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Description
TECHNICAL FIELD

[0001] The present disclosure relates to an ultrasound diagnosis apparatus and method for outputting a velocity of an
object.

BACKGROUND ART

[0002] Ultrasound diagnosis apparatuses transmit ultrasound signals generated by transducers of a probe to an object
and receive information about echo signals reflected from the object, thereby obtaining an image of an internal part (e.g.,
soft tissues or blood flow) of the object. In particular, ultrasound diagnosis apparatuses are used for medical purposes
including observing an internal area of an object, detecting foreign substances, and assessing injuries. Such ultrasound
diagnosis apparatuses exhibit high stability, display images in real time, and are safe due to a lack of radiation exposure,
compared to diagnostic X-ray apparatuses. Therefore, ultrasound diagnosis apparatuses have been widely used together
with other types of imaging diagnosis apparatuses.

[0003] Furthermore, an ultrasound diagnosis apparatus may use a Doppler effect to measure a speed and a direction
of a moving object and output the measured speed and direction of the object. For example, an ultrasound diagnosis
apparatus may measure a speed and a direction_of blood flow or a moving muscle within the heart or carotid artery.
[0004] When an object moves, a difference between frequencies of an ultrasound signal transmitted to the object and
anultrasound echo signalreflected from the object occurs, and the frequency difference is called a Doppler shift frequency.
As the object moves at a higher velocity, a magnitude of a Doppler shift frequency becomes greater. Thus, an ultrasound
diagnosis apparatus may determine a velocity of the object based on a magnitude of a calculated Doppler shift frequency.
[0005] Furthermore, since a Doppler shift frequency is in a frequency range of an audible sound, the ultrasound
diagnosis apparatus may indicate the measured velocity of the object by outputting an audible sound having a calculated
Doppler shift frequency.

DESCRIPTION OF EMBODIMENTS
TECHNICAL PROBLEM

[0006] According to some embodiments, there is provided an ultrasound diagnosis apparatus and method for meas-
uring velocities of an object and outputting detailed information about velocities in an interval selected by a user from
among the measured velocities.

[0007] Insome embodiments, there is provided an ultrasound diagnosis apparatus and method for selectively adjusting
an ultrasound Doppler sound signal.

SOLUTION TO PROBLEM

[0008] According to an aspect of the present disclosure, there is provided a method of outputting a velocity of an
object, which includes: transmitting an ultrasound signal to the object and receiving an ultrasound echo signal returned
from the object; determining a velocity of the object based on the ultrasound echo signal; displaying a spectral Doppler
image showing velocities of the object over time; selecting an interval within a range of the velocities shown in the spectral
Doppler image and receiving a user input of adjusting an output volume of an audible sound corresponding to velocities
in the selected interval; and outputting, based on the adjusted output volume of the audible sound, an audible sound
representing the velocities of the object over time.

ADVANTAGEOUS EFFECTS OF DISCLOSURE

[0009] Accordingto some embodiments, itis possible to measure velocities of an object and output detailed information
about velocities in an interval selected by the user from among the measured velocities. Furthermore, according to some
embodiments, it is possible to selectively adjust an ultrasound Doppler sound signal.

BRIEF DESCRIPTION OF DRAWINGS

[0010]

FIG. 1illustrates an example in which an ultrasound diagnosis apparatus displays velocities of an object, according
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to some embodiments.

FIG. 2 illustrates an example in which an ultrasound diagnosis apparatus adjusts a volume of an audible sound
corresponding to a selected velocity interval, according to some embodiments.

FIG. 3 is a flowchart of a method by which an ultrasound diagnosis apparatus adjusts a volume of an audible sound
corresponding to a selected velocity interval, according to some embodiments.

FIG. 4 is a block diagram of an ultrasound diagnosis apparatus for adjusting a volume of an audible sound corre-
sponding to a selected velocity interval, according to some embodiments.

FIG. 5illustrates an example in which an ultrasound diagnosis apparatus displays velocities of an object, according
to some embodiments.

FIG. 6A illustrates an example in which an ultrasound diagnosis apparatus receives a user input of setting a velocity
interval, according to some embodiments.

FIG. 6B illustrates an example in which an ultrasound diagnosis apparatus displays distribution of a plurality of
velocity intervals into which a range of velocities of an object are split, according to some embodiments.

FIGS. 7A and 7B illustrate examples in which an ultrasound diagnosis apparatus receives a user input of adjusting
a sound volume with respect to a selected velocity interval, according to some embodiments.

FIG. 8 illustrates an example in which an ultrasound diagnosis apparatus displays a color Dopplerimage representing
aregion corresponding to a velocity interval selected by a user, according to some embodiments.

FIG. 9 illustrates an example in which an ultrasound diagnosis apparatus adjusts a sound volume with respect to a
sub velocity interval in a velocity interval selected by a user, according to some embodiments.

FIG. 10 illustrates an example in which an ultrasound diagnosis apparatus adjusts a sound volume with respect to
a velocity interval within a range of velocities during a time interval selected by a user, according to some embodi-
ments.

FIG. 11 illustrates an example in which an ultrasound diagnosis apparatus adjusts a volume of an audible sound
during a time interval selected by a user, according to some embodiments.

FIG. 12 is a block diagram of a configuration of an ultrasound diagnosis apparatus according to some embodiments.
FIG. 13 is a block diagram of a configuration of an ultrasound diagnosis apparatus according to other embodiments.

BEST MODE

[0011] Inorderto achieve the above-described technical problems, according to a first aspect of the present disclosure,
a method of outputting a velocity of an object includes: transmitting an ultrasound signal to an object and receiving an
ultrasound

echo signal returned from the object; determining a velocity of the object based on the ultrasound echo signal; displaying
a spectral Doppler image showing velocities of the object over time; receiving user inputs of selecting an interval within
a range of the velocities of the object shown in the spectral Doppler image and adjusting an output volume of an audible
sound corresponding to velocities in the selected interval; and outputting, based on the adjusted output volume of the
audible sound, an audible sound representing the velocities of the object over time.

[0012] Furthermore, the outputting of the audible sound representing the velocities of the object over time based on
the adjusted output volume of the audible sound may include adjusting the output volume of the audible sound corre-
sponding to the velocities in the interval within the range of the velocities of the object by adjusting, based on a user
input, a power of a Doppler shift frequency corresponding to the interval.

[0013] Furthermore, the outputting of the audible sound representing the velocities of the object over time based on
the adjusted output volume of the audible sound may include outputting an audible sound representing the velocities of
the object over time by mixing the Doppler shift frequency having the adjusted power with Doppler shift frequencies
corresponding to remaining intervals other than the interval within the range of the velocities of the object.

[0014] Furthermore, the receiving of the user input of selecting the interval within the range of the velocities of the
object shown in the spectral Doppler image may include receiving a user input of splitting the range of the velocities of
the object shown in the spectral Doppler image into a plurality of velocity intervals and selecting one of the plurality of
velocity intervals.

[0015] Furthermore, the receiving of the user input of adjusting the output volume of the audible sound corresponding
to the velocities in the selected interval may include displaying, when the user input of splitting the range of the velocities
of the object shown in the spectral Doppler image into the plurality of velocity intervals are received, an image showing
a distribution of velocities of the object.

[0016] Furthermore, the receiving of the user input of adjusting the output volume of the audible sound corresponding
to the velocities in the selected interval may include changing, when the user input of adjusting the output volume of the
audible sound corresponding to the velocities in the selected interval is received, a sound volume with respect to the
velocities in the selected interval within the image showing the distribution of the velocities of the object.

[0017] Furthermore, the receiving of the user input of adjusting the output volume of the audible sound corresponding
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to the velocities in the selected interval may include receiving a user input of manipulating a time gain compensation
(TGC) button within a control panel included in the ultrasound diagnosis apparatus.

