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ULTRASOUND IMAGING APPARATUS AND
METHOD OF CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2018-0003974, filed on Jan. 11,
2018, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field

[0002] One or more embodiments relate to an ultrasound
imaging apparatus and a method of controlling the same.

2. Description of the Related Art

[0003] Ultrasound imaging apparatuses transmit an ultra-
sound signal generated by a transducer of a probe to an
object and detect information about a signal reflected from
the object, thereby obtaining at least one image of an internal
part (e.g., soft tissue or blood flow) of the object.

[0004] Also, ultrasound imaging apparatuses may mea-
sure a speed and a direction of a moving object by using the
Doppler effect and may output the measured speed and
direction of the object. For example, ultrasound imaging
apparatuses may measure a speed and a direction of a
moving muscle or blood flow in the heart or a carotid artery.

SUMMARY

[0005] One or more embodiments include an ultrasound
imaging apparatus for providing a spectral Doppler image of
an object to a user, and a method of controlling the ultra-
sound imaging apparatus.

[0006] One or more embodiments include an ultrasound
imaging apparatus for providing a plurality of spectral
Doppler images respectively corresponding to a plurality of
sections of a region of interest (ROI) of an object, and a
method of controlling the ultrasound imaging apparatus.
[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0008] According to one or more embodiments, an ultra-
sound imaging apparatus includes: at least one processor
configured to set a region of interest (ROI) in an ultrasound
image of an object, divide the ROI into a plurality of
sections, generate a plurality of spectral Doppler images
respectively corresponding to the plurality of sections, and
determine, based on a peak velocity value of blood flow, a
display order of a list of the plurality of spectral Doppler
images; and a display configured to display the ultrasound
image of the object on a first region and display, on a second
region, in the display order, spectral Doppler images whose
peak velocity values of blood flow are greater than a preset
value from among the plurality of spectral Doppler images
of the list.

[0009] The at least one processor may be further config-
ured to divide the set ROl into the plurality of sections based
on a user input for at least one or a combination of a number
of the plurality of sections, a size of each of the plurality of
sections, and a shape of each of the plurality of sections.
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[0010] The at least one processor may be further config-
ured to divide the set ROI into the plurality of sections by
automatically recognizing an anatomical structure in the set
ROI and automatically determining, based on the recognized
anatomical structure, at least one or a combination of a
number of the plurality of sections, a size of each of the
plurality of sections, and a shape of each of the plurality of
sections.

[0011] The at least one processor may be further config-
ured to update the determined display order in each of preset
cycles.

[0012] The at least one processor may be further config-
ured to set a color corresponding to at least one of the
plurality of sections, and the display may be further config-
ured to display at least one of the plurality of sections of the
first region and at least one of the plurality of spectral
Doppler images of the second region by applying the set
color to the at least one of the plurality of sections of the first
region and the at least one of the plurality of spectral
Doppler images of the second region.

[0013] The at least one processor may be further config-
ured to classify the plurality of spectral Doppler images into
groups having the same cycle, the same phase, and the same
pattern of blood flow, based on blood flow data, and the
display may be further configured to display the plurality of
spectral Doppler images according to the groups on different
portions of the second region in the display order.

[0014] The at least one processor may be further config-
ured to set a color corresponding to each of the classified
groups, and the display may be further configured to apply
the set color to at least one of the plurality of sections of the
first region and at least one of the plurality of spectral
Doppler images of the second region.

[0015] With respect to the plurality of spectral Doppler
images classified into the groups, the at least one processor
may be further configured to synthesize, for each group,
spectral Doppler images included in a group into one
spectral Doppler image having a continuous spectrum on the
same time axis, and the display may be further configured to
display the synthesized spectral Doppler images on different
portions of the second region according to the groups.

[0016] The at least one processor may be further config-
ured to set a color corresponding to each of the classified
groups, and the display may be further configured to apply
the set color to at least one of the plurality of sections of the
first region and at least one of the plurality of spectral
Doppler images of the second region.

[0017] The at least one processor may be further config-
ured to re-set the ROI so that a section corresponding to a
spectral Doppler image having a highest peak velocity value
of blood flow from among the plurality of spectral Doppler
images is located at the center of the ROL

[0018] According to one or more embodiments, a method
of controlling an ultrasound imaging apparatus includes:
setting a region of interest (ROI) in an ultrasound image of
an object; dividing the ROI into a plurality of sections;
generating a plurality of spectral Doppler images respec-
tively corresponding to the plurality of sections; determining
a display order of a list of the plurality of spectral Doppler
images, based on a peak velocity value of blood flow; and
displaying the ultrasound image of the object on a first
region, and displaying, on a second region, in the display
order, spectral Doppler images whose peak velocity values
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of blood flow are greater than a preset value from among the
plurality of spectral Doppler images of the list.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0020] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus according to an
embodiment;

[0021] FIGS. 2A, 2B, and 2C are views illustrating ultra-
sound diagnosis apparatuses according to embodiments;
[0022] FIG. 3 is a block diagram illustrating a structure of
an ultrasound imaging apparatus, according to an embodi-
ment;

[0023] FIG. 4 is a flowchart of a method by which the
ultrasound imaging apparatus displays a spectral Doppler
image of an object, according to an embodiment;

[0024] FIGS. 5A, 5B, and 5C are views illustrating an
example where the ultrasound imaging apparatus sets a
region of interest (ROI) in an ultrasound image of an object
and divides the ROI into a plurality of sections, according to
an embodiment;

[0025] FIGS. 6A and 6B are views illustrating an example
where the ultrasound imaging apparatus displays an ultra-
sound image of an object and a plurality of spectral Doppler
images on a display, according to an embodiment;

[0026] FIG. 7 is a view illustrating an example where the
ultrasound imaging apparatus displays an ultrasound image
of an object and a plurality of spectral Doppler images on the
display according to groups having the same cycle and the
same pattern of blood flow, according to an embodiment;
[0027] FIG. 8 is a view illustrating an example where the
ultrasound imaging apparatus displays an ultrasound image
of an object and a plurality of spectral Doppler images
synthesized according to groups having the same cycle and
the same pattern of blood flow on the display, according to
an embodiment; and

[0028] FIG. 9 is a view illustrating an example where the
ultrasound imaging apparatus re-sets an ROI so that a
section having a highest peak velocity value of blood flow
in an ultrasound image of an object is located at the center
of the ROI, according to an embodiment.

