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ULTRASONIC DIAGNOSTIC APPARATUS

AND METHOD THEREOF
BACKGROUND
[0001] 1. Technical Field
[0002] The present invention relates to an ultrasonic diag-

nostic apparatus and an ultrasonic diagnostic method thereof,
and more particularly, to an ultrasonic diagnostic apparatus,
which can exactly calculate a velocity vector of a blood flow
in the heart or the like using left ventricle boundary data
extracted from 2D brightness mode (B-mode) echocardio-
grams and Doppler data for generation of color Doppler mode
(C-mode) images, without injection of contrast agents (or
contrast enhancing media) into blood vessels in ultrasonic
diagnosis of the heart or the like, and an ultrasonic diagnostic
method thereof.

[0003] 2. Description of the Related Art

[0004] Ultrasonic diagnostic apparatuses are widely used
in medicine to acquire information on an internal structure of
a subject due to their noninvasive and nondestructive charac-
teristics. Further, ultrasonic diagnostic apparatuses are essen-
tially used in medicine by virtue of their capabilities of pro-
viding medical doctors with high resolution images of
internal organs and tissues of the human body in real time
without a need for surgical operations accompanied by direct
incision to observe a subject.

[0005] In the ultrasonic diagnostic apparatus, a conversion
device is electrically stimulated to generate ultrasonic sig-
nals, which in turn are transmitted to the human body. The
transmitted ultrasonic sonic signals are reflected at bound-
aries of discontinuous human tissues, and ultrasonic echo
signals transmitted from the boundaries to the conversion
device are converted into electric signals. The converted elec-
tric signals are subjected to amplification and signal process-
ing to generate echocardiogram data.

[0006] Quantitative information on the functions of the
heart is required for heart disease diagnosis. The quantitative
information includes left ventricular hypertrophy, stroke vol-
ume, ejection fraction, cardiac output, and the like. In recent
years, a lot of attention has been paid to a technique for
utilizing vorticity of a blood flow in diagnosis by calculating
velocity vectors of the blood flow and quantifying the vortic-
ity of the blood flow based on the calculated velocity vectors.
In order to acquire the quantitative information on the func-
tions of the heart, it is necessary to achieve three-dimensional
identification of directions and velocities of the blood flow
within a left ventricle that shrinks and expands to supply
blood to the whole body.

[0007] In the related art, directions and velocities of the
blood flow within the heart can be mainly identified by a
method of calculating blood flow vectors by injecting contrast
agents and tracing movement of speckles within the heart.

[0008] However, such atechnique has disadvantages in that
contrast enhancing media are necessarily injected to calculate
information on vector components of the blood flow within
the heart, and capabilities of tracing speckles of the blood
flow seriously depend upon image quality. For this reason, it
is difficult to accurately calculate three-dimensional blood
flow vector information.

[0009] Oneexample ofthe related art is disclosed in Korean
Patent Publication No. 1995-7000029 (published on Jan. 16,
1995).
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BRIEF SUMMARY

[0010] Embodiments of the present invention provide an
ultrasonic diagnostic apparatus, which can exactly calculate a
velocity vector of a blood flow in the heart or the like using left
ventricle boundary data extracted from 2D B-mode echocar-
diograms and Doppler data for generation of C-mode images,
without injecting contrast enhancing media into blood vessels
in ultrasonic diagnosis of the heart or the like, and an ultra-
sonic diagnostic method thereof.

[0011] In accordance with one aspect of the present inven-
tion, an ultrasonic diagnostic apparatus includes: an ultra-
sonic sensor transmitting ultrasonic waves and sensing echo
signals thereof; a signal processor processing the signals
sensed by the ultrasonic sensor; a B-mode image generation
unit generating a brightness mode (B-mode) image in a 2D
plane based on the signal processing results by the signal
processor and extracting left ventricle boundary data from the
generated B-mode image; a C-mode image generation umt
generating Doppler data for generation of a C-mode image
based on the signal processing results by the signal processor;
and a blood flow velocity vector calculation unit calculating a
blood flow velocity vector in a 2D image plane based on a
simultaneous equation composed of a relation equation
between the extracted left ventricle boundary data, the Dop-
pler data and the blood flow velocity vector, and a 2D Navier-
Stokes equation obtained from image data generated through
signal processing by the signal processor, wherein the Navier-
Stokes equation further uses, as a variable, a mass source term
representing distribution of source and sink of mass with
respect to the 2D image plane.

