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PROVIDING COMPOUND IMAGE OF
DOPPLER SPECTRUM IMAGES IN
ULTRASOUND SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Korean Pat-
ent Application No. 10-2011-0144445 filed on Dec. 28,
2011, the entire subject matter of which is incorporated
herein by reference.

TECHNICAL FIELD

The present disclosure generally relates to ultrasound
systems, and more particularly to providing a compound
image of Doppler spectrum images in an ultrasound system.

BACKGROUND

An ultrasound system has become an important and
popular diagnostic tool since it has a wide range of appli-
cations. Specifically, due to its non-invasive and non-de-
structive nature, the ultrasound system has been extensively
used in the medical profession. Modern high-performance
ultrasound systems and techniques are commonly used to
produce two-dimensional or three-dimensional ultrasound
images of internal features of target objects (e.g., human
organs).

The ultrasound system may provide ultrasound images of
various modes including a brightness mode image repre-
senting reflection coefficients of ultrasound signals (i.e.,
ultrasound echo signals) reflected from a target object of a
living body with a two-dimensional image, a Doppler mode
image representing velocity of a moving target object with
spectral Doppler by using a Doppler effect, a color Doppler
mode image representing velocity of the moving target
object with colors by using the Doppler effect, an elastic
image representing mechanical characteristics of tissues
before and after applying compression thereto, and the like.

The ultrasound system may transmit the ultrasound sig-
nals to the living body and receive the ultrasound echo
signals from the living body to form Doppler signals cor-
responding to a region of interest, which is set on the
brightness mode image. The ultrasound system may further
form the color Doppler mode image representing the veloc-
ity of the moving target object with colors based on the
Doppler signals. In particular, the color Doppler image may
represent the motion of the target object (e.g., blood flow)
with the colors. The color Doppler image may be used to
diagnose disease of a blood vessel, a heart and the like.
However, it is difficult to represent an accurate motion of the
target object (e.g., blood flow) since the respective colors
indicated by a motion value is a function of the velocity of
the target object, which moves forward in a transmission
direction of the ultrasound signals and moves backward in
the transmission direction of the ultrasound signals.

Particularly, the ultrasound system may set a sample
volume on the brightness mode image, transmit ultrasound
signals to the living body based on an ensemble number, and
receive ultrasound echo signals from the living to form a
Doppler spectrum image corresponding to the sample vol-
ume.

SUMMARY

There are provided embodiments for forming Doppler
spectrum images corresponding to at least two sample
volumes and compounding the Doppler spectrum images to
provide a compound image.
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In one embodiment, by way of non-limiting example, an
ultrasound system comprises: a processing unit configured
to form at least two Doppler spectrum images corresponding
to at least two sample volumes based on ultrasound data
corresponding to the at least two sample volume, the pro-
cessing unit being further configured to perform an image
process for forming a compound image upon the at least two
Doppler spectrum images to form the compound image.

In another embodiment, there is provided a method of
providing a compound image, comprising: a) forming at
least two Doppler spectrum images corresponding to at least
two sample volumes based on ultrasound data corresponding
to the at least two sample volume; and b) performing an
image process for forming a compound image upon the at
least two Doppler spectrum images to form the compound
image.

The Summary is provided to introduce a selection of
concepts in a simplified form that are further described
below in the Detailed Description. This Summary is not
intended to identify key or essential features of the claimed
subject matter, nor is it intended to be used in determining
the scope of the claimed subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing an illustrative embodi-
ment of an ultrasound system.

FIG. 2 is a schematic diagram showing an example of a
brightness mode image and sample volumes.

FIG. 3 is a block diagram showing an illustrative embodi-
ment of an ultrasound data acquiring unit.

FIG. 4 1s a schematic diagram showing an example of
sampling data and pixels of an ultrasound image.

FIGS. 5 to 8 are schematic diagrams showing examples of
performing a reception beam-forming.

FIG. 9 is a schematic diagram showing an example of
setting weights.

FIG. 10 is a schematic diagram showing an example of
setting a sampling data set.

FIG. 11 is a flow chart showing a process of forming a
compound image of Doppler spectrum images.

FIG. 12 is a schematic diagram showing an example of
the sample volumes and the Doppler spectrum images.