DETAILED DESCRIPTION

[0029] Hereinafter, principles and embodiments of the
present disclosure will be described in detail in order to fully
convey the scope of the present disclosure and enable one of
ordinary skill in the art to embody and practice the present
disclosure. The embodiments may be implemented in vari-
ous forms.

[0030] The same reference numerals denote the same
elements throughout the specification. All elements of
embodiments are not described in the specification, and
descriptions of matters well known in the art to which the
present disclosure pertains or repeated descriptions between
embodiments will not be given. Terms such as ‘module’ and
‘unit’” used herein denote those that may be embodied by
software, hardware, or firmware, or any combination
thereof. According to embodiments, a plurality of ‘modules’
or ‘units’ may be embodied by a single element, or a single
‘module’ or ‘unit’ may include a plurality of elements.
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[0031] Operation principles and embodiments of the pres-
ent disclosure will now be explained with reference to the
accompanying drawings.

[0032] In embodiments, an image may include a medical
image acquired by any of various medical imaging appara-
tuses such as a magnetic resonance imaging (MRI) appara-
tus, a computed tomography (CT) apparatus, an ultrasound
imaging apparatus, or an X-ray apparatus.

[0033] Also, in the present specification, an ‘object’,
which is a thing to be imaged, may include a human, an
animal, or a part thereof. For example, an object may include
a part of a human (e.g., an organ or a tissue) or a phantom.
[0034] Throughout the specification, an “ultrasound
image” refers to an image of an object processed based on
ultrasound signals transmitted to the object and reflected
therefrom.

[0035] Embodiments will now be described more fully
with reference to the accompanying drawings.

[0036] FIG. 1 is a block diagram illustrating a configura-
tion of an ultrasound diagnosis apparatus 100 according to
an embodiment. The ultrasound diagnosis apparatus 100
according to an embodiment may include a probe 20, an
ultrasound transceiver 110, a controller 120, an image pro-
cessor 130, a display 140, a storage 150, a communicator
160, and an input interface 170.

[0037] The ultrasound diagnosis apparatus 100 may be of
a cart-type or portable-type ultrasound diagnosis apparatus.
Examples of the portable-type ultrasound diagnosis appara-
tus 100 may include, but not limited to, a smart phone, a
laptop computer, a personal digital assistant (PDA), and a
tablet personal computer (PC).

[0038] The probe 20 may include a plurality of transduc-
ers. The plurality of transducers may transmit ultrasound
signals to an object 10 in response to transmission signals
applied from a transmitter 113. The plurality of transducers
may receive ultrasound signals reflected from the object 10
to generate reception signals. In addition, the probe 20 and
the ultrasound diagnosis apparatus 100 may be formed in
one body, or the probe 20 and the ultrasound diagnosis
apparatus 100 may be formed separately but linked wire-
lessly or via wires. In addition, the ultrasound diagnosis
apparatus 100 may include one or more probes 20 according
to embodiments.

[0039] The controller 120 may control the transmitter 113
to generate transmission signals to be applied to the plurality
of transducers included in the probe 20 in consideration of
a position and a focal point of each of the plurality of
transducers.

[0040] The controller 120 may control a receiver 115 to
generate ultrasound data by converting reception signals
received from the probe 20 from analogue to digital signals
and summing the reception signals converted into digital
form in consideration of the position and the focal point of
each of the plurality of transducers.

[0041] The image processor 130 may generate an ultra-
sound image by using the ultrasound data generated by the
receiver 115.

[0042] The display 140 may display the generated ultra-
sound image and various pieces of information processed by
the ultrasound diagnosis apparatus 100. The ultrasound
diagnosis apparatus 100 may include one or more displays
140 according to embodiments. The display 140 may
include a touch screen in combination with a touch panel.
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[0043] The controller 120 may control operations of the
ultrasound diagnosis apparatus 100 and flow of signals
between the internal elements of the ultrasound diagnosis
apparatus 100. The controller 120 may include a memory for
storing a program or data to perform functions of the
ultrasound diagnosis apparatus 100 and a processor for
processing the program or data. For example, the controller
120 may control the operation of the ultrasound diagnosis
apparatus 100 by receiving a control signal from the input
interface 170 or an external apparatus.

[0044] The ultrasound diagnosis apparatus 100 may
include the communicator 160 and may be connected to
external apparatuses (e.g., servers, medical apparatuses, and
portable devices such as smart phones, tablet personal
computers (PCs), or wearable devices) via the communica-
tor 160.

[0045] The communicator 160 may include at least one
element capable of communicating with the external appa-
ratuses. For example, the communicator 160 may include at
least one from among a short-range communication module,
a wired communication module, and a wireless communi-
cation module.

[0046] The communicator 160 may transmit and receive a
control signal and data to and from the external apparatuses.
[0047] The storage 150 may store various data or pro-
grams for driving and controlling the ultrasound diagnosis
apparatus 100, input and/or output ultrasound data, obtained
ultrasound images, etc.

[0048] The input interface 170 may receive a user’s input
for controlling the ultrasound diagnosis apparatus 100. For
example, the user’s input may include, but not limited to,
inputs for manipulating buttons, keypads, mice, trackballs,
jog switches, or knops, inputs for touching a touchpad or a
touch screen, a voice input, a motion input, and a bio-
information input (e.g., iris recognition or fingerprint rec-
ognition).

[0049] The ultrasound diagnosis apparatus 100 according
to an embodiment will be described with reference to FIGS.
2A, 2B, and 2C.

[0050] FIGS. 2A, 2B, and 2C are views illustrating ultra-
sound diagnosis apparatuses 100a, 1005, and 100¢ accord-
ing to embodiments.

