, and stores new
tomographic image data as the latest frame. In addition, when
there is freeze operation or operation of changing the trans-
mission conditions of ultrasound waves during ultrasound
diagnosis, the storage 150 may delete all tomographic image
data stored in response to a corresponding control signal from
the system controller 20. The storage 150 may receive the
output to be stored from the receiver 12, the edge enhance-
ment unit 131, the tomographic smoothing processor 132, or
the tomography persistence unit 133, instead of from the log
compressor 130.

(Condition Changing Unit 16)

[0040] The condition changing unit 16 changes the signal
processing conditions based on the magnitude of change in
the time axis direction of tomographic image data detected by
the change detector 15. For example, among the signal pro-
cessing conditions, the condition changing unit 16 changes
the frequency characteristic of the frequency filter 140. The
condition changing unit 16 stores, in advance, the magnitude
of change in the time axis direction of tomographic image
data in association with the frequency characteristics. The
condition changing unit 16 retrieves the frequency character-
istics associated with the magnitude of change in the time axis
direction of tomographic image data detected by the change
detector 15, and changes the frequency characteristics of the
frequency filter 140 to the retrieved characteristics.

[0041] The condition changing unit 16 may change, for
example, the velocity threshold of the signal processing con-
ditions. In this case, the greater the change the change detec-
tor 15 has detected in the time axis direction of tomographic
image data, the condition changing unit 16 raises the velocity
threshold. The condition changing unit 16 may change, for
example, the variance threshold of the signal processing con-
ditions. In this case, the greater the change the change detec-
tor 15 has detected in the time axis direction of tomographic
image data, the condition changing unit 16 reduces the vari-
ance threshold. The condition changing unit 16 may change,
for example, the lower power threshold and the upper power
threshold of the signal processing conditions. In this case, the
greater the change the change detector 15 has detected in the
time axis direction of tomographic image data, the condition
changing unit 16 increases the lower power threshold and
lowers the upper power threshold. For example, the condition
changing unit 16 stores the magnitude of change in the time
axis direction of tomographic image data in association with
the velocity threshold, the variance threshold, the lower
power threshold, and the upper power threshold. The condi-
tion changing unit 16 retrieves the velocity threshold, the
variance threshold, the lower power threshold, and the upper
power threshold associated with the magnitude of change in
the time axis direction of tomographic image data received
from the change detector 15, and outputs these thresholds to
the blank processor 143 to change them in the blank processor
143. FIG. 3 illustrates an example of the magnitude of change
in the time axis direction of tomographic image data, and the
velocity threshold V, the variance threshold T, the lower
power threshold P1 and the upper power threshold P2 asso-
ciated therewith, that the condition changing unit 16 stores. In
FIG. 3, the magnitude of change in the time axis direction of
tomographic image data includes magnitude A, magnitude B,
magnitude C, magnitude D, and magnitude E, which are
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greater in this order. The magnitude C is associated with the
value “a” of the velocity threshold V, the value “f” of the
variance threshold T, the value “y” of the lower power thresh-
old P1, and the value “3” of the upper power threshold P2.
Other magnitudes of change in the time axis direction of
tomographic image data (the magnitude A, the magnitude B,
the magnitude D, the magnitude E) are associated with values
obtained by multiplying the values “a”, “B”, “y”, and “d” by
coefficients illustrated in FIG. 3. The values may be specified
by the user as, for example, “a’=0.1, “f”=0.9, “y”=0.8, and
“5”=0.1, or may be automatically preset.

(Image Generator 17)

[0042] Theimage generator 17 generates ultrasound image
data based on the tomographic image data output by the
tomographic image data generator 13 and the blood flow
information output by the blood flow information generator
14. The image generator 17 includes, for example, a digital
scan converter (DSC). The image generator 17 converts the
blood flow information and the tomographic image data rep-
resented by signal strings of scan lines into image data rep-
resented by the orthogonal coordinate system (scan conver-
sion). The ultrasound image data generated by the image
generator 17 represents an image composed of a tomographic
image (B-mode image) representing the tomographic image
data (B-mode image data) and a blood flow image (color
Doppler image) representing the blood flow information
(color Doppler information), which are superimposed one on
top of the other. The image generator 17 outputs the ultra-
sound image data generated to the display controller 18.

(Display Controller 18)

[0043] Upon receipt of the ultrasound image data from the
image generator 17, the display controller 18 displays an
ultrasound image on the display 19 based on the ultrasound
image data.

