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Description
CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Thisapplication claims priority from Korean Pat-
ent Application No. 10-2014-0118018, filed on Septem-
ber 4, 2014, Korean Patent Application No.
10-2015-0025904, filed on February 24, 2015, and Ko-
rean Patent Application No. 10-2015-0076489, filed on
May 29, 2015 in the Korean Intellectual Property Office,
the disclosures of which are incorporated herein by ref-
erence in their respective entireties.

BACKGROUND
1. Field

[0002] One or more exemplary embodiments relate to
an ultrasound probe that supplies ultrasound image data
to an ultrasound image providing apparatus and an op-
erating method thereof, and more particularly, to an ul-
trasound probe and an operating method thereof, which
adaptively change an image quality and a transmission
speed of ultrasound image data supplied to an ultrasound
image providing apparatus.

2. Description of the Related Art

[0003] An ultrasound system irradiates an ultrasound
signal, generated from a transducer of a probe, onto an
object and receives information of an echo signal reflect-
ed from the object, thereby obtaining an image of an in-
ternal part of the object. In particular, an ultrasound sys-
tem is used for the medical purpose of observing the
inside of an object, detecting a foreign material, and as-
sessing an injury.

[0004] The ultrasound system has stabilities higher
than those of diagnostic apparatuses that uses X-rays,
displays an image in real time, and is relatively safe be-
cause there is no exposure to radioactivity, and thus may
be widely used.

[0005] A user may experience some difficulty in obtain-
ing an image of an object by using an ultrasound probe
due to a communication cable that connects the ultra-
sound probe to an ultrasound image providing apparatus.
In order to enhance a manipulability of an ultrasound
probe by solving the difficulty, an ultrasound probe that
accesses an ultrasound image providing apparatus via
wireless communication is needed.

[0006] A communication channel cannot always main-
tain a constant operational state in an environment in
which an ultrasound image providing apparatus is wire-
lessly connected to an ultrasound probe via the commu-
nication channel. Forexample, even when the ultrasound
image providing apparatus transmits or receives data to
or from the ultrasound probe so as to be suitable for an
initial bandwidth of the communication channel, a char-
acteristic of the communication channel may be changed
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by an environment. Therefore, it is required to develop
an ultrasound probe and an operating method thereof,
which adaptively transmit ultrasound image data, based
on a state of the communication channel.

[0007] Moreover, since an ultrasound probe which is
wirelessly connected to the ultrasound image providing
apparatus is capable of being carried by a user, a size
of the ultrasound probe is restricted, and the ultrasound
probe may include only limited resources. Therefore, in
an environment where the ultrasound image providing
apparatus is wirelessly connected to the ultrasound
probe, the ultrasound probe may transmit ultrasound im-
age data to the ultrasound image providing apparatus
under conditions where power consumption is mini-
mized.

[0008] When anultrasound probe is dependentonone
ultrasound image providing apparatus, a plurality of ul-
trasound probes need to be provided depending on each
ultrasound image providing apparatus, which is costly
and difficult to manage. Therefore, an ultrasound probe
needs to communicate with a plurality of ultrasound im-
age providing apparatuses without being dependent on
one ultrasound image providing apparatus.

SUMMARY

[0009] One or more exemplary embodiments include
an ultrasound probe and an operating method thereof,
which adaptively transmit ultrasound image data, based
on a state of a communication channel.

[0010] One or more exemplary embodiments include
an ultrasound probe and an operating method thereof,
which adaptively transmit ultrasound image data accord-
ing to a user input.

[0011] One or more exemplary embodiments include
an ultrasound probe and an operating method thereof,
which adaptively transmit ultrasound image data based
on a characteristic of an ultrasound image providing ap-
paratus.

[0012] Additional aspects will be set forth in partin the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented exemplary embodiments.

[0013] According to one or more exemplary embodi-
ments, a method for operating an ultrasound probe,
which is wirelessly connected to an ultrasound image
providing apparatus via a communication channel, in-
cludes: acquiring bandwidth information that relates to
the communication channel; determining at least one pa-
rameter value that relates to a quality of an ultrasound
image, based on the bandwidth information; generating
ultrasound image data that relates to an object, based
on the determined at least one parameter value; and
transmitting the generated ultrasound image data to the
ultrasound image providing apparatus.

[0014] The ultrasound probe may include: an ultra-
sound transceiver configured to transmit an ultrasound
signal toward the object, and to receive an echo signal
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reflected from the object; and a signal processor config-
ured to process the received echo signal. The generating
of the ultrasound image data may include controlling at
least one of the ultrasound transceiver and the signal
processor to generate the ultrasound image data, based
on the at least one parameter value.

