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(57) ABSTRACT

The present disclosure relates to an ultrasonic diagnostic
apparatus for providing a combination of an ultrasound image
and a color flow image. The ultrasonic diagnostic apparatus
detects a color index of each of pixels in a color flow image
and provides a contour image composed of contour lines.
Here, each of the contour lines is formed by grouping and
connecting pixels having the same color index based on the
detected color indexes of the respective pixels and formed for
at least one color index level. A diagnosis method of the
apparatus is also disclosed.
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Fig. 1a(prior art)
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Fig. 1¢(prior art)
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Fig. 3
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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD THEREOF

TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasonic diag-
nostic apparatus and a diagnosis method thereof. More par-
ticularly, the present disclosure relates to an ultrasonic diag-
nostic apparatus and a diagnosis method thereof, which
facilitates identification of a distribution and change of blood
flow rate in an object on a part-by-part basis in providing a
combination of an ultrasound image and a color flow image
by ultrasonic diagnostic apparatus.

BACKGROUND

[0002] Ultrasonic diagnostic apparatuses are used in a wide
range of applications. For example, ultrasonic diagnostic
apparatuses are used in a wide range of medical applications
due to non-invasive and non-destructive characteristics
thereof. Recently, high performance ultrasonic diagnostic
apparatuses have been used to provide two-dimensional or
three-dimensional images of internal organs.

[0003] Generally, a probe of the ultrasonic diagnostic appa-
ratus includes a transducer for transmitting and receiving
wideband ultrasound signals. When the transducer is electri-
cally driven, an ultrasound signal is generated by the trans-
ducer and delivered to an object. An ultrasound wave echo
signal, which is reflected from the object to the transducer, is
transformed into an electrical signal. Then, the transformed
electrical signal is amplified and processed to provide ultra-
sound image data.

[0004] Meanwhile, the ultrasonic diagnostic apparatus uti-
lizes the Doppler effect to generate a color flow image, which
indicates moving rates of an object and a scatterer. FIG. 1a
illustrates a B-mode image, FIG. 15 illustrates a color flow
image, and FIG. 1¢ illustrates a combination of the B-mode
image and the color flow image. The ultrasonic diagnostic
apparatus generates a color flow image, as shown in FIG. 15,
for a designated particular range based on Doppler data, and
then combines this color flow image with the B-mode image
to form and display an image, as shown in FIG. 1¢. Herein, the
term “B-mode” refers to a diagnostic mode in which magni-
tude of ultrasound echo signals reflected from an object is
represented based upon brightness.

[0005] Inthe color flow image, ared tone represents a blood
flow approaching the transducer side, whereas a blue tone
represents another blood flow moving away from the trans-
ducer side. Colors in the color flow image represent the rate of
the blood flow. For example, the darker the red or blue tone,
the slower the blood flow rate, whereas the brighter the red or
blue tone, the faster the blood flow rate.

[0006] In a conventional ultrasonic diagnostic apparatus, a
change in rate from one region to another region of an object
can be represented by the image as shown in FIG. 1¢. How-
ever, when the rate change is very slow, it is difficult not only
to recognize such a change, but also to identify a distribution
and change of the blood flow rate in the object on part-by-part
basis. Moreover, it is difficult to identify a distribution of
regions having similar blood flow rates in the object.

[0007] Therefore, there is a need for an improved ultrasonic
diagnostic apparatus that overcomes such problems.

SUMMARY

[0008] The present disclosure provides an improved ultra-
sonic diagnostic apparatus, which can facilitate identification
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of a distribution and change of blood flow rate in an object on
a part-by-part basis when providing a combination of an
ultrasound image and a color flow image, and an improved
ultrasonic diagnosis method thereof.

[0009] In accordance with one aspect, an ultrasonic diag-
nostic apparatus for providing a combination of an ultrasound
image and a color flow image detects a color index of each of
pixels in a color flow image and provides a contour image
composed of contour lines. Here, each of the contour lines is
on a level-by-level basis formed by grouping and connecting
pixels having the same color index based on the detected color
indexes of the respective pixels and formed for at least one
color index level.