[0044] The display 19 displays an ultrasound image. The
display 19 is formed of a display device such as, for example,
a cathode ray tube (CRT) or a liquid crystal display (LCD).
The display 19 need not necessarily be integrated with the
ultrasound diagnosis apparatus 1. The display 19 may be
configured to display an ultrasound image as being controlled
by the display controller 18 via a common interface.

(System Controller 20)

[0045] The system controller 20 controls each unit of the
ultrasound diagnosis apparatus 1. The system controller 20
includes, for example, a storage device and a processor. The
storage device stores computer programs to implement the
functions of each unit of the ultrasound diagnosis apparatus 1.
The processor executes the computer programs to implement
the above functions.

(Operation Unit 21)

[0046] The operation unit 21 is operated by the user and
feeds each unit of the apparatus with signals or information
corresponding to the contents of the operation. The operation
unit 21 includes, for example, a keyboard, a mouse. a touch
panel, and the like. The operation unit 21 need not necessarily
be integrated with the ultrasound diagnosis apparatus 1. The
operation unit 21 may be configured to feed signals and
information to each unit via a common interface.
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[Operation]

[0047] FIG. 4is a flowchart illustrating the operation of the
ultrasound diagnosis apparatus 1 of this embodiment.

(S01)

[0048] In response to ultrasound waves transmitted to a
subject, the tomographic image data generator 13 receives,
from the receiver 12, a reception signal based on reflected
waves from the subject, and obtains tomographic image data
of the subject. At this time, the log compressor 130 performs
compression by logarithmic conversion on the reception sig-
nal, and outputs it to the edge enhancement unit 131 and the
storage 150. The edge enhancement unit 131 emphasizes the
edges of the signal received from the log compressor 130, and
outputs it to the tomographic smoothing processor 132. The
tomographic smoothing processor 132 performs smoothing
filtering on the signal received from the edge enhancement
unit 131, and outputs it to the tomography persistence unit
133. The tomography persistence unit 133 performs weighted
addition of the signal newly received from the tomographic
smoothing processor 132 to signals received therefrom in the
past. The tomography persistence unit 133 outputs the result-
ant signal to the image generator 17.

(S02)

[0049] The storage 150 stores the tomographic image data
received from the log compressor 130.

(S03)

[0050] Besides the latest tomographic image data (latest
frame) received from the log compressor 130, if the storage
150 stores previous tomographic image data (previous frame)
obtained previous to the latest data (YES in step S03), the
process proceeds to step S04. When the storage 150 does not
store the previous tomographic image data (previous frame)
as well as the latest tomographic image data (latest frame)
received from the log compressor 130 (NO in step SO03), the
process proceeds to step S07.

(S04)

[0051] The change detector 15 retrieves, from the storage
150, the latest frame as tomographic image data obtained as to
the most recent time, and a previous frame as previous tomo-
graphic image data obtained as to the time before the most
recent time. The change detector 15 detects the magnitude of
change in the time axis direction of tomographic image data
based on the tomographic image data retrieved. The change
detector 15 outputs the magnitude of change thus detected to
the condition changing unit 16.

(S05)

[0052] The storage 150 deletes the previous frame stored
therein, and a frame stored as the latest frame becomes a
previous frame.

(S06)

[0053] The condition changing unit 16 changes the signal
processing conditions of the blood flow information genera-
tor 14 based on the magnitude of change in the time axis
direction of tomographic image data detected by the change
detector 15. The signal processing conditions includes the
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frequency characteristics of the frequency filter 140, the
velocity threshold V, the variance threshold T, or the lower
power threshold P1 and the upper power threshold P2 of the
blank processor 143, or the combination thereof. In this case,
the greater the change the change detector 15 has detected in
the time axis direction of tomographic image data, the con-
dition changing unit 16 raises the velocity threshold V,
reduces the variance threshold T, increases the lower power
threshold P1, and lowers the upper power threshold P2.

