US20130218014A1

a9 United States

12y Patent Application Publication (o) Pub. No.: US 2013/0218014 A1

SHIM et al.

43) Pub. Date: Aug. 22,2013

(54)

(71)

(72)

(73)

@1
(22)

(60)

(30)

ULTRASOUND APPARATUS AND METHOD
OF GENERATING ULTRASOUND IMAGE

Applicant:

Inventors:

Assignee:

Appl. No.:

Filed:

SAMSUNG ELECTRONICS CO.,
LTD., (US)

Hwan SHIM, Yongin-si (KR);
Hyung-joon LIM, Seoul (KR);
Byeong-geun CHEON, Anyang-si (KR);
Young-tae KIM, Seongnam-si (KR)

SAMSUNG ELECTRONICS CO.,
LTD., Suwon-si (KR)

13/768,627

Feb. 15, 2013

Related U.S. Application Data
Provisional application No. 61/600,062, filed on Feb.

17, 2012.

Foreign Application Priority Data

Jul. 10, 2012

(KR) oo 10-2012-0075171

Publication Classification

(51) Int.CL
AG6IB 8/08
(52) US.CL

(2006.01)

A61B 8/488 (2013.01)
........................................... 600/453; 600/437

(57) ABSTRACT

A method of generating an ultrasound image includes trans-
mitting an ultrasound signal to a predetermined point
included in an object and receiving at least three response
signals reflected from the predetermined point; extracting a
plurality of response signal pairs by combining the received at
least three response signals two-by-two; obtaining a plurality
of pieces of prediction vector information, each of the pieces
of prediction vector information indicating a prediction
velocity magnitude and a prediction velocity direction of the
predetermined point, based on reception angles and Doppler
frequencies of the response signals included in the plurality of
response signal pairs; and determining vector information
indicating a velocity magnitude and a velocity direction of the
predetermined point, based on the plurality of pieces of pre-
diction vector information.
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FIG. 1 (RELATED ART)
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FIG. 3
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ULTRASOUND APPARATUS AND METHOD
OF GENERATING ULTRASOUND IMAGE

CROSS-REFERENCE TO RELATED PATENT
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Patent Application No. 61/600,062, filed on Feb. 17,
2012, inthe U.S. Patent and Trademark Office, and the benefit
of Korean Patent Application No. 10-2012-0075171, filed on
Jul. 10, 2012, in the Korean Intellectual Property Office, the
disclosures of which are incorporated herein in their entirety
by reference.

BACKGROUND

[0002] 1. Field

[0003] The present disclosure relates to a method and appa-
ratus for generating an ultrasound image and, more particu-
larly, to a method and apparatus for generating a Doppler
image of an object.

[0004] 2. Description of the Related Art

[0005] Ultrasound apparatuses are used to monitor the
internal structure of an organic body. Ultrasound apparatuses
are non-invasive test devices and show structural details, tis-
sues, and fluidic flows in the body.

[0006] An ultrasound apparatus may display the flow of
blood or movement of tissues as a color Doppler image or a
spectral Doppler image, and a user may view the color Dop-
pler image or the spectral Doppler image to check the motion
of'heart valves, a blood velocity or a blood flow rate in blood
vessels, or the like.

[0007] Sincethe color Doppler image and the spectral Dop-
pler image include information about a velocity magnitude
and a velocity direction of a blood flow or tissues, a method of
accurately measuring the information is required.

SUMMARY

[0008] The present disclosure provides an ultrasound appa-
ratus and a method of generating an ultrasound image which
are capable of accurately measuring vector information of an
object.

[0009] The present disclosure also provides an ultrasound
apparatus and a method of generating an ultrasound image
which are capable of providing a reliable color Doppler image
or a reliable spectral Doppler image to a user.

[0010] According to an aspect of an exemplary embodi-
ment, there is provided a method of generating an ultrasound
image, the method including transmitting an ultrasound sig-
nal to a predetermined point included in an object and receiv-
ing at least three response signals reflected from the prede-
termined point; extracting a plurality of response signal pairs
by combining the received at least three response signals
two-by-two; obtaining a plurality of pieces of prediction vec-
tor information, each of the pieces of prediction vector infor-
mation indicating a prediction velocity magnitude and a pre-
diction velocity direction of the predetermined point, based
on reception angles and Doppler frequencies of the response
signals included in the plurality of response signal pairs; and
determining vector information indicating a velocity magni-
tude and a velocity direction of the predetermined point,
based on the plurality of pieces of prediction vector informa-
tion.
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[0011] The determining of the vector information may
include determining the vector information based on a linear
vector sum of the plurality of pieces of prediction vector
information.

[0012] The determining of the vector information may
include determining any one of the plurality of prediction
velocity directions included in the plurality of pieces of pre-
diction vector information, as the velocity direction of the
predetermined point; and determining a linear sum of the
plurality of prediction velocity magnitudes included in the
plurality of pieces of prediction vector information, as the
velocity magnitude of the predetermined point.

[0013] The method may further include determining vector
information of a plurality of additional points located within
a preset distance from the predetermined point.

[0014] The determining of the vector information may
include compensating for the velocity direction of the prede-
termined point by applying a smoothing filter to velocity
directions of the plurality of additional points; and determin-
ing the compensated velocity direction as the velocity direc-
tion of the predetermined point.

[0015] The determining of the vector information may
include compensating for the velocity magnitude of the pre-
determined point by applying a smoothing filter to velocity
magnitudes of the plurality of additional points; and deter-
mining the compensated velocity magnitude as the velocity
magnitude of the predetermined point.

[0016] The transmitting of the ultrasound signal may
include transmitting the ultrasound signal a plurality of times
and receiving each of the at least three response signals a
plurality of times, a plurality of the same received response
signal forming ensemble signals for the respective response
signal, and the obtaining of the plurality of pieces of predic-
tion vector information may include obtaining a Doppler
frequency of each response signal included in the plurality of
response signal pairs by using autocorrelation between the
ensemble signals of the response signals.

[0017] According to another aspect of an exemplary
embodiment, there is provided a method of generating an
ultrasound image, the method including transmitting an ultra-
sound signal to a point included in an object and receiving a
response signal reflected from the point; determining vector
information indicating a velocity magnitude of the point,
based on a reception angle and a Doppler frequency of the
response signal; and displaying a color Doppler image of the
object by mapping the velocity magnitude of the point to a
color scale.

[0018] The method may further include determining vector
information including a velocity direction of a plurality of
points included in the object; estimating an overall velocity
direction of the object by using the velocity directions of the
plurality of points; and displaying the color Doppler image of
the object by mapping angle differences between the velocity
directions of the plurality of points and the overall velocity
direction of the object to a color scale.

[0019] The method may further include determining vector
information including a velocity magnitude of a plurality of
points included in the object, and the displaying of the color
Doppler image of the object may include mapping a velocity
magnitude of a point having a first velocity direction compo-
nent, from among the plurality of points, to a first color and
mapping a velocity magnitude of a point having a second
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velocity direction component opposite to the first velocity
direction component, from among the plurality of points, to a
second color.

[0020] According to another aspect of an exemplary
embodiment, there is provided a method of generating an
ultrasound image, the method including dividing an object
into a plurality of regions; transmitting an ultrasound signal to
the plurality of regions and receiving response signals
reflected from the plurality of regions; measuring power lev-
els or Doppler frequencies of the received response signals;
and determining a monitoring region from among the plural-
ity of regions by using the power levels or the Doppler fre-
quencies of the received response signals.