[0015] The at least one parameter value associated
with the quality of the ultrasound image may include at
least one selected from among a number of scan lines
constituting a frame of the ultrasound image, a number
of sampling points which are set on a scan line, and a
number of bits which are generated by quantizing data
which is acquired with respect to a sampling point.
[0016] The determining of the at least one parameter
value may include, when the bandwidth of the commu-
nication channel is narrowed, reducing at least one se-
lected from among a number of scan lines constituting
the frame of the ultrasound image, a number of sampling
points which are set on a scan line, and a number of bits
which are generated by quantizing data which is acquired
with respect to a sampling point, based on an amount of
narrowing of the bandwidth.

[0017] The method may further include selecting one
mode from among first and second modes, based on an
application used by the ultrasound probe. The determin-
ing of the atleast one parameter value may include: when
the first mode is selected, adjusting the at least one pa-
rameter value, based on a change in the bandwidth of
the communication channel; and when the second mode
is selected, adjusting a transmission speed at which the
ultrasound image data is transmitted to the ultrasound
image providing apparatus, based on the change in the
bandwidth of the communication channel.

[0018] The method may further include mapping one
of the first and second modes to each of a plurality of
applications, and storing the mapped mode, wherein the
selecting of the one mode may include selecting a mode
which is stored to be mapped to an application used by
the ultrasound probe.

[0019] The determining of the at least one parameter
value may include: selecting one mode from among first
and second modes, based on a user input; when the first
mode is selected, adjusting the at least one parameter
value, based on a change in the bandwidth of the com-
munication channel; and when the second mode is se-
lected, adjusting the transmission speed at which the ul-
trasound image data is transmitted to the ultrasound im-
age providing apparatus, based on the change in the
bandwidth of the communication channel.

[0020] The acquiring of the bandwidth information may
include: transmitting a session establishment request
signal to the ultrasound image providing apparatus; re-
ceiving a session establishment check signal from the
ultrasound image providing apparatus; and extracting the
bandwidth information from the session establishment
check signal.

[0021] The transmitting of the ultrasound image data
may include transmitting, to the ultrasound image pro-
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viding apparatus, information about at least one selected
from the at least one parameter value and the transmis-
sion speed at which the ultrasound image data is trans-
mitted to the ultrasound image providing apparatus in
conjunction with the ultrasound image data, and the in-
formation about at least one selected from the at least
one parameter value and the transmission speed may
be usable by the ultrasound image providing apparatus
for generating an ultrasound image from the ultrasound
image data.

[0022] The determining of the at least one parameter
value may include adjusting, based on a user input, the
at least one parameter value and a transmission speed
at which the ultrasound image data is transmitted to the
ultrasound image providing apparatus.

[0023] The ultrasound probe may be connectable to a
plurality of ultrasound image providing apparatuses, in-
cluding the ultrasound image providing apparatus, via
different communication channels, and the transmitting
of the ultrasound image data may include: generating a
plurality of transmission streams by processing the ultra-
sound image data, based on respective characteristics
of each of the plurality of ultrasound image providing ap-
paratuses; and transmitting each of the plurality of trans-
mission streams to a corresponding one of the plurality
of ultrasound image providing apparatuses via a corre-
sponding one of the different communication channels,
respectively.

[0024] According to one or more exemplary embodi-
ments, a method of operating an ultrasound probe in-
cludes: wirelessly connecting the ultrasound probe to an
ultrasound image providing apparatus by using a first
communication scheme; acquiring bandwidth informa-
tion that defines a transmission speed of ultrasound im-
age data with respect to the first communication scheme
from the ultrasound probe to the ultrasound image ap-
paratus; when the transmission speed is lower than a
threshold speed, wirelessly connecting the ultrasound
probe to the ultrasound image providing apparatus by
using a second communication scheme; and transmitting
ultrasound image data that relates to an object to the
ultrasound image providing apparatus by using the sec-
ond communication scheme.

[0025] According to one or more exemplary embodi-
ments, a method of operating an ultrasound probe, wire-
lessly connected to an ultrasound image providing ap-
paratus through a communication channel, includes: ac-
quiring bandwidth information that relates to the commu-
nication channel; determining a transmission speed of a
frame of an ultrasound image based on the acquired
bandwidth information; generating ultrasound image da-
ta about an object; and transmitting the ultrasound image
data to the ultrasound image providing apparatus at the
determined transmission speed.

[0026] The determining of the transmission speed may
include, when the bandwidth of the communication chan-
nel is narrowed, reducing the transmission speed based
on an amount of narrowing of the bandwidth.
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[0027] The transmitting of the ultrasound image data
may include, when the bandwidth of the communication
channel is narrowed, reducing an amount of data that is
contained in each frame of the ultrasound image based
on the reduced transmission speed.

