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ULTRASONIC DIAGNOSTIC APPARATUS

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application relates to and claims priority from
Japanese Patent Application No. 2007-117954, filed on Apr.
27,2007, the entire disclosure of which is incorporated herein
by reference.

TECHNICAL FIELD

[0002] The present invention relates to an apparatus for
taking advantage of an ultrasound signal transmitted/received
by an ultrasound probe, and measuring the spatial distribution
of brightness of a blood-flow image and velocity vector of the
blood flow, and identifying, imaging, and displaying a stag-
nation region in which the blood flow stagnates.

BACKGROUND ART

[0003] Myocardial infarction and cerebral infarction,
symptoms of which are caused to occur by interruption of a
blood flow, are serious diseases whose mortality rates are high
next to cancer, and whose symptoms are caused to occur in an
unexpected and sudden manner. Here, the interruption of a
blood flow is attributed to a plaque on a blood-vessel wall, or
a blood clot due to exfoliation of the plaque or stagnation of
the blood flow. Meanwhile, the plaqueitselfis formed in such
amanner that the plaque grows gradually on the blood-vessel
wall portion with a lapse of a few months to a few years. On
account of this situation, it is important to identify and moni-
tor, at the stage of medical check, a location at which the
plaque is in a danger of being likely to be formed. Simulta-
neously, it is requested to take a preventive measure against
the formation of the plaque before it results in the occurrence
of a clogging of the blood vessel.

[0004] The size and growth rate of a plaque under observa-
tion are conceivable as judgment criterions as to whether or
not to carry out a medical treatment against the plaque. What
becomes an important indicator in trying to diagnose a plaque
is the blood-flow state on the periphery of the plaque; in
particular, the velocity distribution of the blood flow.

[0005] The technology for measuring the velocity distribu-
tion of a blood flow based on autocorrelation operation, and
implementing the two-dimensional imaging of the velocity
distribution is a technology widely installed into ultrasonic
diagnostic apparatuses (e.g., Japanese Patent No. 3370780).

Patent Document 1 Japanese Patent No. 3370780
DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0006] Intheabove-described conventional technology, the
problem of visualizing the stagnation of a blood flow still
remains unsolved. Accordingly, an object of the present
invention is to provide an ultrasonic diagnostic apparatus for
displaying a blood-flow distribution image which indicates
the stagnation region.

Means for Solving the Problem

[0007] As an embodiment, an ultrasonic diagnostic appa-
ratus of the present invention includes an ultrasound probe for
transmitting/receiving an ultrasound to/from an object, a
transmitting beamformer for allocating a predetermined time
delay to each of piezoelectric elements in order to form a
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desired transmission beam, each of the piezoelectric elements
constituting the ultrasound probe, a D/A converter for con-
verting a digital signal from the transmitting beamformer to
an analog signal, a TGC (: Time Gain Controller) for correct-
ing an amplitude attenuation which occurs in the propagation
process, an A/D converter for converting a reception signal to
adigital signal, a receiving beamformer for aligning the phase
of the reception signal obtained in each element of the ultra-
sound probe, and correcting a time difference which occurs
due to each element position, an envelope detector for detect-
ing a RF signal outputted from the receiving beamformer, and
converting the RF signal to an image signal, a scan converter
for configuring plural pieces of two-dimensional image data
by using the image signal transmitted from the envelope
detector, a frame memory for storing at least the two pieces of
image data, a velocity vector detector for measuring blood-
flow and tissue velocity vectors which have occurred between
the plural pieces of image data stored, a blood-flow image
extracting unit for configuring a blood-flow image, the blood-
flow image being acquired by extracting a blood-flow region
out of the image data on the basis of the velocity vectors
measured, a frequency-distribution calculation unit for cal-
culating frequency distribution of brightness of the blood-
flow image on the blood-flow image, a displayed-brightness
control unit for allowing an operator to set a brightness
threshold value for pixels of brightness which are to be color-
mapped on a brightness’s frequency-distribution table dis-
played on a screen, a blood flow imaging unit for configuring
ablood-flow distribution image by color-coding the pixels of
the brightness in accordance with the brightness on the image
data, the brightness having exceeded the brightness threshold
value set in the displayed-brightness control unit by the
operator, and a display for displaying the blood-flow distri-
bution image.

[0008] Here, the measurement of the velocity vectors may
also be made for each region which is acquired by segmen-
talizing the image data. Also, the blood-flow region may be
extracted out of the image data on the basis of the measure-
ment result of the velocity vectors. Also, the frequency dis-
tribution of the brightness of the blood-flow image may be
measured. Also, a desired brightness may be selected by the
operator as the threshold value for the pixels of the brightness
which are to be color-mapped on the blood-flow distribution
image on the brightness’s frequency-distribution table dis-
played on the screen. Moreover, the pixels may be assumed to
have brightness which have exceeded the desired brightness.
Also, information displayed in a manner of being superim-
posed on the image data is assumed to be either or both of the
velocity vector of the blood flow and the brightness distribu-
tion of the blood flow. Furthermore, the information dis-
played at one time may be freely selected by the operator.
Also, there may be provided a blood-flow distribution image
display, including a unit for measuring the velocity vectors
from the plural pieces of image data, a unit for extracting the
blood-flow region out of the image data by using the velocity
vectors measured. and a unit for calculating the frequency
distribution of the brightness of the blood-flow region, and
color-mapping the pixels whose brightness have exceeded the
threshold value for the brightness set by the operator, wherein
the blood-flow distribution image display displays the blood-
flow distribution image. Here, the information selected from
the image data, the velocity vector of the blood flow, and the
brightness distribution of the blood flow by the operator, such
as the brightness distribution and the blood-flow vector indi-
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cating blood-flow concentration and blood-flow velocity, are
displayed on the blood-flow distribution image in a manner of
being superimposed on the image data.

[0009] As another embodiment, an ultrasonic diagnostic
apparatus of the present invention includes an ultrasound
probe for transmitting/receiving ultrasound signals to/from
an object, a first imaging unit for configuring plural pieces of
first-image data based on the reception signals received by the
ultrasound probe, a velocity vector detector for measuring
blood and tissue velocity vectors based on the plural pieces of
first-image data inputted from the first imaging unit, a blood-
flow image extracting unit for configuring a blood-flow image
based on the velocity vectors measured by the velocity vector
detector, a histogram unit for calculating number of pixels for
each brightness with respect to the blood-flow image config-
ured by the blood-flow image extracting unit, a threshold
controller for inputting a brightness threshold value, an infor-
mation processing unit for color-mapping pixels whose
brightness are higher than the brightness threshold value, and
configuring second-image data by adding the pixels to at least
the one piece of first-image data, and a display for displaying
the second-image data configured by the information pro-
cessing unit.