(S07)

[0054] Upon receipt of the reception signal from the
receiver 12, the blood flow information generator 14 performs
processing on the reception signal based on the signal pro-
cessing conditions to obtain blood flow information of the
subject. At this time, the frequency filter 140 performs filter-
ing based on the frequency characteristics on the reception
signal received from the receiver 12. The autocorrelation unit
141 performs an autocorrelation calculation with respect to
the signal received from the frequency filter 140. The calcu-
lator 142 calculates the velocity, variance, or power of the
blood flow in the subject, or a combination of these. Of
velocities received from the calculator 142, the blank proces-
sor 143 outputs a velocity equal to or above the velocity
threshold to the blood flow smoothing processor 144. Further,
of variances received from the calculator 142, the blank pro-
cessor 143 outputs a variance equal to or above the variance
threshold to the blood flow smoothing processor 144. Still
further, of powers received from the calculator 142, the blank
processor 143 outputs a power equal to or above the lower
power threshold as well as equal to or below the upper power
threshold to the blood flow smoothing processor 144. The
blood flow smoothing processor 144 performs smoothing
filtering on the output from the blank processor 143, and
outputs it to the blood flow persistence unit 145. The blood
flow persistence unit 145 performs weighted addition of the
signal newly received from the blood flow smoothing proces-
sor 144 to signals received therefrom in the past. The blood
flow persistence unit 145 outputs the signal obtained by the
weighted addition to the image generator 17.

(S08)

[0055] Theimage generator 17 generates ultrasound image
data based on the tomographic image data output from the
tomographic image data generator 13 and the blood flow
information output from the blood flow information genera-
tor 14.

(S09)

[0056] The display controller 18 receives the ultrasound
image data from the image generator 17, and displays an
ultrasound image on the display 19 based on the ultrasound
image data.

(S10)

[0057] When the ultrasound diagnosis is continued (YES in
step S10), the process returns to the step SO01. If not (NO in
step S10), the operation ends.

[0058] FIG. 5A illustrates an ultrasound image displayed
by the ultrasound diagnosis apparatus 1 of the embodiment.
FIG. 5B illustrates an ultrasound image without the functions
of the change detector 15 and the condition changing unit 16
of this embodiment. For purposes of illustration, black and
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white are inverted in FIGS. 5A and 5B. In FIGS. 5A and 5B,
a tomographic image BR and a blood flow image CD are
superimposed one on top of the other. In FIG. 5B, an image
CL of clutter is rendered in a region surrounded by a broken
line BK. In FIG. 5A, the image CL of clutter is not rendered
in the blood flow image CD, and the visibility of the image is
improved.

[0059] Theultrasound diagnosis apparatus 1 of the embodi-
ment includes the tomographic image data generator 13, the
blood flow information generator 14, the change detector 15,
and the condition changing unit 16. In response to ultrasound
waves transmitted to a subject, the tomographic image data
generator 13 receives a reception signal based on reflected
waves from the subject, and sequentially obtains tomographic
image data of the subject for a plurality of times. The blood
flow information generator 14 receives the reception signal,
and performs processing on the reception signal based on the
signal processing conditions including a velocity threshold
related to blood flow information of the subject to obtain the
blood flow information. The change detector 15 receives a
plurality of pieces of tomographic image data for different
times, and detects the magnitude of change in the time axis
direction of the pieces of tomographic image data. The con-
dition changing unit 16 changes the signal processing condi-
tions based on the magnitude of change in the time axis
direction of tomographic image data detected by the change
detector 15. When the condition changing unit 16 changes the
signal processing conditions, the blood flow information gen-
erator 14 performs processing on the reception signal based
on changed signal processing conditions to obtain the blood
flow information. In this manner, by detecting a time-series
variation in tomographic image data, the signal processing
conditions for the blood flow information are changed based
on the magnitude of the variation. Thereby, the blood flow
information generator 14 can obtain blood flow information
while reducing clutter and motion artifacts based on the signal
processing conditions corresponding to the amplitude of the
movement of subject tissue or the ultrasound probe 10. Thus,
the reduction of clutter and motion artifacts can be achieved.

<First Modification>

[Configuration]

[0060] FIG. 6 is a block diagram of the ultrasound diagno-
sis apparatus 1 of this modification. The ultrasound diagnosis
apparatus 1 of this modification is different from that of the
above embodiment in mostly the configuration of the blood
flow information generator 14. Incidentally, in this modifica-
tion, like parts as in the above embodiment are designated by
like reference numerals, and the description thereof is not
repeated. The differences are mainly described below.
[0061] Theblood flow information generator 14 includes a
clutter estimator 146, in addition to the frequency filter 140,
the autocorrelation unit 141, the calculator 142, the blank
processor 143, the blood flow smoothing processor 144, and
the blood flow persistence unit 145.