FIGS. 13 to 15 are schematic diagrams showing examples
of the compound images.

DETAILED DESCRIPTION

A detailed description may be provided with reference to
the accompanying drawings. One of ordinary skill in the art
may realize that the following description is illustrative only
and is not in any way limiting. Other embodiments of the
present invention may readily suggest themselves to such
skilled persons having the benefit of this disclosure.

Referring to FIG. 1, an ultrasound system 100 in accor-
dance with an illustrative embodiment is shown. As depicted
therein, the ultrasound system 100 may include a user input
unit 110.

The user input unit 110 may be configured to receive input
information from a user. In one embodiment, the input
information may include information for setting at least two
sample volumes (e.g., SV, SV,, SV,) on a brightness mode
image BI, as shown in FIG. 2. That is, the input information
may include the number, position and size of the sample
volumes. However, it should be noted herein that the input
information may not be limited thereto. In FIG. 2, the
reference numeral BV represents a blood vessel. The user
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input unit 110 may include a control panel, a track ball, a
touch screen, a mouse, a keyboard and the like.

The ultrasound system 100 may further include an ultra-
sound data acquiring unit 120. The ultrasound data acquiring
unit 120 may be configured to transmit ultrasound signals to
a living body. The living body may include target objects
(e.g., blood vessel, heart, blood flow, etc). The ultrasound
data acquiring unit 120 may be further configured to receive
ultrasound signals (i.e., ultrasound echo signals) from the
living body to acquire ultrasound data corresponding to an
ultrasound image.

FIG. 3 is a block diagram showing an illustrative embodi-
ment of the ultrasound data acquiring unit. Referring to FIG.
3, the ultrasound data acquiring unit 120 may include an
ultrasound probe 310.

The ultrasound probe 310 may include a plurality of
elements (not shown) for reciprocally converting between
ultrasound signals and electrical signals. The ultrasound
probe 310 may be configured to transmit the ultrasound
signals to the living body. The ultrasound probe 310 may be
further configured to receive the ultrasound echo signals
from the living body to output electrical signals (hereinafter
referred to as “reception signals™). The reception signals
may be analog signals. The ultrasound probe 310 may
include a convex probe, a linear probe and the like.

The ultrasound data acquiring unit 120 may further
include a transmitting section 320. The transmitting section
320 may be configured to control the transmission of the
ultrasound signals. The transmitting section 320 may be
further configured to generate electrical signals (hereinafter
referred to as “transmission signals™) in consideration of the
elements.

In one embodiment, the transmitting section 320 may be
configured to generate transmission signals (hereinafter
referred to as “brightness mode transmission signals™) for
obtaining the brightness mode image BI in consideration of
the elements. Thus, the ultrasound probe 310 may be con-
figured to convert the brightness mode transmission signals
provided from the transmitting section 320 into the ultra-
sound signals, transmit the ultrasound signals to the living
body, and receive the ultrasound echo signals from the living
body to output reception signals (hereinafter referred to as
“brightness mode reception signals™).

The transmitting section 320 may be further configured to
generate transmission signals (hereinafter referred to as
“Doppler mode transmission signals™) for obtaining Doppler
spectrum images corresponding to the at least two sample
volumes based on an ensemble number. The ensemble
number may represent the number of transmitting and
receiving the ultrasound signals. Thus, the ultrasound probe
310 may be configured to convert the Doppler mode trans-
mission signals provided from the transmitting section 320
into the ultrasound signals and transmit the ultrasound
signals to the living body. The ultrasound signals transmitted
from the ultrasound probe 310 may be the plane wave
signals. The ultrasound probe 310 may be further configured
to receive the ultrasound echo signals from the living body
in at least one reception direction to output reception signals
(hereinafter referred to as “Doppler mode reception sig-
nals”).

The ultrasound data acquiring unit 120 may further
include a receiving section 330. The receiving section 330
may be configured to perform an analog-digital conversion
upon the reception signals provided from the ultrasound
probe 310 to form sampling data. The receiving section 330
may be also configured to perform a reception beam-
forming upon the sampling data in consideration of the
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elements to form reception-focused data. The reception
beam-forming will be described below in detail.