[0010] As still another embodiment, an ultrasonic diagnos-
tic apparatus of the present invention includes an ultrasound
probe for transmitting/receiving ultrasound signals to/from
an object, a first imaging unit for configuring plural pieces of
first-image data based on the reception signals received by the
ultrasound probe, a memory for memorizing at least two
pieces of the plural pieces of first-image data, each of the
plural pieces of first-image data corresponding to each of the
plural reception signals ranging from the 1st signal to the n-th
signal and received by the ultrasound probe, a velocity vector
detector for measuring blood and tissue velocity vectors from
the first-image data corresponding to the (n-1)-th signal and
the first-image data corresponding to the n-th signal, these
two pieces of first-image data being inputted from the first
imaging unit and being memorized into the memory, an
image accumulation unit for creating an accumulation image
by adding the plural pieces of first-image data to each other, a
blood-flow image extracting unit for extracting a blood-flow
image based on the velocity vectors measured by the velocity
vector detector, or the accumulation image created by the
image accumulation unit, a histogram unit for calculating
number of pixels for each brightness with respect to the
accumulation image, a threshold controller for inputting a
brightness threshold value, an information processing unit for
color-mapping pixels whose brightness are higher than the
brightness threshold value, and configuring second-image
data by adding the pixels to at least the one piece of first-
image data, and a display for displaying the second-image
data configured by the information processing unit.

ADVANTAGES OF THE INVENTION

[0011] According to the ultrasonic diagnostic apparatus of
the present invention, it becomes possible to implement color
mapping of the blood-flow brightness distribution for indi-
cating blood-flow concentration and blood-flow flow veloc-
ity, and to display the blood-flow distribution image where a
stagnation region is eniphasized.

[0012] The other objects, features, and advantages of the
present invention will become apparent from the following

Mar. 18, 2010

description of embodiments of the present invention associ-
ated with the accompanying drawings.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0013] Inthe ultrasonic diagnostic apparatus of the present
invention, the velocity vectors of an object are measured
using plural pieces of image data. Next, based on the mea-
surement result, a blood-flow region is extracted out of the
image data. Moreover, a frequency-distribution table is cal-
culated which indicates the frequency distribution of bright-
ness of the blood-flow region. Finally, based on the frequency
distribution of the brightness, pixels whose brightness have
exceeded a brightness threshold value set by the operator are
color-mapped on the image data, thereby implementing and
displaying the blood-flow distribution image.

Embodiment 1

[0014] FIG. 1 is a block diagram for illustrating the con-
figuration of an ultrasonic diagnostic apparatus according to
a first embodiment of the present invention. First, the expla-
nation will be given below concerning processing steps in a
first imaging unit for configuring a B-mode image which
becomes source data for measuring the blood-flow distribu-
tion. Subsequently, the explanation will be given below
regarding processing steps in a second imaging unit for con-
figuring the blood-flow distribution image using the B-mode
image inputted from the first imaging unit.

[0015] The processing steps in the first imaging unit for
configuring the B-mode image are the well-known technol-
ogy. Accordingly, the explanation thereof will be given here
briefly.

[0016] The ultrasound irradiation surface of an ultrasound
probe 2 is configured such that a plurality of piezoelectric
elements are arranged in a line. Fach piezoelectric element is
in charge of transmitting/receiving the ultrasound. A voltage
pulse from a transmitting beamformer 3 is inputted into each
piezoelectric element via a D/A converter 4. The resultant
piezoelectric vibration of each piezoelectric element gener-
ates the ultrasound, then irradiating the ultrasound towards an
object 1. At this time, a predetermined time delay is electroni-
cally allocated to each piezoelectric element. The ultrasound
transmitted from each piezoelectric element is focused at a
predetermined position inside the object 1. A reflection echo
reflected from the object 1 is received by each piezoelectric
element. In order to correct an attenuation amount in the
reflection-echo signal which occurs in the propagation pro-
cess, a TGC (: Time Gain Controller) 5 makes an amplitude
correction thereto in correspondence with the propagation
distance. Subsequently, the reception signal is transmitted to
areceiving beamformer 7 via an A/D converter 6. The receiv-
ing beamformer 7 multiples the reception signal by a delay
time in correspondence with the distance from the focus
position to each piezoelectric element, and adds the resultant
delay-time-multiplied reception signals to each other, then
outputting this addition result (i.e., phase-aligned addition).
This transmission/reception of the ultrasound is performed in
all of scanning lines along the line of the piezoelectric ele-
ments. This operation allows acquisition of the two-dimen-
sional reflection echo distribution of the object 1. A RF signal
separated into a real part and an imaginary part is outputted
from the receiving beamformer 7, then being transmitted to
an envelope detector 8. The RF signal transmitted to the
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envelope detector 8, after being converted into an image
signal, is subjected to an inter-scanning-lines pixel interpola-
tion by a scan converter 9. In this way, the image signal, after
being reconfigured into two-dimensional image data, is dis-
played on a display 10.

[0017] Subsequently, the explanation will be given below
regarding the processing steps in the second imaging unit for
configuring the blood-flow distribution image.

[0018] Atleast two pieces of image data outputted from the
scan converter 9 are stored into a frame memory 11. The two
pieces of image data are transmitted to a velocity vector
detector 12. The velocity vector detector 12 measures blood-
flow and tissue velocity vectors which have occurred during
the acquisitions of the two pieces of image data. Based on the
blood-flow velocity vector measured, a blood-flow image
extracting unit 13 configures a blood-flow image in which
only a blood-flow region is extracted out of the image data.
The velocity of the blood flow is larger as compared with the
velocity of the tissue by an amount of one digit or more. As a
result, the blood-flow region can be extracted by allocating a
certain constant threshold value to the velocity vector mea-
sured, and selecting an region having a velocity vector larger
than the constant threshold value. Subsequently, the blood-
flow image is transmitted to histogram unit 14, which calcu-
lates the frequency distribution of brightness of the blood-
flow image. Based on the frequency distribution of the
brightness measured, a threshold controller 15 allows the
operator to input a brightness which becomes the threshold
value for pixels which are to be color-mapped. Here, the
image data stored into the frame memory 11 are transmitted
not only to the velocity vector detector 12, but also to a blood
flow imaging unit (i.e., information processing unit) 16. The
blood flow imaging unit 16 selects, from the blood-flow
image, the pixels whose brightness have exceeded the thresh-
old value inputted in the threshold controller 15 by the opera-
tor. After that, the unit 16 color-codes these pixels in accor-
dance with the brightness thereof. Finally, the unit 16
superimposes the resultant color-coded blood-flow image on
the image data read from the frame memory 11, thereby
allowing the configuration of the blood-flow distribution
image. The blood-flow distribution image is transmitted to the
display 10, then being displayed on the display.

