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(57) ABSTRACT

The present invention relates to an ultrasound system. The
ultrasound system includes a control unit, a transmit/receive
unit and an image processing unit. The control unit generates
first and second control signals for a B-mode scan and a
C-mode scan. The transmit/receive unit transmits ultrasound
signals along a plurality of scan lines set in a target object and
form receive signals based on the ultrasound echo signals.
The receive signals include first and second receive signals
formed in response to the first and second control signals,
respectively. The ultrasound system further includes a storage
unit for storing the first and second receive signals. The image
processing unit forms a B-mode image and a C-mode image
based on the first and second receive signals stored in the
storage unit, and combines the B-mode image with the
C-mode image to form a BC-mode image. The control unit
divides the scan lines into a plurality of scan line groups and
generates a third control signal for an alternate B-mode scan
along scan lines of the respective scan line groups. The con-
trol unit repeatedly generates the second and third control
signals.
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ULTRASOUND SYSTEM AND METHOD FOR
FORMING BC-MODE IMAGE

[0001] The present application claims priority from Korean
Patent Application No. 10-2007-0116204 filed on Nov. 14,
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 for forming a BC-mode image.

[0004] 2. Background Art

[0005] An ultrasound 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 systems and techniques are commonly used to
produce two- or three-dimensional images of internal fea-
tures of patients.

[0006] The ultrasound system may provide a BC-mode
image indicating a blood flow or a motion of a target object,
which is estimated by using a Doppler effect, on a B-mode
image. The BC-mode image is a combination image compris-
ing a B-mode image of a grey scale and a color flow image
(i.e., C-mode image) indicating the blood flow or the motion
of the target object. The BC-mode image may provide ana-
tomical information as well as information regarding the
blood flow or the motion of the target object.

[0007] The conventional ultrasound image may form the
B-mode image and the C-mode image with different frame
rates, and then combine the B-mode image with the C-mode
image to thereby form the BC-mode image. Since the frame
rate of the BC-mode may not be enough to obtain information
regarding the blood flow or the motion of the target object
such as a cardiac muscle, the frame rate of the BC-mode must
be improved such that motion information of the target object
such as a cardiac muscle, which is rapidly moved, can be
accurately provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is a block diagram showing an embodiment
of an ultrasound system.

[0009] FIG. 2 is a schematic diagram showing an embodi-
ment of a control unit.

[0010] FIG. 3 is a schematic diagram illustrating a display
example of a B-mode image, a plurality of scan lines and a
color box.

[0011] FIGS. 4 to 7 are diagrams showing examples of
forming a B-mode image in accordance with one embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] FIG. 1 is a block diagram showing an embodiment
of an ultrasound system. As shown in FIG. 1, the ultrasound
system 100 may include a control unit 110, a transmit/receive
unit 120, a storage unit 130, an image processing unit 140 and
a display unit 150. The ultrasound system 100 may further
include an input unit (not shown) to receive input information
from a user. The input information may include setup infor-
mation for setting a color box on a B-mode image, i.e., posi-
tion and size information of the color box.
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[0013] The control unit 110 may be configured to control
the formation of a BC-mode image in consideration of a time
duration required to form a B-mode image and a time duration
required to form a C-mode image. The control unit 110 may
be further configured to control operations of the transmit/
receive unit 120, the storage unit 130, the image processing
unit 140 and the display unit 150.

[0014] FIG. 2 is a block diagram showing an embodiment
of the control unit 110. A time computing unit 112 may be
operable to compute a time duration required to form a
B-mode image (“first time duration”) and a time duration
required to form a C-mode image (“second time duration™).
The first time duration (T ) and the second time duration (T )
may be computed by using the following equations (1) and

Q).