In one embodiment, the receiving section 330 may be
configured to perform the analog-digital conversion upon
the brightness mode reception signals provided from the
ultrasound probe 310 to form sampling data (hereinafter
referred to as “brightness mode sampling data”). The receiv-
ing section 330 may be further configured to perform the
reception beam-forming upon the brightness mode sampling
data to form reception-focused data (hereinafter referred to
as “brightness mode reception-focused data”).

The receiving section 330 may be further configured to
perform the analog-digital conversion upon the Doppler
mode reception signals provided from the ultrasound probe
310 to form sampling data (hereinafter referred to as “Dop-
pler mode sampling data”). The receiving section 330 may
be also configured to perform the reception beam-forming
upon the Doppler mode sampling data to form reception-
focused data (hereinafter referred to as “Doppler mode
reception-focused data”) corresponding to the at least two
sample volumes.

For example, the receiving section 330 may perform the
reception beam-forming upon the Doppler mode sampling
data to form first Doppler mode reception-focused data
corresponding to the sample volume SV,. The receiving
section 330 may further perform the reception beam-form-
ing upon the Doppler mode sampling data to form second
Doppler mode reception-focused data corresponding to the
sample volume SV,. The receiving section 330 may also
perform the reception beam-forming upon the Doppler mode
sampling data to form third Doppler mode reception-focused
data corresponding to the sample volume SV.

The reception beam-forming may be described with ref-
erence to the accompanying drawings.

In one embodiment, the receiving section 330 may be
configured to perform the analog-digital conversion upon
the reception signals provided through a plurality of chan-
nels CH,, wherein 1<k<N, from the ultrasound probe 310 to
form sampling data S, ;, wherein the i and j are a positive
integer, as shown in FIG. 4. The sampling data S, , may be
stored in a storage unit 140. The receiving section 330 may
be further configured to detect pixels corresponding to the
sampling data based on positions of the elements and
positions (orientation) of pixels of the ultrasound image Ul
with respect to the elements. That is, the receiving section
330 may select the pixels, which the respective sampling
data are used as pixel data thereof, during the reception
beam-forming based on the positions of the elements and the
orientation of the respective pixels of the ultrasound image
UI with respect to the elements. The receiving section 330
may be configured to cumulatively assign the sampling data
corresponding to the selected pixels as the pixel data.

For example, the receiving section 330 may be configured
to set a curve (hereinafter referred to as “reception beam-
forming curve”) CV; 5 for selecting pixels, which the sam-
pling data S 5 are used as the pixel data thereof, during the
reception beam-forming based on the positions of the ele-
ments and the orientation of the respective pixels of the
ultrasound image Ul with respect to the elements, as shown
in FIG. 5. The receiving section 330 may be further con-
figured to detect the pixels Py, Py o, Pysy Pasy Pygy Paoss
Pyo Pars Pag, Pagy. . Psy corresponding to the reception
beam-forming curve CV, 5 from the pixels P, , of the ultra-
sound image UI, wherein 1<b<N. That is, the receiving
section 330 may select the pixels Py ;, P35, Py s Pys Py,
Pysi Pas Py7s Pug, Pao oo . Piy on which the reception
beam-forming curve CV; 5 passes among the pixels P, ;, of
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the ultrasound image UT. The receiving section 330 may be
also configured to assign the sampling data S, , to the
selected pixels Py, P3 5. P45, Pysy Py Pas, Py, Pasy Pag,
Pyg, ... Ps, as shown in FIG. 6.

Thereafter, the receiving section 330 may be configured to
set a reception beam-forming curve CV, for selecting
pixels, which the sampling data S, are used as the pixel
data thereof, during the reception beam-forming based on
the positions of the elements and the orientation of the
respective pixels of the ultrasound image UI with respect to
the elements, as shown in FIG. 7. The receiving section 330
may be further configured to detect the pixels P, ;, P; , P ,,
P4,2s P4,3s P4,4s P5,4s PS,Ss P5,6s P5,7: Ps,s: P4,9: P5,9s s P4,Ns
P, corresponding to the reception beam-forming curve
CV, , from the pixels P, , of the ultrasound image UI. That
is, the receiving section 330 may select the pixels P, ,,
P3,1s P3,2s P4,2s P4,3s P4,45 P5,4s PS,Sa P5,6s P5,75 PS,Ss P4,95
Psg, .. . Py, P5 v on which the reception beam-forming
curve CV 4, passes among the pixels P, of the ulirasound
image Ul. The receiving section 330 may be further con-
figured to assign the sampling data S, , to the selected pixels
Pyt Pty Pagy Paos Pas, Pag, Ps oy Pss, Psg Py Py,
Pso, ... Py, Py as shown in FIG. 8. In this way, the
respective sampling data, which are used as the pixel data,
may be cumulatively assigned to the pixels as the pixel data.