[0019] Next, in accordance with a processing-step table
illustrated in FIG. 2, the explanation will be given below
concerning the processing steps up to the processing step at
which the blood-flow distribution image in which the bright-
ness distribution of the blood flow is color-mapped is config-
ured from the image data fetched from the scan converter 9 in
the blood flow imaging unit 16.

[0020] Itisassumed that the two pieces of image data stored
into the frame memory 11 are f; and £, in the order in which
they are stored therein. Namely, it is assumed that the image
data f, is the newest image data fetched. At a step 21, the
measurement of the velocity vector is performed using these
two pieces of image data. When the two pieces of image data
are inputted into the velocity vector detector 12, the image
data f, is segmentalized into regions (which, hereinafter, will
be referred to as “segmentalized regions”) for measuring the
velocity vector. It is desirable that these segmentalized
regions be the smallest possible regions implementable in
order to determine how finely the distribution of the velocity
vector is measured. These segmentalized regions, however,
are required to be larger than such molecules as hemoglobin
and lipid, i.e., reflection-echo sources flowing in the blood
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flow. This is because such molecules are searched and traced
in the measurement of the velocity vector. The size of each
segmentalized region is determined by frequency of the ultra-
sound irradiated from the ultrasound probe, and diameter
width and focus position of the ultrasound probe. Accord-
ingly, under a condition of about 7-MHz frequency, about
3-cm diameter width, and about 2-cm-depth focus position,
the size of each segmentalized region becomes equal to 500
um in square. Consequently, the operator can freely modify
the size of each segmentalized region under the condition that
500 um in square is employed as its initial value. Also, it is
assumed that the operator can arbitrarily set the initial value
as well. Next, referring to FIG. 3A and FIG. 3B, the explana-
tion will be given below regarding the measurement method-
ology for the velocity vector, focusing attention on a single
segmentalized region subf, set on the image data f.

[0021] In the drawings, the reference numerals 31 and 33
denote the image data f, and f,, respectively, and 32 and 34
denote blood vessels on the image data f, and f,, respectively.
The segmentalized region subf, (36) is set on the image data
f, (33). Moreover, a searching region 35 for searching for an
region (i.e., matching region) which matches the segmental-
ized region subf, (36) most satisfactorily is set at a position on
the image data f; at which the central point of the searching
region 35 becomes the same as the central point of the seg-
mentalized region subf, (36). The size of the searching region
35is determined by the velocity of the blood flow and a frame
rate at which the image data are to be acquired. Enlarging the
searching region 35, however, results in an increase in the
processing time by the amount equivalent thereto. Accord-
ingly, the searching region 35 is required to be set into the
smallest possible region implementable. In the case of, e.g., a
lower-limb vein, the blood-flow velocity is equal to about 1 to
2 cm/second, which is exceedingly slow. Consequently, when
fetching the 300-frame-per-second image data, a movement
of the blood flow which occurs between the image data
becomes equal to about 300 to 600 um. Accordingly, a search-
ing region equivalent to this movement will be set.

[0022] Inthe case of setting a searching region, the size of
the searching region can be optimized by estimating a veloc-
ity vector, which is to be measured based on the next image
data, from a velocity vector which has been measured based
onthe previous image data. For example, as illustrated in FIG.
4A and FIG. 4B, it is assumed that a velocity vector V, _, has
been measured from the image data f; and f,. Next, if image
data f, is newly acquired, a segmentalized region is set on the
image data f;, and a searching region is set on the image data
f,. Moreover, a velocity vector which has occurred between
the image data f, and f; is measured based on basically the
same methodology. At this time, if the frame rate is suffi-
ciently faster as compared with the velocity of the movement
of the object, it can be estimated that the measurement result
of this velocity vector will turn out to be a measurement result
which is close to V,_. Accordingly, the searching region
which is to be set on the image data f, from the essential
viewpoint is set such that the central point of the searching
region is the same as the central point of the searching region
35 set on the image data f;, and such that the size of the
searching region is the same as the size of the searching region
35 (i.e., before-optimization searching region 40). From the
above-described estimation, however, it is possible to set a
searching region whose size is maintained in the direction of
V.2, and whose size is reduced in another direction into,
e.g., one-half of the region which should be set from the
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essential viewpoint (i.e., after-optimization searching region
41). The optimization of the searching region narrows the
range in which a region which matches the segmentalized
region is to be searched for. This condition makes it possible
to shorten a processing time needed for the measurement of
the velocity vector.

[0023] The position of the matching region is defined as
follows: While shifting the segmentalized region subf, (36)
within the searching region 35 on a one-pixel-by-one-pixel
basis, the total sum ¢, of differential absolute values of
brightness in respective positions (X, y) within the searching
region 35 is determined in accordance with the following
Expression (1): Then, the position of the matching region is
defined as being a position at which this total sum c,,
becomes equal to its minimum.

[Expression 1]

Ny Mo (L

Coy= Z Z |Lseebfy (L, m, 1) — subfy(L, m, 1— 60
t m

[0024] Here, (N, N,,) and (1, m) denote the pixel count of
the segmentalized region subf, (36) and the relative pixel
position in each position (x, y) within the searching region 35,
respectively. The distance ranging from the central point of
the segmentalized region to the central point of the matching
region is the movement of the object in the segmentalized
region which has occurred between the two pieces of image
data. The velocity vector can be determined from the value of
this distance. The explanation has been given here regarding
the typical example of methodologies for searching for the
matching region. The operation methodologies, however, are
not limited thereto, as long as they are methods for searching
for a region which matches a certain specific region most
satisfactorily. Examples of such other operation methodolo-
gies are least-squares method and correlation method. The
search for the matching region explained so far is performed
with respect to all of the segmentalized regions set on the
image data f,. This processing allows implementation of the
measurement of the velocity vector for the entire image data.

[0025] FIG.5illustrates a typical diagram for indicating the
measurement result of the velocity vector. The blood vessel
32 exists on the image data 31, which becomes the criterion in
trying to measure the velocity vector. The velocity vector is
indicated by an arrow in the drawing. The size of the arrow
indicates the magnitude of the blood-flow velocity. Usually,
the blood-flow velocity on the blood-vessel wall side
becomes smaller as compared with the blood-flow velocity at
the blood-vessel central portion. Also, the tissue is at rest
under an ideal condition that the ultrasound probe is fixed. As
a result, the measurement result of the velocity vector
becomes equal to substantially zero in the regions other than
the blood flow.