[0010] The ultrasonic diagnostic apparatus includes: a sig-
nal acquisition unit that acquires an ultrasound signal
reflected from an object and a Doppler signal with respect to
aparticular portion of the object; a controller that generates an
ultrasound image signal and a color flow image signal based
on the ultrasound signal and the Doppler signal, detects a
color index of each of pixels in the color flow image, and
provides a contour image composed of contour lines, each of
the contour lines being formed by grouping and connecting
pixels having the same color index and being formed for at
least one color index level; and a display that displays the
ultrasound image signal, the color flow image signal, and the
contour image signal.

[0011] The ultrasound image may be a B-mode image.
[0012] The color index of each of the pixels may corre-
spond to a blood flow rate in the corresponding pixel.

[0013] The number of color index levels may be arbitrarily
set and the contour lines may be formed corresponding to the
number of color index levels.

[0014] The controller may calculate and provide an area
corresponding to a region set by a particular contour selected
from the contour lines.

[0015] In accordance with another aspect, a diagnosis
method of an ultrasonic diagnostic apparatus includes: gen-
erating an ultrasound image signal and a color flow image
signal; detecting a color index of each of pixels in the color
flow image signal; grouping pixels having the same color
index based on the detected color indexes of the respective
pixels; and forming a contour image composed of contour
lines. Each of the contour lines is formed by connecting the
grouped pixels and provided for at least one color index level.
[0016] The method may further include receiving a selec-
tion signal of a particular contour line selected among the
contour lines each being formed for the at least one color
index level; and calculating and providing an area corre-
sponding to a region designated by the selected particular
contour line.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The figures depict one or more implementations in
accordance with the present disclosure, by way of example
only, not by way of limitation. In the figures, like reference
numerals refer to the same or similar elements.

[0018] FIG. 1a illustrates a B-mode image;
[0019] FIG. 15 illustrates a color flow image;
[0020] FIG. 1c illustrates a combination of the B-mode

image and the color flow image;

[0021] FIG.2isablock diagram of an ultrasonic diagnostic
apparatus in accordance with an exemplary embodiment of
the present disclosure;
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[0022] FIG. 3 is a flowchart of a method of forming a
contour image in the ultrasonic diagnostic apparatus in accor-
dance with the embodiment of the present disclosure;

[0023] FIG. 4a illustrates one example of a color flow
image;
[0024] FIG. 45 illustrates the contour image with respect to

the color flow image of FIG. 4a; and
[0025] FIGS. 5a to 5c illustrate contour images that are
generated corresponding to the number of color index levels.

DETAILED DESCRIPTION

[0026] Exemplary embodiments of the present disclosure
will now be described in detail with reference to the accom-
panying drawings. It should be noted that the drawings are not
to precise scale and may be exaggerated in thickness of lines
or size of components for descriptive convenience and clarity.
Furthermore, terms used herein are defined by taking func-
tions of the present disclosure into account and can be
changed according to the custom or intention of users or
operators. Therefore, the terms should be defined according
to the overall disclosures set forth herein.

[0027] FIG.2isablock diagram of an ultrasonic diagnostic
apparatus in accordance with an exemplary embodiment of
the present disclosure. FIG. 3 is a flowchart of a method of
forming a contour image in the ultrasonic diagnostic appara-
tus in accordance with the embodiment of the present disclo-
sure. FIG. 4a illustrates one example of a color flow image
and FIG. 45 illustrates the contour image with respect to the
color flow image of FIG. 4a. FIGS. 54 to 5¢ illustrate contour
images that are generated corresponding to the number of
color index levels.

[0028] Referring to FIG. 2, the ultrasonic diagnostic appa-
ratus according to the exemplary embodiment includes a sig-
nal acquisition unit 200, a controller 300, and a display 400.
The signal acquisition unit 200 acquires an ultrasound signal
reflected from an object and a Doppler signal with respect to
aparticular portion of the object. The controller 300 generates
an ultrasound image signal and a color flow image signal
based on the ultrasound signal and the Doppler signal, detects
a color index of each of pixels in the color flow image, and
provides a contour image composed of contour lines. Here,
each of the contour lines is formed by grouping and connect-
ing pixels having the same color index and formed for at least
one colorindex level. The display 400 displays the ultrasound
image signal, the color flow image signal, and the contour
image signal.