[0062] The clutter estimator 146 estimates clutter con-
tained in the blood flow information. In other words, the
clutter estimator 146 estimates how much clutter is present in
asignal that has passed through the frequency filter 140 based
on the velocity, variance, and power of the blood flow calcu-
lated by the calculator 142. For example, the clutter estimator
146 stores a reference value as a signal processing condition
with respect to each of the velocity, variance, and power of the
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blood flow. The clutter estimator 146 compares the calculated
value of each of the velocity, variance, and power of the blood
flow received from the calculator 142 with the reference
value. The larger the difference between the calculated value
and the reference value is, the more clutter the clutter estima-
tor 146 estimates. Incidentally, the clutter estimator 146
stores a function or table data representing the correlation
between the difference and the amount of clutter, and esti-
mates the amount of clutter by performing operation with
reference to the table data or using the function. For example,
the filter characteristics of the frequency filter 140 are
changed such that the passband becomes narrower as clutter
estimated by the clutter estimator 146 increases.

[0063] The condition changing unit 16 receives the magni-
tude of change in the time axis direction of tomographic
image data detected by the change detector 15, and changes
the reference value as a signal processing condition in the
clutter estimator 146 based on the magnitude of change. As
the change becomes greater in the time axis direction of
tomographic image data, the condition changing unit 16
changes the reference value of the clutter estimator 146 such
that the clutter estimator 146 estimates more clutter.

[Operation]

[0064] FIG.7is a flowchart illustrating the operation of the
ultrasound diagnosis apparatus 1 of this modification.

(S21)

[0065] In response to ultrasound waves transmitted to a
subject, the tomographic image data generator 13 receives,
from the receiver 12, a reception signal based on reflected
waves from the subject, and obtains tomographic image data
of the subject. At this time, the log compressor 130 performs
compression by logarithmic conversion on the reception sig-
nal, and outputs it to the edge enhancement unit 131 and the
storage 150. The edge enhancement unit 131 emphasizes the
edges of the signal received from the log compressor 130, and
outputs it to the tomographic smoothing processor 132. The
tomographic smoothing processor 132 performs smoothing
filtering on the signal received from the edge enhancement
unit 131, and outputs it to the tomography persistence unit
133. The tomography persistence unit 133 performs weighted
addition of the signal newly received from the tomographic
smoothing processor 132 to signals received therefrom in the
past. The tomography persistence unit 133 outputs the result-
ant signal to the image generator 17.

(S22)

[0066] The storage 150 stores the tomographic image data
received from the log compressor 130.

(S23)

[0067] Besides the latest tomographic image data (latest

frame) received from the log compressor 130, if the storage
150 stores previous tomographic image data (previous frame)
obtained previous to the latest data (YES in step S23), the
process proceeds to step S24. When the storage 150 does not
store the previous tomographic image data (previous frame)
as well as the latest tomographic image data (latest frame)
received from the log compressor 130 (NO in step S23), the
process proceeds to step S27.
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(S24)

[0068] The change detector 15 retrieves, from the storage
150, the latest frame as tomographic image data obtained as to
the most recent time, and a previous frame as previous tomo-
graphic image data obtained as to the time before the most
recent time. The change detector 15 detects the magnitude of
change in the time axis direction of tomographic image data
based on the tomographic image data retrieved. The change
detector 15 outputs the magnitude of change thus detected to
the condition changing unit 16.

(S25)

[0069] The storage 150 deletes the previous frame stored
therein, and a frame stored as the latest frame becomes a
previous frame.

(S26)

[0070] The condition changing unit 16 changes the signal
processing conditions of the blood flow information genera-
tor 14 based on the magnitude of change in the time axis
direction of tomographic image data detected by the change
detector 15. The signal processing conditions includes the
frequency characteristics of the frequency filter 140, the
velocity threshold, the variance threshold, or the lower power
threshold and the upper power threshold of the blank proces-
sor 143, or the combination thereof. In this case, the greater
the change the change detector 15 has detected, the condition
changing unit 16 raises the velocity threshold, reduces the
variance threshold, increases the lower power threshold, and
lowers the dupper power threshold. In addition, having
received the magnitude of change in the time axis direction of
tomographic image data detected by the change detector 15,
the condition changing unit 16 changes the reference value as
a signal processing condition in the clutter estimator 146
based on the magnitude of change.