[0021] The determining of the monitoring region may
include arbitrarily setting an initial region from among the
plurality of regions; and determining one of the regions
reflecting response signals having Doppler frequencies in a
first predetermined range, which is closest to the initial
region, as the monitoring region.

[0022] The determining of the monitoring region may
include determining one of the regions reflecting a response
signal having a Doppler frequency in a second predetermined
range, as the monitoring region.

[0023] The determining of the monitoring region may
include arbitrarily setting an initial region from among the
plurality of regions; and determining one of the regions
reflecting response signals having power levels in a third
predetermined range, which is closest to the initial region, as
the monitoring region.

[0024] The determining of the monitoring region may
include determining one of the regions reflecting a response
signal having a power level in a fourth predetermined range,
as the monitoring region.

[0025] The determining of the monitoring region may
include determining one of the regions reflecting a response
signal having a power level in a fifth predetermined range
from among the response signals that pass through a clutter
filter, as the monitoring region.

[0026] The method may further include adjusting a region
ofinterest in such a way that the monitoring region is included
in the region of interest.

[0027] The method may further include adjusting a range
gate in such a way that the range gate is located in the moni-
toring region.

[0028] The method may further include measuring power
levels or Doppler frequencies of response signals reflected
from a plurality of the regions located within a preset distance
from the monitoring region; obtaining a modeled line by
applying a fitting method to the power levels or the Doppler
frequencies of the response signals reflected from the plural-
ity of regions; determining a blood vessel direction of the
object based on the obtained modeled line; and adjusting a
steering angle of the ultrasound signal in such a way that an
angle between the blood vessel direction and an incident
direction of the ultrasound signal transmitted to the plurality
of regions is a predetermined angle.

[0029] According to another aspect of an exemplary
embodiment, there is provided an ultrasound apparatus
including a probe which transmits an ultrasound signal to a
predetermined point included in an object and receives at
least three response signals reflected from the predetermined
point; an extraction unit which extracts a plurality ofresponse
signal pairs by combining the received at least three response
signals two-by-two; a vector information obtaining unit
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which obtains a plurality of pieces of prediction vector infor-
mation, each of the pieces of prediction vector information
indicating a prediction velocity magnitude and a prediction
velocity direction of the predetermined point, based on recep-
tion angles and Doppler frequencies of response signals
included in the plurality of response signal pairs; and a vector
information determination unit which determines vector
information indicating a velocity magnitude and a velocity
direction of the predetermined point, based on the plurality of
pieces of prediction vector information.

[0030] The vector information determination unit may
determine the vector information by using a linear vector sum
of the plurality of pieces of prediction vector information.

[0031] The vector information determination unit may
determine any one of the plurality of prediction velocity
directions included in the plurality of pieces of prediction
vector information, as the velocity direction of the predeter-
mined point, and may determine a linear sum of the plurality
of prediction velocity magnitudes included in the plurality of
pieces of prediction vector information, as the velocity mag-
nitude of the predetermined point.

[0032] The vector information determination unit may
determine vector information of a plurality of additional
points located within a preset distance from the predeter-
mined point.

[0033] The vector information determination unit may
compensate for the velocity direction of the predetermined
point by applying a smoothing filter to velocity directions of
the plurality of additional points, and may determine the
compensated velocity direction as the velocity direction of
the predetermined point.

[0034] The vector information determination unit may
compensate for the velocity magnitude of the predetermined
point by applying a smoothing filter to velocity magnitudes of
the plurality of additional points, and may determine the
compensated velocity magnitude as the velocity magnitude
of'the predetermined point.

[0035] The probe may transmit the ultrasound signal a plu-
rality of times and receive each of the at least three response
signals a plurality of times, a plurality of the same received
response signal forming ensemble signals for the respective
response signal, and the vector information obtaining unit
may obtain a Doppler frequency of each response signal
included in the plurality of response signal pairs by using
autocorrelation between the ensemble signals of the response
signals.

[0036] According to another aspect of an exemplary
embodiment, there is provided an ultrasound apparatus
including a probe which transmits an ultrasound signal to a
point included in an object and receives a response signal
reflected from the point; a vector information determination
unit which determines vector information indicating a veloc-
ity magnitude of the point, based on a reception angle and a
Doppler frequency of the response signal; and a display unit
which displays a color Doppler image of the object by map-
ping the velocity magnitude of the point to a color scale.

[0037] The vector information determination unit may
determine vector information including velocity directions of
a plurality of points included in the object and estimates an
overall velocity direction of the object by using the velocity
directions of the plurality of points, and the display unit may
display the color Doppler image of the object by mapping
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angle differences between the velocity directions of the plu-
rality of points and the overall velocity direction of the object
to a color scale.

[0038] The vector information determination unit may
determine vector information including a vector magnitude
of a plurality of points included in the object, and the display
unit may map a velocity magnitude of a point having a first
velocity direction component, from among the plurality of
points, to a first color and may map a velocity magnitude of a
point having a second velocity direction component opposite
to the first velocity direction component, from among the
plurality of points, to a second color.

[0039] According to another aspect of an exemplary
embodiment, there is provided an ultrasound apparatus
including a region dividing unit which divides an object into
a plurality of regions; a probe which transmits an ultrasound
signal to the plurality of regions and receives response signals
reflected from the plurality of regions; a measurement unit
which measures power levels or Doppler frequencies of the
received response signals; and a control unit which deter-
mines a monitoring region from among the plurality of
regions by using the power levels or the Doppler frequencies
of the received response signals.

[0040] The control unit arbitrarily may set an initial region
from among the plurality of regions, and may determine one
of the regions reflecting response signals having Doppler
frequencies in a first predetermined range, which is closest to
the initial region, as the monitoring region.

[0041] The control unit may determine one of the regions
reflecting a response signal having a Doppler frequency in a
second predetermined range, as the monitoring region.

[0042] The control unit may arbitrarily set an initial region
from among the plurality of regions, and may determine one
of'the regions reflecting response signals having power levels
in a third predetermined range, which is closest to the initial
region, as the monitoring region.

[0043] The control unit may determine one of the regions
reflecting a response signal having a power level in a fourth
predetermined range, as the monitoring region.

[0044] The control unit may determine one of the regions
reflecting a response signal having a power level in a fifth
predetermined range from among the response signals that
pass through a clutter filter, as the monitoring region.

[0045] The control unit may adjust a region of interest in
such a way that the monitoring region is included in the region
of interest.

[0046] The control unit may adjust a range gate in such a
way that the range gate is located in the monitoring region.

[0047] The measurement unit may measure power levels or
Doppler frequencies of response signals reflected from a plu-
rality of the regions located within a preset distance from the
monitoring region, and the control unit may determine a
blood vessel direction of the object based on a modeled line
obtained by applying a fitting method to the power levels or
the Doppler frequencies of the response signals reflected
from the plurality of regions, and may adjust a steering angle
of the ultrasound signal in such a way that an angle between
the blood vessel direction and an incident direction of the
ultrasound signal transmitted to the plurality of regions is a
predetermined angle.

[0048] According to another aspect of an exemplary
embodiment, there is provided a non-transitory computer-
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readable recording medium having recorded thereon a com-
puter program for executing the method according to exem-
plary embodiments.

[0049] According to another aspect of an exemplary
embodiment, there is provided an ultrasound apparatus
including a probe which transmits an ultrasound signal to a
point of an object and receives a plurality of response signals
reflected back from the point, and a vector information deter-
miner which determines a velocity direction and a velocity
magnitude of the point based on the response signals,
wherein, for each ofthe plurality of response signals, an angle
between a reflection direction of the response signal and a
velocity direction of the point is less than or greater than 90°.