[0026] At a step 22, the blood-flow region is extracted
based on the velocity vector measured. When the movement
of the tissue is sufficiently smaller as compared with the
movement of the blood flow, an region in which the velocity
vector is equal to substantially zero is eliminated from the
image data f,. This processing allows the configuration of the
blood-flow image in which only the blood-flow region is
extracted. For example, in a neck artery and a lower-limb
vein, 1.e., important targets in the plaque diagnosis, the veloc-

Mar. 18, 2010

ity of the blood flow is larger as compared with the velocity of
the tissue by an amount of about one digit. Consequently, the
extraction of the blood-flow region based on the velocity
vector is comparatively easy.

[0027] As the extraction method for the blood-flow region,
the explanation has been given here concerning the method-
ology of utilizing the measurement result of the velocity
vector obtained using the two pieces of image data. The image
data to be utilized for the measurement of the velocity vector,
however, are not limited to the two pieces. Namely, velocity
vectors between the respective image data may be measured
using still more pieces of image data. Then, from the plurality
of velocity vectors measured in the segmentalized regions set
up at the same position of the respective image data, an
average velocity vector at this same position is calculated.
Next, the blood-flow region may be judged from the magni-
tude of the average velocity vector. In this case, the blood-
flow region can be distinguished without being influenced by
the instantaneous movement of the tissue. Also, the time-
series velocity vectors measured among the plural pieces of
image data are accumulation-added to each other in each
segmentalized region. This processing makes it possible to
clarify more accurately the difference in the velocity between
the blood-flow region and the tissue region.

[0028] Also, the irradiation with a low-frequency compo-
nent ultrasound is included into the wave-transmission
sequence. Then, the tissue region can also be judged from
image data which is acquired by the low-frequency-compo-
nent ultrasound irradiation. In the low-frequency-component
ultrasound irradiation, the reception signal of a sufficiently
strong intensity cannot be acquired from the reflection-echo
sources contained in the blood flow. As a result, the resultant
configured image data turns out to be an image where the
tissue component is emphasized. Accordingly, selecting the
low-brightness region on the image makes it possible to
extract the blood-flow region. In the case of this wave-trans-
mission sequence, the measurement of the velocity vector is
not necessarily required. In this case, it turns out that the
velocity vector of the blood flow cannot be displayed, and that
only the brightness-distribution image of the blood flow is
displayed. By the amount equivalent thereto, however, a tre-
mendous shortening in the processing time can be expected.
[0029] Also, the use of image data configured with the
high-frequency component allows the blood-flow region to
be imaged with the brightness which is higher as compared
with that of the tissue region by an amount of one digit or
more. As a result, extracting the high-brightness region on the
image makes it possible to create the blood-flow region. The
use of a contrast agent is also effective in amplifying the
reflection-echo intensity from the blood-flow region. In this
case as well, the measurement of the velocity vector is not
necessarily required, and the shortening in the processing
time can be expected. Also, subtracting the image configured
with the low-frequency component from the image config-
ured with the high-frequency component is more effective in
extracting the blood-flow region.

[0030] Next, the frequency distribution of the brightness of
the blood-flow image is calculated (step 23). The frequency
distribution table displays the brightness (which is equal to 0
to 255 at the maximum in the case of 8-bit image data) in the
horizontal axis, and the accumulation of the pixels having
each brightness in the vertical axis (FIG. 6). Based on the
frequency distribution table, the operator inputs a brightness
threshold value which becomes the criterion for determining
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pixels which are to be color-mapped (step 24). The brightness
on the screen of the table is the intensity of the reflection-echo
signal accumulated on each pixel in a unit time. Namely, the
brightness indicates a location into which inflow quantity of
the blood flow is large, or a location at which the blood flow
stagnates. Accordingly, adjusting the threshold value allows
implementation of, e.g., an image display where only the
location at which the blood flow stagnates is emphasized. An
example of the input method is as follows: The frequency
distribution table and a threshold pointer for setting the
threshold value are displayed on the display 10 in accompa-
niment with the image. Then, the reference line is moved onto
a desired position, thereby setting the threshold value (FIG.
7). On the screen, in accompaniment with the movement of
the reference line operated by the operator, the color mapping
of the blood-flow distribution image is also switched by being
caused to instantaneously respond thereto. Also, it is possible
to select a specific region on the image data, e.g., the blood-
vessel central region, and to select the brightness of the spe-
cific region as the threshold value. Basically, the blood-flow
velocity at the blood-vessel central portion is higher as com-
pared with the blood-flow velocity on the blood-vessel wall
side. Consequently, the blood-vessel central portion exhibits
the low brightness on the image data. As a result, by selecting
the brightness at the blood-vessel center or in proximity to the
center as the reference (i.e., threshold value), it becomes
possible to implement the color mapping of the brightness
distribution of the entire blood-flow region.

[0031] At a step 26, the pixels whose brightness have
exceeded the threshold value selected at a step 25 are color-
coded on the image data f,. Moreover, depending on the
request by the operator, it is possible to display the color-
coded pixels in such a manner that the velocity vector mea-
sured by the velocity vector detector 12 is superimposed on
the color-coded pixels. This superimposition display makes it
possible to expect, e.g., clarification of the cause or mecha-
nism for the stagnation of the blood flow in the entire blood
flow within the blood vessel. Also, this superimposition dis-
play allows implementation of imaging of blood-flow mean-
der due to blood-vessel tumor, and flow-in of the blood flow
into aneurysm. This successful implementation of the imag-
ing makes it possible to expect an enhancement in the diag-
nosis capability for the blood-vessel abnormalities and the
like.

[0032] FIG. 7 illustrates an example of the blood-flow dis-
tribution image displayed on the display 10. The frequency
distribution table and the velocity vector are displayed on the
original image data f, (33). In addition thereto, a portion
(denoted by 71 in the drawing) is color-mapped where the
blood flow stagnates and which has become a high-brightness
region. Incidentally, the operator can freely modify the mea-
surement region, thereby being capable of shortening the
processing time. Also, the mode of the image data is not
particularly limited (like, e.g., the image configured with the
fundamental-frequency component and the image configured
with the high-frequency component), as long as the reflec-
tion-echo intensity from the blood flow is sufficiently strong.
Also, the use of a contrast agent amplifies the reflection-echo
intensity, which makes it possible to display the blood-flow
distribution image with an even higher accuracy.