[0018] The method may further include outputting, when the user input of selecting the interval within the range of the
velocities of the object is received, only an audible sound corresponding to the selected interval among audible sounds
representing the velocities of the object over time.

[0019] The method may further include displaying, on a brightness (B) mode image of the object, a color Doppler
image showing only velocities in the selected interval among the velocities of the object in a color, when the user input
of selecting the interval within the range of the velocities of the object is received.

[0020] The method may further include receiving user inputs of selecting a time interval within a time range shown in
the spectral Doppler image and adjusting an output volume of an audible sound corresponding to a velocity interval
within a range of velocities detected during the selected time interval.

[0021] According to a second aspect of the present disclosure, an ultrasound diagnosis apparatus includes: an ultra-
sound probe configured to transmit an ultrasound signal to an object and receive an ultrasound echo signal returned
from the object; a controller configured to determine a velocity of the object based on the ultrasound echo signal; a
display configured to display a spectral Doppler image showing velocities of the object over time; a user input unit
configured to receive user inputs of selecting an interval within a range of the velocities of the object shown in the spectral
Doppler image and adjusting an output volume of an audible sound corresponding to velocities in the selected interval;
and an audio output unit configured to output, based on the adjusted output volume of the audible sound, an audible
sound representing the velocities of the object over time.

MODE OF DISCLOSURE

[0022] Terms used in the present disclosure are those general terms currently widely used in the art in consideration
of functions regarding the present disclosure, but the terms may vary according to the intention of those of ordinary skill
in the art, precedents, or new technology in the art. Also, specified terms may be arbitrarily selected by the applicant,
and in this case, the detailed meaning thereof will be described in the detailed description of the disclosure. Thus, the
terms used in the disclosure should be understood not as simple names but based on the meaning of the terms and the
overall description of the disclosure.

[0023] Throughout the specification, it will also be understood that when a component "includes" an element, unless
there is another opposite description thereto, it should be understood that the component does not exclude another
element and may further include another element. In addition, terms such as "... unit", "... module", or the like refer to
units that perform at least one function or operation, and the units may be implemented as hardware or software or as
a combination of hardware and software.

[0024] Embodiments of the present disclosure will be described more fully hereinafter with reference to the accom-
panying drawings so that they may be easily implemented by one of ordinary skill in the art. However, the present
disclosure may be implemented in different forms and should not be construed as being limited to the embodiments set
forth herein. In addition, parts not related to the present disclosure are omitted to clarify the description of embodiments.
Like reference numerals refer to like elements throughout.

[0025] Throughout the specification, an "ultrasound image" refers to an image of an object, which is obtained using
ultrasound waves. Furthermore, an "object" may be a human, an animal, or a part of a human or animal. For example,
the object may include at least one of be an organ such as the liver, the heart, the womb, the brain, a breast, or the
abdomen and a blood vessel. Furthermore, the object may be a phantom, and the phantom may mean a material having
a density, an effective atomic number, and a volume that are approximately the same as those of a living organism. For
example, the phantom may be a spherical phantom having properties similar to a human body.

[0026] Furthermore, throughout the specification, a "user" may be, but is not limited to, a medical expert, such as a
medical doctor, a nurse, a medical laboratory technologist, a medical imaging expert, or a technician who repairs a
medical apparatus.

[0027] Embodiments will be described more fully hereinafter with reference to the accompanying drawings

[0028] FIG. 1 illustrates an example in which an ultrasound diagnosis apparatus 1000 displays velocities of an object,
according to some embodiments.

[0029] The ultrasound diagnosis apparatus 1000 may calculate a Doppler shift frequency with respect to time based
on a difference between frequencies of an ultrasound signal transmitted to an object and an ultrasound echo signal
reflected from the object. Furthermore, the ultrasound diagnosis apparatus 1000 may display a graph 60 representing
a Doppler shift frequency of the object with respect to time.

[0030] A Doppler shift frequency 52 of the object at an arbitrary time point may include a plurality of frequency com-
ponents. For example, if the object is blood flow within a carotid artery, blood flow through a cross-section of the carotid
artery may be a flow of a plurality of blood cells. As flow velocities of the plurality of blood cells are different from one
another, the Doppler shift frequency 52 of the blood flow through cross-section of the carotid artery may have a plurality
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of frequency components. Accordingly, in the graph 60 representing a Doppler shift frequency with respect to time, a
Doppler shift frequency at any arbitrary time point may be represented as a straight line having highest and lowest values.
[0031] Furthermore, some of the blood cells flowing through a cross-section of a carotid artery at an arbitrary time
point may move at the same or similar velocities. In this case, as the number of blood cells moving at the same or similar
velocities increases, a power of a Doppler shift frequency corresponding to a velocity of the blood cells may increase.
The ultrasound diagnosis apparatus 1000 may display the power of a Doppler shift frequency at an arbitrary time point
in a brightness level or color. Thus, in the graph 60 representing a Doppler shift frequency with respect to time, Doppler
shift frequencies at arbitrary time points may have different brightness levels.

[0032] Since a Doppler shift frequency is located in a frequency range of an audible sound, the ultrasound diagnosis
apparatus 1000 may output an audible sound having a range of the Doppler shift frequency via an audio output unit
1900, thereby outputting a measured velocity of the object. A user may determine the presence of an abnormality in the
object based on the output audible sound. For example, each object may have a unique pattern of audible sound. Thus,
the user may determine the presence of an abnormality in the object based on whether a pattern of the output audible
sound is different from a unique pattern generally created by the object. Furthermore, the user may determine the
presence of the abnormality in the object based on whether there is an abnormally high- or low-pitched sound in the
output audible sound.

[0033] Furthermore, the ultrasound diagnosis apparatus 1000 may display the graph 60 representing velocities of the
object with respect to time. A Doppler shift frequency is proportional to a velocity of the object, and the ultrasound
diagnosis apparatus 1000 may calculate a velocity of the object with respect to time based on a measured Doppler shift
frequency.

[Equation 1]

Fa o= (2 X f, Xv X cosB)e (D

[0034] In Equation (1), f, is a transmitted frequency, f, is a received frequency, v is a velocity of an object, ¢ is a speed
of sound in a living organism, and 0 is a Doppler angle which may be an angle between a direction in which an ultrasound
echo signal reflected from the object is received and a direction in which the object moves. The Doppler angle 6 may
be input by the user, or may be determined based on a tilt of a probe or an anatomical structure of the object determined
from a brightness (B) mode image of the object. The ultrasound diagnosis apparatus 1000 may use the Doppler angle
6 to convert a Doppler shift frequency f into a velocity v of the object, based on the Equation (1).

[0035] As described above, some of the blood cells flowing through a cross-section of a carotid artery at an arbitrary
time point may move at the same or similar velocities. As more blood cells move at the same or similar velocities, the
ultrasound diagnosis apparatus 1000 may display a point representing a velocity more brightly.

[0036] Accordingly, the ultrasound diagnosis apparatus 1000 may provide a user with an image produced by visualizing
an output audible sound. According to an embodiment, an image representing velocities of the object over time may be
referred to as a spectral Doppler image.

[0037] FIG. 2illustrates an example in which the ultrasound diagnosis apparatus 1000 adjusts a volume of an audible
sound corresponding to a selected velocity interval, according to some embodiments.

[0038] Referringto FIG. 2, the ultrasound diagnosis apparatus 1000 may provide detailed information about movement
of an object by adjusting a volume of an audible sound corresponding to a velocity interval selected by a user.

[0039] As shown in FIG. 2A, the ultrasound diagnosis apparatus 1000 may calculate velocities of the object during
consecutive time intervals and display an image showing distribution of the calculated velocities of the object.