Tp=Ny/PRF, )

To=NxPS/PRF @

wherein N represents the number of scan lines used to form
the B-mode image, PRF; represents a pulse repetition fre-
quency used to form the B-mode image, NC represents the
number of the scan lines used to form the C-mode image, PS
represents a packet size indicating repetition times of trans-
mitting and receiving an ultrasound beam along one scan line,
and PRF . represents a pulse repetition frequency used to
form the C-mode image.

[0015] A scan line group setting unit 114 may be config-
ured to set a plurality of scan line groups based on the first
time duration T and the second time duration T.. For
example, when the first time duration T, is 8 ms and the
second time duration T is 2 ms, scan lines S-S, illustrated
in FIG. 3 may be divided into four scan line groups SG, SG,,
SG; and SG, based on a value obtained through dividing the
first time duration T by the second time duration TC, i.e., 8
ms/2 ms 4, as follows.

[0016] First scan line group SG1={S,, Ss, So, Si35 S1, - - -
s Ss35 857, S}

[0017] Second scan line group SG2={S,, S¢, S0, S145 S1s
-5 854,855, Seo}

[0018] Third scan line group SG3={S;, S5, S11, Sy, Sios - -
i SSS: sSQ: S63}

[0019] Fourth scan line group SG4={S., S, S15, S5 Sz0s -
-+ Sses Seos Seat

[0020] A control signal generating unit 116 may be config-
ured to generate a control signal for controlling transmission
and reception of the ultrasound beam. The control signal may
include a first control signal for controlling the formation of a
B-mode image 210, i.e., a B-mode scan, such that the ultra-
sound beam is transmitted and received along the scan lines
S,-Ses. The control signal may further include a second con-
trol signal for controlling the formation ofthe C-mode image,
i.e., a C-mode scan, such that the ultrasound beam is trans-
mitted and received along scan lines S, , to S5, within a color
box 220 set on the B-mode image 210. The control signal may
also include a third control signal for controlling the trans-
mission and reception of the ultrasound beam such that the
ultrasound beam for the B-mode image is alternately trans-
mitted and received along scan lines included in the respec-
tive scan line groups.

[0021] The transmit/receive unit 120 may be configured to
transmit the ultrasound beam along scan lines set in a target
object and receive ultrasound echoes reflected from the target
object in response to the control signal. The transmit/receive
unit 120 may be operable to sequentially transmit the ultra-
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sound beam for the B-mode image along the scan lines S-S,
in response to the first control signal and receive ultrasound
echoes reflected from the target object to thereby form receive
signals corresponding to the scan lines S,-S, (“first receive
signals™). The first receive signals may include information
associated with the scan lines, e.g., position information of
the scan lines, position information of sampling points on the
scan lines, data obtained at the sampling points and the like.
[0022] The transmit/receive unit 120 may be configured to
transmit the ultrasound beam for the C-mode image along the
scan lines S, -S54 within the color box 220 in response to the
second control signal and receive ultrasound echoes reflected
from the target object to thereby form receive signals corre-
sponding to the scan lines S10-S56 (“second receive sig-
nals”). The second receive signals may include information
associated with the scan lines S-S, €.g., position informa-
tion of the scan lines, position information of sampling points
on the scan lines, data obtained from the sampling points and
the like.

[0023] The transmit/receive unit 120 may be configured to
transmit the ultrasound beam for a B-mode image along the
scan lines S|, S5, S, S35, Sy, - - ., Ss3, S55 and Sy included
in the first scan line group SG, and receive ultrasound echoes
from the target object in response to the third control signal to
thereby form receive signals corresponding to the scan lines
included in the first scan line group SG, (“first scan line group
receive signals™). The first scan line group receive signals
may include information associated with the scan lines of the
first scan line group SGy, e.g., position information of the
scan lines, position information of sampling points on the
scan lines, data obtained from the sampling points and the
like. The transmit/receive unit 120 may be configured to
transmit the ultrasound beam for the C-mode image along the
scan lines S, -S4 within the color box 220 and receive ultra-
sound echoes reflected from the target object in response to
the second control signal to thereby form new second receive
signals.

