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<DISPLAY EXAMPLE>

FIG. 6

<COMPARATIVE EXAMPLE>
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ULTRASONIC DIAGNOSTIC DEVICE

TECHNICAL FIELD

[0001] The present invention relates to an ultrasonic diag-
nostic device, and particularly to a technique for forming a
streamline indicating a flow of fluid.

BACKGROUND

[0002] Techniques known in the art include obtaining,
based on a received signal generated by transmitting and
receiving ultrasonic waves with respect to fluid such as
blood flow, diagnosis information regarding the fluid. Patent
Document 1, for example, describes a technique of obtain-
ing, based on a received signal (echo data) obtained by
transmitting and receiving ultrasonic waves with respect to
fluid within a human body, two-dimensional velocity vectors
regarding the fluid at a plurality of points within an obser-
vation plane. It is possible to extract, from a distribution of
the two-dimensional velocity vectors at a plurality of points
within the observation plane, diagnosis information such as
a streamline representing a flow of fluid. Application of such
information to diagnosis of a heart, for example, is expected.

CITATION LIST

Patent Literature

[0003] Patent Document 1: JP-A-2013-192643
SUMMARY

Technical Problem

[0004] In consideration of the background art described
above, the inventors of the present application have repeated
research and development concerning techniques of obtain-
ing diagnosis information of a heart by utilizing ultrasonic
waves, and particularly focused attention on a technique for
forming a streamline indicating a flow of fluid.

[0005] The present invention was achieved in the process
of the research and development, and is directed to provid-
ing an improved technique for forming a streamline indi-
cating a flow of fluid by utilizing ultrasonic waves.

Solution to Problem

[0006] In accordance with the above object, an ultrasonic
diagnostic device includes a probe configured to transmit
and receive an ultrasonic wave, a transmitter and receiver
unit configured to control the probe to obtain a received
signal of an ultrasonic wave from an interior of a human
body, a Doppler processing unit configured to obtain Dop-
pler information of the interior of the human body based on
the received signal of an ultrasonic wave, a vector compu-
tation unit configured to obtain a distribution of motion
vectors of fluid in the human body based on the Doppler
information of the interior of the human body, and a stream-
line forming unit configured to form a streamline indicating
a flow of fluid based on the distribution of the motion vectors
by inversely tracking the flow of fluid from an initial start
point in a direction opposite the motion vectors to search for
a proper start point and forming a streamline extending from
the proper start point.

[0007] In the above device, the motion vector refers to
vector information related to a motion of fluid, and specifi-
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cally includes, for example, a velocity vector indicating the
velocity and direction at each portion within the fluid and a
shift vector indicating an amount and direction of shift at
each portion. Although the distribution of the motion vectors
can be obtained using the technique described in Patent
Document 1 (a distribution of the two-dimensional velocity
vectors), other known techniques may also be used to obtain
the distribution of the motion vectors.

[0008] The above device inversely tracks a flow of fluid in
a direction opposite the motion vectors from the initial start
point to search for a proper start point, and forms a stream-
line extending from the proper start point. More specifically,
the proper start point is searched for from the initial start
point, in the direction opposite to the motion vectors, that is,
upstream of the flow, so that a streamline having its origin
at the proper start point is formed. When a streamline is
formed and shown only downstream from the initial start
point and is not shown upstream from the initial start point,
contrary to the above device, such a streamline is shown to
be interrupted at the initial start point. The above device, on
the other hand, searches for the proper start point toward
upstream from the initial start point to form a streamline
extending from the proper start point, so that a natural
streamline which is continuous from the initial start point
can be formed.

[0009] In some preferable specific examples, the stream-
line forming unit may be configured to inversely track the
flow of fluid by sequentially tracing back a tracking point
located in the direction opposite the motion vectors from the
initial start point.

[0010] In some preferable specific examples, the stream-
line forming unit may be configured to designate a tracking
point which satisfies a condition for terminating inverse
tracking as the proper start point.