BRIEF DESCRIPTION OF THE DRAWINGS

[0050] The above and other features and advantages of the
present disclosure will become more apparent by describing
in detail exemplary embodiments thereof with reference to
the attached drawings in which:

[0051] FIG. 1is a schematic diagram for describing a gen-
eral method of obtaining a velocity magnitude of an object;
[0052] FIG.2isablock diagram of an ultrasound apparatus
according to an exemplary embodiment;

[0053] FIG. 3 is a schematic diagram showing an ultra-
sound signal being transmitted to a predetermined point of an
object and response signals being received from the predeter-
mined point using the ultrasound apparatus illustrated in FIG.
2;

[0054] FIG. 4 is a schematic diagram for describing a
method of obtaining vector information of the predetermined
point of the object using the ultrasound apparatus illustrated
in FIG. 2;

[0055] FIG. 5A is a schematic diagram showing vector
information of a plurality of points of the object obtained
using the ultrasound apparatus illustrated in FIG. 2;

[0056] FIG. 5B is a schematic diagram showing a result of
applying a smoothing filter to the vector information illus-
trated in FIG. 5A;

[0057] FIG. 6isablock diagram of an ultrasound apparatus
according to another exemplary embodiment;

[0058] FIGS.7A and 7B are color Doppler images in which
vector information of a plurality of points of an object is
mapped to a color scale;

[0059] FIG. 8 is a flowchart of a method of generating an
ultrasound image, according to an exemplary embodiment;
[0060] FIG.9isablock diagram of an ultrasound apparatus
according to another exemplary embodiment;

[0061] FIG. 10 is a schematic diagram for describing a
method of determining a monitoring region from among a
plurality of regions of an object, using the ultrasound appa-
ratus illustrated in FIG. 9;

[0062] FIG. 11 is a schematic diagram for describing
another method of determining a monitoring region from
among a plurality of regions of an object, using the ultrasound
apparatus illustrated in FIG. 9;

[0063] FIG. 12 is a schematic diagram for describing a
method of determining a location of a blood vessel included
in an object, using the ultrasound apparatus illustrated in FIG.
9;

[0064] FIG. 13 is a schematic diagram for describing a
method of adjusting a steering angle of an ultrasound signal,
using the ultrasound apparatus illustrated in FIG. 9; and
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[0065] FIG. 14 is a flowchart of a method of generating an
ultrasound image, according to another exemplary embodi-
ment.

DETAILED DESCRIPTION OF THE INVENTION

[0066] The present disclosure will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments are shown. The exemplary embodi-
ments may, however, be embodied in many different forms
and should not be construed as being limited to the exemplary
embodiments set forth herein; rather, these exemplary
embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the concept of
the exemplary embodiments to one of ordinary skill in the art.
Like reference numerals in the drawings denote like ele-
ments.

[0067] The term “unit” in the exemplary embodiments of
the present disclosure may refer to a software component or a
hardware component, such as a field-programmable gate
array (FPGA) or an application-specific integrated circuit
(ASIC), that performs a specific function. However, the term
“unit” is not limited to software or hardware. The “unit” may
be formed so as to be stored in an addressable storage
medium, or may be formed so as to operate one or more
processors. Thus, for example, the term “unit” may refer to
components such as software components, object-oriented
software components, class components, and task compo-
nents, processes, functions, properties, procedures, subrou-
tines, segments of program codes, drivers, firmware, micro
codes, circuits, data, databases, data structures, tables, arrays,
and parameters. Functions provided by elements and “units”
may be combined in a smaller number of elements and “units”
or may be separated into additional elements and “units”.
[0068] According to exemplary embodiments, the term
‘vector information’ refers to a vector value indicating a
velocity magnitude and a velocity direction, and the term
‘velocity magnitude’ refers to a scalar value not indicating a
direction of a velocity but indicating only a magnitude of the
velocity. According to exemplary embodiments, the term
‘velocity direction’ refers to a direction in which a certain
point of an object moves at an arbitrary time.

[0069] FIG. 1 is a schematic diagram for describing a gen-
eral method of obtaining a velocity magnitude of an object 20.
[0070] In the present disclosure, an ‘object’ refers to a cer-
tain body part of which an ultrasound image is to be obtained,
e.g., tissue, blood, or an organ.

[0071] A predetermined point P (22) of the object moves at
a velocity magnitude v and in a velocity direction A. A probe
10 of an ultrasound apparatus transmits an ultrasound signal
having a frequency 0 to the predetermined point P 22 and
receives a response signal reflected from the predetermined
point P (22). Based on the Doppler effect, a frequency of the
response signal varies according to the velocity magnitude v
of the predetermined point P (22) and an angle 6 between an
incident direction of the ultrasound signal and the velocity
direction A of the predetermined point P (22), and a difference
between the frequency of the ultrasound signal transmitted to
the predetermined point P (22) and the frequency of the
response signal is referred to as a Doppler frequency. Also, a
signal having the Doppler frequency is referred to as a Dop-
pler signal. The velocity magnitude v of the predetermined
point P (22) may be obtained by using the Doppler frequency.
[0072] If an angle between a velocity direction of each
point and an incident direction of an ultrasound signal trans-
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mitted to an object is 0°, a velocity magnitude of the point
may be accurately measured. However, a velocity magnitude
of a point that is moving in another direction may not be
accurately measured. In particular, if an angle between a
velocity direction of each point and an incident direction of an
ultrasound signal transmitted to an object is 90°, since a
Doppler frequency is 0 Hz, a velocity magnitude of the point
is measured as 0.

[0073] FIG.2isablock diagram of an ultrasound apparatus
100 according to an exemplary embodiment.

[0074] Referring to FIG. 2, the ultrasound apparatus 100
according to the exemplary embodiment includes a probe
110, an extraction unit 120, a vector information obtaining
unit 130, and a vector information determination unit 140
(also referred to as vector information determiner). The
extraction unit 120, the vector information obtaining unit 130,
and the vector information determination unit 140 may be
formed as microprocessors, although are not limited thereto.
[0075] The probe 110 includes a plurality of piezoelectric
elements, and transmits an ultrasound signal to a predeter-
mined point P (22) of an object and receives at least three
response signals reflected from the predetermined point P
(22). Each of the at least three response signals may have a
Doppler frequency and a reception angle that is an incident
angle from the probe 110.

[0076] FIG. 3 is a schematic diagram showing an ultra-
sound signal T being transmitted to a predetermined point P
(22) of an object and response signals R, R,, and R; being
received from the predetermined point P (22), using the ultra-
sound apparatus 100 illustrated in FIG. 2. Referring to FIG. 3,
the probe 110 transmits the ultrasound signal T to the prede-
termined point P (22) in a blood vessel 24 of the object and
receives theresponse signals R, R, and R, reflected from the
predetermined point P (22). The response signals R, R,, and
R, respectively have reception angles 6, 0,, and 0,.

[0077] The probe 110 may transmit the ultrasound signal T
to the predetermined point P (22) of the object a plurality of
times and may receive each of the at least three response
signals reflected from the predetermined point P (22) a plu-
rality of times. For example, if the three response signals
include the response signals R, R,, and R;, the probe 110
receives each oftheresponse signals R |, R,, and R, a plurality
of times. A plurality of response signals R, a plurality of
response signals R, and a plurality of response signals R, are
referred to as ensemble signals. That is, ensemble signals
refer to a plurality of response signals received at the same
reception angle. By receiving a response signal a plurality of
times, the reliability of data obtained by using the response
signal may be improved.