[0040] As shown in FIG. 2B, the ultrasound diagnosis apparatus 1000 may provide a function of selecting an interval
within a range of velocities of the object and adjusting a volume of an audible sound corresponding to the selected
interval. For example, the ultrasound diagnosis apparatus 1000 may select an interval of V4 to V5 within a range of
velocities of the object and receive a user input of increasing a volume of an audible sound corresponding to the selected
interval. When the user input ofincreasing the volume of the audible sound is received, the ultrasound diagnosis apparatus
1000 may output an audible sound of the object with respect to time by mixing the audible sound having the increased
volume with an audible sound corresponding to the remaining non-selected velocity intervals. Accordingly, the user may
listen to more detailed information about a desired velocity interval among pieces of information about velocities of the
object.

[0041] FIG. 3 is a flowchart of a method by which the ultrasound diagnosis apparatus 1000 adjusts a volume of an
audible sound corresponding to a selected velocity interval, according to some embodiments.

[0042] In step S310, the ultrasound diagnosis apparatus 1000 may transmit an ultrasound signal to an object and
receive an ultrasound echo signal returned from the object.

[0043] In step S320, the ultrasound diagnosis apparatus 1000 may determine a velocity of the object based on the
ultrasound echo signal.
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[0044] Instep S330, the ultrasound diagnosis apparatus 1000 may display a spectral Doppler image showing velocities
of the object with respect to time.

[0045] In step S340, the ultrasound diagnosis apparatus 1000 may receive user inputs of selecting an interval within
a range of the velocities shown in the spectral Doppler image and adjusting an output volume of an audible sound
corresponding to velocities in the selected interval.

[0046] In step S350, the ultrasound diagnosis apparatus 1000 may output an audible sound representing the velocities
of the object with respect to time based on the adjusted output volume of the audible sound.

[0047] FIG. 4is a block diagram of an ultrasound diagnosis apparatus 1000 for adjusting a volume of an audible sound
corresponding to a selected velocity interval, according to some embodiments.

[0048] Referring to FIG. 4, the ultrasound diagnosis apparatus 1000 may include a transducer 22, an ultrasound
transceiver 1100, a Doppler processor 1214, and an audio output unit 1900. Furthermore, the Doppler processor 1214
may include a processor 1215, firstand second velocity interval selectors 1216_1 and 1216_2, first and second amplifiers
1217_1 and 1217_2, and audible sound generator 1218.

[0049] The transducer 22 may be included in a probe (not shown) and transmit an ultrasound signal to an object and
receive an echo signal reflected from the object in response to a driving signal applied by the ultrasound transceiver 1100.
[0050] The ultrasound transceiver 1100 may drive the probe so that the transducer 22 may generate a pulse wave
with a pulse repetition frequency (PRF) and a continuous wave. Furthermore, the ultrasound transceiver 1100 may
receive the ultrasound echo signal from the transducer 22 to thereby convert the received ultrasound echo signal into
digital data.

[0051] The Doppler processor 1214 may receive digital data into which the ultrasound echo signal has been converted
from the ultrasound transceiver 1100. The Doppler processor 1214 may be an arithmetic unit for analyzing or extracting
a Doppler shift frequency based on the ultrasound echo signal. For example, the processor 1215 may calculate a Doppler
shift frequency of the object with respect to time by performing Fourier Transform or Fast Fourier Transform on the digital
data into which the ultrasound echo signal has been converted.

[0052] The ultrasound diagnosis apparatus 1000 may receive a user input of selecting an interval within a range of
Doppler shift frequency from the user. Furthermore, the ultrasound diagnosis apparatus 1000 may receive a user input
of selecting a velocity interval in a range of velocities of the object from the user. In this case, the ultrasound diagnosis
apparatus 1000 may determine an interval of Doppler shift frequency corresponding to the selected velocity interval.
[0053] The processor 1215 may control the first and second velocity interval selectors 1216_1 and 1216_2 such that
the range of Doppler shift frequency is divided into an interval selected by the user and an interval not selected by the
user. For example, the processor 1215 may control the first and second velocity interval selectors 1216_1 and 1216_2
such that the first velocity interval selector 1216_1 selects the interval selected by the user in the range of Doppler shift
frequency and the second velocity interval selector 1216_2 selects the interval not selected by the user.

[0054] Furthermore, the processor 1215 may control the first amplifier 1217_1 such that an audible sound having a
frequency corresponding to the interval selected by the user in the range of Doppler shift frequency of the object is output
with a sound volume adjusted by the user and control the second amplifier 1217_2 such that an audible sound having
a frequency corresponding to the interval not selected by the user is output with a preset volume.

[0055] The audible sound generator 1218 may generate an audio signal representing a Doppler shift frequency of the
object by mixing a frequency amplified by the first amplifier 1217_1 with a frequency amplified by the second amplifier
1217_2. The generated audio signal may be output via the audio output unit 1900 as an audible sound.

[0056] FIG. 5illustrates an example in which an ultrasound diagnosis apparatus 1000 displays velocities of an object,
according to some embodiments.

[0057] Referring to FIG. 5, the ultrasound diagnosis apparatus 1000 may display velocities of an object as a color
Doppler image 70 and a spectral Doppler image 60.

[0058] The ultrasound diagnosis apparatus 1000 may transmit an ultrasound signal to the object and receive an
ultrasound echo signal reflected from the object according to a user input. If the object is a carotid artery in a patient, as
shown in FIG. 5, the ultrasound diagnosis apparatus 1000 may display the color Doppler image and the spectral Doppler
image 60, both representing velocities of blood flow through the carotid artery.

[0059] The ultrasound diagnosis apparatus 1000 may display, on a B mode image showing the carotid artery in a
patient, the color Doppler image 70 representing a direction of blood flow through a carotid artery in a certain color and
velocities of the blood flow as an arrow or saturation level.

[0060] Furthermore, the ultrasound diagnosis apparatus 1000 may receive a user input of setting a sample gate 72
on the carotid artery in the color Doppler image 70. According to an embodiment, the ultrasound diagnosis apparatus
1000 may receive a user input of setting the sample gate 72 in the B mode image but not in the color Doppler image 70.
[0061] The ultrasound diagnosis apparatus 1000 may display the spectral Doppler image 60 showing velocities of
blood flow in a region on which the sample gate 72 is set with respect to time. In this case, the blood flow through the
region where the sample gate 72 is set at an arbitrary time point may have a range of velocities rather than a single
velocity. Accordingly, as shown in the spectral Doppler image 60 of FIG. 5, a velocity of blood flow through the region
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where the sample gate 72 is set at an arbitrary time point may be displayed as a range of velocities having lowest and
highest values.

[0062] Furthermore, the ultrasound diagnosis apparatus 1000 may output via the audio output unit 1900 an audible
sound representing velocities of blood flow through the region where the sample gate 72 is set. Since the blood flow
through the region at an arbitrary time point may have a range of velocities rather than a single velocity, an audible
sound output at the arbitrary time point may have a range from lowest to highest frequencies.

[0063] Furthermore, the ultrasound diagnosis apparatus 1000 may provide a user interface for adjusting a volume of
an audible sound corresponding to a velocity interval selected by the user. For example, the ultrasound diagnosis
apparatus 1000 may display, together with the spectral Doppler image 60, a button 510 for adjusting a volume of an
audible sound corresponding to a velocity interval selected by the user. Furthermore, the ultrasound diagnosis apparatus
1000 may receive a user input of selecting a preset button within a control panel.

[0064] FIG. 6A illustrates an example in which an ultrasound diagnosis apparatus 1000 receives a user input of setting
a velocity interval, according to some embodiments.

[0065] Referringto FIG.6A, the ultrasound diagnosis apparatus 1000 may provide a user interface for setting a velocity
interval.