[0011] In some preferable specific examples, the stream-
line forming unit may be configured to track the flow of fluid
in a direction of the motion vectors from the proper start
point to thereby form the streamline extending from the
proper start point. In some preferable specific examples, the
streamline forming unit may be configured to inversely track
the flow of fluid in the direction opposite the motion vectors
from the initial start point to form an upstream streamline
from the initial start point to the proper start point, to track
the flow of fluid in the direction of the motion vectors from
the initial start point to form a downstream streamline from
the initial start point, and to connect the upstream streamline
and the downstream streamline to form a streamline extend-
ing from the proper start point toward downstream through
the initial start point.

[0012] In some preferable specific examples, display pro-
cessing may be applied, to the streamline formed by the
streamline forming unit, in accordance with the direction of
the flow on the streamline to form a display image of the
streamline.

[0013] In some preferable specific examples, display pro-
cessing may be applied, to the streamline formed by the
streamline forming unit, in accordance with the flow rate on
the streamline to form a display image of the streamline.
[0014] In accordance with a further aspect, a fluid infor-
mation processing device includes a vector computation unit
configured to obtain, based on Doppler information within a
human body obtained using ultrasonic waves, a distribution
of motion vectors of fluid within the human body, and a
streamline forming unit configured to form a streamline
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indicating a flow of fluid based on the distribution of motion
vectors by inversely tracking the flow of fluid from an initial
start point in a direction opposite the motion vectors to
search for a proper start point and forming a streamline
extending from the proper start point.

[0015] The fluid information processing device described
above can be implemented, for example, by a computer.
Specifically, it is possible to cause a computer to function as
the fluid information processing device described above
using a program. The program causes the computer to
implement a vector computation function to obtain a distri-
bution of the motion vectors of fluid within a human body
based on Doppler information within the human body
obtained by using ultrasonic waves. The program also
causes the computer to implement a streamline forming
function to form a streamline indicating a flow of fluid based
on the distribution of the motion vectors by inversely
tracking a flow of fluid in a direction opposite to the motion
vector from the initial start point to search for a proper start
point and forming a streamline extending from the proper
start point. The program may be stored in a computer-
readable storage medium such as a disk and memory and
provided to the computer via the storage medium or via an
electric communication line such as the Internet.

Advantageous Effects of Invention

[0016] The present invention is directed to providing an
improved technique for forming a streamline indicating a
flow of fluid using ultrasonic waves. According to some
preferable aspects, a proper start point is searched for
upstream from an initial start point and a streamline extend-
ing from the proper start point is formed, so that a natural
continuous streamline can be formed upstream from the
initial start point.

BRIEF DESCRIPTION OF DRAWINGS

[0017] FIG.1 is a diagram illustrating a whole structure of
an ultrasonic diagnostic device according to an embodiment
of the present invention.

[0018] FIG. 2 is a diagram for explaining specific example
processing for tracking a flow of fluid.

[0019] FIG. 3 is a diagram for explaining specific example
processing for inversely tracking a flow of fluid.

[0020] FIG. 4 explains specific examples for determining
a tracking point by inverse tracking.

[0021] FIG. 5 is diagram illustrating a specific example
streamline extending from a proper start point.

[0022] FIG. 6 illustrates specific example display images
of streamlines.
[0023] FIG. 7 illustrates specific example display process-

ing in accordance with a direction of a flow.
[0024] FIG. 8 is a diagram illustrating a specific example
display image indicating directions of flows on streamlines.

DESCRIPTION OF EMBODIMENTS

[0025] FIG.1is a diagram illustrating a whole structure of
an ultrasonic diagnostic device according to a preferable
embodiment of the present invention. The ultrasonic diag-
nostic device illustrated in FIG. 1 has a function to form a
streamline indicating a flow of fluid within a human body
and therefore can form a streamline of a blood flow flowing
in a blood vessel or within other internal organs, for
example. A subject of diagnosis may preferably be a blood
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flow within the heart. The following description therefore
specifies a blood flow within the heart, which is a preferable
example fluid within a human body, as a subject of diagno-
sis.