[0012] The blood flow velocity vector calculation unit cal-
culates the blood flow velocity vector through linearization of
the simultaneous equation and discretization of an equation
resulting from the linearization.

[0013] The discretization is achieved by applying a stan-
dard finite difference method to the equation resulting from
the linearization.

[0014] The Navier-Stokes equation uses a left ventricle
boundary extracted from the B-mode image as boundary
conditions.

[0015] TheDoppler data for generation of a C-mode image
is obtained by an inner product between a direction vector of
anultrasonic scan line and a velocity vector of an actual blood
flow.

[0016] In accordance with another aspect of the present
invention, an ultrasonic diagnostic method using an ultra-
sonic diagnostic apparatus includes: transmitting, by an ultra-
sonic sensor. ultrasonic waves and sensing echo signals
thereof; processing the signals sensed by the ultrasonic sen-
sor; generating a B-mode image in a 2D plane based on the
signal processing results and extracting left ventricle bound-
ary data from the generated B-mode image; calculating Dop-
pler data for generation of a C-mode image based on the
signal processing results; and calculating a blood flow veloc-
ity vector in a 2D image plane based on a simultaneous
equation composed of a relation equation between the
extracted left ventricle boundary data, the Doppler data and
the blood flow velocity vector, and a 2D Navier-Stokes equa-
tion obtained from image data generated through the signal
processing, wherein the Navier-Stokes equation further uses,
as a variable, a mass source term representing distribution of
source and sink of mass with respect to the 2D image plane.
[0017] Incalculatingablood flow velocity vector, the blood
flow velocity vector may be calculated through linearization
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of the simultaneous equation and discretization of an equa-
tion resulting from the linearization.

[0018] The discretization may be achieved by applying a
standard finite difference method to the equation resulting
from the linearization.

[0019] The Navier-Stokes equation may use a left ventricle
boundary extracted from the B-mode image as boundary
conditions.

[0020] The Doppler data for generation of a C-mode image
may be obtained by an inner product between a direction
vector of an ultrasonic scan line and a velocity vector of an
actual blood flow.

[0021] The ultrasonic diagnostic apparatus and method
according to the present invention can exactly calculate a
velocity vector of a blood flow in the heart or the like using a
2D Navier-Stokes equation employing a mass source term
representing distribution of source and sink of mass with
respect to a 2D image plane as an additional variable, without
a need for injecting contrast enhancing media into blood
vessels in diagnosis of the heart or the like.

[0022] In addition, the ultrasonic diagnostic apparatus and
method according to the present invention uses existing Dop-
pler data for C-mode images and can thus be implemented
only by software processing through a simple arithmetic
operation without changing hardware design.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other aspects, features, and advan-
tages of the present invention will become apparent from the
detailed description of the following embodiments in con-
Junction with the accompanying drawings, in which:

[0024] FIG. 1 is a view showing features of an ultrasonic
diagnostic apparatus according to one embodiment of the
present invention;

[0025] FIG. 2 is a view showing a 2-chamber view, a
3-chamber view, and a 4-chamber view according to scan
angle in cardiac scanning using the ultrasonic diagnostic
apparatus;

[0026] FIG. 3 isa conceptual view of a blood flow velocity
vector according to blood flow stream on the 3-chamber view
of the images in FIG. 2;

[0027] FIG. 4 is a view showing a vector of an ultrasonic
scan line in the ultrasonic diagnostic apparatus; and

[0028] FIG. 5 is a flowchart illustrating an ultrasonic diag-
nostic method according to one embodiment of the present
invention.

DETAILED DESCRIPTION

[0029] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings. The following embodiments are
given by way of illustration to provide a thorough understand-
ing of the disclosure to those skilled in the art. It should be
understood that the present invention is not limited to the
following embodiments and may be embodied in different
ways. In the drawings, portions irrelevant to the description
will be omitted for clarity. Like components will be denoted
by like reference numerals throughout the specification.