The receiving section 330 may be configured to perform
the reception beam-forming (i.e., summing) upon the sam-
pling data, which are cumulatively assigned to the respective
pixels P, , of the ultrasound image Ul to form the reception-
focused data.

In another embodiment, the receiving section 330 may be
configured to perform the analog-digital conversion upon
the reception signals provided through the plurality of
channels CH, from the ultrasound probe 310 to form the
sampling data S, ,, as shown in FIG. 4. The sampling data S, ,
may be stored in the storage unit 140. The receiving section
330 may be further configured to detect pixels correspond-
ing to the sampling data based on the positions of the
elements and the position (orientation) of the pixels of the
ultrasound image UI with respect to the elements. That is,
the receiving section 330 may select the pixels, which the
respective sampling data are used as the pixel data thereof,
during the reception beam-forming based on the positions of
the elements and the orientation of the respective pixels of
the ultrasound image Ul with respect to the elements. The
receiving section 330 may be configured to cumulatively
assign the sampling data corresponding to the selected pixels
as the pixel data. The receiving section 330 may be further
configured to determine pixels existing in the same column
among the selected pixels. The receiving section 330 may be
also configured to set weights corresponding to the respec-
tive determined pixels. The receiving section 330 may be
additionally configured to apply the weights to the sampling
data of the respective pixels.

For example, the receiving section 330 may be configured
to set the reception beam-forming curve CV ; for selecting
pixels, which the sampling data S, ; are used as the pixel
data thereof, during the reception beam-forming based on
the positions of the elements and the orientation of the
respective pixels of the ultrasound image UI with respect to
the elements, as shown in FIG. 5. The receiving section 330
may be further configured to detect the pixels P; , P ,, P, ,,
Py PisPisiPig Posy Pag Pag, ... Py corresponding
to the reception beam-forming curve CV ; from the pixels
P, of the ultrasound image UI, wherein 1sasM, 1=bsN.
That is, the receiving section 330 may select the pixels P, |,
P3 Puny Pass Pass Pass Pag, Pugy Pago Pag, ... Py on
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which the reception beam-forming curve CV,; passes
among the pixels P, of the ultrasound image Ul The
receiving section 330 may be also configured to assign the
sampling data S ; to the selected pixels P, ;, P55, P, 5, Py 5,
P, Pisi Py, PasiPyg. Pug, ... Ps s as shown in FIG. 6.
The receiving section 330 may be further configured to
determine pixels P, , and P, ,, which exist in the same
column among the selected pixels P ;, P 5, Py 2, Py s, Py,
P,5 Py Pass Pag Paos - - Ps . The receiving section 330
may be further configured to calculate a distance W, from a
center of the determined pixel P, , to the reception beam-
forming curve CV; ; and a distance W, from a center of the
determined pixel P, , to the reception beam-forming curve
CVy 5, as shown in FIG. 9. The receiving section 330 may
be additionally configured to set a first weight o, corre-
sponding to the pixel P , based on the distance W, and a
second weight o, corresponding to the pixel P, , based on
the distance W,. The first weight ¢, and the second weight
o, may be set to be in proportional to or in inverse propor-
tional to the calculated distances. The receiving section 330
may be further configured to apply the first weight o, to the
sampling data S ; assigned to the pixel P , and to apply the
second weight ., to the sampling data S, ; assigned to the
pixel P, ,. The receiving section 330 may be configured to
perform the above process upon the remaining sampling
data.

The receiving section 330 may be configured to perform
the reception beam-forming upon the sampling data, which
are cumulatively assigned to the respective pixels P, , of the
ultrasound image Ul to form the reception-focused data.

