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The present invention relates to an ultrasound system for
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ULTRASOUND SYSTEM AND METHOD OF
PROVIDING ULTRASOUND IMAGES

[0001] Thepresent application claims priority from Korean
Patent Application No. 10-2007-0138608 filed on Dec. 27,
2007, the entire subject matter of which is incorporated herein
by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention generally relates to ultra-
sound systems, and more particularly to an ultrasound system
and a method of providing ultrasound images in a duplex
mode.

[0004] 2. Background Art

[0005] Anultrasound system has become an important and
popular diagnostic tool due to its non-invasive and non-de-
structive nature. Modern high-performance ultrasound imag-
ing diagnostic devices and techniques are commonly used to
produce two- or three-dimensional images of internal fea-
tures of patients.

[0006] Nowadays, the ultrasound system operates in a
duplex mode for simultaneously providing ultrasound images
in two or more diagnostic modes. For example, the ultrasound
system may provide a BD-mode image with a blood flow or
movement of a target object indicated. The BD-mode is a
diagnostic mode for providing a brightness (B)-mode image
and a Doppler (D)-mode image at the same time. The D-mode
image may include a spectral Doppler image formed based on
Doppler signals, which are obtained from a sample volume
set on the B-mode image. The D-mode image may indicate
information regarding the moving direction and velocity of a
blood flow or moving object. In the spectral Doppler image, a
horizontal axis may represent time while a vertical axis rep-
resents velocity (or frequency).

[0007] In order to obtain the BD-mode image, the ultra-
sound system may alternately transmit a first ultrasound beam
for obtaining the B-mode image and a second ultrasound
beam for obtaining the D-mode image. The second ultra-
sound beam may not be transmitted while the first ultrasound
beam is transmitted in the BD-mode. As such, a pulse repeti-
tion frequency (PRF) for the second ultrasound pulse may
increase. As a result, a velocity scale in the spectral Doppler
image may be lowered so that a detectable maximum velocity
of ablood flow may be decreased. In order to solve the above
problem, the first ultrasound beam may be transmitted for a
first predetermined time duration. Then, the second ultra-
sound pulse may be transmitted for a second predetermined
time duration. In such a case, however, the second ultrasound
beam may not be transmitted for the first predetermined time
duration for transmitting the first ultrasound beam. Thus, a
gap corresponding to the first predetermined time duration
may occur in the D-mode image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram showing an ultrasound
system in accordance with one embodiment of the present
invention.

[0009] FIG. 2 is a timing diagram showing an example of
alternately transmitting a first ultrasound beam and a second
ultrasound beam in a duplex mode.
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[0010] FIG. 3 is a block diagram showing a D-mode image
processing unit in accordance with one embodiment of the
present invention.

[0011] FIG. 4is a schematic diagram showing an example
of a D-mode image.

[0012] FIG. 5A is a graph showing examples of first degree
polynomial curves.

[0013] FIG. 5B is a graph showing an example of a second
degree polynomial curve.

[0014] FIG. 6 is a schematic diagram illustrating an
example of gap filling.

DETAILED DESCRIPTION OF THE INVENTION

[0015] FIG. 1 is a block diagram showing an ultrasound
system in accordance with one embodiment of the present
invention. The ultrasound system 100 may include a user
input unit 110 allowing a user to input instructions. The
instructions may include a setup instruction for setting a
sample volume on a B-mode image. The setup instruction
may include information about the position and size of the
sample volume. The input unit 110 may be an arbitrary input
device such as a mouse, a keyboard, a track ball, etc.

[0016] The ultrasound system 100 may further include a
transmission/reception unit 120 configured to generate ultra-
sound beams. The ultrasound beams may be transmitted to a
target object. The transmission/reception unit 120 may be
further configured to convert ultrasound echoes reflected
from a target object into electrical receive signals.

[0017] The ultrasound system 100 may further include a
control unit 110 configured to generate control signals for
controlling the generation of ultrasound beams in the trans-
mission/reception unit 110. The control signals may include a
first control signal for controlling the generation of an ultra-
sound beam for obtaining a B-mode image (“first ultrasound
beam”). Also, the control signals may further include a sec-
ond control signal for controlling the generation of an ultra-
sound beam for obtaining a D-mode image (“second ultra-
sound beam”). The second control signal may be generated
based on the setup instruction inputted through the user input
unit 110. Although it is described that the first ultrasound
beam is transmitted for obtaining the B-mode image in one
embodiment, the obtainable image is not limited to the
B-mode image. In another embodiment, a motion mode
image or a color mode image may be obtained based on the
first ultrasound beam.