[0078] The extraction unit 120 extracts a plurality of
response signal pairs by combining the at least three response
signals received by the probe 110 two-by-two. If n response
signals are received, a certain number of response signal pairs
may be extracted. The certain number may be ,C, (,,C,={n*
(n=1)}/(2*1)).

[0079] For example, if the probe 110 receives the response
signals R, R,, and R;, a response signal pair R,, may be
extracted by combining the response signals R; and R,, a
response signal pair R, ; may be extracted by combining the
response signals R, and R;, and a response signal pair R,
may be extracted by combining the response signals R, and
R;.
[0080] The vector information obtaining unit 130 obtains a
plurality of pieces of prediction vector information indicating
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a prediction velocity magnitude and a prediction velocity
direction of the predetermined point P (22), based on recep-
tion angles and Doppler frequencies of response signals
included in the plurality of response signal pairs. The vector
information obtaining unit 130 may obtain a Doppler fre-
quency of each response signal included in the plurality of
response signal pairs by using autocorrelation between
ensemble signals of the response signal.

[0081] Many different methods of obtaining vector infor-
mation indicating a velocity magnitude and a velocity direc-
tion of a predetermined point by using Doppler frequencies
and reception angles of two response signals may be used
according to exemplary embodiments, and a detailed descrip-
tion thereof is not provided here.

[0082] The vector information determination unit 140
determines vector information indicating a velocity magni-
tude and a velocity direction of the predetermined point P (22)
of the object, by using the plurality of pieces of prediction
vector information.

[0083] In aconventional ultrasound apparatus using a vec-
tor Doppler technique, vector information of a predetermined
point of an object is obtained by using only two response
signals reflected from the predetermined point. However, if
an angle between a reflection direction of any one response
signal and a velocity direction of the predetermined point is
close to 90°, accurate vector information may not be
obtained. On the other hand, by using the ultrasound appara-
tus 100 according to exemplary embodiments or by using a
method of generating an ultrasound image according to
exemplary embodiments, since vector information of the pre-
determined point P (22) of the object is obtained by using at
least three response signals reflected from the predetermined
point P (22), accurate vector information may be obtained.

[0084] FIG. 4 is a schematic diagram for describing a
method of obtaining vector information V of the predeter-
mined point P (22) of the object, using the ultrasound appa-
ratus 100 illustrated in FIG. 2.

[0085] FIG. 4 shows three pieces of prediction vector infor-
mation V,,, V,5, and V| ; obtained by using response signal
pairs of three response signals reflected from the predeter-
mined point P (22) in the blood vessel 24.

[0086] The vector information determination unit 140 may
obtain vector information V of the predetermined point P (22)
by using a linear vector sum of the pieces of prediction vector
information V,, V,3, and V5.

[0087] That is, the vector information determination unit
140 may obtain the vector information V of the predetermined
point P (22) by using Equation 1.

V=aV ,+bVy3+cV 3 (a, b, and c are real numbers)

[0088] Ifallofa,b, and caresetas 1, the vector information
V may be a simple vector sum of the pieces of prediction
vector information V,,, V,;, and V5. If all of a, b, and ¢ are
set as V3, the vector information V may be an average of the
pieces of prediction vector information V,,, V,5, and V5.
Alternatively, a, b, and ¢ may be set as different real numbers
to apply a weight to a certain piece of prediction vector
information.

[0089] A prediction velocity direction included in each
piece of prediction vector information is not significantly
different from an actual velocity direction of the predeter-
mined point P (22), and a significant difference does not exist
between prediction velocity directions.

[Equation 1]
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[0090] Accordingly, the vector information determination
unit 140 may determine any one of the prediction velocity
directions included in the pieces of prediction vector infor-
mation as being the velocity direction of the predetermined
point P (22), and may determine a linear sum of prediction
velocity magnitudes included in the pieces of prediction vec-
tor information as being the velocity magnitude of the prede-
termined point P (22). The velocity magnitude of the prede-
termined point P (22) may be obtained by using Equation 2.
According to this technique, the amount of calculations for
obtaining the vector information of the predetermined point P
(22) may be reduced.

[V1=alV 5 |+b|Vasl+cl Vi3l (a, b, and c are arbitrary

real numbers) [Equation 2]

[0091] FIG. 5A is a schematic diagram showing vector
information of a plurality of points including the predeter-
mined point P (22), obtained using the ultrasound apparatus
illustrated in FIG. 2. FIG. 5B is a schematic diagram showing
a result of applying a smoothing filter to the vector informa-
tion illustrated in FIG. SA.

[0092] If a response signal reflected from the predeter-
mined point P (22) has noise, vector information of the pre-
determined point P (22) may not be accurately obtained.
Since the predetermined point P (22) of the object and periph-
eral points of the predetermined point P (22) have similar
velocity magnitudes and velocity directions, accurate vector
information may be obtained in consideration of the velocity
magnitudes and the velocity directions of the peripheral
points as well as the velocity magnitude and the velocity
direction of the predetermined point P (22).

[0093] The vector information determination unit 140
determines vector information of each of a plurality of points
located within a preset distance from the predetermined point
P (22). In more detail, the probe 110 transmits an ultrasound
signal to the plurality of points and receives at least three
response signals reflected from each of the plurality of points.
The extraction unit 120 extracts a plurality of response signal
pairs with respect to each of the plurality of points, and the
vector information obtaining unit 130 obtains a plurality of
pieces of prediction vector information of each of the plural-
ity of points by using the plurality of response signal pairs.
The vector information determination unit 140 determines
vector information of the plurality of points by using the
plurality of pieces of prediction vector information. The vec-
tor information of the plurality of points is represented by
arrows in FIG. 5A. It is understood that the vector information
ofthe plurality of points is not limited to being represented by
the arrows shown in FIG. 5A, and may be represented in other
ways as well.

[0094] A smoothing filter is commonly used in the fields of;,
for example, statistics and image processing, and is a tech-
nology for smoothing a data set to extract a pattern of the data
set and to remove noise. For example, the smoothing filter
may apply different weights to data of a plurality of points
including a certain point so as to calculate their average and
may determine the calculated average as data of the certain
point.

[0095] FIG. 5B shows a result of applying a smoothing
filter to the velocity magnitudes and the velocity directions of
the plurality of points illustrated in FIG. 5A. As shown in FIG.
5B, by using the smoothing filter, the velocity magnitude and
the velocity direction of the predetermined point P (22),
which were significantly different from the velocity magni-
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tudes and the velocity directions of the peripheral points
before using the smoothing filter (as shown in FIG. 5A), are
compensated.

[0096] The vector information determination unit 140 may
compensate for only the velocity direction of the predeter-
mined point P (22) by applying a smoothing filter to velocity
directions of the plurality of points, or may compensate for
only the velocity magnitude of the predetermined point P (22)
by applying a smoothing filter to velocity magnitudes of the
plurality of points.

[0097] FIG. 6 is ablock diagram of an ultrasound apparatus
100 according to another exemplary embodiment of the
present invention. The ultrasound apparatus 100 according to
the exemplary embodiment shown in FIG. 6 may further
include a display unit 150.

[0098] The ultrasound apparatus 100 includes the display
unit 150 which may display a color Doppler image of an
object to a user. The display unit 150 may display the color
Doppler image of the object by mapping velocity magnitudes
of a plurality of points of the object to a color scale. It is
understood that the display unit 150 is not required to display
a color image, and may also display other types of images,
e.g., black and white images, according to other exemplary
embodiments.