[0066] Forexample, the ulirasound diagnosis apparatus 1000 may display a button 630 for splitting a range of velocities
of an object. When a user input of selecting the button 630 is received, the ultrasound diagnosis apparatus 1000 may
display first and second indicators 612 and 614 for splitting a range of velocities on a velocity axis representing a velocity.
After selecting the first and second indicators 612 and 614 and then receiving a user input of moving the selected first
and second indicators 612 and 614, the ultrasound diagnosis apparatus 1000 may split a range of velocities displayed
in a spectral Doppler image 60 based on velocities indicated by the moved first and second indicators 612 and 614.
Furthermore, the ultrasound diagnosis apparatus 1000 may display, on the spectral Doppler image 60, images 622,
624, and 626 respectively indicating velocity intervals into which the range of velocities are split.

[0067] For example, after receiving a user input of positioning the first and second indicators 612 and 614 on the
velocity axis such that the first and second indicators 612 and 614 respectively indicate 0.02 m/s and -0.05 m/s, the
ultrasound diagnosis apparatus 1000 may split a velocity range of -0.1 m/s to 0.1 m/s into intervals of -0.1 m/s to -0.05
m/s, -0.05 m/s to 0.02 m/s, and 0.02 m/s to 0.1 m/s.

[0068] Furthermore, when a user input of moving the selected first and second indicators 612 and 614 is received,
the ultrasound diagnosis apparatus 1000 may output an audible sound corresponding to velocities indicated by the first
and second indicators 612 and 614.

[0069] FIG. 6B illustrates an example in which an ultrasound diagnosis apparatus 1000 displays distribution of a
plurality of velocity intervals into which a range of velocities of an object are split, according to some embodiments.
[0070] Referring to FIG. 6B, as a range of velocities of an object are split into a plurality of velocity intervals, the
ultrasound diagnosis apparatus 1000 may display an image 640 representing a distribution of the plurality of velocity
intervals.

[0071] Forexample, a sound volume with respect to a first velocity interval may be proportional to the number of times
that velocities in the first velocity interval are detected during a time range over which velocities of the object are displayed.
Furthermore, the sound volume with respect to the first velocity interval may be proportional to a length of time during
which the velocities in the first velocity interval are detected during the time range over which the velocities of the object
are displayed. Furthermore, the sound volume with respect to the first velocity interval may be proportional to a power
of Doppler shift frequency components corresponding to the velocities in the first velocity interval during the time range
over which the velocities of the object are displayed. Furthermore, the sound volume with respect to the first velocity
interval may be proportional to a power of audible sound corresponding to the velocities in the first velocity interval during
the time range over which the velocities of the object are displayed.

[0072] FIGS. 7A and 7B illustrate examples in which an ultrasound diagnosis apparatus 1000 receives a user input
of adjusting a sound volume with respect to a selected velocity interval, according to some embodiments.

[0073] Referring to FIG. 7A, the ultrasound diagnosis apparatus 1000 may receive a user input of selecting one of a
plurality of velocity intervals.

[0074] When the user input of selecting one of the plurality of velocity intervals is received, the ultrasound diagnosis
apparatus 1000 may display, on an image 640 showing a distribution of the plurality of velocity intervals, an indicator
645 indicating that a sound volume with respect to the selected velocity interval can be adjusted. For example, if a user
input of selecting a third velocity interval among the plurality of velocity intervals is received, the ultrasound diagnosis
apparatus 1000 may display, on the image 640 showing a distribution of the plurality of velocity intervals, the indicator
645 indicating that a sound volume with respect to the third velocity interval can be adjusted.

[0075] Furthermore, when a user input of selecting at least one of the plurality of velocity intervals is received, the
ultrasound diagnosis apparatus 1000 may output only an audible sound corresponding to the selected at least one
velocity interval among the entire range of audible sound that can be output over time. Thus, the user may identify
whether a desired velocity interval with respect to which a sound volume is to be adjusted has been correctly selected.
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[0076] Furthermore, the ultrasound diagnosis apparatus 1000 may receive a user input of adjusting a sound volume
with respect to a selected velocity interval. For example, the ultrasound diagnosis apparatus 1000 may display a user
interface 702 for adjusting a sound volume with respect to a selected velocity interval and receive a user input of adjusting
the sound volume with respect to the selected velocity interval via the displayed user interface 702.

[0077] As another example, the ultrasound diagnosis apparatus 1000 may adjust a sound volume with respect to a
selected velocity interval, based on a user input for buttons within a control panel included in the ultrasound diagnosis
apparatus 1000.

[0078] For example, time gain compensation (TGC) buttons 704 within the control panel may respectively correspond
to the plurality of velocity intervals. For example, the ultrasound diagnosis apparatus 1000 may determine the sound
volume with respect to the third velocity interval, based on a user input of moving a position of a third TGC button.
[0079] As another example, a plurality of circular dials in the control panel may respectively correspond to the plurality
of velocity intervals. When a user input of turning one of the plurality of circular dials is received, the ultrasound diagnosis
apparatus 1000 may change a sound volume with respect to a velocity interval corresponding to the turned circular dial
among the plurality of velocity intervals.

[0080] Buttons used to adjust a sound volume with respect to a selected velocity interval are not limited to TGC buttons
or a plurality of circular dials, and various types of buttons may be used according to user’s settings.

[0081] Referring to FIG. 7B, the ultrasound diagnosis apparatus 1000 may display an adjusted sound volume with
respect to a velocity interval. For example, the ultrasound diagnosis apparatus 1000 may display a sound volume 647
with respect to a third velocity interval, which has not been adjusted, together with an adjusted sound volume 649 with
respect to the third velocity interval, thereby allowing a comparison between the sound volumes 647 and 649 with respect
to the third velocity interval before and after being adjusted.

[0082] Furthermore, when a user input of_adjusting a sound volume with respect to at least one of a plurality of velocity
intervals is received, the ultrasound diagnosis apparatus 1000 may adjust a power of audible sound corresponding to
a velocity interval with respect to which a sound volume has been adjusted. For example, the ultrasound diagnosis
apparatus 1000 may adjust, based on the adjusted sound volume with respect to the velocity interval, a power of Doppler
shift frequency corresponding to the velocity interval with respect to which the sound volume has been adjusted, thereby
adjusting a power of audible sound corresponding to the velocity interval.

[0083] The ultrasound diagnosis apparatus 1000 may output, based on the adjusted power of audible sound, an
audible sound representing the entire velocity of an object with respect to time. The ultrasound diagnosis apparatus
1000 may display a button 710 for outputting again the audible sound representing the entire velocity of the object with
respect to time. When a user input of selecting the button 710 is received, the ultrasound diagnosis apparatus 1000 may
output the audible sound representing the entire velocity of the object with respect to time, based on the adjusted power
of the audible sound.

[0084] Furthermore, after adjusting the sound volume with respect to the selected velocity interval and then receiving
a user input of measuring a velocity of the object, the ultrasound diagnosis apparatus 1000 may output an audible sound
representing the measured velocity of the object based on a power of audible sound set with respect to the selected
velocity interval. For example, after setting the sound volume with respect to the selected velocity interval to be increased
by twice and then receiving a user input of measuring a velocity of the object, the ultrasound diagnosis apparatus 1000
may output an audible sound representing the entire velocity of the object by doubling the power of an audible sound
corresponding to the selected velocity interval.

[0085] FIG. 8 illustrates an example in which an ultrasound diagnosis apparatus 1000 displays a color Doppler image
showing a region corresponding to a velocity interval selected by a user, according to some embodiments.

[0086] Referring to FIG. 8, when a user input of selecting a velocity interval within a range of velocities of an object is
received, the ultrasound diagnosis apparatus 1000 may display a color Doppler image showing only a part of a region
of interest corresponding to the selected velocity interval.

[0087] For example, the ultrasound diagnosis apparatus 1000 may set a region of interest 810 in a B mode image 80
based on a user input and display a color Doppler image 70 showing the set region of interest 810. Furthermore, the
ultrasound diagnosis apparatus 1000 may set a sample gate 72 in the B mode image 80 and display a spectral Doppler
image 60 showing velocities of a region on which the sample gate 72 is set with respect to time.