[0028] The ultrasound probe may be connectable to a
plurality of ultrasound image providing apparatuses, in-
cluding the ultrasound image providing apparatus, via
different communication channels, and the transmitting
of the ultrasound image data may include: generating a
plurality of transmission streams by processing the ultra-
sound image data, based on respective characteristics
of each of the plurality of ultrasound image providing ap-
paratuses; and transmitting each of the plurality of trans-
mission streams to a corresponding one of the plurality
of ultrasound image providing apparatuses via a corre-
sponding one of the different communication channels.
[0029] According to one or more exemplary embodi-
ments, an ultrasound probe, wirelessly connected to an
ultrasound image providing apparatus via a communica-
tion channel, includes: an ultrasound transceiver config-
ured to transmit an ultrasound signal to an object, and to
receive an echo signal; a signal processor configured to
process the echo signal; a controller configured to ac-
quire bandwidth information of the communication chan-
nel, to determine atleast one parameter value associated
with a quality of an ultrasound image, based on the band-
width information, and to control the ultrasound trans-
ceiver and the signal processor to generate ultrasound
image data about the object, based on the determined
at least one parameter value; and a communicator con-
figured to transmit the ultrasound image data to the ul-
trasound image providing apparatus.

[0030] According to one or more exemplary embodi-
ments, an ultrasound probe, wirelessly connected to an
ultrasound image providing apparatus via a communica-
tion channel, includes: an ultrasound transceiver config-
ured to transmit an ultrasound signal to an object, and to
receive an echo signal; a signal processor configured to
process the echo signal; a controller configured to ac-
quire bandwidth information of the communication chan-
nel, to determine a transmission speed of a frame con-
stituting an ultrasound image, based on the bandwidth
information, and to control at least one selected from
among the ultrasound transceiver and the signal proces-
sor to generate ultrasound image data about the object;
and a communicator configured to transmit the ultra-
sound image data to the ultrasound image providing ap-
paratus at the determined transmission speed.

[0031] According to one or more exemplary embodi-
ments, an ultrasound probe includes: an ultrasound
transceiver configured to transmit an ultrasound signal
to an object and to receive an echo signal; a signal proc-
essor configured to process the echo signal in order to
generate ultrasound image data about the object; a com-
municator configured to transmit the ultrasound image
data to an ultrasound image providing apparatus; and a
controller configured to control the communicator to wire-
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lessly connect the ultrasound probe to the ultrasound im-
age providing apparatus by using a first communication
scheme, to acquire bandwidth information that defines a
transmission speed of ultrasound image data based on
the first communication scheme, and when the transmis-
sion speed is lower than a threshold speed, to control
the communicator to wirelessly connect the ultrasound
probe to the ultrasound image providing apparatus by
using a second communication scheme and to transmit
the ultrasound image data to the ultrasound image pro-
viding apparatus by using the second communication
scheme.

[0032] According to one or more exemplary embodi-
ments, an ultrasound probe, wirelessly connected to an
ultrasound image providing apparatus, includes: an ul-
trasound transceiver configured to transmit an ultra-
sound signal to an object, and to receive an echo signal;
a signal processor configured to process the echo signal;
a controller configured to determine at least one param-
eter value associated with ultrasound image quality,
based on a userinput, and to control at least one selected
from among the ultrasound transceiver and the signal
processor to generate ultrasound image data about an
object, based on the determined at least one parameter
value; and a communicator configured to transmit the
ultrasound image data to the ultrasound image providing
apparatus at the transmission speed determined based
on the determined at least one parameter value.

[0033] The at least one parameter value associated
with the ultrasound image quality may include at least
one selected from among a number of scan lines consti-
tuting the frame of the ultrasound image, a number of
sampling points which are set on a scan line, and a
number of bits which are generated by quantizing data
which is acquired with respect to a sampling point, and
the communicator may be further configured transmit the
ultrasound image data at a transmission speed which is
reduced based on a reduction in the at least one param-
eter value.

[0034] The ultrasound probe may be connected to the
plurality of ultrasound image providing apparatuses, in-
cluding the ultrasound image providing apparatus, via
different communication channels. The controller may be
further configured to generate a plurality of transmission
streams by processing the ultrasound image data, based
on respective characteristics of the plurality of ultrasound
image providing apparatuses, and the communicator
may be further configured transmit each of the plurality
of transmission streams to a corresponding one of the
plurality of ultrasound image providing apparatuses via
a corresponding one of the different communication
channels.