In yet another embodiment, the receiving section 330 may
be configured to perform the analog-digital conversion upon
the reception signals provided through the plurality of
channels CH, from the ultrasound probe 310 to form the
sampling data S, ,, as shown in FIG. 4. The sampling data S, ,
may be stored in the storage unit 140. The receiving section
330 may be further configured to set a sampling data set
based on the sampling data S, . That is, The receiving
section 330 may set the sampling data set for selecting
pixels, which the sampling data S,  are used as the pixel data
thereof, during the reception beam-forming.

For example, the receiving section 330 may be configured
to set the sampling data S, |, S, 4, ... 8, ,, S, 1, Spqn . ..
S5, - - -8, as the sampling data set (denoted by a box) for
selecting the pixels, which the sampling data S are used as
the pixel data thereof, during the reception beam-forming, as
shown in FIG. 10.

The receiving section 330 may be further configured to
detect the pixels corresponding to the respective sampling
data of the sampling data set based on the positions of the
elements and the positions (orientation) of the respective
pixels of the ultrasound image Ul with respect to the
elements. That is, the receiving section 330 may select the
pixels, which the respective sampling data of the sampling
data set are used as the pixel data thereof, during the
reception beam-forming based on the positions of the ele-
ments and the orientation of the respective pixels of the
ultrasound image UI with respect to the elements. The
receiving section 330 may be further configured to cumu-
latively assign the sampling data to the selected pixels in the
same manner with the above embodiments. The receiving
section 330 may be also configured to perform the reception
beam-forming upon the sampling data, which are cumula-
tively assigned to the respective pixels of the ultrasound
image UI to form the reception-focused data.

In yet another embodiment, the receiving section 330 may
be configured to perform a down-sampling upon the recep-
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tion signals provided through the plurality of channels CH,,
from the ultrasound probe 310 to form down-sampling data.
As described above, the receiving section 330 may be
further configured to detect the pixels corresponding to the
respective sampling data, based on the positions of the
elements and the positions (orientation) of the respective
pixels of the ultrasound image UI with respect to the
elements. That is, the receiving section 330 may select the
pixels, which the respective sampling data are used as the
pixel data thereof, during the reception beam-forming based
on the positions of the elements and the orientation of the
pixels of the ultrasound image Ul with respect to the
elements. The receiving section 330 may be further config-
ured to cumulatively assign the respective sampling data to
the selected pixels in the same manner of the above embodi-
ments. The receiving section 330 may be further configured
to perform the reception beam-forming upon the sampling
data, which are cumulatively assigned to the respective
pixels of the ultrasound image Ul to form the reception-
focused data.

However, it should be noted herein that the reception
beam-forming may not be limited thereto.

Referring back to FIG. 3, the ultrasound data acquiring
unit 120 may further include an ultrasound data forming
section 340. The ultrasound data forming section 340 may
be configured to form the ultrasound data corresponding to
the ultrasound image based on the reception-focused data
provided from the receiving section 330. The ultrasound
data forming section 340 may be further configured to
perform a signal process (e.g., gain control, etc) upon the
reception-focused data.

In one embodiment, the ultrasound data forming section
340 may be configured to form ultrasound data (hereinafter
referred to as “brightness mode ultrasound data™) corre-
sponding to the brightness mode image BI based on the
brightness mode reception-focused data provided from the
receiving section 330. The brightness mode ultrasound data
may include radio frequency data. However, it should be
noted herein that the brightness mode ultrasound data may
not be limited thereto.

The ultrasound data forming section 340 may be further
configured to form ultrasound data (hereinafter referred to as
“Doppler mode ultrasound data™) corresponding to the at
least two sample volumes based on the Doppler mode
reception-focused data provided from the receiving section
330. The Doppler mode ultrasound data may include in-
phase/quadrature data. However, it should be noted herein
that the Doppler mode ultrasound data may not be limited
thereto.

For example, the ultrasound data forming section 340
may form first Doppler mode ultrasound data corresponding
to the sample volume SV, based on the first Doppler mode
reception-focused data provided from the receiving section
330. The ultrasound data forming section 340 may further
form second Doppler mode ultrasound data corresponding to
the sample volume SV, based on the second Doppler mode
reception-focused data provided from the receiving section
330. The ultrasound data forming section 340 may further
form third Doppler mode ultrasound data corresponding to
the sample volume SV, based on the third Doppler mode
reception-focused data provided from the receiving section
330.