(S27)

[0071] Upon receipt of the reception signal from the
receiver 12, the blood flow information generator 14 performs
processing on the reception signal based on the signal pro-
cessing conditions to obtain blood flow information of the
subject. At this time, the frequency filter 140 performs filter-
ing based on the frequency characteristics on the reception
signal received from the receiver 12. The autocorrelation unit
141 performs an autocorrelation calculation with respect to
the signal received from the frequency filter 140. The calcu-
lator 142 calculates the velocity, variance, or power of the
blood flow in the subject, or a combination of these. Of
velocities received from the calculator 142, the blank proces-
sor 143 outputs a velocity equal to or above the velocity
threshold to the blood flow smoothing processor 144. Further,
of variances received from the calculator 142, the blank pro-
cessor 143 outputs a variance equal to or above the variance
threshold to the blood flow smoothing processor 144. Still
further, of powers received from the calculator 142, the blank
processor 143 outputs a power equal to or above the lower
power threshold as well as equal to or below the upper power
threshold to the blood flow smoothing processor 144. The
blood flow smoothing processor 144 performs smoothing
filtering on the output from the blank processor 143, and
outputs it to the blood flow persistence unit 145. The blood
flow persistence unit 145 performs weighted addition of the
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signal newly received from the blood flow smoothing proces-
sor 144 to signals received therefrom in the past. The blood
flow persistence unit 145 outputs the signal obtained by the
weighted addition to the image generator 17.

(S28)

[0072] The clutter estimator 146 estimates how much clut-
ter is present in a signal that has passed through the frequency
filter 140 based on the velocity, variance, and power of the
blood flow calculated by the calculator 142, and changes the
filter characteristics of the frequency filter 140.

(S29)

[0073] Theimage generator 17 generates ultrasound image
data based on the tomographic image data output from the
tomographic image data generator 13 and the blood flow
information output from the blood flow information genera-
tor 14.

(S30)

[0074] The display controller 18 receives the ultrasound
image data from the image generator 17, and displays an
ultrasound image on the display 19 based on the ultrasound
image data.

(S31)

[0075] When the ultrasound diagnosis is continued (YES in
step S31), the process returns to the step S21. If not (NO in
step S31), the operation ends.

[0076] The ultrasound diagnosis apparatus 1 of the modi-
fication includes the tomographic image data generator 13,
the blood flow information generator 14, the change detector
15, and the condition changing unit 16. In response to ultra-
sound waves transmitted to a subject, the tomographic image
data generator 13 receives a reception signal based on
reflected waves from the subject, and sequentially obtains
tomographic image data of the subject for a plurality of times.
The blood flow information generator 14 receives the recep-
tion signal, and performs processing on the reception signal
based on the signal processing conditions including a velocity
threshold related to blood flow information of the subject to
obtain the blood flow information. The change detector 15
receives a plurality of pieces of tomographic image data for
different times, and detects the magnitude of change in the
time axis direction of the pieces of tomographic image data.
The condition changing unit 16 changes the signal processing
conditions based on the magnitude of change in the time axis
direction of tomographic image data detected by the change
detector 15. When the condition changing unit 16 changes the
signal processing conditions, the blood flow information gen-
erator 14 performs processing on the reception signal based
on changed signal processing conditions to obtain the blood
flow information. The blood flow information generator 14
further includes the clutter estimator 146. The clutter estima-
tor 146 estimates how much clutter is present in a signal that
has passed through the frequency filter 140 based on the
velocity, variance, and power of the blood flow calculated by
the calculator 142. Having received the magnitude of change
in the time axis direction of tomographic image data detected
by the change detector 15, the condition changing unit 16
changes the reference value as a signal processing condition
in the clutter estimator 146 based on the magnitude of change.
In this manner, the ultrasound diagnosis apparatus 1 deter-
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mines a reference value for estimating clutter contained in a
signal that has passed through the frequency filter 140 accord-
ing to the magnitude of change in the time axis direction of
tomographic image data, and changes the filter characteristics
of the frequency filter 140 based on the clutter estimated.
Thereby, the ultrasound diagnosis apparatus 1 can sequen-
tially estimate the amount of clutter according to the ampli-
tude of the movement of subject tissue, and provide a feed-
back to the frequency filter 140. Thus, the reduction of clutter
and motion artifacts can be achieved.

<Second Modification>

[0077] The ultrasound diagnosis apparatus 1 of this modi-
fication is capable of generating an ultrasound image in which
an image based on clutter and motion artifacts can be illus-
trated weaker than an image representing blood flow infor-
mation. The ultrasound diagnosis apparatus 1 of this modifi-
cation is different from that of the above embodiment in
mostly the configuration of the blood flow information gen-
erator 14. Incidentally, in this modification, like parts as in the
above embodiment are designated by like reference numer-
als, and the description thereof is not repeated. The differ-
ences are mainly described below.