[0029] Theultrasonic diagnostic apparatus according to the
embodiment will be described with reference to FIG. 2 to
FIG. 5c.

[0030] The ultrasonic diagnostic apparatus starts operation
when a user inputs various information and conditions for
acquiring an ultrasound image via an input unit 100.

[0031] First, the signal acquisition unit 200 sends an ultra-
sound signal to an object and receives an echo ultrasound
signal reflected from the object to form an ultrasound image.
Further, the signal acquisition unit 200 acquires a Doppler
signal with respect to a certain region designated by a user via
the input unit 100. Here, the storage 500 may store the ultra-
sound signal, the Doppler signal and preset information.
[0032] Then, the controller 300 generates an ultrasound
image signal of a particular mode, for example, a B-mode
image signal, based on the ultrasound signal from the signal
acquisition unit 200, and generates a color flow image signal
based on the Doppler signal (in S101). The display 400 dis-
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plays a B-mode image and a color flow image in response to
the ultrasound signal and the color flow image signal (in
S102).

[0033] Next, when a user selects a contour image mode
through the input unit 100, the controller 300 detects a color
of each of the pixels in the color flow image as shown in FIG.
4a (in S103) and then detects a color index corresponding to
each of the detected colors (in S104). Herein, the color
indexes are indicated by preset color scales (for example,
Cy~C,55 0r Cy~Cs, ), which are obtained by dividing a red or
blue color of each pixel from the most dark tone to the most
bright tone in order of brightness in the color flow image,
wherein a color index of each of pixels corresponds to a blood
flow rate in the corresponding pixel.

[0034] Further, the term “contour image mode” refers to a
mode of displaying a contour image that is composed of
contour lines, each of which is formed by grouping and con-
necting pixels having the same color index and is provided for
at least one color index level. This contour image mode will
be explained in more detail below.

[0035] Then, the controller 300 groups pixels having the
same color index based on the detected color indexes of the
respective pixels for each of the color index levels (in S105).
That is, the controller 300 groups pixels having the same color
index for each of the color index levels preset or predeter-
mined by a user.

[0036] Then, the controller 300 connects the grouped pixels
to generate a contour line for each of the color index level so
that a contour image signal can be formed from the contour
lines (in S106). In other words, the controller 300 connects
the grouped pixels having the same color index to generate the
contour image signal such that the contour image can be
displayed, as shown in FIG. 45 (in S107).

[0037] Inthe above,the number of color index levels can be
arbitrarily set by a user and the contour lines are formed
corresponding to the number of color index levels. For
example, if a user sets three distinguishable color index lev-
els, three contour lines having a constant color index separa-
tion therebetween are formed, as shown in FIG. 5a. When a
user increases the number of color index levels, for example,
to 5 or 8 in order to apprehend a distribution of blood flow
rates in more detail, more detailed contour images can be
obtained, as shown in FIGS. 55 and 5c.

[0038] As such, the ultrasonic diagnostic apparatus detects
the color indexes corresponding to the blood flow rate in the
color flow image signal on a pixel-by-pixel basis, groups
pixels having the same color index based on the detected color
indexes, and connects the grouped pixels, thereby producing
contour lines for at least one of the color index levels. Then, a
contour image is formed using the contour lines. This contour
image allows a user to easily and precisely identify the dis-
tribution and change of the blood flow rate in the object on a
part-by-part basis. Further, according to the embodiment,
when a plurality of contour lines having a constant color
index distance therebetween is formed, it can be easily appre-
hended by evaluating proximity between the contour lines
whether the change of the blood flow rate is rapid or smooth
in a certain part of an object.

[0039] In this embodiment, the color index is illustrated as
being detected after the B-mode image and the color flow
image are displayed. However, the resultant image can be
displayed immediately after forming the contour image with-
out displaying the B-mode image and the color flow image
therebetween in accordance with user selection and setting.
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Further, although this embodiment describes to the controller
300 as generating all of an ultrasound image signal such as a
B-mode image, a color flow image signal, and a contour
image signal, it should be understood that each of these sig-
nals may be generated by a separate controller in another
embodiment, which also falls within the scope of the control-
ler 300 according to the present disclosure.