Referring back to FIG. 1, the ultrasound system 100 may
further include a processing unit 130 in communication with
the user input unit 110 and the ultrasound data acquiring unit
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120. The processing unit 130 may include a central process-
ing unit, a microprocessor, a graphic processing unit and the
like.

FIG. 11 is a flow chart showing a process of forming a
compound image of the Doppler spectrum images. The
processing unit 130 may be configured to form the bright-
ness mode image BI based on the brightness mode ultra-
sound data provided from the ultrasound data acquiring unit
120, at step S 1102 in FIG. 11. The brightness mode image
BI may be displayed on a display unit 150.

The processing unit 130 may be configured to set the at
least two sample volumes on the brightness mode image BI
based on the input information provided from the user input
unit 110, at step S1104 in FIG. 11. Thus, the ultrasound data
acquiring unit 120 may be configured to transmit the ultra-
sound signals to the living body and receive the ultrasound
echo signals from the living body to acquire the Doppler
mode ultrasound data corresponding to the at least two
sample volumes.

The processing unit 130 may be configured to form
Doppler signals corresponding to each of the at least two
sample volumes based on the Doppler mode ultrasound data
provided from the ultrasound data acquiring unit 120, at step
S$1106 in FIG. 11. The methods of forming the Doppler
signals are well known in the art. Thus, they have not been
described in detail so as not to unnecessarily obscure the
present disclosure.

For example, the processing unit 130 may form first
Doppler signals corresponding to the sample volume SV,
based on the first Doppler mode ultrasound data provided
from the ultrasound data acquiring unit 120. The processing
unit 130 may further form second Doppler signals corre-
sponding to the sample volume SV, based on the second
Doppler mode ultrasound data provided from the ultrasound
data acquiring unit 120. The processing unit 130 may further
form third Doppler signals corresponding to the sample
volume SV based on the third Doppler mode ultrasound
data provided from the ultrasound data acquiring unit 120.

The processing unit 130 may be configured to form the at
least two Doppler spectrum images corresponding to the at
least two sample volumes based on the Doppler signals
corresponding to the at least two sample volumes, at step S
1108 in FIG. 11. The methods of forming the Doppler
spectrum image are well known in the art. Thus, they have
not been described in detail so as not to unnecessarily
obscure the present disclosure.

For example, the processing unit 130 may form a first
Doppler spectrum image corresponding to the sample vol-
ume SV, based on the first Doppler signals corresponding to
the sample volume SV,. The processing unit 130 may
further form a second Doppler spectrum image correspond-
ing to the sample volume SV, based on the second Doppler
signals corresponding to the sample volume SV,. The pro-
cessing unit 130 may further form a third Doppler spectrum
image corresponding to the sample volume SV based on the
third Doppler signals corresponding to the sample volume
SV,.

The processing unit 130 may be configured to perform an
image process for forming a compound image of the at least
two Doppler spectrum images upon the at least two Doppler
spectrum images to form the compound image, at step S1110
in FIG. 11. In one embodiment, the image process may
include an image process for adding pixel values (i.e.,
brightness values) corresponding to pixels of same positions
on the at least two Doppler spectrum images, an image
process for subtracting the pixel values (i.e., brightness
values) corresponding to the pixels of the same positions on
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the at least two Doppler spectrum images, an image process
for multiplying the pixel values (i.e., brightness values)
corresponding to the pixels of the same positions on the at
least two Doppler spectrum images, an image process for
performing various blending processes among the at least
two Doppler spectrum images and the like.

As one example, the processing unit 130 may detect the
pixels of the same positions on the first Doppler spectrum
image to the third Doppler spectrum image, based on
positions (orientation) of pixels corresponding to each of the
first Doppler spectrum image to the third Doppler spectrum
image. The processing unit 130 may further perform the
image process for adding the pixel values corresponding to
the detected pixels to form the compound image CI; as
shown in FIG. 13.

As another example, the processing unit 130 may detect
the pixels of the same positions on the first Doppler spec-
trum image to the third Doppler spectrum image, based on
the positions (orientation) of the pixels corresponding to
each of the first Doppler spectrum image to the third Doppler
spectrum image. The processing unit 130 may further per-
form the image process for subtracting the pixel values
corresponding to the detected pixels to form the compound
image CI, as shown in FIG. 14.