[0088] When a user input of selecting a velocity interval 820 within a range of velocities of the object shown in the
spectral Doppler image 60 is received, the ultrasound diagnosis apparatus 1000 may display the color Doppler image
70 showing only a part of the region of interest 810 corresponding to the velocity interval 820 selected by the user. For
example, if a user input of selecting a velocity interval of -0.15 m/s to 0.05 m/s is received, the ultrasound diagnosis
apparatus 1000 may display only a region where blood flow having velocities of -0.15 m/s to 0.5 m/s is detected from
among regions where velocities of blood flow are displayed in such a manner that the region is distinguished from the
remaining regions.

[0089] In this case, the ultrasound diagnosis apparatus 1000 may play back again only a region corresponding to the
selected velocity interval in a previously captured color Doppler moving image, such that the region is distinguished from
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the remaining regions. Furthermore, the ultrasound diagnosis apparatus 1000 may display only a region corresponding
to the selected velocity interval in a newly captured color Doppler image, such that the region is distinguished from the
remaining regions.

[0090] FIG. 9 illustrates an example in which an ultrasound diagnosis apparatus 1000 adjusts a sound volume with
respect to a sub velocity interval in a velocity interval selected by a user, according to some embodiments.

[0091] Referring to FIG. 9, the ultrasound diagnosis apparatus 1000 may receive a user input of selecting a sub velocity
interval in a velocity interval selected by the user and then a user input of adjusting a sound volume with respect to the
selected sub velocity interval.

[0092] When a user input of selecting a velocity interval 820 within a range of velocities of an object displayed in the
spectral Doppler image 60 is received, the ultrasound diagnosis apparatus 1000 may display an image 910 showing a
distribution of velocities in the selected velocity interval 820.

[0093] Furthermore, the ultrasound diagnosis apparatus 1000 may receive a user input of further selecting a sub
velocity interval 920 in the image 910 showing the distribution of the velocities in the selected velocity interval 820.
Furthermore, the ultrasound diagnosis apparatus 1000 may receive a user input of adjusting a sound volume with respect
to the selected sub velocity interval 920 and output an audible sound representing the entire velocity of the object over
time based on the adjusted sound volume.

[0094] FIG. 10 illustrates an example in which an ultrasound diagnosis apparatus 1000 adjusts a sound volume with
respect to a velocity interval within a range of velocities during a time interval selected by a user, according to some
embodiments.

[0095] Referring to FIG 10, the ultrasound diagnosis apparatus 1000 may receive a user input of selecting a time
interval 1010 within a time range on a spectral Doppler image 60 and then a user input of adjusting a sound volume with
respect to a velocity interval 1020 within a range of velocities during the selected time interval 1010.

[0096] When a user input of selecting the time interval 1010 in the time range displayed on the spectral Doppler image
60 of the object is received, the ultrasound diagnosis apparatus 1000 may display an image 1030 showing a distribution
of velocities detected during the selected time interval 1010.

[0097] Furthermore, the ultrasound diagnosis apparatus 1000 may receive a user input of selecting a velocity interval
1020 in the image 1030 showing the distribution of velocities. Furthermore, the ultrasound diagnosis apparatus 1000
may receive a user input of adjusting a sound volume with respect to the selected velocity interval 1020 and then output,
based on the adjusted sound volume, an audible sound representing velocities of the object during the selected time
interval 1010.

[0098] FIG. 11 illustrates an example in which an ultrasound diagnosis apparatus 1000 adjusts a volume of an audible
sound during a time interval selected by a user, according to some embodiments.

[0099] Referring to FIG. 11, the ultrasound diagnosis apparatus 1000 may receive a user input of selecting a time
interval on a spectral Doppler image 60 and adjusting a sound volume of audible sound corresponding to the selected
time interval.

[0100] For example, the ultrasound diagnosis apparatus 1000 may receive a user input of setting a first audible sound
volume with respect to a first time interval 1110 and a second audible sound volume with respect to a second time
interval 1120. After receiving a user input of setting a sound volume of audible sound with respect to a time interval and
then a user input of outputting an audible sound representing a velocity of an object, the ultrasound diagnosis apparatus
1000 may output an audible sound with the first audible sound volume during the first time interval 1110 and an audible
sound with the second audible sound volume during the second time interval 1120.

[0101] FIG. 12 is a block diagram of a configuration of an ultrasound diagnosis apparatus 1000 according to some
embodiments.

[0102] Referring to FIG. 12, the ultrasound diagnosis apparatus 1000 may include a controller 1700, a user input unit
1600, a display 1400, and an audio output unit 1900.

[0103] However, all of the components shown in FIG. 12 are not essential components. The ultrasound diagnosis
apparatus 100 may be implemented using more or fewer components than those shown in FIG. 12.

[0104] While FIG. 12 shows that the user input unit 1600 and the display 1400 are separate components, the user
input unit 1600 and the display 1400 may be implemented as a single component such as a touch screen.

[0105] The controller 1700 may control all components of the ultrasound diagnosis apparatus 1000.

[0106] For example, the controller 1700 may determine a velocity of an object based on an ultrasound echo signal
received from the object.

[0107] The controller 1700 may also adjust, based on a user input, a power of Doppler shift frequency corresponding
to aninterval within a range of velocities of the object to thereby adjust an output volume of an audible sound corresponding
to velocities in the interval.

[0108] The display 1400 may display an ultrasound image and a user interface. For example, the display 1400 may
display a spectral Doppler image showing velocities of the object over time.

[0109] The userinput unit 1600 may receive a user input for controlling the ultrasound diagnosis apparatus 1000. For
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example, the user input unit 1600 may receive a user input of selecting an interval within a range of velocities of the
object shown in the spectral Doppler image and adjusting an output volume of an audible sound corresponding to
velocities in the selected interval.

[0110] The audio output unit 1900 may output an audio signal generated by the ultrasound diagnosis apparatus 1000.
The audio output unit 1900 may output an audible sound representing velocities of the object over time.

[0111] Furthermore, the controller 1700 may control the audio output unit 1900 to output an audible sound representing
velocities of the object over time by mixing a Doppler shift frequency having an adjusted power with Doppler shift
frequencies corresponding to the remaining intervals other than the interval within the range of velocities of the object.
[0112] Furthermore, the userinput unit 1600 may receive a user input of selecting an interval within a range of velocities
of the object by dividing the range of velocities of the object shown in the spectral Doppler image into a plurality of velocity
intervals and selecting one of the plurality of velocity intervals.

[0113] Furthermore, when a user input of dividing a range of velocities of the object shown in a spectral Doppler image
into a plurality of velocity intervals is received, the controller 1700 may control the display 1400 to display an image
showing a distribution of the velocities of the object.

[0114] Furthermore, when a user input of adjusting an output volume of an audible sound corresponding to velocities
in the selected interval is received, the controller 1700 may control the display 1400 to display an adjusted sound volume
with respect to an interval selected in the image showing the distribution of the velocities of the object.

[0115] Furthermore, the user input unit 1600 may receive a user input of adjusting an output volume of an audible
sound corresponding to velocities in a selected interval by receiving a user input of manipulating a TGC button in a
control panel provided on the ultrasound diagnosis apparatus 1000.

[0116] Furthermore, when a user input of selecting an interval within a range of velocities of the object is received,
the controller 1700 may control the audio output unit 1900 to output only an audible sound corresponding to the selected
interval among audible sounds representing the velocities of the object over time.

[0117] Furthermore, when a user input of selecting an interval within a range of velocities of the object is received,
the controller 1700 may control the display 1400 to display, on a B mode image of the object, a color Doppler image
showing only velocities in the selected interval among the velocities of the object in a color.

[0118] Furthermore, the user input unit 1600 may receive a user input of selecting a time interval within a time range
shown in a spectral Doppler image and adjusting an output volume of an audible sound corresponding to a velocity
interval within a range of velocities detected during the selected time interval.