[0051] Referring to FIGS. 2A and 2B, each of the ultra-
sound diagnosis apparatuses 100¢ and 1005 may include a
main display 121 and a sub-display 122. One of the main
display 121 and the sub-display 122 may include a touch
screen. The main display 121 and the sub-display 122 may
display ultrasound images and/or various information pro-
cessed by each of the ultrasound diagnosis apparatuses 100a
and 1006. The main display 121 and the sub-display 122
may provide graphical user interfaces (GUI), thereby receiv-
ing data for controlling each of the ultrasound diagnosis
apparatuses 100a and 1005 from a user. For example, the
main display 121 may display an ultrasound image and the
sub-display 122 may display a control panel for controlling
display of the ultrasound image as a GUI. The sub-display
122 may receive data for controlling display of an image
through the control panel displayed as a GUI Each of the
ultrasound diagnosis apparatuses 100a and 1005 may con-
trol the display of the ultrasound image on the main display
121 by using the received control data.

[0052] Referring to FIG. 2B, the ultrasound diagnosis
apparatus 1005 may further include a control panel 165 in
addition to the main display 121 and the sub-display 122.
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The control panel 165 may include buttons, trackballs, jog
switches, or knops, and may receive data for controlling the
ultrasound diagnosis apparatus 1005 from the user. For
example, the control panel 165 may include a time gain
compensation (TGC) button 171 and a freeze button 172.
The TGC button 171 is to set a TGC value for each depth of
an ultrasound image. Also, when an input of the freeze
button 172 is detected during scanning an ultrasound image,
the ultrasound diagnosis apparatus 1005 may keep display-
ing a frame image at that time point.

[0053] The buttons, trackballs, jog switches, and knops
included in the control panel 165 may be provided as a GUI
to the main display 121 or the sub-display 122.

[0054] Referring to FIG. 2C, the ultrasound diagnosis
apparatus 100c may be a portable device. Examples of the
portable ultrasound diagnosis apparatus 100 may include,
but not limited to, smart phones including probes and
applications, laptop computers, PDAs, and tablet PCs.
[0055] The ultrasound diagnosis apparatus 100c may
include the probe 20 and a main body 40. The probe 20 may
be connected to one side of the main body 40 by wire or
wirelessly. The main body 40 may include a touch screen
145. The touch screen 145 may display an ultrasound image,
various pieces of information processed by the ultrasound
diagnosis apparatus 100¢, and a GUL

[0056] FIG. 3 is a block diagram illustrating a structure of
an ultrasound imaging apparatus 300, according to an
embodiment. The ultrasound imaging apparatus 300 may
correspond to the ultrasound diagnosis apparatus 100 of
FIG. 1. Also, the ultrasound imaging apparatus 300 may be
implemented as any of the ultrasound diagnosis apparatuses
100a, 1005, and 100c of FIGS. 2A through 2C.

[0057] As shown in FIG. 3, the ultrasound imaging appa-
ratus 300 includes a processor 310 and a display 320. The
processor 310 may correspond to the controller 120 and the
image processor 130 of FIG. 1. The display 320 may
correspond to the display 140 of FIG. 1. Also, the processor
310 may include one or more processors.

[0058] The processor 310 may set a region of interest
(ROI) in an ultrasound image of an object. According to an
embodiment, the ROI in the ultrasound image of the object
may be set based on a user input. For example, when a user
designates two points on an ultrasound image screen, a
rectangular ROI with a diagonal that connects the two points
may be set.

[0059] The processor 310 may divide the set ROl into a
plurality of sections. In an embodiment, the dividing of the
set ROI into the plurality of sections may be performed
based on the user’s input for at least one or a combination
of the number of the plurality of sections, a size of each of
the plurality of sections, and a shape of each of the plurality
of sections.

[0060] Forexample, the ultrasound imaging apparatus 300
may receive a user input that sets the number of a plurality
of sections divided from a rectangular ROI to N, a shape of
each of the plurality of sections to a rectangular shape, and
a size of each of the plurality of sections to 1/N of a size of
the rectangular ROI. The processor 310 may divide the ROI
set based on the received user input into N sections having
rectangular shapes and the same size.

[0061] According to another embodiment, the dividing of
the set ROI into the plurality of sections may be automati-
cally performed. The processor 310 may automatically rec-
ognize an anatomical structure in the set ROI. The processor
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310 may divide the set ROI into the plurality of sections by
automatically determining at least one or a combination of
the number of the plurality of sections, a size of each of the
plurality of sections, and a shape of each of the plurality of
sections based on the recognized anatomical structure.
[0062] For example, when the object is set to a fetus and
the ROI is set to a region including fetal umbilical vessels
made of twisted arteries and veins, the ROI may be divided
as follows. The processor 310 may automatically recognize
the fetal umbilical vessels in the set ROI. The processor 310
may divide the set ROI into a plurality of sections by
automatically determining at least one or a combination of
the number of the plurality of sections, a size of each of the
plurality of sections, and a shape of each of the plurality of
sections based on shapes and sizes of the recognized fetal
umbilical vessels. For example, the processor 310 may
define the plurality sections so that a region corresponding
to each artery of the umbilical vessels and a region corre-
sponding to each vein of the umbilical vessels are divided as
different sections.

[0063] Each of the plurality of sections of the ROI is not
limited to a rectangular shape, and may have any of various
other shapes such as a triangular shape, a quadrangular
shape. a pentagonal shape, or a hexagonal shape. Also,
shapes of the plurality of sections of the ROI may be
different from one another. Sizes of the plurality of sections
of the ROI may be different from one another.

[0064] The processor 310 may obtain blood flow data
corresponding to each of the plurality of sections. The blood
flow data may include at least one or a combination of a
velocity, a cycle, and a pattern of blood flow.

[0065] The velocity of blood flow includes data about at
least one or a combination of a magnitude of a velocity of
blood flow with time, a peak velocity value of blood flow
within one cycle, and an average velocity value of blood
flow during one cycle. The cycle of blood flow refers to a
predetermined time interval during which a level of blood
flow is repeatedly changed. The pattern of blood flow that
refers to changes in a level of blood flow with time during
one cycle may include a waveform, a phase, and a cycle of
blood flow with time.