[0035] According to one or more exemplary embodi-
ments, an ultrasound probe, wirelessly connected to an
ultrasound image providing apparatus, includes: an ul-
trasound transceiver configured to transmit an ultra-
sound signal to an object, and to receive an echo signal;
a signal processor configured to process the echo signal;
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a controller configured to determine a transmission
speed for transmitting ultrasound image data, based on
a user input, to determine at least one parameter value
associated with ultrasound image quality, based on the
determined transmission speed, and to control the ultra-
sound transceiver and the signal processor to generate
ultrasound image data about an object, based on the
determined at least one parameter value; and a commu-
nicator configured to transmit the ultrasound image data
to the ultrasound image providing apparatus at the de-
termined transmission speed.

[0036] The controller may be further configured to de-
crease the at least one parameter value, based on a re-
duction in the transmission speed.

[0037] The ultrasound probe may be connected to the
plurality of ultrasound image providing apparatuses, in-
cluding the ultrasound image providing apparatus, via
different communication channels. Also, the controller
may be further configured to generate a plurality of trans-
mission streams by processing the ultrasound image da-
ta, based on respective characteristics of the plurality of
ultrasound image providing apparatuses, and the com-
municator may be further configured to transmit each of
the plurality of transmission streams to a corresponding
one of the plurality of ultrasound image providing appa-
ratuses via a corresponding one of the different commu-
nication channels.

[0038] According to one or more exemplary embodi-
ments, a method for operating an ultrasound probe in-
cludes: acquiring information about an ultrasound image
providing apparatus that is wirelessly connected to the
ultrasound probe; determining a transmission speed of
ultrasound image data about an object, based on the
information about the ultrasound image providing appa-
ratus; and transmitting the ultrasound image data to the
ultrasound image providing apparatus at the transmis-
sion speed.

[0039] According to one or more exemplary embodi-
ments, an ultrasound probe includes: an ultrasound
transceiver configured to transmit an ultrasound signal
to an object and to receive an echo signal; a signal proc-
essor configured to process the echo signal to generate
ultrasound image data; a controller configured to acquire
information about an ultrasound image providing appa-
ratus wirelessly connected to the ultrasound probe and
to determine a transmission speed of ultrasound image
data about the object, based on the information about
the ultrasound image providing apparatus; and a com-
municator configured to transmit the ultrasound image
data to the ultrasound image providing apparatus at the
transmission speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of exemplary embodiments, taken in conjunc-
tion with the accompanying drawings in which:
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FIG. 1 is a block diagram for describing a general
ultrasound system;

FIG. 2is a diagram for describing an ultrasound sys-
temincluding an ultrasound probe and an ultrasound
image providing apparatus, according to various ex-
emplary embodiments;

FIG. 3 is a flowchart for describing a method of op-
erating an ultrasound probe which generates and
transmits ultrasound image data based on band-
width information, according to an exemplary em-
bodiment;

FIG. 4 is a diagram for describing at least one pa-
rameter associated with a quality of an ultrasound
image, according to various exemplary embodi-
ments;

FIG. 5 is a signal flowchart for describing an opera-
tion of transmitting ultrasound image data, which is
generated based on a bandwidth of acommunication
channel, from an ultrasound probe to an ultrasound
image providing apparatus, according to an exem-
plary embodiment;

FIG. 6 is a flowchart for describing a method of op-
erating an ultrasound probe which generates and
transmits ultrasound image data based on band-
width information, according to an exemplary em-
bodiment;

FIGS. 7 and 8 are flowcharts for describing a method
of operating an ultrasound probe which transmits ul-
trasound image data in a communication scheme
determined based on bandwidth information, ac-
cording to an exemplary embodiment;

FIG. 9 is a flowchart for describing a method of op-
erating an ultrasound probe which generates and
transmits ultrasound image data based on a user
input, according to another exemplary embodiment;
FIGS. 10, 11, and 12 illustrate examples of a user
interface display which is configured for receiving a
user input that determines a parameter value asso-
ciated with a quality of an ultrasound image, accord-
ing to another exemplary embodiment;

FIG. 13 is a diagram for describing a method of op-
erating an ultrasound probe which generates and
transmits ultrasound image data based on a user
input, according to another exemplary embodiment;
FIG. 14 is a flowchart for describing a method of op-
erating an ultrasound probe which generates and
transmits ultrasound image data based on a user
input, according to another exemplary embodiment;
FIGS. 15 and 16 illustrate examples of a user inter-
face display which is configured for receiving a user
input that determines a transmission speed at which
ultrasound image data is transmitted, according to
another exemplary embodiment;

FIG. 17 is a diagram for describing a method of op-
erating an ultrasound probe which generates and
transmits ultrasound image data based on a user
input, according to another exemplary embodiment;
FIG. 18 is a flowchart for describing a method of op-
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erating an ultrasound probe which transmits ultra-
sound image data in a communication scheme de-
termined based on a user input, according to another
exemplary embodiment;