[0026] A probe 10 is an ultrasound probe which transmits
and receives ultrasonic waves to and from a region within a
human body including the heart. The probe 10 includes a
plurality of transducer elements, which are electronically
scan-controlled to scan an ultrasound beam within a space
including the heart. The probe 10 is held by a user (exam-
iner) such as a doctor and is used in contact with a body
surface of a subject. The probe 10 may be inserted into a
body cavity of the subject for use or may be a probe which
performs both electronic scanning and mechanical scanning.
[0027] A transmitter and receiver unit 12 has a function as
a transmitting beam former and a received beam former.
Specifically, the transmitter and receiver unit 12 outputs a
transmitting signal to each of the plurality of transducer
elements of the probe 10 to thereby form a transmitting
beam, and further applies phase alignment and summation
processing, for example, to a plurality of received signals
obtained from the plurality of transducer elements to thereby
form a received beam. Thus, an ultrasound beam (the
transmitting beam and the received beam) is scanned within
a scanning plane and a received signal is formed along the
ultrasound beam. To obtain the received signal of ultrasonic
waves, an ultrasound beam may be scanned within a three-
dimensional space in a stereoscopic manner, or a technique,
such as transmission aperture synthesis, may be used.
[0028] An image forming processing unit 20, based on the
received signal of ultrasonic waves obtained from the scan-
ning plane, forms data for an ultrasound image (image data).
The image forming processing unit 20 applies detection
processing, filter processing, AD conversion processing, and
other processing to the received signal of ultrasonic waves
to form frame data for a B-mode image. Image data con-
cerning a known ultrasound image other than a B-mode
image may also be formed.

[0029] The image forming processing unit 20 forms image
data in a scanning coordinate system corresponding to
scanning of ultrasonic waves, such as an rf coordinate
system based on the r-direction corresponding to the depth
direction of the beam and the 6-direction corresponding to
the scanning direction of the beam. The image data obtained
in the scanning coordinate system (e.g., the 0 coordinate
system) undergoes coordinate transformation processing, for
example, by a digital scan converter or other device, and is
converted to image data of a display coordinate system (e.g,,
xy orthogonal coordinate system). The function of the digital
scan converter is provided by the image forming processing
unit 20 or a display processing unit 60.

[0030] A Doppler processing unit 30 measures a Doppler
shift amount contained in the received signal obtained along
the ultrasound beam. The Doppler processing unit 30 spe-
cifically measures a Doppler shift amount (Doppler shift
frequency) occurring within the received signal of ultrasonic
waves due to a blood flow, by using known Doppler pro-
cessing, for example, to obtain velocity information con-
cerning the blood flow in the ultrasound beam direction.
[0031] A velocity vector computation unit 40, based on the
velocity information concerning the blood flow in the ultra-
sound beam direction, forms a distribution of two-dimen-
sional velocity vectors within the scanning plane. The veloc-
ity vector computation unit 40 uses the velocity information
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concerning the blood flow in the ultrasound beam direction
and motion information of the cardiac wall to obtain two-
dimensional velocity vectors of the blood flow at each
location within the scanning plane, as described in Patent
Document 1 (JP 2013-192643 A), for example.

[0032] The two-dimensional velocity vector distribution
within the scanning plane can be formed from one-dimen-
sional velocity information along the ultrasound beam direc-
tion using various known methods. The two-dimensional
velocity vectors may also be formed by forming two ultra-
sound beams in different directions and obtaining velocity
information from each of the two ultrasound beams.
[0033] The velocity vector computation unit 40 obtains the
velocity vector at each of a plurality of sample points in the
scanning coordinate system (e.g., the 8 coordinate system)
corresponding to scanning of the ultrasonic waves, to form
the two-dimensional velocity vector distribution. The veloc-
ity vector computation unit 40 further obtains, from the
two-dimensional distribution of the velocity vectors
obtained in the scanning coordinate system (e.g., the rf
coordinate system), a distribution of two-dimensional veloc-
ity vectors in the display coordinate system (e.g., the xy
orthogonal coordinate system), by coordinate transforma-
tion processing or the interpolation processing. The coordi-
nate transformation processing or the interpolation process-
ing concerning the two-dimensional velocity vector
distribution may be performed in a streamline forming unit
50.