[0018] The control unit 130 may generate the control sig-
nals such that the first ultrasound beam is transmitted for a
predetermined time duration (“first time duration”) and the
second ultrasound beam is transmitted for a predetermined
time duration (“second time duration”), as illustrated in FIG.
2. A symbol “G” in FIG. 2 may represent a gap corresponding
to the first time duration t,-t, or t;-t, in the D-mode image.
[0019] The transmission/reception unit 110 may be config-
ured to transmit the first ultrasound beam to the target object
in response to the first control signal and form receive signals
based on ultrasound echoes reflected from the target object.
Also, the transmission/reception unit 110 may transmit the
second ultrasound beam to the sample volume in response to
the second control signal and form spectral Doppler signals
based on ultrasound echoes reflected from the sample vol-
ume.

[0020] The ultrasound system 100 may further include an
image processing unit 140. The image processing unit 140
may include a B-mode image processing unit 142 and a
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D-mode image processing unit 144. The B-mode image pro-
cessing unit 142 may be configured to form a B-mode image
based on the receive signals. The D-mode image processing
unit 144 may form a D-mode image (i.e., spectral Doppler
image) based on the spectral Doppler signals. The D-mode
image processing unit 144 may be further configured to
extract edge points from the D-mode image and estimate edge
points at a gap corresponding to the first time duration in the
D-mode image. The D-mode image processing unit 144 may
perform gap filling for the gap based on the estimated edge
points.

[0021] FIG. 3 is a block diagram showing an embodiment
of the D-mode image processing unit 144. The D-mode image
processing unit 144 may include a D-mode image forming
unit 144a, an edge point extracting unit 1445, an edge point
estimating unit 144¢ and a gap filling unit 144d.

[0022] The D-mode image forming unit 144a may be con-
figured to form a D-mode image containing gaps G occurring
when transmitting the first ultrasound beam for the first time
duration, as illustrated in FIG. 4. In the D-mode image, a
horizontal axis may represent time and a vertical axis may
represent velocity (or frequency).

[0023] The edge point extracting unit 1445 may extract
edge points from the D-mode image. The edge points may be
extracted based on a variation of brightness values deter-
mined by a differential operator. For example, the edge points
may be extracted by using an edge mask such as Sobel,
Prewitt, Robert, Laplacian of Gaussian, Canny, etc. In one
embodiment, the edge point extracting unit 1445 may extract
firstedge points of Doppler spectra having a greater scale than
a base line scale (“upper Doppler spectra 210”) on the veloc-
ity axis from the D-mode image. Also, the edge point extract-
ing unit 1445 may be configured to extract second edge points
of Doppler spectra having a less scale than a base line scale
(“lower Doppler spectra 220”) on the velocity axis from the
D-mode image. Some first and second edge points may exist
on an identical straight line perpendicular to the base line.
[0024] The edge point estimating unit 144¢ may be config-
ured to compute a polynomial curve of the extracted edge
points to thereby estimate edge points within the gap. In one
embodiment, the edge point estimating unit 144¢ may com-
pute a first degree polynomial curve 510 by using first edge
points (denoted by a circle) positioned at a left side of the gap
G, i.e., prior to the gap G. The edge point estimating unit 114¢
may be further configured to compute a first degree polyno-
mial curve 520 by using first edge points (denoted by a tri-
angle) positioned at a right side of the gap G, i.e., posterior to
the gap G. The edge point estimating unit 114¢ may check
whether two first degree polynomial curves 510 and 520
intersect. If two first degree polynomial curves 510 and 520
intersect, then the edge point estimating unit 144¢ may com-
pute a variance of the first edge points prior to the gap G and
a variance of the first edge points posterior to the gap G. The
edge point estimating unit 144¢ may estimate the first edge
points (denoted by rectangle) within the gap G based on the
computed variances and two first degree polynomial curves
510 and 320, as shown in FIG. 5A.