[0040] On the other hand, the ultrasonic diagnostic appa-
ratus further includes a function of calculating an area of a
region constituted by specific contour lines among the
grouped contour lines, which are formed by connecting pixels
having the same blood flow rate or the same color index.
[0041] A selectionsignal of a particular contour line among
the contour lines each formed for at least one color index level
is input to the ultrasonic diagnostic apparatus through the
input unit 100. Then, the controller 300 calculates and pro-
vides an area corresponding to the region designated by the
selected contour line. This calculation can be implemented by
various methods adopted by existing image processing appli-
cations.

[0042] By doing this operation, a user can apprehend not
only an area occupied by a particular region representing a
certain blood flow rate in an object, but also an amount of
blood flow in the corresponding region. Further, this opera-
tion enables diagnosis and identification of regurgitation or
internal bleeding, for example, in the heart or in a particular
region of the human body. Particularly, this operation can be
effectively used for measuring the amount of regurgitation
from the valve of the heart.

[0043] According to the embodiments, the ultrasonic diag-
nostic apparatus and the diagnosis method thereof may facili-
tate not only identification of a distribution and change of
blood flow rate in an object on part-by-part basis, but also
diagnosis of a blood regurgitation or internal bleeding part of
the object, in providing a combination of an ultrasound image
and a color flow image.

[0044] While the foregoing has described what are consid-
ered to be the best mode and/or other examples, it is under-
stood that various modifications may be made therein and that
the subject matter disclosed herein may be implemented in a
variety of different ways, and that the present disclosure may
be applied to numerous applications, only some of which
have been described herein. The following claims should be
considered to cover all applications, modifications and varia-
tions within the true scope of the present disclosure.

What is claimed is:
1. An ultrasonic diagnostic apparatus for providing a com-
bination of an ultrasound image and a color flow image:

detecting a color index of each of pixels in a color flow
image, and

providing a contour image composed of contour lines, each
of the contour lines being formed by grouping and con-
necting pixels having the same color index based on the
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detected color indexes of the respective pixels and
formed for at least one color index level.

2. The apparatus of claim 1, comprising:

a signal acquisition unit configured to acquire an ultra-
sound signal reflected from an object and a Doppler
signal with respect to a particular portion of the object;

a controller configured to generate an ultrasound image
signal and a color flow image signal based on the ultra-
sound signal and the Doppler signal, detect a color index
of each of pixels in the color flow image, and provide a
contour image composed of contour lines, each of the
contour lines being formed by grouping and connecting
pixels having the same color index and being formed for
at least one color index level; and

a display configured to display the ultrasound image signal,
the color flow image signal, and the contour image sig-
nal.

3. The apparatus of claim 1, wherein the ultrasound image

is a B-mode image.

4. The apparatus of claim 1, wherein the color index of each
of the pixels corresponds to a blood flow rate in the corre-
sponding pixel.

5. The apparatus of claim 1, wherein the number of color
index levels is arbitrarily set and the contour lines are formed
corresponding to the number of color index levels.

6. The apparatus of claim 1, wherein the controller calcu-
lates and provides an area corresponding to a region desig-
nated by the selected particular contour.

7. A diagnosis method of an ultrasonic diagnostic appara-
tus, comprising:

generating an ultrasound image signal and a color flow
image signal;

detecting a color index of each of pixels in the color flow
image signal;

grouping pixels having the same color index based on the
detected color indexes of the respective pixels; and

forming a contour image composed of contour lines, each
of the contour lines being formed by connecting the
grouped pixels and formed for at least one color index
level.

8. The method of claim 7, wherein the color index of each
of the pixels corresponds to a blood flow rate in the corre-
sponding pixel.

9. The method of claim 7, wherein the number of color
index levels is arbitrarily set and the contour lines are formed
corresponding to the number of color index levels.

10. The method of claim 7, further comprising:

receiving a selection signal of a particular contour line
selected among the contour lines each being formed for
the at least one color index level; and

calculating and providing an area corresponding to a region
designated by the selected particular contour line.

3k * sk L
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