[0034] The streamline forming unit 50, based on the
distribution of the two-dimensional velocity vectors
obtained in the velocity vector computation unit 40, forms a
streamline indicating a flow of a blood flow within the heart,
which is a specific example fluid. Specific processing per-
formed in the streamline forming unit 50 will be described
below.

[0035] The display processing unit 60 forms a display
image, based on the image data of an ultrasound image
formed by the image forming processing unit 20, the dis-
tribution of the velocity vectors obtained by the velocity
vector computation unit 40, and the streamlines formed by
the streamline forming unit 50. The display image formed in
the display processing unit 60 is displayed on a display unit
62.

[0036] A control unit 70 controls the whole ultrasonic
diagnostic device illustrated in FIG. 1. The ultrasonic diag-
nostic device in FIG. 1 may preferably include an operation
device, such as a mouse, a keyboard, a trackball, a touch
panel, and a joy stick. An instruction received by a user via
the operation device, for example, is also reflected in the
whole control performed by the control unit 70.

[0037] Among the elements (the units designated by ref-
erence numerals) illustrated in FIG. 1, the transmitter and
receiver unit 12, the image forming processing unit 20, the
Doppler processing unit 30, the velocity vector computation
unit 40, the streamline forming unit 50, and the display
processing unit 60 may be implemented by using hardware
such as an electrical or electronic circuit or a processor, for
example, and a device such as a memory may be used for the
implementation. The function corresponding to each unit
described above may be implemented by cooperation of
hardware such as a CPU, a processor, and a memory, and
software (program) which regulates the operation of the
CPU or the processor. A specific example of the display unit
62 may include a liquid crystal display, for example. The
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control unit 70 can be implemented by cooperation of
hardware such as a CPU, a processor, and a memory, and
software (program) which regulates the operation of the
CPU or the processor.

[0038] The ultrasonic diagnostic device illustrated in FIG.
1 has been summarized as above. Specific example func-
tions to be implemented by the ultrasonic diagnostic device
of FIG. 1 will now be described in detail. The following
description concerning the elements (the sections denoted by
reference numerals) illustrated in FIG. 1 uses the reference
numerals in FIG. 1.

[0039] FIG. 2 is a diagram for explaining specific example
processing for tracking the flow of fluid. The streamline
forming unit 50 tracks the flow of a blood flow within a
plane in which a distribution of two-dimensional velocity
vectors related to the blood flow is obtained. The streamline
forming unit 50, for each of a plurality of start points SP,
tracks the flow of fluid starting from each start point SP
(preferably a proper start point which will be described
below) as an origin in accordance with the distribution of the
two-dimensional velocity vectors. FIG. 2 shows only a
single start point SP as a representative example.

[0040] The streamline forming unit 50 starts tracking,
from a start point SP, in the direction of the velocity vector
at the location of the start point SP (an arrow in FIG. 2) to
search for a tracking point TP. The tracking point TP is
searched for on an operation grid in a lattice shape, for
example, shown by dashed lines. After locating the tracking
point TP on the operation grid, tracking is continued in the
direction of the velocity vector at the tracking point TP, to
search for the next tracking point TP.

[0041] When the velocity vector does not exist at the
location of the tracking point TP, an interpolated vector is
obtained by interpolation processing or other processing,
based on a plurality of velocity vectors which have already
been computed near the tracking point TP, and is used as a
velocity vector at the tracking point TP.

[0042] As illustrated in FIG. 2, the tracking points TP are
thus sequentially searched for in accordance with the dis-
tribution of velocity vectors, starting from the single start
point SP, for tracking the flow of a blood flow. The stream-
line forming unit 50 executes the tracking within a region of
interest which is set with respect to a cardiac cavity in the
heart, for example, until a result of the tracking reaches a
border of the region of interest. The streamline forming unit
50 may terminate the tracking when the velocity vector
reaches the lower limit reference value or less or when the
length (distance) of the tracking reaches the upper limit
value, in the course of the tracking.