FIG. 19 illustrates an example of a user interface
display which is configured for receiving a user input
that determines a communication scheme according
to which ultrasound image data is transmitted, ac-
cording to another exemplary embodiment;

FIG. 20 illustrates an example of a screen for pro-
viding information about an ultrasound probe com-
municating with an ultrasound image providing ap-
paratus, according to various exemplary embodi-
ments;

FIG. 21 illustrates an example of a user interface
display which is configured for receiving a user input
that determines a quality of ultrasound image data
in consideration of consumption of a battery of an
ultrasound probe, according to another exemplary
embodiment;

FIG. 22 illustrates an example of a user interface
display which is configured for receiving a user input
that determines a transmission speed, at which ul-
trasound image data is transmitted, in consideration
of consumption of a battery of an ultrasound probe,
according to another exemplary embodiment;

FIG. 23 illustrates an example of a user interface
display which is configured for receiving a user input
that determines a communication scheme, where ul-
trasound image data is transmitted, in consideration
of consumption of a battery of an ultrasound probe,
according to another exemplary embodiment;

FIG. 24 is a flowchart for describing a method of op-
erating an ultrasound probe which transmits ultra-
sound image data to a plurality of ultrasound image
providing apparatuses, according to another exem-
plary embodiment;

FIG. 25is a diagram for describing a method of trans-
mitting, by an ultrasound probe according to another
exemplary embodiment, ultrasound image data to a
plurality of ultrasound image providing apparatuses;
FIG. 26 is a flowchart for describing a method of op-
erating an ultrasound probe which generates and
transmits ultrasound image data based on informa-
tion about an ultrasound image providing apparatus,
according to another exemplary embodiment;
FIGS. 27 and 28 are diagrams for describing a meth-
od of operating an ultrasound probe which generates
and transmits ultrasound image data based on infor-
mation about an ultrasound image providing appa-
ratus, according to another exemplary embodiment;
FIG. 29 is a block diagram of an ultrasound probe,
according to various exemplary embodiments;

FIG. 30 is a block diagram of an ultrasound probe
and an ultrasound image providing apparatus, ac-
cording to various exemplary embodiments;

FIG. 31 is a block diagram of an ultrasound diagnos-
tic apparatus which is applicable to various exem-
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plary embodiments; and

FIG. 32 is a block diagram of a wireless ultrasound
probe which is applicable to various exemplary em-
bodiments.

DETAILED DESCRIPTION

[0041] Reference will now be made in detail to exem-
plary embodiments, examples of which are illustrated in
the accompanying drawings, wherein like reference nu-
merals refer to like elements throughout. In this regard,
the present exemplary embodiments may have different
forms and should not be construed as being limited to
the descriptions set forth herein. Accordingly, the exem-
plary embodiments are merely described below, by re-
ferring to the figures, to explain aspects of the present
description.

[0042] Hereinafter, exemplary embodiments will be
described in detail to be easily embodied by those of
ordinary skill in the art with reference to the accompany-
ing drawings. The present inventive concept may, how-
ever, be embodied in many different forms and should
not be construed as being limited to the exemplary em-
bodiments set forth herein. In the accompanying draw-
ings, a portion irrelevant to a description of the present
inventive concept will be omitted for clarity. Moreover,
like reference numerals refer to like elements throughout.
[0043] In this disclosure below, when one part (or ele-
ment, device, etc.) is referred to as being 'connected’ to
another part (or element, device, etc.), it should be un-
derstood that the former may be ’directly connected’ to
the latter, or ’electrically connected’ to the latter via an
intervening part (or element, device, etc.). Furthermore,
when it is described that one comprises (or includes or
has) some elements, it should be understood that it may
comprise (or include or has) only those elements, or it
may comprise (or include or have) other elements as well
as those elements if there is no specific limitation.
[0044] Moreover, eachoftermssuchas”...unit","...ap-
paratus" and "module" described in specification denotes
an element for performing at least one function or oper-
ation, and may be implemented in hardware, software,
and/or the combination of hardware and software.
[0045] The term "ultrasound image" used herein de-
notes an image of an object acquired by using an ultra-
sound wave. The term "object" used herein may include
an animate thing or an inanimate thing, which is to be
expressed as an image. Also, an object may refer to a
part of a human body, and may include an organ such
as aliver, a heart, a womb, a brain, breasts, an abdomen,
or the like, or a blood vessel.

[0046] Moreover, the term "user" used herein may in-
clude a medical expert, and may be a doctor, a nurse, a
medical technologist, a sonographer, a medical image
expert, or the like. However, the user is not limited there-
to.

[0047] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
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drawings.