[0033] Inthe above-described processing, the velocity vec-
tor of the blood flow is used in order to distinguish the blood-
flow region. Meanwhile, the blood-flow state, which is the
direct element to be imaged, is judged using the brightness
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distribution of the blood flow on the image data. Here, a
processing which is more effective than the use of the bright-
ness distribution is made executable by judging the turbulent
flow of the blood flow from the velocity vector thereof. FIG.
14 illustrates a block diagram of a device configuration
example in this case. In FIG. 14, of the block diagram of the
device configuration example illustrated in FIG. 1, the histo-
gram unit 14 is replaced by a velocity vector field detector
141.

[0034] As illustrated in FIG. 15, the velocity vector field
detector 141 configures directions of measured vectors in the
horizontal axis, and, in the vertical axis, vector distribution
151 where frequencies of the directions are assumed. The
directions of the vectors are set based on the image data 31
displayed on the display in accompaniment therewith.
Namely, for example, the right direction is selected as the
reference value and defined as being 0°. The directions of the
blood flows are basically oriented into one and the same
direction. Accordingly, the vector distribution exhibits a high
frequency in this one and the same direction. In a turbulent-
flow region, however, the directions of the vectors are ori-
ented into various directions. Consequently, the vector distri-
bution exhibits a frequency in a direction other than 0°. An
extracting region 152 is provided in the vector distribution
151. The operator adjusts this extraction region 152 properly
in an Extracting-region input unit 142, thereby making it
possible to select a vector having a desired direction or pixels
corresponding thereto. The selected pixels on the image data
are color-coded by the blood flow imaging unit 16, then being
displayed on the display.

[0035] Also, variance value (o) of each peak is measured
from the vector distribution 151. Then, an region where the
variance value is large can be selected as an region where the
directions of the vectors are nonuniform, i.e., a turbulent-flow
region. When a tumor exists on a blood vessel locally, and
when a turbulent flow on the periphery is wished to be
extracted, many of the vectors possess a uniform direction.
Accordingly, the variance value of a peak in this uniform
direction is small, and exhibits a large frequency. Conse-
quently, the turbulent flow can be extracted by extracting an
region other than a range (e.g., 20 in FIG. 15) which is
determined by the variance value of this peak.

[0036] Also, the mutual degree of similarity of pixels is
determined using adjacent blood-flow vectors and the mutual
correlation operation. Then, pixels are selected whose degree
of similarity is found to be lower than a threshold value set in
advance. This processing also makes it possible to distinguish
the pixels in the turbulent-flow region. In this case, the adjust-
ment of the threshold value or the extracting region is not
necessarily required.

Embodiment 2

[0037] FIG. 8 is a block diagram for illustrating the con-
figuration of an ultrasonic diagnostic apparatus according to
a second embodiment of the present invention. The device
configuration and processing steps in the first imaging umt
are the same as the ones in the first embodiment. Accordingly,
the explanation will be given below from the second imaging
unit.

[0038] As is the case with the first embodiment, at least the
two pieces ofimage data are stored into the frame memory 11.
In the second embodiment, however, n (n>1) pieces of image
data (f,-£,), which are set by the operator, are stored into the
frame memory 11 one after another. Here, it is assumed that
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the image data f, is the newest of the n pieces of image data
fetched into the frame memory 11. The velocity vector detec-
tor 12 measures velocity vectors which have occurred among
plural pieces of image data, or desirably, among all of the n
pieces of image data fetched into the frame memory 11. The
measurement methodology for the velocity vectors is the
same as the measurement methodology in the first embodi-
ment.

[0039] In the ultrasonic diagnostic apparatus according to
the second embodiment, an accumulation image is config-
ured by applying an addition processing to plural pieces of
image data on the basis of the velocity vectors measured.
Then, the accumulation image configured is utilized for the
measurement of the brightness distribution. Also, the accu-
mulation image is utilized for the extraction of the blood-flow
region in the blood-flow image extracting unit 13.

[0040] First, referring to a flowchart illustrated in FIG. 9,
the explanation will be given below concerning the measure-
ment of the velocity vectors and the methodology for execut-
ing the addition processing. Here, it is assumed that the addi-
tion number-of-pieces are n pieces, and that the n pieces of
image data from | to f, are stored into the frame memory 11
in the order in which they are loaded therein. First of all, the
newest image f, fetched into the ultrasonic diagnostic appa-
ratus is loaded as a reference image for the addition process-
ing (step 91). Subsequently, the 1-frame-previous image f,
(i.e., the initial value of t is equal to (n-1)), which becomes the
addition target, is loaded from the frame memory 11 (step 92).
Then, using these two pieces of images, the measurement of
a velocity vector which has occurred therebetween is per-
formed (step 93). Moreover, based on this measurement
result, the movement of the object which has occurred
between these two pieces of images is corrected, then per-
forming the addition processing (step 94). The measurement
ofthe velocity vector is performed using the generally-known
pattern-matching methodologies, such as mutual correlation
method and least-squares method, and the methodologies for
the measurement are not particularly limited. Furthermore,
the steps ranging from the step 92 to the step 94 are repeated
(n-1) times, i.e., until the value of t has become equal to t=1
(step 95). Finally, the accumulation image, which is acquired
by applying the addition processing to the n pieces of images,
is outputted to the blood-flow image extracting unit 13 (step
96).

[0041] The blood-flow image extracting unit 13 creates an
addition blood-flow image in which only a blood-flow region
is extracted out of the accumulation image. In the extraction
of the blood-flow region, the blood-flow region is judged
based on the brightness of the accumulation image. The
brightness from the reflection-echo sources contained in the
blood flow are accumulated on the reference image for the
addition processing by the execution of the addition process-
ing. On account of this accumulation, a flow-trace line result-
ing from tracing the movement of a reflection-echo source is
described on the addition blood-flow image. Meanwhile, the
fine structure of the tissue region is maintained even on the
accumulation image. This is because the movement of the
tissue region is sufficiently slower as compared with the
movement of the blood flow. Accordingly, extracting the low-
frequency component out of the accumulation image makes it
possible to create the blood-flow image. Also, the method-
ologies as described in the first embodiment are applicable,
such as the methodology of including the low-frequency-
component ultrasound into the wave-transmission sequence,
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and the methodologies of using the high-frequency compo-
nent ultrasound and a contrast agent. Each of these method-
ologies is a one of utilizing the difference in the brightness
between the tissue region and the blood-flow region. Conse-
quently, the application of the addition processing makes it
possible to magnify the difference in the brightness even
further.