[0119] FIG. 13 is a block diagram of a configuration of an ultrasound diagnosis apparatus 1000 according to other
embodiments.

[0120] According to an embodiment, the ultrasound diagnosis apparatus 1000 may include a probe 20, an ultrasound
transceiver 1100, an image processor 1200, a communication module 1300, a display 1400, a memory 1500, an input
device 1600, and a controller 1700. The above-mentioned components may be connected with one anothervia a bus 1800.
[0121] The ultrasound diagnosis apparatus 1000 may be implemented as a cart type apparatus or a portable type
apparatus. Examples of portable ultrasound diagnosis apparatuses may include, but are not limited to, a picture archiving
and communication system (PACS) viewer, a smartphone, a laptop computer, a personal digital assistant (PDA), and
a tablet PC.

[0122] The probe 20 transmits an ultrasound signal to an object 10 and receives an echo signal reflected from the
object 10 in response to a driving signal applied by the ultrasound transceiver 1100. The probe 20 includes a plurality
of transducers, and the plurality of transducers oscillate in response to electric signals and generate acoustic energy
that is ultrasound waves. Furthermore, the probe 20 may be connected to the main body of the ultrasound diagnosis
apparatus 1000 by wire or wirelessly, and according to embodiments, the ultrasound diagnosis apparatus 1000 may
include a plurality of probes 20.

[0123] A transmitter 1110 supplies a driving signal to the probe 20. The transmitter 1110 includes a pulse generator
1112, a transmission delaying unit 1114, and a pulser 1116. The pulse generator 1112 generates pulses for forming
transmission ultrasound waves based on a predetermined pulse repetition frequency (PRF), and the transmission de-
laying unit 1114 delays the pulses by delay times necessary for determining transmission directionality. The pulses
which have been delayed by the delay times respectively correspond to a plurality of piezoelectric vibrators included in
the probe 20. The pulser 1116 applies a driving signal (or a driving pulse) to the probe 20 based on timing corresponding
to each of the pulses which have been delayed.

[0124] Areceiver 1120 generates ultrasound data by processing echo signals received from the probe 20. The receiver
1120 may include an amplifier 1122, an analog-to-digital converter (ADC) 1124, a reception delaying unit 1126, and a
summing unit 1128. The amplifier 1122 amplifies echo signals in each channel, and the ADC 1124 performs analog-to-
digital conversion with respect to the amplified echo signals. The reception delaying unit 1126 delays digital echo signals
output by the ADC 1124 by delay times necessary for determining reception directionality, and the summing unit 1128
generates ultrasound data by summing the echo signals processed by the reception delaying unit 1126. In addition, the
receiver 1120 may not include the amplifier 1122 according to its implemented configuration. In other words, when the
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sensitivity of the probe 20 is improved, or the number of bits that can be processed by the ADC 1124 is increased, the
receiver 1120 may not include the amplifier 1122.

[0125] The image processor 1200 generates an ultrasound image by scan-converting ultrasound data generated by
the ultrasound transceiver 1100. The ultrasound image may be not only a grayscale ultrasound image obtained by
scanning an object in an amplitude (A) mode, a B mode, and a motion (M) mode, but also a Doppler image representing
a moving object by using a Doppler effect. The Doppler image may be a blood flow Doppler image showing flow of blood
(also referred to as a color Doppler image), a tissue Doppler image showing a movement of tissue, or a spectral Doppler
image showing a moving speed of an object as a waveform.

[0126] A B mode processor 1212 included in a data processor 1210 extracts B mode components from ultrasound
data and processes the B mode components. An image generator 1220 may generate an ultrasound image indicating
signal intensities as brightness based on the B mode components extracted by the B mode processor 1212.

[0127] Similarly, a Doppler processor 1214 included in the data processor 1210 may extract Doppler components
from ultrasound data, and the image generator 1220 may generate a Doppler image representing a movement of the
object 10 as colors or waveforms based on the extracted Doppler components.

[0128] The image generator 1220 may generate a three-dimensional (3D) ultrasound image of the object 10 by per-
forming volume rendering with respect to volume data and may also generate an elastic image that shows a degree of
deformation of the object 10 depending on pressure. Furthermore, the image generator 1220 may indicate various pieces
of additional information in an ultrasound image by using text and graphics. In addition, the generated ultrasound image
may be stored in the memory 1500.

[0129] The display 1400 displays and outputs the generated ultrasound image. The display 1400 may display not only
an ultrasound image but also various pieces of information processed by the ultrasound diagnosis apparatus 1000 on
a screen via a graphical user interface (GUI). In addition, the ultrasound diagnosis apparatus 1000 may include two or
more displays 160 according to embodiments.

[0130] The communication module 1300 is connected to a network 31 by wire or wirelessly to communicate with an
external device or a server. The communication module 1300 may exchange data with a hospital server or another
medical apparatus in a hospital, which is connected thereto via a PACS. Furthermore, the communication module 1300
may perform data communication according to the digital imaging and communications in medicine (DICOM) standard.
[0131] The communication module 1300 may transmit or receive data related to diagnosis of the object 10, e.g., an
ultrasound image, ultrasound data, and Doppler data regarding the object 10, via the network 31 and may also transmit
or receive medical images captured by another medical apparatus such as a computed tomography (CT) apparatus, a
magnetic resonance imaging (MRI) apparatus, or an X-ray apparatus. Furthermore, the communication module 1300
may receive information about a diagnosis history or medical treatment schedule of a patient from a server and utilizes
the received information to diagnose the object 10. Furthermore, the communication module 1300 may perform data
communication not only with a server or a medical apparatus in a hospital, but also with a portable terminal of a medical
doctor or patient.

[0132] The communication module 1300 is connected to the network 31 by wire or wirelessly to exchange data with
a server 32, a medical apparatus 34, or a portable terminal 36. The communication module 1300 may include one or
more components for communication with external devices. For example, the communication module 1300 may include
a local area communication module 1310, a wired communication module 1320, and a mobile communication module
1330.

[0133] The local area communication module 1310 refers to a module for local area communication within a prede-
termined distance. Examples of local area communication techniques according to an embodiment may include, but are
notlimited to, wireless LAN, Wi-Fi, Bluetooth, ZigBee, Wi-Fi Direct (WFD), ultrawideband (UWB), infrared data association
(IrDA), Bluetooth low energy (BLE), and near field communication (NFC).

[0134] The wired communication module 1320 refers to a module for communication using electric signals or optical
signals. Examples of wired communication techniques according to an embodiment may include communication via a
twisted pair cable, a coaxial cable, an optical fiber cable, and an Ethernet cable.

[0135] The mobile communication module 1330 transmits or receives wireless signals to or from at least one of a base
station, an external terminal, and a server on a mobile communication network. The wireless signals may be voice call
signals, video call signals, or various types of data for transmission and reception of text/multimedia messages.
[0136] The memory 1500 stores various pieces of data processed by the ultrasound diagnosis apparatus 1000. For
example, the memory 1500 may store medical data related to diagnosis of an object, such as ultrasound data and an
ultrasound image that are input or output, and may also store algorithms or programs which are to be executed in the
ultrasound diagnosis apparatus 1000.

[0137] The memory 1500 may be implemented as various storage media such as a flash memory, a hard disk drive,
EEPROM, etc. Furthermore, the ultrasound diagnosis apparatus 1000 may utilize web storage or a cloud server that
performs the storage function of the memory 1500 online.

[0138] Theinput device 1600 refers to a means via which data for controlling the ultrasound diagnosis apparatus 1000
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is received from a user. The input device 1600 may include a hardware configuration such as a keypad, a mouse, a
touchpad, a touch screen, a track ball, and a jog switch, but is not limited thereto, and may further include various input
means such as an electrocardiogram measurement module, a respiration measurement module, a voice recognition
sensor, a gesture recognition sensor, a fingerprint recognition sensor, an iris recognition sensor, a depth sensor, and a
distance sensor.