[0066] The processor 310 may generate a plurality of
spectral Doppler images respectively corresponding to the
plurality of sections of the ROI based on the obtained blood
flow data. The spectral Doppler images refer to images in
which a velocity of blood flow with time is represented as a
waveform.

[0067] The processor 310 may determine a display order
of a list of the generated plurality of spectral Doppler images
based on the velocity of blood flow.

[0068] According to an embodiment, the processor 310
may determine the display order of the list of the plurality of
spectral Doppler images based on the peak velocity value of
blood flow. The processor 310 may compare peak velocity
values of blood flow corresponding to the plurality of
spectral Doppler images based on the blood flow data and
may determine a magnitude order of the peak velocity
values of blood flow as the display order of the list of the
plurality of spectral Doppler images. Each peak velocity
value of blood flow may refer to the absolute value of a
magnitude of a peak velocity of blood flow.

[0069] The processor 310 may update the display order of
the plurality of spectral Doppler images in every preset
cycle. According to an embodiment, the processor 310 may
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set an update cycle of the display order based on the user’s
input for the update cycle of the display order.

[0070] When the object is moving, portions of the object
corresponding to the plurality of sections may be changed.
Once the portions of the object corresponding to the plural-
ity of sections are changed, magnitudes of peak velocity
values of blood flow of the plurality of spectral Doppler
images respectively corresponding to the plurality of sec-
tions may also be changed. Accordingly, the plurality of
spectral Doppler images may be displayed in the magnitude
order of the peak velocity values of blood flow in real time
by updating the display order in every preset cycle.

[0071] The processor 310 may generate a list of the
plurality of spectral Doppler images based on the display
order of the plurality of spectral Doppler images. According
to an embodiment, the plurality of spectral Doppler images
may be located from the top to the bottom of the list in the
magnitude order of the peak velocity values of blood flow
according to the display order of the plurality of spectral
Doppler images.

[0072] The display 320 may display the ultrasound image
of the object on a first region, and the plurality of spectral
Doppler images on a second region.

[0073] According to an embodiment, the display 320 may
display the ultrasound image of the object on the first region
in at least one of a B mode, a C mode, and a PW mode, or
a combination thereof.

[0074] According to an embodiment, the display 320 may
display a plurality of spectral Doppler images in the list of
the plurality of Doppler images on the second region in the
display order determined by the processor 310. For example,
the display 320 may display the plurality of spectral Doppler
images arranged in the magnitude order of the peak velocity
values of blood flow in the list, on the second region from
the top to the bottom of the second region.

[0075] According to an embodiment, since the ultrasound
imaging apparatus 300 displays the plurality of spectral
Doppler images in the magnitude order of the peak velocity
values of blood flow, the user may easily find a portion
having a highest velocity of blood flow in the ROI.

[0076] For example, according to an embodiment, even
when a position where cardiac regurgitation oceurs is peri-
odically changed, the user may easily find a position where
cardiac regurgitation occurs and may diagnose the cardiac
regurgitation. In detail, the ultrasound imaging apparatus
300 may set the heart as an ROI and may divide the set ROI
into a plurality of sections. The ultrasound imaging appa-
ratus 300 may display spectral Doppler images respectively
corresponding to the plurality of sections based on a velocity
of blood flow. A spectral Doppler image displayed at the top
may be a spectral Doppler image at a position where cardiac
regurgitation occurs. Accordingly, the user may easily diag-
nose the cardiac regurgitation by using the spectral Doppler
image displayed at the top.

[0077] According to an embodiment, the display 320 may
display, on the second region, in the display order deter-
mined by the processor 310, spectral Doppler images whose
peak velocity values of blood flow are greater than a preset
value from among the plurality of spectral Doppler images
in the list of the plurality of spectral Doppler images. The
preset value may be an initial set value when there is no
additional user input, and may be re-set by the user’s input.
[0078] The probability that a section corresponding to a
spectral Doppler image whose peak velocity value of blood
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flow is less than a predetermined value does not include a
blood vessel is high. Accordingly, a spectral Doppler image
whose peak velocity value of blood flow is less than a
predetermined value may not be a spectral Doppler image of
a portion that is desired by the user to be diagnosed.
Accordingly, the efficiency of diagnosis of a portion of the
object desired by the user to be diagnosed may be improved
by selectively displaying only spectral Doppler images
whose peak velocity values of blood flow are greater than a
predetermined value.

[0079] FIG. 4 is a flowchart of a method by which the
ultrasound imaging apparatus 300 displays a spectral Dop-
pler image of an object, according to an embodiment.
[0080] Referring to FIG. 4, a method of displaying a
spectral Doppler image of an object according to another
embodiment includes operations sequentially performed by
the ultrasound imaging apparatus 300 of FIG. 3. Accord-
ingly, although omitted, the description of the ultrasound
imaging apparatus 300 of FIG. 3 may apply to the method
of displaying the spectral Doppler image of the object of
FIG. 4.

[0081] In operation 410, the ultrasound imaging apparatus
300 sets an ROI in an ultrasound image of an object. The
setting of the ROI may be performed based on a user’s input
for a size and a shape of the ROL

[0082] In operation 420, the ultrasound imaging apparatus
300 divides the set ROI into a plurality of sections. The
ultrasound imaging apparatus 300 may divide the ROI into
the plurality of sections based on the user’s input, and may
automatically divide the ROl into the plurality of sections by
analyzing an anatomical structure in the ROL

[0083] In operation 430, the ultrasound imaging apparatus
300 generates a plurality of spectral Doppler images respec-
tively corresponding to the plurality of sections. The spectral
Doppler images are images in which a velocity of blood flow
with time is represented as a waveform.

[0084] In operation 440, the ultrasound imaging apparatus
300 determines a display order of a list of the plurality of
spectral Doppler images based on a peak velocity value of
blood flow.