[0043] Upon termination of the tracking, the streamline
forming unit 50 connects, among each start point SP and a
plurality of tracking points TP obtained from the start point
SP, adjacent points by a straight line or a curved line, thereby
forming a polygonal or curved streamline.

[0044] When a streamline is formed by tracking only in
the direction of the velocity vectors (forward trace) starting
from each start point SP, the streamline is formed down-
stream of the start point SP (an “initial start point” which
will be described below) but 1s not formed upstream of the
start point SP. This makes the displayed streamline appear to
be interrupted at the start point SP. A streamline within the
cardiac cavity having no upstream portions, for example,
may be discontinuous and unnatural.
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[0045] The streamline forming unit 50 therefore searches
for a start point which is proper (proper start point) upstream
from an original start point SP (initial start point), and forms
a streamline starting from the proper start point. In searching
for the proper start point, the streamline forming unit 50
tracks the flow of a blood flow inversely (back trace).
[0046] FIG. 3 is a diagram for explaining specific example
processing for inversely tracking the flow of fluid. The
streamline forming unit 50 places a plurality of initial start
points SP discretely within a region of interest to be diag-
nosed, over a whole region within a cardiac cavity, for
example, and, from each of the initial start points SP,
inversely tracks the flow of fluid in accordance with the
two-dimensional velocity vector distribution. FIG. 3 illus-
trates only one representative example initial start point SP.
[0047] The streamline forming unit 50 starts tracking from
the initial start point SP in the direction opposite (an arrows
in dashed line) the velocity vector at the initial start point SP
(an arrow in solid line) to search for a tracking point TP. The
tracking point TP is searched for on an operation grid in a
lattice shape, for example. After locating the tracking point
TP on the operation grid, tracking is continued in the
direction opposite the velocity vector at the tracking point
TP (an arrow in dashed line), to search for the next tracking
point TP.

[0048] When a velocity vector does not exist at the loca-
tion of the tracking point TP, an interpolated vector is
obtained by interpolation processing or other processing,
based on a plurality of velocity vectors near the tracking
point TP which have already been computed, and is desig-
nated as the velocity vector at the tracking point TP. Then,
the tracking is continued in the direction opposite the
velocity vector.

[0049] Thus, as illustrated in FIG. 3, the tracking points
TP located in the direction opposite the velocity vector are
sequentially searched for from one initial start point SP, to
inversely track the flow of fluid by sequentially tracking the
plurality of tracking points TP. The streamline forming unit
50 then designates as a proper start point the tracking point
TP located when a termination condition of the inverse
tracking is satisfied.

[0050] The streamline forming unit 50 executes the
inverse tracking processing within a region of interest set
with respect to the cardiac cavity of the heart, for example,
and designates the tracking point TP found when the result
of the inverse tracking reaches a boundary of the region of
interest, as a proper start point. The streamline forming unit
50 may designate, as a proper start point, the tracking point
TP found when the velocity vector is equal to or less than the
lower limit reference value in the course of the inverse
tracking or the tracking point TP found when the length
(distance) of the inverse tracking reaches the upper limit
value in the course of tracking. The proper start point may
also be determined according to a composite termination
condition including a combination of a plurality of termi-
nation conditions.

[0051] The streamline forming unit 50 disposes a plurality
of initial start points SP at intersections of an operation grid
in a lattice shape, for example, within a region of interest to
be diagnosed, over a whole region within a cardiac cavity of
the heart, and, for each of the initial start points SP, searches
for the proper start point by inverse tracking.

[0052] FIG. 4 explains specific examples for determining
the tracking point by inverse tracking. The streamline form-
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ing unit 50 may use an inversion method (A) and a selection
method (B) for inversely tracking the flow of fluid while
sequentially tracing the tracking points TP located in the
direction opposite the motion vectors (velocity vectors) from
the initial start point SP.