[0048] FIG. 1 is a block diagram for describing a gen-
eral ultrasound system.

[0049] As illustrated in FIG. 1, the general ultrasound
system includes an ultrasound probe 10 and an ultra-
sound image providing apparatus 20 that is connected
to the ultrasound probe 10 by a communication cable 15.
[0050] The ultrasound probe 10 transmits an ultra-
sound signal to an object according to a control signal
received from the ultrasound image providing apparatus
20, and receives a response signal (or an ultrasound
echo signal) reflected from the object to generate a re-
ception signal. The ultrasound probe 10 focuses the re-
ception signal in order to generate ultrasound image da-
ta, and transmits the ultrasound image data to the ultra-
sound image providing apparatus 20.

[0051] The ultrasound image providing apparatus 20
may generate an ultrasound image by using the ultra-
sound image data received from the ultrasound probe
10, and display the ultrasound image.

[0052] A user may experience some difficulty in obtain-
ing an image of the object by using the ultrasound probe
10 of FIG. 1, due to the communication cable 15 that
connects the ultrasound probe 10 to the ultrasound im-
age providing apparatus 20, which may cause a manip-
ulability of the ultrasound probe 10 to be degraded.
[0053] Moreover, when the ultrasound probe 10 de-
pends on one ultrasound image providing apparatus 20,
a plurality of ultrasound probes are provided in proportion
to the number of ultrasound image providing apparatus-
es. This is costly and is difficult to manage. Therefore, it
is required to develop a wireless ultrasound probe which
does notdepend on one diagnostic apparatus, and which
is capable of communicating with a plurality of diagnostic
apparatuses.

[0054] FIG. 2is a diagram for describing an ultrasound
system that includes an ultrasound probe and an ultra-
sound image providing apparatus, according to various
exemplary embodiments.

[0055] AsillustratedinFIG. 2, an ultrasound probe 100
according to various exemplary embodiments may be
wirelessly connected to an ultrasound image providing
apparatus 200 according to various exemplary embodi-
ments.

[0056] The ultrasound probe 100 according to various
exemplary embodiments may be wirelessly connected
to the ultrasound image providing apparatus 200 via a
communication channel. The ultrasound probe 100 may
generate ultrasound image data and transmit the gener-
ated ultrasound image data to the ultrasound image pro-
viding apparatus 200.

[0057] Inthis case, the ultrasound image providing ap-
paratus 200 denotes an apparatus which is connected
by wire or wirelessly to the ultrasound probe 100, and
provides an ultrasound image to a user by using ultra-
sound image data received from the ultrasound probe
100.

[0058] The ultrasound image providing apparatus 100
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may be implemented as a portable type as well as a card
type. Examples of portable diagnostic apparatuses may
include picture archiving and communication system
(PACS) viewers, hand-carried cardiac ultrasound (HCU)
equipment, smartphones, laptop computers, personal
digital assistants (PDAs), tablet personal computers
(PCs), etc., but are not limited thereto.

[0059] Moreover, the ultrasound image providing ap-
paratus 200 according to various exemplary embodi-
ments may receive a response signal, which is reflected
from an object that has received an ultrasound signal
transmitted from the ultrasound probe 100, to generate
a reception signal. The ultrasound probe 100 may focus
the reception signal according to a control signal received
from the ultrasound image providing apparatus 200 to
generate ultrasound image data, and transmit the ultra-
sound image data to the ultrasound image providing ap-
paratus 200.

[0060] However, the ultrasound probe 100 according
to various exemplary embodiments is not limited to an
exemplary embodiment controlled by the ultrasound im-
age providing apparatus 200, and may include a control
unit (also referred to herein as a "controller") that controls
each element of the ultrasound probe 100 to transmit an
ultrasound signal toward an object, receive a response
signal reflected from the object, and generate a reception
signal. The control unit included in the ultrasound probe
100 may control the ultrasound probe 100 in order for
the ultrasound probe 100 to generate ultrasound image
data by focusing the reception signal and transmit the
ultrasound image data to the ultrasound image providing
apparatus 200.

[0061] The ultrasound image providing apparatus 200
may be an apparatus that processes ultrasound image
data received from the ultrasound probe 100 in order to
generate an ultrasound image and displays the generat-
ed image, or may be an apparatus that simply performs
only an image display function without performing a sep-
arate image processing function. In this aspect, the ul-
trasound image providing apparatus 200 may include a
display apparatus that receives an image from the ultra-
sound probe 100, and displays the received image on a
screen without additional processing.