[0139] The controller 1700 may control all operations of the ultrasound diagnosis apparatus 1000. In other words, the
controller 1700 may control operations among the probe 20, the ultrasound transceiver 1100, the image processor 1200,
the communication module 1300, the memory 1500, and the input device 1600 shown in FIG. 13.

[0140] All or some of the probe 20, the ultrasound transceiver 1100, the image processor 1200, the communication
module 1300, the memory 1500, the input device 1600, and the controller 1700 may be implemented as software
modules. However, embodiments of the present disclosure are not limited thereto, and some of the components stated
above may be implemented as hardware modules. Furthermore, at least some of the ultrasound transceiver 1100, the
image processor 1200, and the communication module 1300 may be included in the controller 1700. However, embod-
iments of the present disclosure are not limited thereto.

[0141] Embodiments may be implemented through computer-readable recording media having recorded thereon com-
puter-executable instructions such as program modules that are executed by a computer. The computer-readable re-
cording media may be any available media that can be accessed by a computer and include both volatile and nonvolatile
media and both detachable and non-detachable media. Furthermore, the computer-readable recording media may
include computer storage media and communication media. The computer storage media include both volatile and
nonvolatile and both detachable and non-detachable media implemented by any method or technique for storing infor-
mation such as computer-readable instructions, data structures, program modules, or other data. The communication
media typically embody computer-readable instructions, data structures, program modules, other data of a modulated
data signal such as a carrier wave, or other transmission mechanism, and may include any information transmission
media.

[0142] Furthermore, in the present specification, the term "unit" may be a hardware component such as a processor
or circuit and/or a software component that is executed by a hardware component such as a processor.

[0143] The above description of the present disclosure is provided for illustration, and 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 essential
features and the spirit and scope of the present disclosure as defined by the following claims. Accordingly, the above
embodiments and all aspects thereof are examples only and are not limiting. For example, each component defined as
an integrated component may be implemented in a distributed fashion. Likewise, components defined as separate
components may be implemented in an integrated manner.

Claims
1. An ultrasound diagnosis apparatus comprising:

an ultrasound probe configured to transmit an ultrasound signal to an object and receive an ultrasound echo
signal returned from the object;

a controller configured to determine a velocity of the object based on the ultrasound echo signal;

a display configured to display a spectral Doppler image showing velocities of the object over time;

a user input unit configured to receive user inputs of selecting an interval within a range of the velocities of the
object shown in the spectral Doppler image and adjusting an output volume of an audible sound corresponding
to velocities in the selected interval; and

an audio output unit configured to output, based on the adjusted output volume of the audible sound, an audible
sound representing the velocities of the object over time.

2. The ultrasound diagnosis apparatus of claim 1, wherein the controller is further configured to adjust the output
volume of the audible sound corresponding to the velocities in the interval within the range of the velocities of the
object, based on the user inputs and information about a power of a Doppler shift frequency corresponding to the
interval.

3. The ultrasound diagnosis apparatus of claim 2, wherein the controller is further configured to adjust, based on the
information about the power of the Doppler shift frequency, the power of the Doppler shift frequency corresponding
to the interval within the range of the velocities of the object, and control the audio output unit to output an audible
sound representing velocities of the object over time by mixing the Doppler shift frequency having the adjusted
power with Doppler shift frequencies corresponding to remaining intervals other than the interval within the range
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of the velocities of the object.

The ultrasound diagnosis apparatus of claim 1, wherein the user input unit is further configured to receive the user
input of selecting the interval within the range of the velocities of the object by splitting the range of the velocities of
the object shown in the spectral Doppler image into a plurality of velocity intervals and selecting one of the plurality
of velocity intervals.

The ultrasound diagnosis apparatus of claim 1, wherein the controller is further configured to control the display to
display an image showing a distribution of the velocities of the object when a user input of splitting the range of the
velocities of the object shown in the spectral Doppler image into a plurality of velocity intervals is received.

The ultrasound diagnosis apparatus of claim 5, wherein the controller is further configured to control, when the user
input of adjusting the output volume of the audible sound corresponding to the velocities in the selected interval is
received, the display to display an adjusted sound volume with respect to the selected interval in the image showing
the distribution of the velocities of the object.

The ultrasound diagnosis apparatus of claim 1, wherein the user input unit is further configured to receive the user
input of adjusting the output volume of the audible sound corresponding to the velocities in the selected interval by
receiving a user input of manipulating a time gain compensation (TGC) button within a control panel included in the
ultrasound diagnosis apparatus.

The ultrasound diagnosis apparatus of claim 1, wherein the controller is further configured to control, when the user
input of selecting the interval within the range of the velocities of the object is received, the audio output unit to
outputonly an audible sound corresponding to the selected interval among audible sounds representing the velocities
of the object over time.

The ultrasound diagnosis apparatus of claim 1, wherein the controller is further configured to control, when the user
input of selecting the interval within the range of the velocities of the object is received, the display to display on a
brightness (B) mode image of the object a color Doppler image showing only velocities in the selected interval among
the velocities of the object in a certain color.

The ultrasound diagnosis apparatus of claim 1, wherein the user input unit is further configured to receive user
inputs of selecting a time interval within a time range shown in the spectral Doppler image and adjusting an output
volume of an audible sound corresponding to a velocity interval within a range of velocities detected during the
selected time interval.

A method of outputting a velocity of an object, the method comprising: transmitting

an ultrasound signal to an object and receiving an ultrasound

echo signal returned from the object;

determining a velocity of the object based on the ultrasound echo signal;

displaying a spectral Doppler image showing velocities of the object over time;

receiving user inputs of selecting an interval within a range of the velocities of the object shown in the spectral
Doppler image and adjusting an output volume of an audible sound corresponding to velocities in the selected
interval; and

outputting, based on the adjusted output volume of the audible sound, an audible sound representing the velocities
of the object over time.

The method of claim 11, wherein the outputting of the audible sound representing the velocities of the object over
time based on the adjusted output volume of the audible sound comprises adjusting the output volume of the audible
sound corresponding to the velocities in the interval within the range of the velocities of the object, based on the
user inputs and information about a power of a Doppler shift frequency corresponding to the interval.

The method of claim 12, wherein the outputting of the audible sound representing the velocities of the object over
time based on the adjusted output volume of the audible sound comprises adjusting, based on the information about
the power of the Doppler shift frequency, the power of the Doppler shift frequency corresponding to the interval
within the range of the velocities of the object and outputting an audible sound representing the velocities of the
object over time by mixing the Doppler shift frequency having the adjusted power with Doppler shift frequencies
corresponding to remaining intervals other than the interval within the range of the velocities of the object.
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The method of claim 11, wherein the receiving of the user input of selecting the interval within the range of the
velocities of the object shown in the spectral Doppler image comprises receiving a user input of splitting the range
of the velocities of the object shown in the spectral Doppler image into a plurality of velocity intervals and selecting
one of the plurality of velocity intervals.

The method of 11, wherein the receiving of the user input of adjusting the output volume of the audible sound
corresponding to the velocities in the selected interval comprises:

displaying, when the user input of splitting the range of the velocities of the object shown in the spectral Doppler
image into the plurality of velocity intervals are received, an image showing a distribution of velocities of the
object; and

changing the output volume of the audible sound corresponding to the velocities in the selected interval.