[0053] According to the inversion method (A), with ref-
erence to the velocity vector (an arrow in solid line) at the
initial start point SP (or the tracking point TP already
obtained), tracking proceeds from the initial start point SP
(or the tracking point TP) in the direction of an inversion
vector (an arrow in dashed line) of the velocity vector, to
search for a tracking point TP on the operation grid in a
lattice shape, for example. The streamline forming unit 50
may use the selection method (B) in place of the inversion
method (A) or in combination with the inversion method
(A).

[0054] According to the selection method (B), among a
plurality of velocity vectors (arrows in solid lines) on the
operation grid near the initial start point SP (or the tracking
point TP already obtained), a single velocity vector directed
to the initial start point SP (or the tracking point obtained
last) is selected, and the origin (a point on the operation grid)
of the velocity vector is designated as a tracking point TP.

[0055] The streamline forming unit 50, upon locating the
proper start point by inversion tracking, then forms a stream-
line extending from the proper start point.

[0056] FIG. 5 is a diagram illustrating a specific example
streamline extending from the proper start point. The
streamline forming unit 50 designates the initial start point
as a virtual start point, and the performs the back trace
operation, that is, the inverse tracking processing described
above with reference to FIG. 3, from the virtual start point,
to search for the proper start point.

[0057] After locating the proper start point, the streamline
forming unit 50 performs the forward trace operation using
original vector components, that is, the tracking processing
described above with reference to FIG. 2, thereby sequen-
tially tracking a plurality of tracking points from the proper
start point. The streamline forming unit 50 further connects
adjacent points of the proper start point and the plurality of
tracking points with a straight line or a curved line, to
thereby form a polygonal or curved streamline

[0058] The streamline forming 50 may track, from the
initial start point (virtual start point), a plurality of tracking
points based on the forward trace operation using the
original vector components and connect adjacent points of
the initial start point and the plurality of tracking points with
a straight line or a curved line to thereby form a streamline
downstream from the initial start point. The streamline
forming 50 may further inversely track, from the initial start
point, a plurality of tracking points by the inverse tracking
to locate the proper start point and connect adjacent points
among the plurality of tracking points and the proper start
point with a straight line or a curved line to thereby form a
streamline upstream of the initial start point to the proper
start point. The streamline forming 50 may then connect the
upstream  streamline and the downstream streamline
together, thereby forming a streamline extending from the
proper start point through the initial start point toward the
downstream direction.

[0059] Once the streamlines are formed by the streamline
forming unit 50, the display processing unit 60 forms a
display image of the streamlines.
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[0060] FIG. 6 illustrates specific example display images
of the streamlines The display processing unit 60, based on
the image data of the ultrasound image formed by the image
forming processing unit 20 and the streamlines formed by
the streamline forming unit 50, forms a display image
indicating a plurality of streamlines within a B-mode image
representing a heart cavity, for example.

[0061] In FIG. 6, a comparative example is a specific
example display image indicating a plurality of streamlines
extending from a plurality of initial start points. More
specifically, in the comparative example, the proper start
point is not located, and the streamlines are not formed
upstream from the initial start points. Consequently, the
streamlines extend from the initial start points set within a
region of interest, that is, inside the heart cavity, and are
therefore interrupted at these initial start points, so that the
streamlines appear to be flowing out from these initial start
points. Further, the number of streamlines increases toward
downstream, and the density of the streamlines also
increases toward downstream.

[0062] On the other hand, a display example in FIG. 6 is
a specific example display image indicating a plurality of
streamlines extending from a plurality of proper start points.
In the display example in FIG. 6, a plurality of proper start
points have been searched for under a condition that the
search is terminated upon reaching the boundaries of the
region of interest set with respect to the heart cavity, for
example, and a plurality of streamlines extending from the
plurality of proper start points are formed. This structure
substantially (or completely, if possible) eliminates a pos-
sibility of interruption of the streamlines within the region of
interest, that is, inside the heart cavity, and also substantially
(or completely, if possible) eliminates a possibility of
increasing the density of the streamlines toward down-
stream. Thus, continuous and natural streamlines can be
formed.