[0062] The ultrasound probe 100 according to various
exemplary embodiments may transmit ultrasound image
data to the ultrasound image providing apparatus 200 at
a 60 GHz frequency band. A plurality of transducers in-
cluded in the ultrasound probe 100 convert the response
signal reflected from the object into an electrical signal.
A relatively high bandwidth of several gigaHertz (GHz)
is needed for wirelessly transmitting the electrical signal
which is generated by converting the response signal
having sound energy. Also, interference with another
wireless electronic device should not occur in transmit-
ting ultrasound image data from the ultrasound probe
100 to the ultrasound image providing apparatus 200.
[0063] Therefore, the ultrasound probe 100 according
to various exemplary embodiments may transmit the ul-
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trasound image data in a wireless communication
scheme using millimeter wave (mmWave) communica-
tion. For example, a wireless communication scheme
based on WiGig standard of wireless gigabit alliance
(WGA) may be used.

[0064] However, the ultrasound probe 100 according
to various exemplary embodiments is not limited to an
exemplary embodiment where ultrasound image data is
transmitted to the ultrasound image providing apparatus
200in afrequency band of 60 GHz. The ultrasound probe
100 may transmit the ultrasound image data to the ultra-
sound image providing apparatus 200 by using any of
various wireless communication schemes (for example,
wireless LAN, Wi-Fi, Bluetooth, Zigbee, Wi-Fi direct
(WFD), ultra wideband (UWB), infrared data association
(IrDA), Bluetooth low energy (BLE), and near field com-
munication (NFC).

[0065] The ultrasound probe 100 according to various
exemplary embodiments may transmit ultrasound image
data to the ultrasound image providing apparatus 200 by
using one wireless communication scheme selected
from among a plurality of wireless communication
schemes.

[0066] The ultrasound probe 100 may transmit state
information data of the ultrasound probe 100 and control
data about the ultrasound image providing apparatus 200
to the ultrasound image providing apparatus 200 by using
a separate communication channel (for example, Blue-
tooth) which differs from a communication channel using
the 60 GHz frequency band at which ultrasound image
data is transmitted. Also, the ultrasound image providing
apparatus 200 may transmit a control signal to the ultra-
sound probe 100 by using a separate communication
channel which differs from the communication channel
using the 60 GHz frequency band at which ultrasound
image data is received from the ultrasound probe 100.
[0067] The ultrasound probe 100 according to various
exemplary embodiments may adjust a quality of ultra-
sound image data transmitted to the ultrasound image
providing apparatus 200. The quality of the ultrasound
image data may denote a quality of an ultrasound image
which is generated by reconstructing the ultrasound im-
age data. The quality of the ultrasound image data, which
is transmitted from the ultrasound probe 100 to the ultra-
sound image providing apparatus 200 in real time, is en-
hanced in proportion to the amount of data that consti-
tutes one frame. The frame may denote one of a plurality
of still images constituting an ultrasound image.

[0068] The ultrasound probe 100 may adjust at least
one parameter value that relates to the quality of the ul-
trasound image data. The ultrasound probe 100 may
transmit an ultrasound signal to an object, based on the
adjusted parameter value, and receive an echo signal in
order to generate the ultrasound image data from the
echo signal.

[0069] For example, the at least one parameter value
associated with the quality of the ultrasound image data
may include at least one selected from among the
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number of scan lines constituting one frame of an ultra-
sound image, the number of sampling points which are
set on the scan lines, and the number of bits which are
generated by quantizing data acquired from the sampling
points.

[0070] Moreover, the ultrasound probe 100 according
to various exemplary embodiments may adjust a trans-
mission speed at which the ultrasound image data is
transmitted to the ultrasound image providing apparatus
200. A transmission speed of the ultrasound image data
may be determined based on at least one selected from
among the amount of data and a frame rate of one of a
plurality of frames that constitute the ultrasound image,
namely, the number of frames which are transmitted per
unit time. Alternatively, the transmission speed of the ul-
trasound image data may denote the amount of data
which is transmitted per unit time.

[0071] As described above, the ultrasound probe 100,
according to various exemplary embodiments, may
change at least one selected from among the quality of
the ultrasound image data, the transmission speed of the
ultrasound image data, and a communication scheme
which is used for transmitting ultrasound image data. For
example, the ultrasound probe 100 may change at least
one selected from among the quality of the ultrasound
image data, the transmission speed of the ultrasound
image data, and a communication scheme depending on
a state of a communication channel. Alternatively, the
ultrasound probe 100 may change at least one selected
from among the quality of the ultrasound image data, the
transmission speed of the ultrasound image data, and a
communication scheme, based on a user input. Alterna-
tively, the ultrasound probe 100 may change at least one
selected from among the quality of the ultrasound image
data, the transmission speed of the ultrasound image
data, and a communication scheme based on a charac-
teristic of the ultrasound image providing apparatus 200
which is wirelessly connected to the ultrasound probe
100.