[0099] Also, the ultrasound apparatus 100 may obtain vec-
tor information of a predetermined point of the object by
using a method of obtaining the vector information of the
predetermined point, and may display the color Doppler
image of the object by mapping a velocity magnitude of the
predetermined point to a color scale.

[0100] In more detail, the probe 110 transmits an ultra-
sound signal to a predetermined point included in an object
and receives a response signal reflected from the predeter-
mined point. The vector information determination unit 140
determines vector information indicating a velocity magni-
tude and a velocity direction of the predetermined point,
based on a reception angle and a Doppler frequency of the
response signal. The vector information determination unit
140 may determine the vector information of the predeter-
mined point based on reception angles and Doppler frequen-
cies of two response signals. The display unit 150 may display
a color Doppler image of the object by mapping the velocity
magnitude of the predetermined point to a color scale.
[0101] FIGS.7A and 7B are color Doppler images in which
vector information of a plurality of points of an object is
mapped to a color scale 25.

[0102] The display unit 150 may display the color Doppler
image of the object by mapping velocity magnitudes of the
plurality of points to predetermined colors of the color scale
25. As such, a user may instinctively and easily check move-
ment of, for example, blood in a blood vessel.

[0103] Ifonly velocity magnitudes of the plurality of points
are mapped to the color scale 25, two points having opposite
velocity directions but having the same velocity magnitude
may be mapped to the same color. Accordingly, the color
Doppler image should be formed in consideration of velocity
magnitudes and velocity directions of the plurality of points.
[0104] From among the plurality of points, the display unit
150 of the ultrasound apparatus 100 may map a velocity
magnitude of a point having a first velocity direction compo-
nent to a first color, and may map a velocity magnitude of a
point having a second velocity direction component opposite
to the first velocity direction component to a second color, as
illustrated in FIG. 7A. The color scale 25 of FIG. 7A include
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colors corresponding to velocity magnitudes from 0 to =1, or
from O to 1. That is, points having a velocity direction @ are
mapped to the first color (corresponding to a part above the
velocity magnitude 0 in the color scale 25 of FIG. 7A), and
points having a velocity direction are mapped to the
second color (corresponding to a part below the velocity
magnitude 0 in the color scale 25 of FIG. 7A). As such, a user
may easily check blood flow and may easily identify different
types of blood flow, such as backflow.

[0105] The vector information determination unit 140 may
estimate an overall velocity direction of the object by using
the velocity directions of the plurality of points. For example,
the vector information determination unit 140 may estimate
an overall velocity direction of the object by using a vector
sum of the vector information of the plurality of points.
[0106] The display unit 150 may display the color Doppler
image of the object by mapping angle differences between the
velocity directions of the plurality of points and the overall
velocity direction of the object to the color scale 25. As such,
a user may easily check blood flow and may easily identify
different types of blood flow, such as turbulent flow or back-
flow.

[0107] The display unit 150 may display the color Doppler
image of the object by mapping velocity magnitudes of the
plurality of points and angle differences between the velocity
directions of the plurality of points and the overall velocity
direction of the object to the color scale 25, as illustrated in
FIG. 7B. That is, referring to FIG. 7B, points having different
velocity magnitudes and velocity directions are mapped to
different colors. The circular color scale 25 of FIG. 7B
includes colors corresponding to increasing or decreasing
velocity magnitudes as indicated by the relative positions of
the colors from a center of the circular color scale 25 toward
a circumference of the circular color scale 25, and includes
colors corresponding to angle differences between the veloc-
ity directions of the plurality of points and the overall velocity
direction of the object as indicated by the relative angular
positions of the colors within the circular color scale 25.
[0108] FIG. 8 is a flowchart of a method of generating an
ultrasound image, according to an exemplary embodiment.
Referring to FIG. 8, the method according to the exemplary
embodiment includes operations performed in series by the
ultrasound apparatus 100 illustrated in FIG. 2. Accordingly,
although not mentioned particularly below, the descriptions
provided above in relation to the ultrasound apparatus 100
illustrated in FIG. 2 may also be applied to the method illus-
trated in FIG. 8. It is understood that the method shown in
FIG. 8 is not required to be performed by the ultrasound
apparatus 100 illustrated in FIG. 2, and may alternatively be
performed by other apparatuses according to other exemplary
embodiments.

[0109] In operation S110, the ultrasound apparatus 100
transmits an ultrasound signal to the predetermined point P
(22) included in the object.

[0110] In operation S120, the ultrasound apparatus 100
receives at least three response signals reflected from the
predetermined point P (22). Each of the at least three response
signals has a Doppler frequency and a reception angle.
[0111] In operation S130, the ultrasound apparatus 100
extracts a plurality of response signal pairs by combining the
at least three response signals two-by-two. If the ultrasound
apparatus 100 receives n response signals, a certain number of
response signal pairs may be extracted. The certain number
may be ,,C, (,Co={n*(n-1)}/(2*1)).
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[0112] In operation S140, the ultrasound apparatus 100
obtains a plurality of pieces of prediction vector information
by using the plurality of response signal pairs. The plurality of
pieces of prediction vector information includes a prediction
velocity magnitude and a prediction velocity direction of the
predetermined point P (22).

[0113] In operation S150, the ultrasound apparatus 100
determines vector information indicating a velocity magni-
tude and a velocity direction of the predetermined point P (22)
by using the plurality of pieces of prediction vector informa-
tion.

[0114] FIG.9isablock diagram of an ultrasound apparatus
200 according to another exemplary embodiment.

[0115] The ultrasound apparatus 200 according to the
exemplary embodiment shown in FIG. 9 locates a region of
interest in an image generated by a color Doppler apparatus
and a range gate in an image generated by a spectral Doppler
apparatus accurately on a region of an object to be measured,
and adjusts a steering angle of an ultrasound signal in such a
way that an angle between a velocity direction of the region to
be measured and an incident direction of the ultrasound signal
transmitted to the object is not 90°.

[0116] Referring to FIG. 9, the ultrasound apparatus 200
according to the exemplary embodiment includes a probe
210, a region dividing unit 220, a measurement unit 230, and
a control unit 240. The region dividing unit 220 and the
control unit 240 may be formed as microprocessors, although
are not limited thereto.

[0117] Initially, the region dividing unit 220 divides the
object into a plurality of regions. The region dividing unit 220
may divide only a portion of the object into a plurality of
regions.

[0118] The probe 210 transmits an ultrasound signal to the
plurality of regions and receives response signals reflected
from the plurality of regions.

[0119] Themeasurement unit 230 measures power levels or
Doppler frequencies of the received response signals.

[0120] The control unit 240 determines a monitoring region
from among the plurality of regions by using the power levels
or the Doppler frequencies of the response signals.

[0121] When a user desires to measure movement of blood
in a blood vessel, the region of interest should be adjusted to
include blood in the blood vessel and the range gate should be
adjusted to be located in blood in the blood vessel. However,
if the user manually adjusts the region of interest and the
range gate, an inaccurate Doppler image may be generated.
[0122] Accordingly, when a user desires to measure move-
ment of blood in a blood vessel, the ultrasound apparatus 200
automatically adjusts the monitoring region of the ultrasound
apparatus 200 to be located in blood in the blood vessel and
correspondingly adjusts the region of interest or the range
gate.

[0123] FIGS.10and 11 are schematic diagrams for describ-
ing methods of determining a monitoring region 36 from
among a plurality of regions 28 of an object 20, using the
ultrasound apparatus 200 illustrated in FIG. 9. According to
this example, a user desires to monitor movement of blood in
a blood vessel 24. It is understood that many other types of
objects and flows may also be monitored.