[0030] It will be understood that the terms “comprise,”
“include,” and/or “have(has)” as used in this specification,
specify the presence of stated features, steps, operations, ele-
ments, and/or components, but do not preclude the presence
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or addition of one or more other features, steps, operations,
elements, components, and/or groups.

[0031] FIG. 1 is a view showing features of an ultrasonic
diagnostic apparatus according to one embodiment of the
present invention; F1G. 2 is a view showing a 2-chamber view,
a 3-chamber view, and a 4-chamber view according to scan
angle in cardiac scanning using the ultrasonic diagnostic
apparatus; FIG. 3 is aconceptual view ofa blood flow velocity
vector according to blood flow stream on the 3-chamber view
of the images inF1G. 2; and F1G. 4 is a view showing a vector
of an ultrasonic scan line in the ultrasonic diagnostic appara-
tus.

[0032] Referring to FIG. 1, an ultrasonic diagnostic appa-
ratus according to the embodiment includes an ultrasonic
sensor 110, a signal processor 120, a B-mode image genera-
tion unit 130, a C-mode image generation unit 135, a blood
flow velocity vector calculation unit 140, and a diagnosis unit
150.

[0033] The ultrasonic sensor 110 transmits ultrasonic
waves to a subject, particularly, a left ventricle of the heart,
and senses echo signals thereof.

[0034] The signal processor 120 processes the signals
sensed by the ultrasonic sensor 110. Specifically, the signal
processor conducts signal processing, based on which the
ultrasonic diagnostic apparatus performs various operations
such as realization and diagnosis of echocardiograms using
the sensed ultrasonic signals.

[0035] The B-mode image generation unit 130 generates a
brightness mode (B-mode) image in a 2D plane based on
signal processing results by the signal processor 120 and
extracts left ventricle boundary data from the B-mode image
for an entire cardiac cycle.

[0036] The C-mode image generation unit 135 calculates
Doppler data (color Doppler data) for generation of a C-mode
image in a 2D image plane based on the signal processing
results by the signal processor 120. Although the present
invention is described by way of example wherein the
C-mode image generation unit 135 serves to both calculate
Doppler data for generation of a C-mode image and to gen-
erate the C-mode image based on the Doppler data, the
present invention is not limited thereto. Thus, a separate com-
ponent for calculating the Doppler data and a component for
generating the C-mode image may also be provided.

[0037] The blood flow velocity vector calculation unit 140
calculates a blood flow velocity vector in a 2D image plane
based on a simultaneous equation composed of a relation
equation between the left ventricle boundary data extracted
from the B-mode image, the Doppler data and the blood flow
velocity vector, and a 2D Navier-Stokes equation obtained
from image data generated through signal processing of the
signal processor 120. Here, the Navier-Stokes equation fur-
ther uses, as a variable, a mass source term which represents
distribution of source and sink of mass with respect to the 2D
image plane.

[0038] Particularly, the blood flow velocity vector calcula-
tion unit 140 calculates the blood flow velocity vector based
on linearization of the simultaneous equation and discretiza-
tion of an equation resulting from the linearization, wherein
the discretization is achieved by applying a standard finite
difference method to the equation resulting from the linear-
ization.

[0039] In this embodiment, the simultaneous equation
including the Navier-Stokes equation uses the left ventricle
boundary as boundary conditions.
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[0040] Operations and functions of this embodiment will
be described in detail with reference to FIGS. 1to 5. FIG. 5 s
a flowchart illustrating an ultrasonic diagnostic method
according to one embodiment of the present invention.

[0041] First, as shown in FIG. 5, the ultrasonic sensor 110
transmits ultrasonic waves and senses echo signals thereof,
and outputs the sensed signals (S501). Although the ultra-
sonic sensor 110 may perform an ultrasonic wave sensing
operation on a subject, particularly, the left ventricle of the
heart, in this embodiment, the present invention is not limited
thereto.

[0042] Next, the signal processor 120 processes the signals
sensed by the ultrasonic sensor 110 (S502). The signal pro-
cessor 120 conducts signal processing, based on which the
ultrasonic diagnostic apparatus performs various operations
such as realization and diagnosis of echocardiograms using
the sensed ultrasonic signals. Since specific operations of the
signal processor are the same as in a typical ultrasonic diag-
nostic apparatus, detailed descriptions thereof will be omit-
ted.