[0063] The display processing unit 60 may also apply, to
the streamlines formed by the streamline forming unit 50,
display processing in accordance with the direction of flow
on the streamlines to form a display image of the streamlines
Preferable display processing includes figures (e.g., triangle)
and symbols (e.g., arrow) indicating the direction of flow.

[0064] FIG. 7 illustrates specific example display process-
ing in accordance with the direction of the flow. In a specific
example (A), a triangle is formed from two adjacent tracking
points on the streamline For example, along a straight line
passing through the two adjacent tracking points, an isos-
celes triangle extending from the upstream tracking point
toward the downstream tracking point is formed. An arrow
directed toward the downstream tracking point from the
upstream tracking point, for example, may alternatively be
formed. Use of these figures enables display of the local flow
direction between the two adjacent tracking points.

[0065] A specific example (B), on the other hand, is an
isosceles triangle formed by tracking back some tracking
points on the streamline toward upstream from the tracking
point corresponding to the vertex of the isosceles triangle,
and designating the location of a tracking point several
points away from the start point as a base of the triangle.
Thus, an average flow direction between the two tracking
points away from each other can be indicated. Alternatively,
an arrow may be formed from the tracking point correspond-
ing to the base toward the tracking point corresponding to
the vertex, for example.
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[0066] The display processing unit 60, based on the spe-
cific example (A) or (B), for example, forms a display in
accordance with the directions of the flows at a plurality of
locations on each streamline The display processing unit 60
may be configured to allow the user such as a doctor to select
the specific example (A) or (B).

[0067] FIG. 8 is a diagram illustrating a specific example
display image indicating the directions of the flows on the
streamlines The display processing unit 60 forms triangles
(or arrows) in accordance with the flow directions at a
plurality of locations on each of the streamlines. The tri-
angles (or arrows) may be formed at fixed intervals or at
locations where the flow direction significantly changes, for
example, on each streamline The triangles or other symbols
may be formed at locations designated by the user such as
a doctor.

[0068] The display processing unit 60 may further apply,
to each streamline, display processing in accordance with
the flow velocity on the streamline, and form a display
image of the streamline. The display processing unit 60 may,
for example, apply coloring processing in accordance with
the magnitude of the velocity vector at each of a plurality of
locations on each streamline and form a display image of the
streamline with different colors in accordance with the flow
velocity.

[0069] The display processing unit 60 may further repre-
sent each velocity vector by an arrow or other symbol, in
addition to or in place of the streamline, to thereby display
a distribution image of the velocity vectors.

[0070] The ultrasonic diagnostic device according to a
preferable embodiment of the present invention has been
described above. At least one of the velocity vector com-
putation unit 40, the streamline forming unit 50, and the
display processing unit 60, for example, illustrated in FIG.
1, may be implemented by a computer, which may be then
caused to function as a fluid information processing device.
[0071] It should be noted that the embodiments described
above are only examples in all respects and shall not limit
the scope of the present invention. The present invention
may include various modifications within a scope which
does not depart from its spirit.

REFERENCE SIGNS LIST

[0072] 10 probe, 12 transmitter and receiver unit, 20
image forming processing unit, 30 Doppler processing unit,
40 velocity vector computation unit, 50 streamline forming
unit, 60 display processing unit, 70 control unit.

1. An ultrasonic diagnostic device, comprising:

a probe configured to transmit and receive an ultrasonic
wave,

a transmitter and receiver unit configured to control the
probe to obtain a received signal of an ultrasonic wave
from an interior of a human body;

a Doppler processing unit configured to obtain Doppler
information of the interior of the human body based on
the received signal of an ultrasonic wave;

a vector computation unit configured to obtain a distri-
bution of motion vectors of fluid in the human body
based on the Doppler information of the interior of the
human body; and