[0078] FIG. 8isablock diagram illustrating a configuration
of the blood flow information generator 14 of this modifica-
tion. The blood flow information generator 14 determines
whether a reception signal represents blood flow information
based on the signal processing conditions. The blood flow
information generator 14 includes a determination processor
147 in place of the blank processor 143. The determination
processor 147 determines whether the blood flow information
calculated by the calculator 142 is information representing
the hemodynamics of the subject.

[0079] The determination processor 147 stores a velocity
threshold. The determination processor 147 compares a
velocity received from the calculator 142 with the velocity
threshold to determine whether the velocity is equal to or
higher than the velocity threshold, or less than the velocity
threshold. The velocity equal to or higher than the velocity
threshold corresponds to the information representing the
hemodynamics of the subject. The determination processor
147 outputs velocity information as to the velocity together
with supplementary information indicating the determination
result to the blood flow smoothing processor 144. At this time,
even if the velocity is less than the velocity threshold, the
determination processor 147 does not remove the velocity,
and outputs the velocity information together with supple-
mentary information indicating the determination result to
the blood flow smoothing processor 144. Incidentally, when
the condition changing unit 16 changes the velocity thresh-
old, the determination processor 147 makes this determina-
tion with reference to a new velocity threshold.

[0080] The determination processor 147 also stores a vari-
ance threshold. The determination processor 147 compares a
variance received from the calculator 142 with the variance
threshold to determine whether the variance is equal to or
more than the variance threshold, or less than the variance
threshold. The variance equal to or more than the variance
threshold corresponds to the information representing the
hemodynamics of the subject. The determination processor
147 outputs the variance together with supplementary infor-
mation indicating the determination result to the blood flow
smoothing processor 144. At this time, even if the variance is
less than the variance threshold, the determination processor
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147 does not remove the variance, and outputs the variance
together with supplementary information indicating the
determination result to the blood flow smoothing processor
144. Incidentally, when the condition changing unit 16
changes the variance threshold, the determination processor
147 makes this determination with reference to a new vari-
ance threshold.

[0081] Inaddition, the determination processor 147 stores a
lower power threshold and an upper power threshold. The
determination processor 147 compares a power received from
the calculator 142 with the lower power threshold and the
upper power threshold to determine whether the power is
equal to or more than the lower power threshold, or equal to or
less than the upper power threshold. The power equal to or
more than the lower power threshold as well as equal to or less
than the upper power threshold corresponds to the informa-
tion representing the hemodynamics of the subject. The deter-
mination processor 147 outputs the power together with
supplementary information indicating the determination
result to the blood flow smoothing processor 144. At this time,
even if the power is below the lower power threshold and
abovethe upper power threshold, the determination processor
147 does not remove the power, and outputs the power
together with supplementary information indicating the
determination result to the blood flow smoothing processor
144. Incidentally, when the condition changing unit 16
changes the lower power threshold and the upper power
threshold, the determination processor 147 makes this deter-
mination with reference to new thresholds.

[0082] Through the various determination processes by the
determination processor 147, the image generator 17 is fed
with blood flow information (color Doppler information)
including supplementary information that represents various
determination results.

[0083] The change detector 15 outputs the magnitude of
change detected to the condition changing unit 16 and also to
the image generator 17. The image generator 17 generates
ultrasound image data by which an image based on a recep-
tion signal determined as not representing blood flow infor-
mation can be displayed weaker than an image based on a
reception signal determined as representing blood flow infor-
mation based on the determination result by the determina-
tion processor 147. The image generator 17 generates ultra-
sound image data based on the tomographic image data
obtained by the tomographic image data generator 13, the
blood flow information obtained by the blood flow informa-
tion generator 14, and the magnitude of change obtained by
the change detector 15. The image generator 17 generates
ultrasound image data in which blood flow information deter-
mined as representing the hemodynamics of the subject and
that determined as not representing the hemodynamics are
rendered in different modes.

[0084] For example, the image generator 17 identifies the
determination result obtained by the determination processor
147 with reference to supplementary information of the blood
flow information. The image generator 17 generates ultra-
sound image data such that the brightness of the pixels of
blood flow information determined as not representing the
hemodynamics of the subject is less than the brightness of the
pixels of blood flow information determined as representing
the hemodynamics.