As yet another example, the processing unit 130 may
detect the pixels of the same positions on the first Doppler
spectrum image to the third Doppler spectrum image, based
on the positions (orientation) of the pixels corresponding to
each of the first Doppler spectrum image to the third Doppler
spectrum image. The processing unit 130 may further per-
form the image process for multiplying the pixel values
corresponding to the detected pixels to form the compound
image Cl; as shown in FIG. 15.

Optionally, the processing unit 130 may be configured to
perform a men trace upon the compound image.

Referring back to FIG. 1, the ultrasound system 100 may
further include the storage unit 140. The storage unit 140
may store the ultrasound data (i.e., brightness mode ultra-
sound data and Doppler mode ultrasound data) acquired by
the ultrasound data acquiring unit 120. The storage unit 140
may further store the Doppler signals formed by the pro-
cessing unit 130. The storage unit 140 may further store the
input information received by the user input unit 110. The
storage unit 140 may further store the brightness mode
image, the Doppler spectrum images, and the compound
image.

The ultrasound system 100 may further include the dis-
play unit 150. The display unit 150 may be configured to
display the brightness mode image formed by the processing
unit 130. The display unit 150 may be further configured to
display the Doppler spectrum images formed by the pro-
cessing unit 130. The display unit 150 may be further
configured to display the compound image formed by the
processing unit 130.

Although embodiments have been described with refer-
ence 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
modifications are possible in the component parts and/or
arrangements 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.
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What is claimed is:

1. An ultrasound system, comprising: an ultrasound data
acquiring unit, including an ultrasound probe, configured to
transmit ultrasound signals to a living body in at least one
transmission direction and receive ultrasound echo signals
from the living body in at least one reception direction to
acquire ultrasound data corresponding to a first sample
volume and a second sample volume different from the first
sample volume;

a processor configured to form a first Doppler spectrum
image corresponding to the first sample volume and a
second Doppler spectrum image corresponding to the
second sample volume based on the ultrasound data
corresponding to the first sample volume and the sec-
ond sample volume, the processor being further con-
figured to perform an image process for forming a
compound image upon the first Doppler spectrum
image and the second Doppler spectrum image to form
the compound image; and

a display configured to display the compound image,

wherein the image process includes at least one of a first
image process for adding pixel values corresponding to
pixels of same positions on the first Doppler spectrum
image and the second Doppler spectrum image, a
second image process for subtracting the pixel values
corresponding to the pixels of the same positions on the
first Doppler spectrum image and the second Doppler
spectrum image, a third image process for multiplying
the pixel values corresponding to the pixels of the same
positions on the first Doppler spectrum image and the
second Doppler spectrum image, and a fourth image
process for performing a blending process among the
pixels of the same position on the first Doppler spec-
trum image and the second Doppler spectrum image.

2. The ultrasound system of claim 1, wherein the ultra-
sound signals include unfocused signals or focused signals.

3. The ultrasound system of claim 1, wherein the ultra-
sound data acquiring unit is configured to:

form reception signals based on the ultrasound echo
signals;

perform an analog-digital conversion upon the reception
signals to form a plurality of sampling data;

detect pixels corresponding to each of the sampling data
from the pixels of the first Doppler spectrum image and
the second Doppler spectrum image to cumulatively
assign the sampling data to the detected pixels;

perform reception beam-forming upon the sampling data
assigned to the detected pixels to form reception-
focused data corresponding to the first sample volume
and the second sample volume; and

form the ultrasound data corresponding to the first sample
volume and the second sample volume based on the
reception-focused data.

4. The ultrasound system of claim 3, wherein the ultra-

sound data acquiring unit is configured to:

set a beam-forming curve for selecting pixels which the
respective sampling data are used as pixel data thereof;
and

select the pixels corresponding to the beam-forming
curve.

5. The ultrasound system of claim 3, wherein the ultra-

sound data acquiring unit is further configured to:
determine pixels existing in the same column of the first
Doppler spectrum image and the second Doppler spec-
trum image among the selected pixels;

set weights corresponding to the respective determined

pixels; and
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apply the weights to the sampling data of the respective
determined pixels.