[0024] The transmit/receive unit 120 may be configured to
transmit the ultrasound beam for a B-mode image along the
scan lines S,, S, S10, S5 Sig, - - - Ssa, Ssg and Sy, included
in the second scan line group SG, and receive ultrasound
echoes from the target object in response to the third control
signal to thereby form receive signals corresponding to the
scan lines included in the second scan line group SG, (“sec-
ond scan line group receive signals”). The second scan line
group receive signals may include information associated
with the scan lines of the first scan line group SG2, e.g.,
position information of the scan lines, position information of
sampling points on the scan lines, data obtained from the
sampling points and the like. The transmit/receive unit 120
may be configured to transmit the ultrasound beam for a
C-mode image along the scan lines S-S54 within the color
box 220 and receive ultrasound echoes reflected from the
target object in response to the second control signal to
thereby form new second receive signals.

[0025] The transmit/receive unit 120 may be configured to
transmit the ultrasound beam for a B-mode image along the
scanlines S5, S, S, ,, S5, S0, - - - s S5, Ssg and S, included
in the third scan line group SG; and receive ultrasound echoes
from the target object in response to the third control signal to
thereby form receive signals corresponding to the scan lines
included in the third scan line group SG; (“third scan line
group receive signals”). The third scan line group receive
signals may include information associated with the scan
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lines of the third scan line group SG;, e.g., position informa-
tion of the scan lines, position information of sampling points
on the scan lines, data obtained from the sampling points and
the like. The transmit/receive unit 120 may be configured to
transmit the ultrasound beam for the C-mode image along the
scan lines S, ;-S54 within the color box 220 and receive ultra-
sound echoes reflected from the target object in response to
the second control signal to thereby form new second receive
signals.

[0026] The transmit/receive unit 120 may be configured to
transmit the ultrasound beam for a B-mode image along the
scan lines S, Sg, S5, S16, Ss0s - - - 5 S5, S0 and S, included
in the fourth scan line group SG, and receive ultrasound
echoes from the target object in response to the third control
signal to thereby form receive signals corresponding to the
scan lines included in the fourth scan line group SG, (“fourth
scan line group receive signals™). The fourth scan line group
receive signals may include information associated with the
scan lines of the fourth scan line group SG,, e.g., position
information of the scan lines, position information of sam-
pling points on the scan lines, data obtained from the sam-
pling points and the like. The transmit/receive unit 120 may
be configured to transmit the ultrasound beam for the C-mode
image along the scan lines S, -S54 within the color box 220
and receive ultrasound echoes reflected from the target object
in response to the second control signal to thereby form new
second receive signals. The transmit/receive unit 120 may be
configured to repeat the above process until an end request is
inputted.

[0027] The control unit 130 may sequentially store the first
receive signals, the second receive signals and the first to
fourth scan line group receive signals.

[0028] Theimage processing unit 140 may be configured to
extract the first receive signals from the storage unit 130 and
form a B-mode image based on the first receive signals. The
image processing unit may be configured to extract the sec-
ond receive signals from the storage unit 130 and form a
C-mode image based on the extracted second receive signals.
The image processing unit 140 may be configured to combine
the B-mode image with the C-mode image to form a BC-
mode image. Subsequently, the image processing unit 140
may be configured to extract the first scan line group receive
signals and the first receive signals in which the receive sig-
nals corresponding to the scan lines included in the first scan
line group SG1 are excluded to update the first receive sig-
nals. The image processing unit 140 may be configured to
form a B-mode image 310 based on the updated first receive
signals, as illustrated in FIG. 4. The image processing unit
may extract the new second receive signals from the storage
unit 130 and form a C-mode image based on the extracted
second receive signals. Thereafter, the image processing unit
140 may be operable to combine the B-mode image 310 with
the C-mode image to form a BC-mode image.