[0025] If the two first degree polynomial curves 510 and
520 do not intersect, then the edge point estimating unit 144¢
may compute a second degree polynomial curve 530 by using
the first edge points (denoted by a circle) prior to the gap G
and the first edge points (denoted by a triangle) posterior to
the gap G and variance ofthe first edge points, as illustrated in
FIG. 5B. The edge point estimating unit 144¢ may estimate

Jul. 2, 2009

the first edge points (denoted by a rectangle) within the gap G
based on the computed variance and the second degree poly-
nomial curve 330. The edge point estimating unit 14d¢ may
be further configured to estimate the second edge points for
the lower Doppler spectra within the gap G in the same
manner as the first edge points.

[0026] The gap filling unit 1444 may be configured to per-
form gap filling based on the estimated edge points within the
gap G and Doppler spectra neighboring the gap G. The gap
filling unit 1444 may use a linear interpolation method for the
gap filling. In one embodiment, the gap filling unit 1444 may
perform gap filling for a gap 400 by linearly interpolating the
first estimated edge points and the second estimated edge
points starting from the Doppler spectra 410 and 420 prior to
the gap G (“forward gap filling”), thereby forming a D-mode
image with the gap filled. Also, the gap filling unit 1444 may
perform gap filling for the gap 400 by linearly interpolating
the first estimated edge points and the second estimated edge
points starting from the Doppler spectra 410 and 420 poste-
rior to the gap G (“backward gap filling”), thereby forming a
D-mode image with the gap filled. The gap filling unit 1444
may synthesize the D-mode images obtained through the
forward gap filling and the backward gap filling to thereby
form a final D-mode image. A display unit 140 may display
the B-mode image and the D-mode image processed by the
image processing unit 130.

[0027] Althoughitisdescribed that the final D-mode image
is formed by synthesizing the D-mode images obtained
through the forward gap filling and the backward gap filling,
the manner of forming the final D-mode image is not limited
thereto. The final D-mode image may be merely formed by
performing the forward gap filling or the backward gap fill-
ing.

[0028] According to one aspect of the present invention,
there is provided an ultrasound system for providing ultra-
sound images in a duplex mode, comprising: a transmission/
reception unit configured to alternately transmit a first ultra-
sound beam and a second ultrasound beam to a target object,
wherein the first and second ultrasound beams are transmitted
for first and second time durations, respectively; and an image
processing unit configured to form a first diagnostic mode
image based on echoes of the first ultrasound beam and a
second diagnostic mode image containing a gap correspond-
ing to the first time duration based on echoes of the second
ultrasound beam, the image processing unit being further
configured to perform gap filling based on edge points of the
second diagnostic mode image to form a second diagnostic
image with the gap removed.

[0029] According to another aspect of the present inven-
tion, there is provided a method of providing ultrasound
images in a duplex mode in an ultrasound system, compris-
ing: a) alternately transmitting a first ultrasound beam and a
second ultrasound beam to a target object, wherein the first
and second ultrasound beams are transmitted for first and
second time durations, respectively; b) forming a first diag-
nostic mode image based on echoes of the first ultrasound
beam and a second diagnostic mode image containing a gap
corresponding to the first time duration based on echoes of the
second ultrasound beam; and ¢) performing gap filling based
on edge points of the second diagnostic mode image to pro-
vide a second diagnostic mode image with the gap removed.
[0030] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc. means
that a particular feature, structure or characteristic described
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in connection with the embodiment is included in at least one
embodiment of the present invention. The appearances of
such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to effect
such feature, structure or characteristic in connection with
other ones of the embodiments.

[0031] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, numerous variations and modi-
fications are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. Anultrasound system for providing ultrasound images in
a duplex mode, comprising:

atransmission/reception unit for alternately transmitting a

first ultrasound beam and a second ultrasound beamto a
target object, wherein the first and second ultrasound
beams are transmitted for first and second time dura-
tions, respectively; and

an image processing unit for forming a first diagnostic

mode image based on echoes of the first ultrasound
beam and a second diagnostic mode image containing a
gap corresponding to the first time duration based on
echoes of the second ultrasound beam, the image pro-
cessing unit being configured to perform gap filling
based on edge points of the second diagnostic mode
image to form a second diagnostic image with the gap
removed.

2. The ultrasound system of claim 1, wherein the first
diagnostic mode image includes at least one of a brightness
mode image, a motion mode image and a color mode image.