[0042] Moreover, the addition blood-flow image is trans-
mitted to the histogram unit 14. The unit 14 calculates the
frequency distribution table of the brightness of the addition
blood-flow image. using basically the same methodology as
the one explained in the first embodiment. On the addition
blood-flow image, the distribution of the brightness, which
has occurred due to the differences in the blood-flow quantity
and the blood-flow velocity, is clearer as compared with the
distribution of the brightness in the case of the single image.
As a result, it becomes much easier to make the judgment on
an region equivalent to the stagnation region from the fre-
quency distribution table.

[0043] Furthermore, in the threshold controller 15, the
operator inputs a threshold value for implementing the color
mapping, using the frequency distribution table and the meth-
odology explained in the first embodiment. In addition, in the
blood flow imaging unit 16, the color-coded blood-flow stag-
nation region and the blood-flow velocity vector are super-
imposed on the image data f, loaded from the frame memory
11. This processing allows the configuration of the blood-
flow distribution image. At this time, the image on which the
stagnation region and velocity vector are to be superimposed
is also allowed to be the accumulation image created in an
image accumulation unit 81, as is illustrated in FIG. 10. The
operator can freely select either of the image data f, and the
accumulation image.

[0044] In the case of measuring a velocity vector, if the
fetching time for the image data is long, the following possi-
bilities exists: A change in the brightness which occurs
between the image data may become larger. Also, a measure-
ment error for the velocity vector may occur. Then, when the
accumulation image acquired using the plural pieces of image
data 1s used for the calculation of the frequency distribution
table, adjusting the wave-transmission sequence makes it
possible to reduce the error in the region searching. Herein-
after, for simplicity, the explanation will be given selecting a
case where, as illustrated in FIG. 11A and FIG. 11B, three
pieces of images will be added to each other. The numerals
111, 112, and 113 denote image data 1, image data 2, and
image data 3 which are acquired using the conventional wave-
transmission sequence. In the case of the ordinary 3-frame
addition, the measurement of a velocity vector is performed
between the respective images, then performing the addition
processing based on this measurement result. Meanwhile, in
the case of another 3-frame addition, the photographing
region is divided (into 3 regions, here) in a direction in which
the ultrasound is to be electronically scanned. Then, the trans-
mission/reception of the ultrasound is performed by the
amount of the addition number-of-pieces (3 times, here) in
each region. This processing makes it possible to reduce the
measurement error for the velocity vector without changing
the processing time needed for the configuration of the accu-
mulation image. First, the 3-time transmission/reception of
the ultrasound is performed in the division region 1 (114),
then performing the measurement of the velocity vector and
the addition processing based on this measurement result.
Subsequently, in the other division region 2 (115) and divi-
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sion region 3 (116) as well, the accumulation image for each
division region is created similarly. Finally, the entire accu-
mulation image is created. In comparison with the conven-
tional methodologies, the transmission/reception of the ultra-
sound is performed in the narrower regions. Accordingly, in
each division region, a time difference which occurs between
the images is short, and a position shift to be corrected is
small. As aresult, the measurement accuracies of the velocity
vectors are enhanced. Also, the regions to be searched for can
be made smaller, which makes it possible to shorten the
processing time needed for searching for the matching
regions. If an region in which the blood-flow distribution is to
be measured is narrow, or if deformation ofthe object is small,
limiting the measurement of the velocity vector into a certain
specific region allows implementation of the shortening in the
processing time. The velocity vector is measured in at least a
single segmentalized region of the tissue region, and the
accumulation image including all the image regions is con-
figured based on this measurement result. As described ear-
lier, the extraction of the blood-flow region is made possible
by extracting the low-frequency component out of the accu-
mulation image. Consequently, the implementation of a tre-
mendous time shortening is made possible in comparison
with the case where the measurement of the velocity vector is
performed in all the image regions.

[0045] Inthe case of a normal blood vessel, the streamline
of a blood flow substantially becomes a straight line. Mean-
whilein the case where there exists an obstruction object such
as aplaque, the streamline becomes a curved line or a vortex-
like line. This streamline not only indicates the presence or
absence of a plaque, but also is useful for identifying the
location of “stagnation” at which a blood flow stagnates. The
stagnation of a blood flow possesses a possibility of becoming
the cause for formation of a blood clot, or a possibility of
enhancing the growth rate of the plaque. Accordingly, imag-
ing the stagnation allows implementation of an important
diagnosis tool oriented for a preventive diagnosis against the
plaque.

[0046] According to the above-described respective
embodiments, in order to image a stagnation region, it
becomes possible to measure the velocity vector of a blood
flow, to visualize a vortex-like or curved streamline, and to
measure the location at which the blood flow stagnates.

[0047] Inthe CFM (: color flow mapping) method, i.e., the
well-known method for measuring the velocity distribution of
a blood flow, the direction and size of a blood flow are dis-
played in a manner of being color-coded on the image. As a
result, the CFM method makes it easy to distinguish the
stagnation of a blood flow. Nevertheless, the problem of its
insufficient spatial resolution remains unsolved, considering
a point that the measurement direction is limited, and a point
that the average velocity within a constant region is measured.
Namely, the spatial resolution provided by the CFM method
is insufficient in order to distinguish a stagnation region
which occurs at the rear portion of a plaque or at meander
portion of a blood vessel. On the B-mode image photo-
graphed using a high-frequency ultrasound probe, it is pos-
sible to distinguish a stagnation region on the basis of the
movement of the reflectors within the blood flow. It is diffi-
cult, however, to quantitatively distinguish the stagnation
situation of the blood flow. Namely, in many cases, quantita-
tively distinguishing the stagnation situation varies, depend-
ing on a subjective judgment by the observer. Also, in a
situation where an intermediate-or-long-term observation is
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necessary, the variation in diagnosis by the operator and a
lowering in the reproducibility can become a serious problem
in determining a timing for taking a preventive measure
before the stagnation region results in the occurrence of myo-
cardial infarction and cerebral infarction. According to the
above-described respective embodiments, it becomes pos-
sible to obtain the image display which permits the observer
to judge the concentration and stagnation location of a blood
flow easily and objectively.