[0085] At thistime, the greater the magnitude of change the
change detector 15 has detected, the lower the brightness the
image generator 17 sets for pixels of blood flow information
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determined as not representing the hemodynamics of the
subject. The decrease in the brightness corresponds to reduc-
ing the display power for an image based on clutter and
motion artifacts. For example, depending on the magnitude of
change obtained by the change detector 15, the image gen-
erator 17 reduces the brightness of the pixels of blood flow
information determined as not representing the hemodynam-
ics of the subject in a stepwise fashion. Note that, depending
on the magnitude of change obtained by the change detector
15, the image generator 17 may reduce the brightness of the
pixels of blood flow information determined as not represent-
ing the hemodynamics of the subject in a non-stepwise fash-
ion.

[0086] The image generator 17 outputs the ultrasound
image data thus generated to the display controller 18. The
display controller 18 displays an ultrasound image on the
display 19 based on the ultrasound image data. With this, as
the magnitude of change detected by the change detector 15
increases, the pixels of blood flow information determined as
not representing the hemodynamics of the subject are dis-
played in a darker color as compared to the pixels of blood
flow information determined as representing the hemody-
namics. Therefore, while viewing the ultrasound image, the
user can recognize a portion of the pixels displayed in a dark
color as a part where clutter and motion artifacts are rendered.

[0087] The image generator 17 may generate ultrasound
image data so that the pixels of blood flow information deter-
mined as not representing the hemodynamics of the subject
are displayed as a watermark. For example, the image gen-
erator 17 adds up Red-Green-Blue (RGB) signals of the pix-
els of blood flow information determined as not representing
the hemodynamics of the subject and the pixels of tomo-
graphic image data in the same coordinates as the pixels ofthe
blood flow information.

[0088] In this case, as the magnitude of change detected by
the change detector 15 increases, the image generator 17
reduces the addition ratio of RGB signals of the pixels of
blood flow information determined as not representing the
hemodynamics of the subject as well as increasing that of
RGB signals of the pixels of tomographic image data in the
same coordinates as the pixels of the blood flow information.
This reduction and increase of the addition ratio of RGB
signals corresponds to reducing the display power for an
image based on clutter and motion artifacts. For example,
depending on the magnitude of change obtained by the
change detector 15, the image generator 17 reduces the addi-
tion ratio of RGB signals of the pixels of blood flow informa-
tion determined as not representing the hemodynamics of the
subject as well as increasing that of RGB signals of the pixels
of tomographic image data in the same coordinates as the
pixels of the blood flow information in a stepwise fashion.
Note that, depending on the magnitude of change obtained by
the change detector 15, the image generator 17 may reduce
the addition ratio of RGB signals of the pixels of blood flow
information determined as not representing the hemodynam-
ics of the subject as well as increasing that of RGB signals of
the pixels of tomographic image data in the same coordinates
as the pixels of the blood flow information in a non-stepwise
fashion. The image generator 17 does not perform this addi-
tion for the pixels of blood flow information determined as
representing the hemodynamics of the subject. The image
generator 17 generates ultrasound image data for the pixels of
blood flow information determined as representing the hemo-
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dynamics of the subject such that a Doppler image is supet-
imposed on a tomographic image.

[0089] In the display of an ultrasound image based on the
ultrasound image data thus generated, with respect to a por-
tion of the pixels of blood flow information determined as not
representing the hemodynamics of the subject, as the magni-
tude of change detected by the change detector 15 increases,
RGB signals of the pixels of the tomographic image are
displayed at a high ratio, while RGB signals of the color
Doppler image is displayed at a low ratio as a watermark. A
portion of the pixels of blood flow information determined as
representing the hemodynamics of the subject has no water-
mark display, and the color Doppler image is superimposed
on the tomographic image. Therefore, while viewing the
ultrasound image, the user can recognize a portion of the
pixels with a watermark of the color Doppler image as a part
where clutter and motion artifacts are rendered.

[0090] The ultrasound image processing method of the
above embodiments may be implemented by computer pro-
grams. Such computer programs can be stored in an arbitrary
recording medium that is readable by a computer. Examples
of the recording medium include, for example, a semiconduc-
tor memory, an optical disk, a magneto-optical disk, a mag-
netic storage medium, and the like. The computer programs
may be transmitted and received through a network such as
the Internet or LAN.

[0091] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the inventions.