[0043] FIG. 2 is a view showing a 2-chamber view, a
3-chamber view, and a 4-chamber view according to scan
angle in cardiac scanning using the ultrasonic diagnostic
apparatus. The echocardiograms according to scan direction
as shown in FIG. 2 may be generated using signal processing
results by the signal processor 120. In particular, FIG. 3 is a
conceptual view of a blood flow velocity vector according to
blood flow stream in the 3-chamber view of the images in
FIG. 2. The blood flow velocity vector (u, v) in a 2D image
plane may be conceptually expressed as in FIG. 3 according
to time and position.

[0044] Next, the B-mode image generation unit 130 gener-
ates a B-mode image in a 2D plane based on the signal
processing results by the signal processor 120 (S503) and
extracts left ventricle boundary data from the generated
B-mode image (S504). The brightness mode (B-mode) image
is obtained by a process in which reflection coefficients of
ultrasonic signals (i.e. ultrasonic echo signals) reflected from
a subject are transformed into a 2D image. Since a technique
of generating the B-mode image is well known in the art, a
detailed description thereof will be omitted. The B-mode
image generation unit 130 may extract boundary data for the
left ventricle from the generated B-mode image. Here, the 2D
image plane refers to a plane corresponding to a 2D echocat-
diogram obtained by the ultrasonic diagnostic apparatus, and
extraction of the left ventricle boundary data is achieved using
an image processing algorithm for segmentation and tracking
of echocardiograms.

[0045] The C-mode image generation unit 135 calculates
Doppler data (color Doppler data) in the 2D image plane for
generation of a C-mode image based on the signal processing
results by the signal processor 120, thereby generating the
C-mode image (S505). The color Doppler mode (C-mode)
image is an image obtained by a process in which speed of a
moving subject is expressed by color using the Doppler
effect. The C-mode image generation unit 135 generates
Doppler data (Doppler signals) using data resulting from
signal processing by the signal processor 120 and generates
the C-mode image based on the generated Doppler data.
Since a technique of generating the C-mode image is well
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known in the art, a detailed description thereof will be omit-
ted.

[0046] Referring to FIG. 4, when an ultrasonic scan line
vector according to scan direction in the ultrasonic diagnostic
apparatus is a, the Doppler data can be obtained by Equation
1:

cx0(@,(2),a:(0) @ )Mx.1).

[0047] Here, c(x, t) is Doppler data at a specific point x in
the 2D image plane D and time t; (a,(X), a,(x)) is an ultrasonic
scan line vector a; and (u(x, 1), v(x, 1)) (hereinafter, referred to
as “(u, v)”) 1s a blood flow velocity vector in the 2D image
plane. Here, u and v are x and y components of the blood flow
velocity vector, respectively. Namely, as can be seen in Equa-
tion 1, ¢(x, t) is obtained by an inner product between the
ultrasonic scan line vector a and the blood flow velocity
vector, and is thus a velocity component in a scan line direc-
tion.

[0048] Next, the blood flow vector calculation unit 140
calculates the blood flow velocity vector in the 2D image
plane based on a simultaneous equation composed of a rela-
tion equation between the extracted left ventricle boundary
data, the Doppler data and the blood flow velocity vector, and
a 2D Navier-Stokes equation obtained from image data gen-
erated through signal processing of the signal processor 120
(5506).

[0049] The Navier-Stokes equation is a non-linear partial
differential equation describing fluid dynamics, and it has
been known that movement of fluid, including vortices and
eddies, can be modeled by applying boundary conditions to
the Navier-Stokes equation. In this embodiment, the Navier-
Stokes equation uses the left ventricle boundary as boundary
conditions. The Navier-Stokes equation for calculation of the
blood flow vectors in the left ventricle may be expressed by
Equation 2:

av 2.
p(% +v-Vv]=—VP+MV v in Qr,

V.v=01in Oy,

[0050] where the vector v=(u, v, w) is a 3D blood flow
velocity vector; p is the density of the blood flow; p is the
coefficient of viscosity of the blood flow, and p is the pressure.
Here, u, v, and w are X, y, and z components of the blood flow
velocity vector, respectively, Q. denotes a time-varying left
ventricular region and is defined as

QT = U

O<t<T

Q) x{t}.