[0048] In trying to judge the stagnation region of a blood
flow, the brightness distribution from the ultrasound reflec-
tion-echo sources, such as hemoglobin and lipid contained in
the blood flow, becomes useful information. The low-velocity
region of a blood flow or the stagnation region thereof
becomes a high-brightness region on the image data. Accord-
ingly, widening a time width needed for the photographing
allows implementation of further clarification between the
high-brightness region and the low-brightness region.
[0049] The above-described description has been given in
accompaniment with the embodiments. It is apparent for
those who are skilled in the art, however, that the present
invention is not limited thereto, and that a variety of modifi-
cations and amendments can be made within the spirit of the
present invention and the scope of the appended claims.

Embodiment 3

[0050] The blood-flow image (which, hereinafter, will be
referred to as “CFM (: color flow mapping) image”) using the
general-purpose-intended  autocorrelation operation s
applied and integrated into the device configuration and pro-
cessing steps described in the first embodiment. This CFM-
image-integrated configuration allows implementation of an
image configuration on which the difference in the blood-
flow mode is reflected more effectively.

[0051] FIG. 12 is a block diagram for illustrating a device
configuration example of an ultrasonic diagnostic apparatus
according to a third embodiment of the present invention. The
device configuration illustrated in FIG. 12 is as follows:
Based on the block diagram of the device configuration
example in the first embodiment illustrated in FIG. 1, the
configuration ranging from the velocity vector detector 12 to
the threshold controller 15 is simplified as a second imaging
unit 121, and a CFM unit 122 is newly provided. The CFM
imageis configured as follows: The transmission/reception of
the ultrasound is performed in plural times with respect to one
and the same scanning line. Next, from a pulse signal
acquired, the blood-flow-originated Doppler transition fre-
quency is measured. Moreover, the blood-flow average veloc-
ity and reflection intensity measured based on the autocorre-
lation operation are subjected to color-phase modulation or
brightness modulation, thereby configuring the CFM image.
Accordingly, the CFM unit 122 illustrated in FIG. 12 basi-
cally includes such devices as a mixing unit for measuring the
Doppler transition frequency, a MTI (: Moving Target Indi-
cator) for eliminating signals other than the blood flow, and an
autocorrelation operation unit for measuring the average
velocity and reflection intensity. Furthermore, based on the
RF signal inputted from the receiving beamformer 7, the
CFM unit 122 outputs the Doppler spectrum of the blood
flow, 1.e., the result of the autocorrelation operation. The area
of the Doppler spectrum (FIG. 13), where the vertical axis and
the horizontal axis indicate the intensity and the frequency
respectively, is correlated with the number of erythrocytes
contained in the ultrasound irradiation region. Consequently,
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the area based on the spectrum is measured for each region
provided on each scanning line, and light-and-shade of the
color in accordance with the value of the area is displayed on
the screen. This processing allows implementation of the
imaging of the blood-flow concentration. The CFM image on
which the reflection intensity is reflected possesses none of
the information in the blood-flow direction. On account of
this situation, the blood flow imaging unit (i.e., information
processing unit) 16 combines with each other the CFM
image, the blood-flow vector measured in the second imaging
unit 121, and the tissue image from the frame memory,
thereby providing the image for indicating the blood-flow
concentration and the blood-flow direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0052] FIG. 11is the block diagram for illustrating the con-
figuration example of the ultrasonic diagnostic apparatus
according to the first embodiment of the present invention.
[0053] FIG. 2 is the flowchart ranging from the measure-
ment of the velocity vector to the configuration of the blood-
flow distribution image in the device configuration example
described in the first embodiment.

[0054] FIG. 3A is the diagram for explaining the measure-
ment methodology for the velocity vector in the device con-
figuration example described in the first embodiment.

[0055] FIG. 3B is the diagram for explaining the measure-
ment methodology for the velocity vector in the device con-
figuration example described in the first embodiment.

[0056] FIG. 4A is the diagram for explaining the one
example of the methodologies for optimizing the searching
region in the device configuration example described in the
first embodiment.

[0057] FIG. 4B is the diagram for explaining the one
example of the methodologies for optimizing the searching
region in the device configuration example described in the
first embodiment.

[0058] FIG. 51s the diagram for indicating the one example
of the measurement result of the velocity vector in the device
configuration example described in the first embodiment.

[0059] FIG. 61s the diagram for indicating the one example
of the frequency distribution table of the brightness in the
device configuration example described in the first embodi-
ment.

[0060] FIG.71is the diagram for indicating the one example
of the display modes of the blood-flow distribution image in
the device configuration example described in the first
embodiment.

[0061] FIG. 8 is the block diagram for illustrating the con-
figuration example of the ultrasonic diagnostic apparatus
according to the second embodiment of the present invention.

[0062] FIG. 9 is the diagram for explaining the measure-
ment methodology for the velocity vector in the device con-
figuration example described in the second embodiment.

[0063] FIG. 10 is the block diagram for illustrating the
second configuration example of the ultrasonic diagnostic
apparatus according to the second embodiment of the present
invention.

[0064] FIG. 11A is the example of the wave-transmission
sequence for reducing the measurement error for the velocity
vector in the device configuration example described in the
second embodiment.
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[0065] FIG. 11B is the example of the wave-transmission
sequence for reducing the measurement error for the velocity
vector in the device configuration example described in the
second embodiment.

[0066] FIG. 12 is the block diagram for illustrating the
configuration example of the ultrasonic diagnostic apparatus
according to the third embodiment of the present invention.
[0067] FIG. 13 is the example of the Doppler spectrum.
[0068] FIG. 14 is the block diagram for illustrating the
device configuration example including the velocity vector
field detector.

[0069] FIG. 15 is the example of the vector-distribution
diagram.

DESCRIPTION OF REFERENCE NUMERALS

[0070] 1 object

[0071] 2 ultrasound probe

[0072] 3 transmitting beamformer
[0073] 4 D/A converter

[0074] 5 TGC

[0075] 6 A/D converter

[0076] 7 receiving beamformer

[0077] 8 envelope detector

[0078] 9 scan converter

[0079] 10 display

[0080] 11 frame memory

[0081] 12 velocity vector detector
[0082] 13 blood-flow image extracting unit
[0083] 14 histogram unit

[0084] 15 threshold controller

[0085] 16 blood flow imaging unit
[0086] 31 image data f;

[0087] 32 blood vessel on image data f;
[0088] 33 image data f,

[0089] 34 blood vessel on image data f,
[0090] 35 searching region

[0091] 36 segmentalized region subf,
[0092] 40 before-optimization segmentalized region
[0093] 41 after-optimization segmentalized region
[0094] 71 stagnation region