6. The ultrasound system of claim 5, wherein the ultra-

sound data acquiring unit is further configured to:
calculate distances from a center of the respective deter-
mined pixels to the beam-forming curve; and

set the weights based on the calculated distances.

7. The ultrasound system of claim 6, wherein the weights
are set to be in proportional to or inverse proportional to the
calculated distances.

8. The ultrasound system of claim 3, wherein the ultra-
sound data acquiring unit is further configured to:

set a sampling data set for selecting pixels which the
respective sampling data are used as pixels data thereof
among the sampling data; and

select pixels corresponding to respective sampling data of
the sampling data set.

9. The ultrasound system of claim 3, wherein the ultra-

sound data acquiring unit is further configured to:

perform a down-sampling process upon the reception
signals to form down-sampled data.

10. A method of providing a compound image, compris-

ing:

a) forming a first Doppler spectrum image corresponding
to a first sample volume and a second Doppler spec-
trum image corresponding to a second sample volume
different from the first sample volume based on ultra-
sound data corresponding to the first sample volume
and the second sample volume; and

b) performing an image process for forming a compound
image upon the first Doppler spectrum image and the
second Doppler spectrum image to form the compound
image, wherein the image process includes at least one
of a first image process for adding pixel values corre-
sponding to pixels of same positions on the first Dop-
pler spectrum image and the second Doppler spectrum
image, a second image process for subtracting the pixel
values corresponding to the pixels of the same positions
on the first Doppler spectrum image and the second
Doppler spectrum image, a third image process for
multiplying the pixel values corresponding to the pixels
of the same positions on the first Doppler spectrum
image and the second Doppler spectrum image, and a
fourth image process for performing a blending process
among the pixels of the same position on the first
Doppler spectrum image and the second Doppler spec-
trum image.

11. The method of ¢laim 10, further comprising;

transmitting ultrasound signals to a living body including
the target object in at least one transmission direction
and receiving ultrasound echo signals from the living
body in at least one reception direction to acquire the
ultrasound data corresponding to the first sample vol-
ume and the second sample volume, prior to perform-
ing the step a).

12. The method of claim 11, wherein the ultrasound

signals include unfocused signals or focused signals.
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13. The method of claim 11, wherein the step of acquiring
the ultrasound data, further comprises:

forming reception signals based on the ultrasound echo

signals;
performing an analog-digital conversion upon the recep-
tion signals to form a plurality of sampling data;

detecting pixels corresponding to each of the sampling
data from the pixels of the first Doppler spectrum
image and the second Doppler spectrum image to
cumulatively assign the sampling data to detected pix-
els;

performing reception beam-forming upon the sampling

data assigned to the detected pixels to form reception-
focused data corresponding to the first sample volume
and the second sample volume; and

forming the ultrasound data corresponding to each of the

first sample volume and the second sample volume
based on the reception-focused data.

14. The method of claim 13, wherein the step of detecting
the pixels corresponding to each of the sampling data,
comprises:

setting a beam-forming curve for selecting pixels which

the respective sampling data are used as pixel data
thereof; and

selecting the pixels corresponding to the beam-forming

curve.

15. The method of claim 14, wherein the step of acquiring
the ultrasound data, further comprises:

determining pixels existing in the same column of the first

Doppler spectrum image and the second Doppler spec-
trum image among the selected pixels;

setting weights corresponding to the respective deter-

mined pixels; and

applying the weights to the sampling data of the respec-

tive determined pixels.

16. The method of claim 15, wherein the step of setting
the weights, comprises:

calculating distances from a center of the respective

determined pixels to the beam-forming curve; and
setting the weights based on the calculated distances.

17. The method of claim 16, wherein the weights are set
to be in proportional to or inverse proportional to the
calculated distances.

18. The method of claim 14, wherein the step of detecting
the pixels corresponding to each of the sampling data,
further comprises:

setting a sampling data set for selecting pixels, which the

respective sampling data are used as pixel data thereof,
among the sampling data; and

selecting pixels corresponding to respective sampling

data of the sampling data set.

19. The method of claim 14, wherein the step of detecting
the pixels corresponding to each of the sampling data,
further comprises:

performing a down-sampling process upon the reception

signals to form down-sampled data.
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