What is claimed is:

1. An ultrasound diagnosis apparatus, comprising process-
ing circuitry configured to:

receive a reception signal based on reflected waves
returned from a subject in response to ultrasound waves
transmitted to the subject, and sequentially obtain tomo-
graphic image data of the subject for a plurality of times;

perform processing on the reception signal based on signal
processing conditions including a velocity threshold
related to blood flow information of the subject to obtain
the blood flow information;

detect a magnitude of change in time axis direction of a
plurality of pieces of tomographic image data for differ-
ent times;

change the signal processing conditions based on the mag-
nitude of change in the time axis direction of the tomo-
graphic image data; and

when having changed the signal processing conditions,
perform the processing on the reception signal based on
changedsignal processing conditions to obtain the blood
flow information.
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2. The ultrasound diagnosis apparatus of claim 1, wherein
the processing circuitry is further configured to

calculate a velocity of blood flow in the subject,

obtain the velocity as the blood flow information when the

velocity is equal to or above the velocity threshold,
which is a threshold value to obtain the velocity as the
blood flow information,

change the velocity threshold to a new velocity threshold,

and

after having changed the velocity threshold, obtaina veloc-

ity as the blood flow information when the velocity is
equal to or above the new velocity threshold.

3. The ultrasound diagnosis apparatus of claim 2, wherein
the processing circuitry is further configured to increase the
velocity threshold when detecting a greater magnitude of
change in the time axis direction.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the processing circuitry is further configured to

calculate a variance of blood flow in the subject, wherein

the signal processing conditions include a variance
threshold, which is a threshold value to obtain the vari-
ance as the blood flow information,

obtain the variance as the blood flow information when the

variance is equal to or above the variance threshold,
change the variance threshold to a new variance threshold,
and

after having changed the variance threshold, obtain a vari-

ance as the blood flow information when the variance is
equal to or above the new variance threshold.

5. The ultrasound diagnosis apparatus of claim 4, wherein
the processing circuitry is further configured to reduce the
variance threshold when detecting a greater magnitude of
change in the time axis direction.

6. The ultrasound diagnosis apparatus of claim 1, wherein
the processing circuitry is further configured to

calculate a power of blood flow in the subject, wherein the

signal processing conditions include a lower power
threshold and an upper power threshold, which are
threshold values to obtain the power as the blood flow
information,

obtain the power as the blood flow information when the

power is equal to or above the lower power threshold and
equal to or below the upper power threshold,

change the lower power threshold and the upper power

threshold to a new lower power threshold and a new
upper power threshold, respectively, and

after having changed the lower power threshold and the

upper power threshold, obtain a power as the blood flow
information when the power is equal to or above the new
lower power threshold and equal to or below the new
upper power threshold.

7. The ultrasound diagnosis apparatus of claim 6, wherein
the processing circuitry is further configured to increase the
lower power threshold and reduce the upper power threshold
when detecting a greater magnitude of change in the time axis
direction.

8. The ultrasound diagnosis apparatus of claim 1, further
comprising a frequency filter configured to perform filtering
on the reception signal based on specified frequency charac-
teristics, wherein

the signal processing conditions include frequency charac-

teristics of the frequency filter, and
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the processing circuitry is further configured to
change the frequency characteristics of the signal pro-
cessing conditions, and
when having changed the frequency characteristics, per-
form the processing on the reception signal based on
changed frequency characteristics to obtain the blood
flow information.
9. The ultrasound diagnosis apparatus of claim 8, wherein
the processing circuitry is further configured to
estimate clutter contained in the blood flow information
based on a reference value stored in advance and the
blood flow information to change the frequency charac-
teristics based on the clutter, and
change the reference value based on the magnitude of
change in the time axis direction.
10. The ultrasound diagnosis apparatus of claim 1, wherein
the processing circuitry is further configured to
determine whether the reception signal represents the
blood flow information based on the signal processing
conditions, and
generate, based on a determination result, ultrasound
image data by which an image based on the reception
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signal determined as not representing the blood flow
information can be displayed weaker than an image
based on the reception signal determined as representing
the blood flow information.
11. An ultrasound image processing method for processing
a reception signal based on reflected waves returned from a
subject in response to ultrasound waves transmitted to the
subject, the method comprising:
sequentially obtaining tomographic image data of the sub-
ject for a plurality of times;
performing processing on the reception signal based on
signal processing conditions including a velocity thresh-
old related to blood flow information of the subject to
obtain the blood flow information;
detecting a magnitude of change in time axis direction of a
plurality of pieces of tomographic image data for differ-
ent times; and
when having changed the signal processing conditions
based on the magnitude of change in the time axis direc-
tion, obtaining the blood flow information based on
changed signal processing conditions.
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