[0095] 72 image accumulation unit
[0096] 111 image datal

[0097] 112 image data 2

[0098] 113 image data 3

[0099] 114 division region 1

[0100] 115 division region 2

[0101] 116 division region 3

[0102] 121 second imaging unit

[0103] 122 CFM unit

[0104] 141 velocity vector field detector
[0105] 142 Extracting-region input unit
[0106] 151 vector distribution

1. An ultrasonic diagnostic apparatus, comprising:

an ultrasound probe for transmitting/receiving ultrasound
signals to/from an object;

a first imaging unit for configuring plural pieces of first-
image data based on said reception signals received by
said ultrasound probe;

a velocity vector detector for measuring blood and tissue
velocity vectors based on said plural pieces of first-
image data inputted from said first imaging unit;

ablood-flow image extracting unit for configuring a blood-
flow image based on said velocity vectors measured by
said velocity vector detector;
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a histogram unit for calculating number of pixels on each
brightness basis with respect to said blood-flow image
configured by said blood-flow image extracting unit;

a threshold controller for inputting a brightness threshold
value;

an information processing unit for displaying pixels and
other pixels in a mutually different display mode, and
configuring second-image data by adding said pixels to
at least said one piece of first-image data, brightness of
said pixels being higher than said brightness threshold
value; and

adisplay for displaying said second-image data configured
by said information processing unit.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein

said blood-flow image extracting unit selects a tissue
region based on said velocity vectors, and configures
said blood-flow image by eliminating tissue-region data
from said first-image data.

3. The ultrasonic diagnostic apparatus according to claim

1, wherein

said information processing unit color-codes said pixels in
accordance with said brightness of said pixels, said
brightness of said pixels being higher than said bright-
ness threshold value.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein

said display displays said second-image data in such a
manner that said blood-flow velocity vector is superim-
posedon said second-image data, said blood-flow veloc-
ity vector being measured by said velocity vector detec-
tor.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein

said display further displays a frequency distribution table
for indicating said number of said pixels on each bright-
ness basis.

6. The ultrasonic diagnostic apparatus according to claim

1, wherein

said threshold controller sets, as said brightness threshold
value, a brightness of an arbitrary region on said first
image.

7. The ultrasonic diagnostic apparatus according to claim

5, wherein

said frequency distribution table and said brightness
threshold value are updated in response to acquisition of
said first-image data.

8. The ultrasonic diagnostic apparatus according to claim

1, wherein

said blood-flow image extracting unit memorizes a prede-
termined velocity-vector threshold value, and defines, as
said blood-flow image, a region in which there exists a
velocity vector whose value is larger than said predeter-
mined velocity-vector threshold value.

9. The ultrasonic diagnostic apparatus according to claim

1, wherein

said blood-flow image extracting unit configures said
blood-flow image by eliminating a region from said
first-image data, said velocity vectors being substan-
tially equal to zero in said region.

10. The ultrasonic diagnostic apparatus according to claim

1, wherein

said blood-flow image extracting unit selects a tissue

region based on said reception signals, said reception
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signals being acquired by said ultrasound probe in
accordance with wave-transmission sequence including
irradiation with a low-frequency component.

11. The ultrasonic diagnostic apparatus according to claim

1, wherein

said velocity vector detector measures a plurality of veloc-
ity vectors thereby to calculate an average velocity vec-
tor,

said blood-flow image extracting unit extracting said
blood-flow image based on said average velocity vector.

12. The ultrasonic diagnostic apparatus according to claim

1, wherein

said velocity vector detector measures a plurality of veloc-
ity vectors then to add said plurality of velocity vectors
to each other on each region basis.

13. The ultrasonic diagnostic apparatus according to claim

1, wherein

said threshold controller sets, as said brightness threshold
value, a brightness at center of a blood vessel or in
proximity to said center in said first-image data.

14. An ultrasonic diagnostic apparatus, comprising:

an ultrasound probe for transmitting/receiving ultrasound
signals to/from an object;

a first imaging unit for configuring plural pieces of first-
image data based on said reception signals received by
said ultrasound probe;

amemory for memorizing at least two pieces of said plural
pieces of first-image data, each of said plural pieces of
first-image data corresponding to each of said plural
reception signals ranging from said 1st signal to said
n-th signal and received by said ultrasound probe;

a velocity vector detector for measuring blood and tissue
velocity vectors from said first-image data correspond-
ing to said (n-1)-th signal and said first-image data
corresponding to said n-th signal, these two pieces of
first-image data being inputted from said first imaging
unit and being memorized into said memory;

an image accumulation unit for creating an accumulation
image by adding said plural pieces of first-image data to
each other;

a blood-flow image extracting unit for extracting a blood-
flow image based on said velocity vectors measured by
said velocity vector detector, or based on said accumu-
lation image created by said image accumulation unit;

a histogram unit for calculating number of pixels on each
brightness basis with respect to said accumulation
image;

a threshold controller for inputting a brightness threshold
value;

an information processing unit for color-mapping pixels
whose brightness are higher than said brightness thresh-
old value, and configuring second-image data by adding
said pixels to at least said one piece of first-image data;
and

adisplay for displaying said second-image data configured
by said information processing unit.

15. The ultrasonic diagnostic apparatus according to claim

14, wherein

said image accumulation unit creates said accumulation
image by correcting movement of said object based on
said tissue velocity vector.

16. The ultrasonic diagnostic apparatus according to claim

14, wherein
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said memory memorizes said plural pieces of first-image
data, each of said plural pieces of first-image data cor-
responding to each of said plural reception signals rang-
ing from said 1st signal to said n-th signal and received
by said ultrasound probe,
said image accumulation unit creating said accumulation
image by adding to each other said plural pieces of
first-image data ranging from said 1st first-image data to
said n-th first-image data.
17. The ultrasonic diagnostic apparatus according to claim
14, wherein
said velocity vector detector acquires said plural pieces of
first-image data on a one-piece-by-one-piece basis then
to measure said blood and tissue velocity vectors.
18. The ultrasonic diagnostic apparatus according to claim
14, wherein
said ultrasound probe performs said ultrasound transmis-
sion/reception at plural times for each division region
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basis, said division region being acquired by dividing
said plural pieces of first-image data, said plural times
being equal to number-of-pieces of said plural pieces of
first-image data added by said image accumulation unit.
19. The ultrasonic diagnostic apparatus according to claim
14, whetrein
said blood-flow image extracting unit extracts said blood-
flow image by extracting a low-frequency component
from said accumulation image.
20. The ultrasonic diagnostic apparatus according to claim
14, wherein
said blood-flow image extracting unit extracts said blood-
flow image by extracting a high-brightness region from
said accumulation image.
21. (canceled)
22. (canceled)
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