[0085] In operation 450, the ultrasound imaging apparatus
300 displays the ultrasound image of the object on a first
region of the display 320, and displays, on a second region,
in the determined display order, spectral Doppler images
whose peak velocity values of blood flow are greater than a
preset value from among the plurality of spectral Doppler
images of the list.

[0086] FIGS. SA, 5B, and 5C are views illustrating an
example where the ultrasound imaging apparatus 300 sets an
ROl in an ultrasound image of an object and divides the ROI
into a plurality of sections, according to an embodiment.
[0087] FIG. 5A illustrates an example where the ultra-
sound imaging apparatus 300 sets an ROI 510 to a rectan-
gular shape in an ultrasound image 500 of a kidney of an
object. Referring to FIG. 5A, the ROI 510 is set to include
a blood vessel of the kidney.

[0088] FIG. 5B illustrates a divided ROI 520 obtained
when the ultrasound imaging apparatus 300 divides the ROI
510 set in the ultrasound image 500 of the kidney of the
object into 8 sections having the same size.

[0089] According to an embodiment, the ultrasound imag-
ing apparatus 300 may obtain the divided ROI 520 of FIG.
5B based on a user’s input commanding that the ROI 510 be
divided into 8 sections having the same size.
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[0090] According to another embodiment, the ultrasound
imaging apparatus 300 may divide the ROI 510 by auto-
matically recognizing a renal vascular structure in the ROI
510. The ultrasound imaging apparatus 300 may divide the
ROI 510 into a plurality of sections 510a, 5105, 510c, . . .
, and 510/ of the divided ROI 520 of FIG. 5B by determin-
ing the number of the plurality of sections to be 8 and
determining a size of each of the plurality of sections to be
Y of a size of the ROI 510 based on the recognized renal
vascular structure.

[0091] As shown in FIG. 5B, some sections (e.g., 510q,
5106, 510¢, and 5104) in the divided ROI 520 include blood
vessels of the kidney. Accordingly, the user may efficiently
diagnose fine renal blood vessels by using spectral Doppler
images of the some sections (e.g., 510a, 5105, 510¢, and
5104) including the blood vessels of the kidney provided by
the ultrasound imaging apparatus 300.

[0092] FIG. 5C illustrates an ROI 530 obtained when the
ultrasound imaging apparatus 300 divides the ROI 510 set in
the ultrasound image 500 of the kidney of the object into 20
sections having the same size.

[0093] It is difficult for the user to diagnose blood vessels
of an object having a complex anatomical structure such as
a kidney including fine blood vessels because it is more
difficult to measure blood flow of the object having the
complex anatomical structure than to measure blood flow of
an object having a simple anatomical structure. However,
according to an embodiment, a desired image of even a
blood vessel having a fine structure may be obtained by
dividing an ROI into a larger number of sections and
generating spectral Doppler images of the divided sections.
[0094] Also, according to an embodiment, even when an
object is moving, the ultrasound imaging apparatus 300 may
generate spectral Doppler images of a plurality of sections of
an ROI in real time. Accordingly, although sections in an
ROI corresponding to portions desired by the user to be
diagnosed may be changed after the movement of the object,
spectral Doppler images of the sections in the ROI corre-
sponding to the portions desired by the user to be diagnosed
may be obtained even after the movement of the object, and
thus seamless spectral Doppler images may be obtained.
[0095] FIGS. 6A and 6B are views illustrating an example
where the ultrasound imaging apparatus 300 displays an
ultrasound image 500 of an object on a first region 610 of the
display 320 and displays a plurality of spectral Doppler
images on a second region 620, according to an embodi-
ment.

[0096] According to an embodiment, as shown in FIGS.
6A and 6B, the display 320 may vertically locate the first
region 610 where an ultrasound image of an object is
displayed and the second region 620 where a plurality of
spectral Doppler images are displayed.

[0097] According to another embodiment, the display 320
may horizontally locate a first region where an ultrasound
image of an object is displayed and a second region where
a plurality of spectral Doppler images are displayed.
[0098] According to another embodiment, the display 320
may change positions of a first region where an ultrasound
image of an object is displayed and a second region where
a plurality of Doppler images are displayed, based on a
user’s input.

[0099] FIG. 6A is a view illustrating an example where the
ultrasound image 500 of an object is displayed on the first
region 610 of the display 320, and a plurality of spectral
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Doppler images respectively corresponding to a plurality of
sections of the divided ROI 520 of FIG. 5B are displayed on
the second region 620 of the display 320. According to an
embodiment, the processor 310 may determine a display
order of a list of the plurality of spectral Doppler images
based on a peak velocity value of blood flow. The display
320 may display a plurality of spectral Doppler images of
the list on the second region 620 in the determined display
order.

[0100] Referring to FIG. 6A, the display 320 displays a
plurality of spectral Doppler images respectively corre-
sponding to 8 sections (e.g., 6104, 6105, ..., and 610%) of the
ROI on the second region 620. The processor 310 deter-
mines that a display order of the list of the plurality of
spectral Doppler images is 620a, 6205, . .. , and 620/ based
on a peak velocity of blood flow. The display 320 displays
the plurality of spectral Doppler images of the list in the
determined display order on the second region 620. In detail,
the plurality of spectral Doppler images 620a, 6205, . . .,
620/ are displayed in a magnitude order of peak velocity
values of blood flow on the second region 620 from the top
to the bottom of the second region 620.

[0101] According to the present embodiment, the user
may grasp at once a blood flow distribution in the ROI by
using a plurality of spectral Doppler images displayed in a
magnitude order of peak velocity values of blood flow, and
may easily find a spectral Doppler image corresponding to
a portion desired to be diagnosed (e.g., a portion with
cardiac regurgitation or renal blood vessels).

[0102] According to an embodiment, the plurality of sec-
tions of the first region 610 of the display 320 and the
plurality of spectral Doppler images of the second region
620 of the display 320 may be mapped to indicators on the
display 320. For example, referring to FIG. 6A, the spectral
Doppler image 620a corresponding to the section 610qa is
mapped to an indicator 2 on the display 320. Also, the
spectral Doppler image 620g corresponding to the section
610g is mapped to an indicator 7 on the display 320.
According to an embodiment, each indicator of the ROI may
be set based on a user input.