a streamline forming unit configured to form a streamline
indicating a flow of fluid based on the distribution of
the motion vectors by inversely tracking the flow of
fluid from an initial start point in a direction opposite
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the motion vectors to search for a proper start point and
forming a streamline extending from the proper start
point.
2. The ultrasonic diagnostic device according to claim 1,
wherein
the streamline forming unit is configured to inversely
track the flow of fluid by sequentially tracing back a
tracking point located in the direction opposite the
motion vectors from the initial start point.
3. The ultrasonic diagnostic device according to claim 2,
wherein
the streamline forming unit is configured to designate a
tracking point which satisfies a condition for terminat-
ing inverse tracking as the proper start point.
4. The ultrasonic diagnostic device according to claim 1,
wherein
the streamline forming unit is configured to track the flow
of fluid in a direction of the motion vectors from the
proper start point to thereby form a streamline extend-
ing from the proper start point.
5. The ultrasonic diagnostic device according to claim 2,
wherein
the streamline forming unit is configured to track the flow
of fluid in a direction of the motion vectors from the
proper start point to thereby form a streamline extend-
ing from the proper start point.
6. The ultrasonic diagnostic device according to claim 3,
wherein
the streamline forming unit is configured to track the flow
of fluid in a direction of the motion vectors from the
proper start point to thereby form a streamline extend-
ing from the proper start point.
7. The ultrasonic diagnostic device according to claim 1,
wherein
the streamline forming unit is configured to inversely
track the flow of fluid in the direction opposite the
motion vectors from the initial start point to form an
upstream streamline from the initial start point to the
proper start point, to track the flow of fluid in a
direction of the motion vectors from the initial start
point to form a downstream streamline from the initial
start point, and to connect the upstream streamline and
the downstream streamline to form a streamline extend-
ing from the proper start point toward downstream
through the initial start point.
8. The ultrasonic diagnostic device according to claim 2,
wherein
the streamline forming unit is configured to inversely
track the flow of fluid in the direction opposite the
motion vectors from the initial start point to form an
upstream streamline from the initial start point to the
proper start point, to track the flow of fluid in a
direction of the motion vectors from the initial start
point to form a downstream streamline from the initial
start point, and to connect the upstream streamline and
the downstream streamline to form a streamline extend-
ing from the proper start point toward downstream
through the initial start point.
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9. The ultrasonic diagnostic device according to claim 3,
wherein
the streamline forming unit is configured to inversely
track the flow of fluid in the direction opposite the
motion vectors from the initial start point to form an
upstream streamline from the initial start point to the
proper start point, to track the flow of fluid in a
direction of the motion vectors from the initial start
point to form a downstream streamline from the initial
start point, and to connect the upstream streamline and
the downstream streamline to form a streamline extend-
ing from the proper start point toward downstream
through the initial start point.
10. The ultrasonic diagnostic device according to claim 1,
wherein
display processing is applied, to the streamline formed by
the streamline forming unit, in accordance with the
direction of the flow on the streamline to form a display
image of the streamline.
11. The ultrasonic diagnostic device according to claim 4,
wherein
display processing is applied, to the streamline formed by
the streamline forming unit, in accordance with the
direction of the flow on the streamline to form a display
image of the streamline.
12. The ultrasonic diagnostic device according to claim 7,
wherein
display processing is applied, to the streamline formed by
the streamline forming unit, in accordance with the
direction of the flow on the streamline to form a display
image of the streamline.
13. The ultrasonic diagnostic device according to claim 1,
wherein
display processing is applied, to the streamline formed by
the streamline forming unit, in accordance with a flow
rate on the streamline to form a display image of the
streamline.
14. The ultrasonic diagnostic device according to claim 7,
wherein
display processing is applied, to the streamline formed by
the streamline forming unit, in accordance with a flow
rate on the streamline to form a display image of the
streamline.
15. A fluid information processing device, comprising:

a vector computation unit configured to obtain, based on
Doppler information within a human body obtained
using ultrasonic waves, a distribution of motion vectors
of fluid within the human body; and

a streamline forming unit configured to form a streamline
indicating a flow of fluid based on the distribution of
motion vectors by inversely tracking the flow of fluid
from an initial start point in a direction opposite the
motion vectors to search for a proper start point and
forming a streamline extending from the proper start
point.
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