Here, Q(t) is a left ventricular region changeable with time,
and T is cardiac cycle. Equation 2 is a 3D Navier-Stokes
equation using the 3D blood flow velocity vector v.

[0051] In order to obtain the blood flow velocity vector (u,
v) in the 2D image plane, rewriting in terms of the velocity
vector term relating to the 2D plane, Equation 2 may be
expressed by Equation 3:
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[0052] However, the Doppler data ¢(x, t) obtained by Equa-
tion 1 are acquired with respect to the 2D image plane D and
do not include information on f}, f,, and

ow
T

of Equation 2 in the 2D image plane D. Thus, in this embodi-
ment, a new variable s, 1.e. a mass source term, is employed,
whereby Equation 4 can be drawn from Equation 3.

ou do, B 100 ks, b0 Eamiond
dr  O0x 8y pox p 3p2 0x

av  dv  dv Lap u_, u s
E”ﬁ”ﬁ‘";@ﬁv V+378_y’

du v s

x oy p

[0053] The mass source term s is a term representing dis-
tribution of source and sink of mass with respect to the 2D
image plane, wherein inflow of a fluid to the 2D image plane
is defined as source, and outflow of a fluid from the 2D image
plane is defined as sink.

[0054] Simultaneous equations of Equation 2 and Equation
4 obtained as above are given by Equation 5 through linear-
ization thereof.

a ap 0 0
c
a 0 0 1 u 5
ax ay P
9 14 RN S
e 22 E LT ey
ar p pdx 30 0x
s 19 9 s dv  dv
I _HEp 20 _H 9 o ey
at p pdy 3pdy ’
[0055] Further, this equation resulting from the lineariza-

tion is subjected to discretization, thereby obtaining Equation
6. Here, the discretization is achieved by applying a standard
finite difference method to the equation resulting from the
linearization.
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a ap 0 0 [Equation 6]
1 uin+l)
D, D, 0 _Z
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Ar Ar At =
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p P 307 )
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pAr AL AL s
0 1- TL —D, 320y
C(n+1)
0

u® — A D™ + v(”)Dyu("))

y At(u(”)DX 4 V(n)Dy V(n)]

[0056] where Dx denotes x-derivative, Dy denotes y-de-
rivative, L denotes Laplace operator, and (n) denotes the n”
time step.

[0057] The blood flow velocity vector calculation unit 140
may compute a recurrence equation such as Equation 6 within
the left ventricle boundary extracted from each of B-mode
images for an entire cardiac cycle to obtain u and v falling
within a reasonable margin of error, thereby obtaining the
blood flow velocity vector (u, v) in the 2D image plane. In
Equation 6, an initial value of the blood flow velocity vector
(u, v) in the 2D image plane may be set to a value of u=0 and
v=0 or u=c and v=0 (¢ is the Doppler data in Equation 1),
without being limited thereto.

[0058] Next, the diagnosis unit 150 calculates quantitative
diagnostic information on heart function, such as vorticity of
blood flow. based on the blood flow velocity vector in the 2D
image plane calculated by the blood flow velocity vector
calculation unit 140.

[0059] As described above, the ultrasonic diagnostic appa-
ratus and method according to the present invention can
exactly calculate a velocity vector of a blood flow in the heart
or the like using the 2D Navier-Stokes equation employing a
mass source term representing distribution of source and sink
of mass with respect to a 2D image plane as an additional
variable, without a need for injecting contrast enhancing
media into blood vessels in diagnosis of the heart or the like.
In addition, the ultrasonic diagnostic apparatus and method
according to the present invention use existing Doppler data
for C-mode images and can thus be implemented only by
software processing through a simple arithmetic operation
without changing hardware design. Although some embodi-
ments have been described it should be understood that these
embodiments are provided for illustration only and that vari-
ous modifications and other equivalent embodiments can be
made without departing from the spirit and the scope of the
present invention. Thus, the scope of the present invention
should be determined by the attached claims.