[0124] FIGS. 10 and 11 show the object 20 including tis-
sues 26 and the blood vessel 24, and a portion of the object 20
is divided into the plurality of regions 28.

[0125] In FIG. 10, the control unit 240 arbitrarily sets an
initial region 32 from among the plurality of regions 28.
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[0126] Themeasurement unit 230 measures power levels or
Doppler frequencies of response signals reflected from the
plurality of regions 28.

[0127] In general, power levels of response signals
reflected from the tissues 26 are higher than those of response
signals reflected from blood, and a Doppler frequency of a
response signal reflected from the tissue 26 is less than that of
a response signal reflected from blood.

[0128] The control unit 240 selects regions 34 reflecting
response signals having Doppler frequencies in a first prede-
termined range and determines one of the regions 34, which is
the closest to the initial region 32 set by the control unit 240,
as the monitoring region 36. The first predetermined range
may be a Doppler frequency range equal to or greater than a
preset value and equal to or less than the highest Doppler
frequency from among the Doppler frequencies of the
response signals. Since the regions 34 reflecting response
signals having Doppler frequencies greater than the preset
value are mostly distributed in a region where blood flows in
the blood vessel 24, the control unit 240 determines one of the
regions 34, which is the closest to the initial region 32, as the
monitoring region 36. However, the first predetermined range
may vary within a range that is well known to one of ordinary
skill in the art.

[0129] Referring to FIG. 11, the control unit 240 may not
set an initial region and may determine a region reflecting a
response signal having a Doppler frequency in a second pre-
determined range from among the Doppler frequencies of the
received response signals, as the monitoring region 36. In this
case, the second predetermined range may include the highest
Doppler frequency from among the Doppler frequencies of
the response signals, and may vary within a range that is well
known to one of ordinary skill in the art.

[0130] Also, the control unit 240 may select regions 34
reflecting response signals having a power level in a third
predetermined range and may determine one of the regions
34, which is the closest to the initial region 32 set by the
control unit 240, as the monitoring region 36. The third pre-
determined range may be a power level range greater than 0
and equal to or less than a preset value. Since the regions 34
reflecting response signals having a power level less than the
preset value are mostly distributed in a region where blood
flows in the blood vessel 24, the control unit 240 determines
one of the regions 34, which is the closest to the initial region
32, as the monitoring region 36. However, the third predeter-
mined range may vary within a range that is well known to
one of ordinary skill in the art.

[0131] Furthermore, as illustrated in FIG. 11, the control
unit 240 may not set an initial region and may determine a
region reflecting a response signal having a power level in a
fourth predetermined range, as the monitoring region 36. In
this case, the fourth predetermined range may include the
lowest power level from among the power levels of the
response signals, and may vary within a range that is well
known to one of ordinary skill in the art.

[0132] As described above, the response signals reflected
from the plurality of regions 28 include the response signals
reflected from the tissues 26 and the response signals
reflected from blood. The response signals reflected from the
tissues 26 may be removed by applying a clutter filter to the
received response signals. As such, the response signals
reflected from the tissues 26, which have power levels rela-
tively higher than those of response signals reflected from
blood, may be removed. In this case, the control unit 240 may
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determine a region reflecting a response signal having a
power level in a fifth predetermined range from among the
response signals that pass through the clutter filter, as the
monitoring region 36. The fifth predetermined range may
include the highest power level from among the power levels
of the response signals that pass through the clutter filter, and
may vary within a range that is well known to one of ordinary
skill in the art.

[0133] Inthe color Doppler apparatus, the control unit 240
may adjust the region of interest in such a way that the
monitoring region 36 is included in the region of interest. In
the spectral Doppler apparatus, the control unit 240 may
adjust the range gate in such a way that the range gate is
located in the monitoring region 36.

[0134] Since the monitoring region 36 is determined based
on power levels or Doppler frequencies of response signals, a
user may automatically obtain accurate location information
of blood and may obtain an accurate Doppler image.

[0135] Although aregion corresponding to blood ina blood
vessel is determined as a monitoring region in the above
description, it will be understood by one of ordinary skill in
the art that, due to a simple modification, a region correspond-
ing to tissues or other objects may also be determined as the
monitoring region.

[0136] As described above, if an angle between an incident
direction of an ultrasound signal transmitted to an object and
a velocity direction of the predetermined point P (22) is close
t0 90°, a velocity magnitude of the predetermined point P (22)
may not be easily measured in an accurate fashion. Accord-
ingly, a steering angle of the ultrasound signal should be
adjusted.

[0137] FIG. 12 is a schematic diagram for describing a
method of determining a location of the blood vessel 24
included in the object 20, using the ultrasound apparatus 200
illustrated in FIG. 9.

[0138] Themeasurement unit 230 measures power levels or
Doppler frequencies of response signals reflected from a plu-
rality of regions located within a preset distance from the
monitoring region 36.

[0139] Since Doppler frequencies of response signals
reflected from blood are higher than those of response signals
reflected from the tissues 26, if a high-pass filter is applied to
the response signals, the response signals that pass through
the high-pass filter are mostly distributed along the blood
vessel 24 and are scarcely distributed in the other regions.
[0140] The control unit 240 obtains a modeled line 38 by
applying a fitting method to the Doppler frequencies of the
response signals. The fitting method may include many dif-
ferent type of fitting, e.g., linear fitting or curve fitting, and the
modeled line 38 may include alinear line or a curved line. The
fitting method is a method of obtaining a line indicating a
tendency of data distribution, and is used in statistics.
[0141] Alocationofthe modeled line 38 obtained by apply-
ing the fitting method to the Doppler frequencies of the
response signals very closely corresponds to the location of
the blood vessel 24. Since blood in the blood vessel 24 flows
along the blood vessel 24, the control unit 240 adjusts a
steering angle of an ultrasound signal transmitted to the plu-
rality of regions in such a way that an angle between the
obtained modeled line 38 and an incident direction of the
ultrasound signal is a predetermined angle. If the modeled
line 38 is a curved line, a direction of a tangent to the curved
line may be determined as a direction of the blood vessel 24.
Alternatively, the control unit 240 may apply the fitting

Aug. 22,2013

method to velocity magnitudes of the plurality of regions,
which are obtained from the Doppler frequencies of the
response signals, based on the concept that blood has velocity
magnitudes less than those of the tissues 26.

[0142] Also, the control unit 240 may obtain the modeled
line 38 by applying the fitting method to power levels of the
response signals. Since power levels of response signals
reflected from blood are lower than those of response signals
reflected from the tissues 26, the control unit 240 may obtain
reciprocals of the power levels of the response signals and
may apply a high-pass filter to the reciprocals of the power
levels so as to reduce a data distribution of the response
signals reflected from the tissues 26. As such, data of the
response signals reflected from blood are mostly distributed
along the blood vessel 24, and data of the response signals
reflected from regions other than blood are reduced.

[0143] Ifthe fitting method is applied to the reciprocals of
the power levels, the modeled line 38 illustrated in FIG. 12
may be obtained, and the control unit 240 may adjust the
steering angle of the ultrasound signal transmitted to the
plurality of regions in such a way that the angle between the
obtained modeled line 38 and the incident direction of the
ultrasound signal is the predetermined angle.

[0144] FIG. 13 is a schematic diagram for describing a
method of adjusting a steering angle of an ultrasound signal,
using the ultrasound apparatus 200 illustrated in FIG. 9.