[0029] Theimage processing unit 140 may be configured to
extract the second scan line group receive signals and the first
receive signals in which the receive signals corresponding to
the scan lines included in the second scan line group SG, are
excluded to update the first receive signals. As illustrated in
FIG. 5, the image processing unit 140 may be configured to
form a B-mode image 320 based on the updated first receive
signals. The image processing unit may extract the new sec-
ond receive signals from the storage unit 130 and form a
C-mode image based on the extracted new second receive
signals. Thereafter, the image processing unit 140 may be
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configured to combine the B-mode image 320 with the
C-mode image to form a BC-mode image.

[0030] Theimage processing unit 140 may be configured to
extract the third scan line group receive signals and the first
receive signals in which the receive signals corresponding to
the scan lines included in the third scan line group SG; are
excluded to update the first receive signals. As illustrated in
FIG. 6, the image processing unit 140 may be configured to
form a B-mode image 330 based on the updated first receive
signals. The image processing unit may extract the new sec-
ond receive signals from the storage unit 130 and form a
C-mode image based on the extracted second receive signals.
Thereafter, the image processing unit 140 may be configured
to combine the B-mode image 330 with the C-mode image to
form a BC-mode image.

[0031] Theimage processing unit 140 may be configured to
extract the fourth scan line group receive signals and the first
receive signals in which the receive signals corresponding to
the scan lines included in the fourth scan line group SG, are
excluded to update the first receive signals. As illustrated in
FIG. 7, the image processing unit 140 may be configured to
form a B-mode image 340 based on the updated first receive
signals. The image processing unit may extract the new sec-
ond receive signals from the storage unit 130 and form a
C-mode image based on the extracted second receive signals.
Thereafter, the image processing unit 140 may be configured
to combine the B-mode image 340 with the C-mode image to
form a BC-mode image. The image processing unit 140 may
repeatedly carry out the above process until an end request is
inputted.

[0032] The display unit 150 may be configured to display
the B-mode image and the BC-mode image formed in the
image processing unit 140.

[0033] Asmentioned above, since the time required to form
the B-mode image may be reduced in accordance with the
present invention, the frame rate of the BC-mode image may
be improved.

[0034] In accordance with one embodiment of the present
invention, there is provided an ultrasound system, compris-
ing: a control unit for generating a first control signal for a
B-mode scan and a second control signal for a C-mode scan;
a transmit/receive unit responsive to the first and second
control signals and being configured to transmit ultrasound
signals along a plurality of scan lines set in a target object and
form receive signals based on the ultrasound echo signals
reflected from the target object, said receive signals including
first receive signals formed in response to the first control
signal and the second receive signals formed in response to
the second control signal; a storage unit for storing the first
and second receive signals; and an image processing unit for
forming a B-mode image and a C-mode image based on the
first and second receive signals stored in the storage unit and
being configured to combine the B-mode image with the
C-mode image to form a BC-mode image, wherein the con-
trol unit is configured to divide the scan lines into a plurality
of scan line groups and generate a third control signal for an
alternate B-mode scan along scan lines of the respective scan
line groups, the control unit being further configured to
repeatedly generate the second and third control signals,
wherein the receive signals further include scan line group
receive signals formed in response to the third control signal,
and wherein the image processing unit is configured to update
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the first receive signals with the scan line group receive sig-
nals and form a B-mode image based on the updated first
receive signals.

[0035] In accordance with another embodiment of the
present invention, there is provided a method of forming a
BC-mode image, comprising: a) generating a first control
signal for a B-mode scan and a second control signal for a
C-mode scan; b) transmitting ultrasound signals along a plu-
rality of scan lines set in a target object and form first receive
signals and second receive signals based on the ultrasound
echo signals reflected from the target object in response to the
first and second control signals, respectively; ¢) forming a
B-mode image and a C-mode image based on the first and
second receive signals, respectively, and combining the
B-mode image with the C-mode image to form a BC-mode
image; d) dividing the scan lines into a plurality of scan line
groups based on a first time duration required to form the
B-mode image and a second time duration required to form
the C-mode image; e) generating a third control signal for an
alternate B-mode scan along scan lines of the respective scan
line groups; f) updating the first receive signals with receive
signal formed in response to the third control signal; g) form-
ing a new B-mode image based on the updated first receive
signals; h) generating the second control signal to thereby
form new C-mode image and combining the new B-mode
image with the new C-mode image to form a new BC-mode
image; and i) repeating steps e) to h).