[0103] According to an embodiment, the processor 310
may set a color corresponding to each of the plurality of
sections of the ROIL. The display 320 may apply the color set
by the processor 310 to at least one of the plurality of
sections of the ROI 520 of the ultrasound image 500
displayed on the first region 610 and at least one of the
plurality of spectral Doppler images displayed on the second
region 620. According to an embodiment, the color corre-
sponding to each section may be displayed on the entire
section. According to another embodiment, the color corre-
sponding to each section may be displayed on a part of the
section.

[0104] For example, referring to FIG. 6A, the display 320
displays the ultrasound image and the plurality of spectral
Doppler images by applying colors, which are set by the
processor 310 to 8 sections 610a, 6105, .. ., 610/ of the ROI
520, to the plurality of sections of the first region 610 of the
display 320 and the plurality of spectral Doppler images
620a, 6205, . . . 620/ of the second region 620 of the display
320. In detail, the processor 310 sets a color corresponding
to the section 610a from among the plurality of sections to
ayellow color, and the display 320 displays the section 6104
and the spectral Doppler image 620a corresponding to the
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section 610a by applying the yellow color to the section
6104 and the spectral Doppler image 620a corresponding to
the section 610a.

[0105] According to an embodiment, the processor 310
may set that colors respectively corresponding to the plu-
rality of sections of the ROI are different from one another.
For example, referring to FIG. 6A, the processor 310 may
set colors of the plurality of sections 610a, 6105, 610¢, and
610d to yellow, green, sky blue, and blue colors that are
different from one another, and the display 320 may apply
the set colors to the sections 610a, 6105, 610c, and 6104 and
the plurality of spectral Doppler images 6204, 6205, 620c,
and 6204 respectively corresponding to the sections 610q,
6105, 610¢, and 610d.

[0106] The user may recognize at once a plurality of
sections mapped to corresponding colors and displayed on
the display 320 and a plurality of spectral Doppler images
respectively corresponding to the plurality of sections.
Accordingly, the user may easily grasp which section’s
blood flow of the object is related to each spectral Doppler
image.

[0107] FIG. 6B is a view illustrating an example where
only spectral Doppler images whose peak velocity values of
blood flow from among a plurality of spectral Doppler
images displayed on the second region 620 of the display
320 of FIG. 6A are greater than a preset value are displayed
on the second region 620 of the display 320.

[0108] Referring to FIG. 6B, the display 320 displays only
a plurality of spectral Doppler images (e.g., 620a, 6205,
620c, and 6204) corresponding to 4 sections 610a, 6105,
610c, and 6104 from among 8 sections of the ROI whose
peak velocity values of blood flow are greater than a preset
value. The processor 310 determines that a display order of
a list of a plurality of spectral Doppler images is 620a, 6205,
..., and 620/ based on a peak velocity of blood flow. The
display 320 displays a plurality of spectral Doppler images
of the list in the determined display order on the second
region 620. In detail, the plurality of spectral Doppler
images 620a, 6205, 620¢, and 6204 whose peak velocity
values of blood flow are greater than a preset value are
displayed in a magnitude order of peak velocity values of
blood value from 620a to 620d on the second region 620
from the top to the bottom of the second region 620.
[0109] Accordingly, the user may easily recognize spectral
Doppler images having peak velocity values of blood flow
equal to or greater than a predetermined value. Also, the user
may easily recognize spectral Doppler images of portions
where blood vessels exist in the ROI of the object.

[0110] According to an embodiment, the display order of
the plurality of spectral Doppler images displayed on the
second region 620 of the display 320 may be updated in
every preset cycle. Referring to FIGS. 6A and 6B, the
magnitude order of peak velocity values of blood flow of the
plurality of spectral Doppler images respectively corre-
sponding to the 8 sections may be changed after the move-
ment of the object.

[0111] For example, the spectral Doppler image 620g
corresponding to the section 610g from among the plurality
of spectral Doppler images may have a highest peak velocity
value of blood flow after the movement of the object. The
processor 310 may update the display order of the plurality
of spectral Doppler images based on a change in magnitudes
of peak velocity values of blood flow of the plurality of
spectral Doppler images in every preset cycle. The display
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320 may display, on the second region 620, in the updated
display order, the plurality of spectral Doppler images of the
list by reflecting the movement of the object.

[0112] According to another embodiment, the processor
310 may update the display order whenever the magnitude
order of peak velocity values of blood flow is changed.
[0113] As the display order is updated, the user may
determine which section has a highest peak velocity value of
blood flow in the ROI of the object in real time, irrespective
of the movement of the object.

[0114] FIG. 7 is a view illustrating an example where the
ultrasound imaging apparatus 300 displays the ultrasound
image 500 of an object on the first region 610 of the display
320, and displays, on the second region 620, a plurality of
spectral Doppler images according to groups having the
same cycle, the same phase, and the same pattern of blood
flow, according to an embodiment.

[0115] According to an embodiment, the processor 310
may classify a plurality of spectral Doppler images based on
blood flow data into groups having the same cycle, the same
phase, and the same pattern of blood flow. Spectral Doppler
images respectively corresponding to sections including the
same blood vessel in an ROI may have the same cycle, the
same phase, and the same pattern of blood flow. Accord-
ingly, the ultrasound imaging apparatus 300 may separately
provide a plurality of spectral Doppler images of different
blood vessels in the ROl to a user by classifying the plurality
of spectral Doppler images into groups having the same
cycle, the same phase, and the same pattern of blood flow.
[0116] For example, referring to FIG. 7, the processor 310
may classify a plurality of spectral Doppler images into a
first group 720a and a second group 7205 according to
whether the plurality of spectral Doppler images have the
same cycle, the same phase, and the same pattern of blood
flow based on blood flow data. The display 320 displays the
plurality of spectral Doppler images of the first group 720a
and the second group 7205 generated by the processor 310
on different portions of the second region 620 in a display
order determined by the processor 310 based on a peak
velocity value of blood flow. The object is a kidney and a
plurality of sections 710@ which corresponds to the first
group 720a and a plurality of sections 7105 which corre-
sponds to the second group 720% include different blood
vessels of the kidney.