[0145] Referring to FIG. 13, an angle between the ultra-
sound signal and the modeled line 38 is 0, and the steering
angle of the ultrasound signal is ®. The control unit 240
adjusts the steering angle ® of the ultrasound signal transmit-
ted to the object 20 in such a way that the angle 6 between an
incident direction of the ultrasound signal and the modeled
line 38 is not 90°. That is, the control unit 240 may adjust the
steering angle @ in such a way that the angle 6 between the
incident direction of the transmitted ultrasound signal and the
modeled line 38 is close to 0°.

[0146] FIG. 14 is a flowchart of a method of generating an
ultrasound image, according to another exemplary embodi-
ment. Referring to FIG. 14, the method according to another
exemplary embodiment includes operations performed in
series by the ultrasound apparatus 200 illustrated in FIG. 9.
Accordingly, although not mentioned particularly below, the
descriptions provided above in relation to the ultrasound
apparatus 200 illustrated in FIG. 9 may also be applied to the
method illustrated in FIG. 14. It is understood that the method
shown in FIG. 14 is not required to be performed by the
ultrasound apparatus 200 illustrated in FIG. 9, and may alter-
natively be performed by other apparatuses according to other
exemplary embodiments.

[0147] In operation S210, the ultrasound apparatus 200
divides an image of an object into a plurality of regions. The
ultrasound apparatus 200 may divide a portion of the object
into a plurality of regions.

[0148] In operation S220, the ultrasound apparatus 200
transmits an ultrasound signal to the plurality of regions.

[0149] In operation S230, the ultrasound apparatus 200
receives response signals reflected from the plurality of
regions.

[0150] In operation S240, the ultrasound apparatus 200
measures power levels or Doppler frequencies of the response
signals reflected from the plurality of regions.
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[0151] In operation S250, the ultrasound apparatus 200
determines a monitoring region from among the plurality of
regions by using the power levels or the Doppler frequencies
of the response signals.
[0152] The ultrasound apparatus 200 may adjust a region of
interest in such a way that the monitoring region is included in
the region of interest, or may adjust a range gate in such a way
that the range gate is located in the monitoring region.
[0153] Exemplary embodiments of the present disclosure
can be written as computer programs and can be implemented
in general-use digital computers that execute the programs
using a computer-readable recording medium.
[0154] Examples of the computer-readable recording
medium include magnetic storage media (e.g., ROM, floppy
disks, hard disks, etc.), optical recording media (e.g., CD-
ROMs or DVDs), etc.
[0155] While the present disclosure has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit and scope of
the present disclosure as defined by the following claims.
What is claimed is:
1. A method of generating an ultrasound image, the method
comprising:
transmitting an ultrasound signal to a predetermined point
included in an object and receiving at least three
response signals reflected from the predetermined point;

extracting a plurality of response signal pairs by combining
the received at least three response signals two-by-two;

obtaining a plurality of pieces of prediction vector infor-
mation, each of the plurality of pieces of prediction
vector information indicating a prediction velocity mag-
nitude and a prediction velocity direction of the prede-
termined point, based on reception angles and Doppler
frequencies of the response signals included in the plu-
rality of response signal pairs; and

determining vector information indicating a velocity mag-

nitude and a velocity direction of the predetermined
point, based on the plurality of pieces of prediction
vector information.

2. The method of claim 1, wherein the determining of the
vector information comprises determining the vector infor-
mation based on a linear vector sum of the plurality of pieces
of prediction vector information.

3. The method of claim 1, wherein the determining of the
vector information comprises:

determining any one of the plurality of prediction velocity

directions included in the plurality of pieces of predic-
tion vector information, as the velocity direction of the
predetermined point; and

determining a linear sum of the plurality of prediction

velocity magnitudes included in the plurality of pieces
of prediction vector information, as the velocity magni-
tude of the predetermined point.

4. The method of claim 1, further comprising determining
vector information of a plurality of additional points located
within a preset distance from the predetermined point.

5. The method of claim 4, wherein the determining of the
vector information comprises:

compensating for the velocity direction of the predeter-

mined point by applying a smoothing filter to velocity
directions of the plurality of additional points; and
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determining the compensated velocity direction as the

velocity direction of the predetermined point.

6. The method of claim 4, wherein the determining of the
vector information comprises:

compensating for the velocity magnitude of the predeter-

mined point by applying a smoothing filter to velocity

magnitudes of the plurality of additional points; and
determining the compensated velocity magnitude as the

velocity magnitude of the predetermined point.

7. The method of claim 1, wherein:

the transmitting of the ultrasound signal comprises trans-

mitting the ultrasound signal a plurality of times and
receiving each of the at least three response signals a
plurality of times, a plurality of the same received
response signal forming ensemble signals for the respec-
tive response signal, and

the obtaining of the plurality of pieces of prediction vector

information comprises obtaining a Doppler frequency of
each response signal included in the plurality of
response signal pairs by using autocorrelation between
the ensemble signals of the response signals.

8. A method of generating an ultrasound image, the method
comprising;

transmitting an ultrasound signal to a point included in an

object and receiving a response signal reflected from the
point;
determining vector information indicating a velocity mag-
nitude of the point, based on a reception angle and a
Doppler frequency of the response signal; and

displaying a color Doppler image of the object by mapping
the velocity magnitude of the point to a color scale.
9. The method of claim 8, further comprising:
determining vector information including a velocity direc-
tion of a plurality of points included in the object;

estimating an overall velocity direction of the object by
using the velocity directions of the plurality of points;
and

displaying the color Doppler image of the object by map-

ping angle differences between the velocity directions of
the plurality of points and the overall velocity direction
of the object to a color scale.

10. The method of claim 8, further comprising determining
vector information including a velocity magnitude of a plu-
rality of points included in the object,

wherein the displaying of the color Doppler image of the

object comprises mapping a velocity magnitude of a
point having a first velocity direction component, from
among the plurality of points, to a first color and map-
ping a velocity magnitude of a point having a second
velocity direction component opposite to the first veloc-
ity direction component, from among the plurality of
points, to a second color.

11. A method of generating an ultrasound image, the
method comprising:

dividing an object into a plurality of regions;

transmitting an ultrasound signal to the plurality of regions

and receiving response signals reflected from the plural-
ity of regions;

measuring power levels or Doppler frequencies of the

received response signals; and

determining a monitoring region from among the plurality

of regions by using the power levels or the Doppler
frequencies of the received response signals.
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12. The method of claim 11, wherein the determining of the
monitoring region comprises:

arbitrarily setting an initial region from among the plurality
of regions; and

determining one of the regions reflecting response signals
having Doppler frequencies in a first predetermined
range, which is closest to the initial region, as the moni-
toring region.

13. The method of claim 11, wherein the determining of the
monitoring region comprises determining one of the regions
reflecting a response signal having a Doppler frequency in a
second predetermined range, as the monitoring region.

14. The method of claim 11, wherein the determining of the
monitoring region comprises:

arbitrarily setting an initial region from among the plurality
of regions; and

determining one of the regions reflecting response signals
having power levels in a third predetermined range,
which is closest to the initial region, as the monitoring
region.

15. The method of claim 11, wherein the determining of the
monitoring region comprises determining one of the regions
reflecting a response signal having a power level in a fourth
predetermined range, as the monitoring region.

16. The method of claim 11, wherein the determining of the
monitoring region comprises determining one of the regions
reflecting a response signal having a power level in a fifth
predetermined range from among the response signals that
pass through a clutter filter, as the monitoring region.