LEGEND OF REFERENCE NUMERALS

[0060] 110: Ultrasonic sensor

[0061] 120: Signal processor

[0062] 130: B-mode image generation unit

[0063] 135: C-mode image generation unit

[0064] 140: Blood flow velocity vector calculation unit
[0065] 150: Diagnosis unit
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What is claimed is:

1. An ultrasonic diagnostic apparatus comprising:

an ultrasonic sensor transmitting ultrasonic waves and
sensing echo signals thereof,

a signal processor processing the signals sensed by the
ultrasonic sensor;

a B-mode image generation unit generating a brightness
mode (B-mode) image in a 2D plane based on the signal
processing results by the signal processor and extracting
left ventricle boundary data from the generated B-mode
image;

a C-mode image generation unit generating Doppler data
for generation of a C-mode image based on the signal
processing results by the signal processor; and

a blood flow velocity vector calculation unit calculating a
blood flow velocity vector in a 2D image plane based on
a simultaneous equation composed of a relation equa-
tion between the extracted left ventricle boundary data,
the Doppler data and the blood flow velocity vector, and
a 2D Navier-Stokes equation obtained from image data
generated through signal processing by the signal pro-
Cessor,

wherein the Navier-Stokes equation further uses, as a vari-
able, a mass source term representing distribution of
source and sink of mass with respect to the 2D image
plane.

2. The ultrasonic diagnostic apparatus according to claim

1, wherein the blood flow velocity vector calculation unit
calculates the blood flow velocity vector through lineariza-
tion of the simultaneous equation and discretization of an
equation resulting from the linearization.

3. The ultrasonic diagnostic apparatus according to claim

2, wherein the discretization is achieved by applying a stan-
dard finite difference method to the equation resulting from
the linearization.

4. The ultrasonic diagnostic apparatus according to claim

1, wherein the simultaneous equation composed of the rela-
tion equation between the left ventricle boundary data, the
Doppler data and the blood flow velocity vector, and the 2D
Navier-Stokes equation uses a left ventricle boundary
extracted from the B-mode image as boundary conditions.

5. The ultrasonic diagnostic apparatus according to claim

1, wherein the Doppler data for generation of a C-mode image
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is obtained by an inner product between a direction vector of
ultrasonic scan line and a velocity vector of an actual blood
flow.

6. An ultrasonic diagnostic method using an ultrasonic
diagnostic apparatus, comprising:

transmitting, by an ultrasonic sensor, ultrasonic waves and

sensing echo signals thereof;
processing the signals sensed by the ultrasonic sensor;
generating a B-mode image in a 2D plane based on the
signal processing results and extracting left ventricle
boundary data from the generated B-mode image;

calculating Doppler data for generation of a C-mode image
based on the signal processing results; and

calculating a blood flow velocity vector in a 2D image

plane based on a simultaneous equation composed of a
relation equation between the extracted left ventricle
boundary data, the Doppler data and the blood flow
velocity vector, and a 2D Navier-Stokes equation
obtained from image data generated through the signal
processing,

wherein the Navier-Stokes equation further uses, as a vari-

able, a mass source term representing distribution of
source and sink of mass with respect to the 2D image
plane.

7. The ultrasonic diagnostic method according to claim 6,
wherein, in calculating a blood flow velocity vector, the blood
flow velocity vector is calculated through linearization of the
simultaneous equation and discretization of an equation
resulting from the linearization.

8. The ultrasonic diagnostic method according to claim 7,
wherein the discretization is achieved by applying a standard
finite difference method to the equation resulting from the
linearization.

9. The ultrasonic diagnostic method according to claim 6,
wherein the simultaneous equation composed of the relation
equation between the left ventricle boundary data, the Dop-
pler data and the blood flow velocity vector, and the 2D
Navier-Stokes equation uses a left ventricle boundary
extracted from the B-mode image as boundary conditions.

10. The ultrasonic diagnostic method according to claim 6,
wherein the Doppler data for generation of a C-mode image is
obtained by an inner product between a direction vector of an
ultrasonic scan line and a velocity vector of an actual blood
flow.
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