14



EP 3 412 213 A1

FIG. 1
1000
GQ\ TIME (seconds) N
PN
VELOCITY Doppler shift
(m/sec) |||| | | \\:Ql|||l 52
' |||| o I||| || Flow foward
- L Flow away

>\ 000 4/< 1900

 — .\

15



EP 3 412 213 A1

(Q)

- GA YA SA ZA LA N
ALIDOTIA f k«

m | JINNTOA

| | aNNoS

V |

(®)
- GA YA EA ZA LA _

ALIDOT3A f k«

| |

| | INNTOA

| | aNNoS

c DA




EP 3 412 213 A1

FIG. 3

( START )

|

TRANSMIT ULTRASOUND SIGNAL TO OBJECT
AND RECEIVE ULTRASOUND ECHO
SIGNAL RETURNED FROM OBJECT

— 5310

|

DETERMINE VELOCITY OF OBJECT
BASED ON ULTRASOUND ECHO SIGNAL

— 5320

DISPLAY SPECTRAL DOPPLRE IMAGE SHOWING
VELOCITIES OF OBJECT OVER TIME

— 5330

|

RECEIVE USER INPUT OF SELECTING INTERVAL IN
RANGE OF VELOCITIES OF OBJECT SHOWN IN
SPECTRAL DOPPLER IMAGE AND ADJUSTING OUTPUT
VOLUME OF AUDIBLE SOUND CORRESPONDING TO
VELOCITIES IN SELECTED INTERVAL

— 5340

|

OUTPUT, BASED ON ADJUSTED OUTPUT VOLUME OF
AUDIBLE SOUND, AUDIBLE SOUND REPRESENTING
VELOCITIES OF OBJECT OVER TIME

— S350

Y

( END )

17



EP 3 412 213 A1

0061

HO13313S

J4TdINL TYAH3LNI
NODIS|™ JALIDOTIA ONOD3S _
HOLYHINID L
aNNOS z912! HOSSID0Hd
Tgiany _
HOLD3TAS —
TVAHIINI Slcl
— ALIDOTIA 1SHI
81gl ~
179121
riz1”

v "OId

HINFOSNVHL
aNNOSYHLIN 430NASNVHL
00LL” —t

18



EP 3 412 213 A1

FIG. 5

wo 5

K]

19

1000




EP 3 412 213 A1

FIG. 6A

1000

e S
510 630

o

SET SOUND VOLUME FOR
VELOCITY INTERVAL _”'zﬁﬁﬁéi

622

624

626 -

20



EP 3 412 213 A1

FIG. 6B
1000
W
510 630
SET SOUND VOLUME FOR N
VELOCITY INTERVAL ] >’é\;

SOUND VOLUME

AN
VELOCITY (m/s)

-0.15 -0.05 0.02 01

0o /< 1900
/“"\M_»____sj_\/\ ' K

/ N

21



EP 3 412 213 A1

AN

—

ONONO

() _ plg| ——
N pUZ| ——

18| — ]

IS

=== (8/W) ALIDOTIA

1'0 ¢0°0 G0°0- GL0-
18]
owm\\ /\/a%\f\%mw@

JNMT0A ANNOS

TVAHIINI ALIDOT3A
404 FJANTOA ONNOS 13S

0lLs

W#

V4 OId

0001

22



EP 3 412 213 A1

FIG. 7B

1000

a0 5

510 710

SET SOUND VOLUME FOR
VELOCITY INTERVAL

PLAY

1st
} 2nd
3rd
SOUND VOLUME
pig.  drd 2nd

640
47 1st /

0.75 0,05 0.02 0.1 VELOCITY (m/s)

>\ 000 /< 1900
//\”_M\f‘“\

/ff””” “\\

23



EP 3 412 213 A1

FIG. 8

1000

1400

24



EP 3 412 213 A1

FIG. 9

1000

1400 ,5

-0.05  yELOCITY
(m/s)

0.1

0.1}820

/i N\

25



EP 3 412 213 A1

FIG. 10

1000

—70

+| SOUND
¢ VOLUME

0.1 yELOCITY

(m/s)

26



EP 3 412 213 A1

FIG. 11

27



EP 3 412 213 A1

FIG. 12
1000
1700 1600
USER INPUT UNIT
1400
CONTROLLER |=— DISPLAY
1900
AUDIO OUTPUT UNIT

28



EP 3 412 213 A1

oow_V\/

1IN LNd1NO 01dNY

006"

H3TIOHINOD

00L1”

30IA30 LNdNI

009}

J1NCAOW NOILYDINNWWOO FIF0N

0egl”

J1NCOW NOILYOINNWNOD d3dIM

028l

AJOWAN

0051~

AY1dSId

0orL”

J1NACW NOILYIINNWNOD Y34V Tva0T

N S |

40553004d

H31dd0C
121"

40553004d

HOLYd3N3D

IOV 300W 8
2zl

4055390td V1v(

022’

S
HOSSIOOHd Jovwi Okt

0021

.

0001

2%

YHOMLIN

3904d

S
0L 31nqoN NOILYIINNWWOD
0081~
NN
HOLTLAND ONIAYTIC HISTNd
NOISSINSNVHL
A L 91117
HILLINSNYHL
0L
INY | JLNn BNIYTEG
onmns [T Nowgzogy [ 24V ey
_wN:\ w2’ e
HIAF0M
0zLL”
HINFOSNYHL ANNOSYHLTN
001"

€T "Dl

02"

9\

TYNINESL

-1 318vY140d

SN1vdvddv
TVOIQ3N

7 H3IASS

0t

29



10

15

20

25

30

35

40

45

50

55

EP 3 412 213 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2016/002317

A.  CLASSIFICATION OF SUBJECT MATTER
AIB 8/08{2006.01 )i, A61B 8/00{2006.01 ), A61E 8/14(2006.01}, 4618 8/06(2006.01)

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
AG1B 8/08; AGLB §/06; AGIB 5/14; AG1IB 19/00; AG1B 8/00; AGLR 8/02; GOGT 1/00; AGIR §/i4

Documentation scarched other than minimunm documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS (KIPO intermal) & Keywords: ultrasonud, doppler, rate, audible sound

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A KR 10-2013-0118199 A (SAMSUNG ELECTRONICS CO., LTD.) 29 October 2013 1-10
See abstract, paragraphs [72]-[88} and figwres 5-7.

A US 2012-0059264 Al (SIMPSON, Hope et al.) 08 March 2012 i-10
See abstract, paragraph [19] and figures 1-4.

A KR 10-2005-0025557 A (HEALTHPIA CO., LTD.) 14 March 20603 1-10
See abstract and figures 1-4.

A JP 2015-091325 A (VASONOVA INC)) 14 May 2015 1-10
See abstract and paragraph [187].

A JP 06-047027A (HONDA KOGYO KK.) 22 February 1994 1-10
See abstract, paragraphs [12]-[16} and figures 1-3.

D Further documents are listed in the continuation of Box C. See patent family annex.

3 cited documentis:

iting date or priority
ited to understand

general state of the art w is not considered

pplication |
levance

/ing the inven

the principle or theory 1

ion or patent but published on or after the international <X document of particular relevance; the claimed invention cannot be
considered novel or ca be considered to involve an inventive
which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other g
special reason {as specified)

)

document of particular relevance; the claimed mvention cannot be
considered to mvolve an nventive step when the document is

“07”  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious o a person skilled in the art
“p” c}ocumez@:Pupﬁishedpriqr to the international filing date bu “&” document member of the same patent family
the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
12 OCTOBER 2016 (12.10.2016) 12 OCTOBER 2016 (12.10.2016)
and mailing address of the ISA/KR Authorized officer

Korean Intellectuat Property Office

Governinent Complex-Dagjeon, 189 Seonsa-ro, Dagjeon 302-701,
Republic of Korea

Facsimile No. +82-42-481-8578 Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)

30



10

15

20

25

30

35

40

45

50

55

EP 3 412 213 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2016/002317

Box Ne. I Observations where certain claims were found vnsearchable (Continvation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

!

O

s [

Claims Nos.: 11-15

because they relate to subject matter not required to be searched by this Authority, namely:

Claims 11 to 15 periain to a diagnostic method, and thus pertain to subject matter on which the International Searching
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fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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