17. The method of claim 12, further comprising adjusting a
region of interest in such a way that the monitoring region is
included in the region of interest.

18. The method of claim 12, further comprising adjusting a
range gate in such a way that the range gate is located in the
monitoring region.

19. The method of claim 11, further comprising:

measuring power levels or Doppler frequencies of
response signals reflected from a plurality of the regions
located within a preset distance from the monitoring
region;

obtaining a modeled line by applying a fitting method to the
power levels or the Doppler frequencies of the response
signals reflected from the plurality of regions;

determining a blood vessel direction of the object based on
the obtained modeled line; and

adjusting a steering angle of the ultrasound signal in such a
way that an angle between the blood vessel direction and
anincident direction of the ultrasound signal transmitted
to the plurality of regions is a predetermined angle.

20. An ultrasound apparatus comprising:

a probe which transmits an ultrasound signal to a predeter-
mined point included in an object and receives at least
three response signals reflected from the predetermined
point;

an extraction unit which extracts a plurality of response
signal pairs by combining the received at least three
response signals two-by-two;

a vector information obtaining unit which obtains a plural-
ity of pieces of prediction vector information, each of the
pieces of prediction vector information indicating a pre-
diction velocity magnitude and a prediction velocity
direction of the predetermined point, based on reception
angles and Doppler frequencies of response signals
included in the plurality of response signal pairs; and
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a vector information determination unit which determines
vector information indicating a velocity magnitude and
a velocity direction of the predetermined point, based on
the plurality of pieces of prediction vector information.

21. The ultrasound apparatus of claim 20, wherein the
vector information determination unit determines the vector
information by using a linear vector sum of the plurality of
pieces of prediction vector information.

22. The ultrasound apparatus of claim 20, wherein the
vector information determination unit determines any one of
the plurality of prediction velocity directions included in the
plurality of pieces of prediction vector information, as the
velocity direction of the predetermined point, and determines
a linear sum of the plurality of prediction velocity magnitudes
included in the plurality of pieces of prediction vector infor-
mation, as the velocity magnitude of the predetermined point.

23. The ultrasound apparatus of claim 20, wherein the
vector information determination unit determines vector
information of a plurality of additional points located within
a preset distance from the predetermined point.

24. The ultrasound apparatus of claim 23, wherein the
vector information determination unit compensates for the
velocity direction of the predetermined point by applying a
smoothing filter to velocity directions of the plurality of addi-
tional points, and determines the compensated velocity direc-
tion as the velocity direction of the predetermined point.

25. The ultrasound apparatus of claim 23, wherein the
vector information determination unit compensates for the
velocity magnitude of the predetermined point by applying a
smoothing filter to velocity magnitudes of the plurality of
additional points, and determines the compensated velocity
magnitude as the velocity magnitude of the predetermined
point.

26. The ultrasound apparatus of claim 20, wherein the
probe transmits the ultrasound signal a plurality of times and
receives each of the at least three response signals a plurality
of times, a plurality of the same received response signal
forming ensemble signals for the respective response signal,
and the vector information obtaining unit obtains a Doppler
frequency of each response signal included in the plurality of
response signal pairs by using autocorrelation between the
ensemble signals of the response signal.

27. An ultrasound apparatus comprising:

a probe which transmits an ultrasound signal to a point
included in an object and receives a response signal
reflected from the point;

a vector information determination unit which determines
vector information indicating a velocity magnitude of
the point, based on a reception angle and a Doppler
frequency of the response signal; and

a display unit which displays a color Doppler image of the
object by mapping the velocity magnitude of the point to
a color scale.

28. The ultrasound apparatus of claim 27, wherein the
vector information determination unit determines vector
information including velocity directions of a plurality of
points included in the object and estimates an overall velocity
direction of the object by using the velocity directions of the
plurality of points, and

wherein the display unit displays the color Doppler image
of the object by mapping angle differences between the
velocity directions of the plurality of points and the
overall velocity direction of the object to a color scale.
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29. The ultrasound apparatus of claim 27, wherein the
vector information determination unit determines vector
information including a vector magnitude of a plurality of
points included in the object, and

wherein the display unit maps a velocity magnitude of a
point having a first velocity direction component, from
among the plurality of points, to a first color and maps a
velocity magnitude of a point having a second velocity
direction component opposite to the first velocity direc-
tion component, from among the plurality of points, to a
second color.

30. An ultrasound apparatus comprising:

a region dividing unit which divides an object into a plu-
rality of regions;

a probe which transmits an ultrasound signal to the plural-
ity of regions and receives response signals reflected
from the plurality of regions;

a measurement unit which measures power levels or Dop-
pler frequencies of the received response signals; and

a control unit which determines a monitoring region from
among the plurality of regions by using the power levels
or the Doppler frequencies of the received response sig-
nals.

31. The ultrasound apparatus of claim 30, wherein the
control unit arbitrarily sets an initial region from among the
plurality of regions, and determines one of the regions reflect-
ing response signals having Doppler frequencies in a first
predetermined range, which is closest to the initial region, as
the monitoring region.

32. The ultrasound apparatus of claim 30, wherein the
control unit determines one of the regions reflecting a
response signal having a Doppler frequency in a second pre-
determined range, as the monitoring region.

33. The ultrasound apparatus of claim 30, wherein the
control unit arbitrarily sets an initial region from among the
plurality of regions, and determines one of the regions reflect-
ing response signals having power levels in a third predeter-
mined range, which is closest to the initial region, as the
monitoring region.

34. The ultrasound apparatus of claim 30, wherein the
control unit determines one of the regions reflecting a
response signal having a power level in a fourth predeter-
mined range, as the monitoring region.

35. The ultrasound apparatus of claim 30, wherein the
control unit determines one of the regions reflecting a
response signal having a power level in a fifth predetermined
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range from among the response signals that pass through a
clutter filter, as the monitoring region.

36. The ultrasound apparatus claim 31, wherein the control
unit adjusts a region of interest in such a way that the moni-
toring region is included in the region of interest.

37. The ultrasound apparatus claim 31, wherein the control
unit adjusts a range gate in such a way that the range gate is
located in the monitoring region.

38. The ultrasound apparatus of claim 30, wherein the
measurement unit measures power levels or Doppler frequen-
cies of response signals reflected from a plurality of the
regions located within a preset distance from the monitoring
region, and

wherein the control unit determines a blood vessel direc-
tion of the object based on a modeled line obtained by
applying a fitting method to the power levels or the
Doppler frequencies of the response signals reflected
from the plurality of regions, and adjusts a steering angle
of the ultrasound signal in such a way that an angle
between the blood vessel direction and an incident direc-
tion of the ultrasound signal transmitted to the plurality
of regions is a predetermined angle.

39. A non-transitory computer-readable recording medium
having recorded thereon a computer program for executing
the method of claim 1.

40. A non-transitory computer-readable recording medium
having recorded thereon a computer program for executing
the method of claim 8.

41. A non-transitory computer-readable recording medium
having recorded thereon a computer program for executing
the method of claim 11.

42. An ultrasound apparatus, comprising:

a probe which transmits an ultrasound signal to a point of
an object and receives a plurality of response signals
reflected back from the point; and

a vector information determiner which determines a veloc-
ity direction and a velocity magnitude of the point based
on the response signals,

wherein, for each of the plurality of response signals, an
angle between a reflection direction of the response sig-
nal and a velocity direction of the point is less than or
greater than 90°.

43. The ultrasound apparatus according to claim 42,

wherein the plurality of response signals comprises three
response signals.
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