[0117] According to another embodiment, even when a
position where cardiac regurgitation occurs is periodically
changed, the user may diagnose the cardiac regurgitation by
easily finding the position where the cardiac regurgitation
occurs. In detail, the ultrasound imaging apparatus 300 may
set the heart as an ROI and may divide the set ROI into a
plurality of sections. The ultrasound imaging apparatus 300
may display spectral Doppler images respectively corre-
sponding to the plurality of sections based on a velocity of
blood flow. The ultrasound imaging apparatus 300 may
classify the plurality of spectral Doppler images into a
plurality of groups according to whether the plurality of
spectral Doppler images have the same cycle, the same
phase, and the same pattern of blood flow based on blood
flow data. The user may determine a spectral Doppler image
of a position where cardiac regurgitation occurs based on
phases and patterns of spectral Doppler images of each of
the groups.

[0118] According to an embodiment, the processor 310
may set a color corresponding to each of the groups of the
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plurality of spectral Doppler images classified based on the
blood flow data. The display 320 may apply the color, which
is set according to each of the groups, to a plurality of
sections of the first region of the display 320 and spectral
Doppler images of the second region of the display 320.

[0119] For example, referring to FIG. 7, the processor 310
sets colors corresponding to the first group 720a and the
second group 7205 to yellow and sky blue, and the display
320 displays a plurality of sections 710a and 7105 of the first
region 610 and the groups 720a and 7206 of spectral
Doppler images of the second region 620 by applying the set
colors to the plurality of sections 710a and 7105 of the first
region 610 and the groups 720a and 7206 of spectral
Doppler images of the second region 620.

[0120] According to the present embodiment, the user
may easily grasp which blood vessel of the object is related
to spectral Doppler images included in each of groups by
observing a plurality of sections and a plurality of spectral
Doppler images mapped to corresponding colors according
to the groups on the display 320.

[0121] FIG. 8 is a view illustrating an example where the
ultrasound imaging apparatus 300 displays an ultrasound
image of an object on the first region 610 of the display 320,
and displays a plurality of spectral Doppler images synthe-
sized according to groups having the same cycle and the
same pattern of blood flow on the second region 620,
according to an embodiment.

[0122] According to an embodiment, the processor 310
may classify a plurality of spectral Doppler images into
groups having the same cycle, the same phase, and the same
pattern of blood flow. The processor 310 may synthesize a
plurality of spectral Doppler images included in each of the
groups into one spectral Doppler image having a continuous
spectrum on the same time axis. The synthesizing of the
spectral Doppler images may be performed by using, for
example, signal combination or convolution. The display
320 may display the synthesized spectral Doppler images
according to the groups on different portions of the second
region 620.

[0123] For example, referring to FIG. 8, the processor 310
synthesizes a plurality of spectral Doppler images included
in each of the first group 720a and the second group 7205
into one spectral Doppler image having a continuous spec-
trum on the same time axis. The display 320 displays the
synthesized spectral Doppler images on different portions of
the second region 620 according to the groups 820a¢ and
8205.

[0124] According to an embodiment, the processor 310
may set a color corresponding to each of the groups of the
synthesized spectral Doppler images. The display 320 may
apply the color, which is set according to each of the groups,
to a plurality of sections of the first region 610 of the display
320 and spectral Doppler images of the second region 620
of the display 320.

[0125] For example, referring to FIG. 8, the processor 310
sets colors corresponding to the first group 820a and the
second group 8205 to yellow and sky blue, and the display
320 displays a plurality of sections 810a and 8105 of the first
region 610 and groups 820a and 8205 of spectral Doppler
images of the second region 620 by applying the set colors
to the plurality of sections 810a and 8104 of the first region
610 and the groups 820a and 8205 of spectral Doppler
images of the second region 620.
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[0126] Tt is found that two spectral Doppler images each
having a discontinuous spectrum on a time axis in the first
group 710a are synthesized into one spectral Doppler image
having a continuous spectrum on the same time axis.
[0127] FIG. 9 is a view illustrating an example where the
ultrasound imaging apparatus 300 tracks a section corre-
sponding to a spectral Doppler images having a highest peak
velocity value of blood flow from among a plurality of
spectral Doppler images, according to an embodiment.
[0128] According to an embodiment, the processor 310
may determine a spectral Doppler image having a highest
peak velocity value of blood flow from among a plurality of
spectral Doppler images respectively corresponding to a
plurality of sections of a preset ROI. The processor 310 may
set a section corresponding to the spectral Doppler image
having the highest peak velocity value of blood flow from
among the plurality of sections as a tracking section. The
processor 310 may track the set tracking section in every
preset cycle, and may re-set the ROI in every preset cycle so
that the tracking section is located at the center of the ROL
[0129] For example, referring to FIGS. 6A and 9, a spec-
tral Doppler image having a highest peak velocity value of
blood flow from among a plurality of spectral Doppler
images respectively corresponding to a plurality of sections
in FIG. 6A is 620a. A section corresponding to the spectral
Doppler image 620a is 610a. The processor 310 sets the
section 610aq as a tracking section. The processor 310 tracks
the section 610a in every preset cycle, and re-sets the ROI
in every preset cycle so that the section 610a is located at the
center of the ROL FIG. 9 illustrates an ROI 910 re-set so that
the section 610a of FIG. 6A is located at the center of the
re-set ROI 910. In this case, a sample gate 920 may be
located at the center of the re-set ROI 910.