3. The ultrasound system of claim 1, wherein the second
diagnostic mode image includes a Doppler mode (D-mode)
image.

4. The ultrasound system of claim 3, wherein the image
processing unit includes:

a D-mode image forming unit for forming the D-mode

image;

an edge point extracting unit for extracting the edge points

from the D-mode image;

an edge point estimating unit for computing a polynomial

curve of the extracted edge points to estimate edge
points within the gap; and

a gap filling unit for performing the gap filling for the gap

based on the estimated edge points and Doppler spectra
neighboring to the gap in the D-mode image.

5. The ultrasound system of claim 4, wherein the edge point
estimating unit is configured to perform steps of:

computing first degree polynomial curves by using the

edge points before and after the gap;

checking whether the first degree polynomial curves inter-

sect;

if the first degree polynomial curves intersect, computing

variances of the edge points before and after the gap; and

Jul. 2, 2009

estimating the edge points within the gap based on the
computed variances and the first degree polynomial
curves.

6. The ultrasound system of claim 5, wherein the edge point

estimating unit is configured to perform steps of:

if the first degree polynomial curves do not intersect, com-
puting a second degree polynomial curve by using the
edge points before and after the gap;

computing variances of the edge points before and after the
gap; and

estimating the edge points within the gap based on the
computed variances and the second degree polynomial
curve.

7. The ultrasound system of claim 6, wherein the gap filling

unit is configured to perform steps of:

performing a forward gap filling for the gap formed by the
estimated edge point from Doppler spectra prior to the
gap to form a D-mode image with the gap removed;

performing a backward gap filling for the gap formed by
the estimated edge point from Doppler spectra posterior
to the gap to form a D-mode image with the gap
removed; and

synthesizing the D-mode images formed through the for-
ward and backward gap filling.

8. The ultrasound system of claim 7, wherein the gap filling

is performed by using a linear interpolation method.

9. A method of providing ultrasound images in a duplex
mode in an ultrasound system, comprising:

a) alternately transmitting a first ultrasound beam and a
second ultrasound beam to a target object, wherein the
first and second ultrasound beams are transmitted for
first and second time durations, respectively;

b) forming a first diagnostic mode image based on echoes
of the first ultrasound beam and a second diagnostic
mode image containing a gap corresponding to the first
time duration based on echoes of the second ultrasound
beam; and

¢) performing gap filling based on edge points of the sec-
ond diagnostic mode image to provide a second diag-
nostic mode image with the gap removed.

10. The method of claim 9, wherein the first diagnostic
mode image includes at least one of a brightness mode image,
a motion mode image and a color mode image, and wherein
the second diagnostic mode image includes a Doppler mode
(D-mode) image.

11. The method of claim 10, wherein the step ¢) includes:

¢1) forming the D-mode image;

¢2) extracting the edge points from the D-mode image;

¢3) computing a polynomial curve of the extracted edge
points to estimate edge points within the gap; and

c4) performing the gap filling for the gap based on the
estimated edge points and Doppler spectra neighboring
the gap in the D-mode image.

12. The method of claim 11, wherein the step c3) includes:

computing first degree polynomial curves by using the
edge points before and after the gap;

checking whether the first degree polynomial curves inter-
sect;

if the first degree polynomial curves intersect, computing
variances of the edge points before and after the gap; and
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estimating the edge points within the gap based on the
computed variances and the first degree polynomial
curves.

13. The method of claim 12, wherein the step c3) further

includes:

if the first degree polynomial curves do not intersect, com-
puting a second degree polynomial curve by using the
edge points before and after the gap;

computing variances of the edge points before and after the
gap; and

estimating the edge points within the gap based on the
computed variances and the second degree polynomial
curve.
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14. The method of claim 13, wherein the step c4) includes:

performing a forward gap filling for the gap formed by the
estimated edge point from Doppler spectra prior to the
gap to form a D-mode image with the gap removed;

performing a backward gap filling for the gap formed by
the estimated edge point from Doppler spectra posterior
to the gap to form a D-mode image with the gap
removed; and

synthesizing the D-mode images formed through the for-
ward and backward gap filling.

15. The method of claim 14, wherein the gap filling is

performed by using a linear interpolation method.
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