[0036] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc. means
that a particular feature, structure or characteristic described
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.

[0037] 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. An ultrasound system, comprising:

a control unit for generating a first control signal for a
B-mode scan and a second control signal for a C-mode
scan;

a transmit/receive unit responsive to the first and second
control signals and being configured to transmit ultra-
sound signals along a plurality of scan lines set in a target
object and form receive signals based on ultrasound
echo signals reflected from the target object, said receive
signals including first receive signals formed in response
to the first control signal and second receive signals
formed in response to the second control signal;
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a storage unit for storing the first and second receive sig-
nals; and

an image processing unit for forming a B-mode image and
a C-mode image based on the first and second receive
signals stored in the storage unit and being configured to
combine the B-mode image with the C-mode image to
form a BC-mode image,

wherein the control unit divides the scan lines into a plu-
rality of scan line groups and generate a third control
signal for an alternate B-mode scan along scan lines of
the respective scan line groups, the control unit being
further configured to repeatedly generate the second and
third control signals,

wherein the receive signals include scan line group receive
signals formed in response to the third control signal,
and wherein the image processing unit is configured to
update the first receive signals with the scan line group
receive signals and form a B-mode image based on the
updated first receive signals.

2. The ultrasound system of claim 1, further comprising an
input unit for receiving a user input for setting a color box on
the B-mode image, wherein the C-mode scan is carried out
along scan lines within the color box.

3. The ultrasound system of claim 2, wherein the control
unit includes:

a time computing unit for computing a first time duration
required to form the B-mode image and a second time
duration required to form the C-mode image;

a scan line group setting unit for dividing the first time
duration by the second time duration and dividing the
scan lines into the plurality of scan line groups based on
the division result, wherein each of the scan line groups
include different scan lines; and

a control signal generating unit for generating the control
signal.

4. The ultrasound system of claim 1, wherein the storage

unit stores the updated first receive signals.

5. A method of forming a BC-mode image, comprising:

a) generating a first control signal for a B-mode scan and a
second control signal for a C-mode scan;
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b) transmitting ultrasound signals along a plurality of scan
lines set in a target object and forming first receive
signals and second receive signals based on the ultra-
sound echo signals reflected from the target object in
response to the first and second control signals, respec-
tively;

¢) forming a B-mode image and a C-mode image based on
the first and second receive signals, respectively, and
combining the B-mode image with the C-mode image to
form a BC-mode image;

d) dividing the scan lines into a plurality of scan line groups
based on a first time duration required to form the
B-mode image and a second time duration required to
form the C-mode image;

e) generating a third control signal for an alternate B-mode
scan along scan lines of the respective scan line groups;

) updating the first receive signals with a receive signal
formed in response to the third control signal;

g) forming a new B-mode image based on the updated first
receive signals;

h) generating the second control signal to thereby form a
new C-mode image and combining the new B-mode
image with the new C-mode image to form a new BC-
mode image; and

1) repeating steps e) to h).

6. The method of claim 5, further comprising receiving a
user input for setting a color box on the B-mode image,
wherein the C-mode scan is carried out along scan lines
within the color box.

7. The method of claim 6, wherein the step d) includes:

dividing the first time duration by the second time; and

dividing the scan lines into the plurality of scan line groups
based on the division result, wherein each of the scan
line groups include different scan lines.

8. The method of claim 5, further comprising storing the
first receive signals, the second receive signals and the
updated first receive signals.

s s sk sk sk
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