[0130] According to an embodiment, the processor 310
may re-set a size of the ROI when re-setting the ROI so that
a tracking section is located at the center. The re-setting of
the size of the ROI may be performed based on a user’s
input. For example, the ultrasound imaging apparatus 300
may receive an input that reduces a size of the re-set ROI to
a size of a tracking section, and the processor 310 may
reduce the size of the ROI to the size of the tracking section
based on the input that reduces the size of the ROIL

[0131] According to an embodiment, the ultrasound imag-
ing apparatus 300 may perform the method including opera-
tions 420 through 450 of FIG. 4 based on the re-set ROL.
[0132] Embodiments may be implemented on computer-
readable recording media storing instructions and data
executable by computers. The instructions may be stored as
program codes, and when being executed by a processor,
may cause a predetermined program module to be generated
and a predetermined operation to be performed. Also, when
executed by the processor, the instructions may cause pre-
determined operations of the disclosed embodiments to be
performed.

What is claimed is:
1. An ultrasound imaging apparatus comprising:

at least one processor configured to set a region of interest
(ROI) in an ultrasound image of an object, divide the
ROI into a plurality of sections, generate a plurality of
spectral Doppler images respectively corresponding to
the plurality of sections, and determine, based on a
peak velocity value of blood flow, a display order of a
list of the plurality of spectral Doppler images; and
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a display configured to display the ultrasound image of
the object on a first region and display, on a second
region, in the display order, spectral Doppler images
whose peak velocity values of blood flow are greater
than a preset value from among the plurality of spectral
Doppler images of the list.

2. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to divide the
set ROI into the plurality of sections based on a user input
for at least one or a combination of a number of the plurality
of sections, a size of each of the plurality of sections, and a
shape of each of the plurality of sections.

3. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to divide the
set ROI into the plurality of sections by automatically
recognizing an anatomical structure in the set ROI and
automatically determining, based on the recognized ana-
tomical structure, at least one or a combination of a number
of the plurality of sections, a size of each of the plurality of
sections, and a shape of each of the plurality of sections.

4. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to update the
determined display order in each of preset cycles.

5. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to set a color
corresponding to at least one of the plurality of sections, and

the display is further configured to display at least one of
the plurality of sections of the first region and at least
one of the plurality of spectral Doppler images of the
second region by applying the set color to the at least
one of the plurality of sections of the first region and the
at least one of the plurality of spectral Doppler images
of the second region.

6. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to classify the
plurality of spectral Doppler images into groups having the
same cycle, the same phase, and the same pattern of blood
flow, based on blood flow data, and

the display is further configured to display the plurality of
spectral Doppler images according to the groups on
different portions of the second region in the display
order.

7. The ultrasound imaging apparatus of claim 6, wherein
the at least one processor is further configured to set a color
corresponding to each of the classified groups, and

the display is further configured to apply the set color to
at least one of the plurality of sections of the first region
and at least one of the plurality of spectral Doppler
images of the second region.

8. The ultrasound imaging apparatus of claim 6, wherein,
with respect to the plurality of spectral Doppler images
classified into the groups, the at least one processor is further
configured to synthesize, for each group, spectral Doppler
images included in a group into one spectral Doppler image
having a continuous spectrum on the same time axis, and

the display is further configured to display the synthesized
spectral Doppler images on different portions of the
second region according to the groups.

9. The ultrasound imaging apparatus of claim 8, wherein
the at least one processor is further configured to set a color
corresponding to each of the classified groups, and

the display is further configured to apply the set color to
at least one of the plurality of sections of the first region
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and at least one of the plurality of spectral Doppler
images of the second region.

10. The ultrasound imaging apparatus of claim 1, wherein
the at least one processor is further configured to re-set the
ROI so that a section corresponding to a spectral Doppler
image having a highest peak velocity value of blood flow
from among the plurality of spectral Doppler images is
located at the center of the ROIL

11. A method of controlling an ultrasound imaging appa-
ratus, the method comprising:

setting a region of interest (ROI) in an ultrasound image

of an object;
dividing the ROI into a plurality of sections;
generating a plurality of spectral Doppler images respec-
tively corresponding to the plurality of sections;

determining a display order of a list of the plurality of
spectral Doppler images, based on a peak velocity
value of blood flow; and

displaying the ultrasound image of the object on a first

region, and displaying, on a second region, in the
display order, spectral Doppler images whose peak
velocity values of blood flow are greater than a preset
value from among the plurality of spectral Doppler
images of the list.

12. The method of claim 11, wherein the dividing of the
set ROl into the plurality of sections comprises dividing the
set ROI into the plurality of sections based on a user input
for a number of the plurality of sections, a size of each of the
plurality of sections, and a shape of each of the plurality of
sections.

13. The method of claim 11, wherein the dividing of the
set ROl into the plurality of sections comprises dividing the
set ROI into the plurality of sections by automatically
recognizing an anatomical structure in the set ROI and
automatically determining, based on the recognized ana-
tomical structure, at least one or a combination of a number
of the plurality of sections, a size of each of the plurality of
sections, and a shape of each of the plurality of sections.

14. The method of claim 11, wherein the determining of
the display order comprises updating the determined display
order in each of preset cycles.
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15. The method of claim 11, further comprising;

setting a color corresponding to at least one of the

plurality of sections; and
displaying at least one of the plurality of sections of the
first region and at least one of the plurality of spectral
Doppler images of the second region by applying the
set color to the at least one of the plurality of sections
of the first region and the at least one of the plurality of
spectral Doppler images of the second region.
16. The method of claim 11, further comprising;
classifying the plurality of spectral Doppler images, based
on blood flow data, into groups having the same cycle,
the same phase, and the same pattern of blood flow; and

displaying the plurality of spectral Doppler images
according to the groups on different portions of the
second region in the display order.

17. The method of claim 16, further comprising:

setting a color corresponding to each of the classified

groups; and

applying the set color to the first region and the second

region.

18. The method of claim 16, further comprising:

with respect to the plurality of spectral Doppler images

classified into the groups, synthesizing, for each group,
spectral Doppler images included therein into one
spectral Doppler image having a continuous spectrum
on the same time axis; and

displaying the synthesized spectral Doppler images on

different portions of the second region according to the
groups.

19. The method of claim 18, further comprising:

setting a color corresponding to each of the classified

groups; and

applying the set color to the first region and the second

region.

20. A computer program product comprising a computer-
readable storage medium, the computer-readable storage
medium storing instructions for performing the method of
claim 11.
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