[0072] Hereinafter, a method of changing, by the ultra-
sound probe 100 according to various exemplary em-
bodiments, at least one selected from among the quality
of the ultrasound image data, the transmission speed of
the ultrasoundimage data, and a communication scheme
depending on a state of a communication channel will be
described in detail.

[0073] As illustrated in FIG. 1, when the ultrasound
probe 10 is connected by wire to the ultrasound image
providing apparatus 20, a constant data transmission
speed is maintained between the ultrasound probe 10
and the ultrasound image providing apparatus 20. There-
fore, a constant frame rate and a constant quality of an
image are maintained in transmitting ultrasound image
data from the ultrasound probe 10 to the ultrasound im-
age providing apparatus 20.

[0074] However, as illustrated in FIG. 2, when the ul-
trasound probe 100 is wirelessly connected to the ultra-
sound image providing apparatus 200, a communication



15 EP 3 620 113 A1 16

channel characteristic between the ultrasound image
providing apparatus 200 and the ultrasound probe 100
may be changed by an ambient environment. In partic-
ular, a data transmission speed between the ultrasound
probe 100 and the ultrasound image providing apparatus
200 may be changed due to a change in a bandwidth of
acommunication channel via which the ultrasound probe
100 is connected to the ultrasound image providing ap-
paratus 200. Therefore, it may be difficult to maintain a
constant frame rate and a constant quality of an image
when the ultrasound probe 100 wirelessly transmits ul-
trasound image data to the ultrasound image providing
apparatus 200.

[0075] To solve the technical problem described
above, one or more exemplary embodiments provide an
ultrasound probe and an operating method thereof, which
adaptively transmits ultrasound image data depending
on a state of a communication channel. Hereinafter, a
detailed method of operating the ultrasound probe 100
according to an exemplary embodiment will be described
in detail with reference to FIG. 3.

[0076] FIG. 3 is a flowchart for describing a method of
operating an ultrasound probe, according to an exem-
plary embodiment.

[0077] In operation S310, the ultrasound probe 100,
according to an exemplary embodiment, may acquire
bandwidth information of a communication channel. The
ultrasound probe 100 may be wirelessly connected to
the ultrasound image providing apparatus 200 via the
communication channel.

[0078] The communication channel is a communica-
tion path for a radio wave, and denotes a frequency band
which has previously been allocated for radio wave com-
munication. The ultrasound probe 100 may transmit or
receive data to or from the ultrasound image providing
apparatus 200 via a certain communication channel. A
data transmission rate between the ultrasound probe 100
and the ultrasound image providing apparatus 200 is pro-
portional to a frequency range of a signal which is used
for data transmission. Here, the frequency range of the
signal used for data transmission is referred to as a band-
width of a communication channel.

[0079] The ultrasound probe 100 may be controlled by
a control signal received from the ultrasound image pro-
viding apparatus 200 which is connected to the ultra-
sound probe 100. The ultrasound probe 100 is connect-
able to a plurality of ultrasound image providing appara-
tuses, but may be temporarily dependent on the ultra-
sound image providing apparatus 200 according to a us-
er's motion. Alternatively, the ultrasound probe 100 may
be connected to a plurality of ultrasound image providing
apparatuses including the ultrasound image providing
apparatus 200 via different respective communication
channels.

[0080] Theuser'smotionmay include anoperation that
contacts the ultrasound probe 100 or places it in close
proximity to a diagnostic apparatus 200, selects an ultra-
sound image providing apparatus, which is to be con-
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nected to the ultrasound probe 100, by using the ultra-
sound probe 100, and/or selects a connection with the
ultrasound probe 100 by using the ultrasound image pro-
viding apparatus 200.

[0081] That the ultrasound probe 100 is temporarily
dependent on the ultrasound image providing apparatus
200 may denote that the ultrasound probe 100 is wire-
lessly connected to the ultrasound image providing ap-
paratus 200, and data is transmittable or receivable. The
ultrasound probe 100 being wirelessly connected to the
ultrasound image providing apparatus 200 may denote
that the ultrasound probe 100 is paired with the ultra-
sound image providing apparatus 200, and thus, a ses-
sion is established.

[0082] The session may denote a logical connection
for communication between the ultrasound image pro-
viding apparatus 200 and the ultrasound probe 100. An
operation in which the ultrasound image providing appa-
ratus 200 and the ultrasound probe 100 recognize each
other by exchanging a message may be performed for
establishing the session.

[0083] In order to establish a session with the ultra-
sound image providing apparatus 200, the ultrasound
probe 100 may transmit a session establishment request
signal to the ultrasound image providing apparatus 200,
and receive a session establishment check signal from
the ultrasound image providing apparatus 200.

[0084] The ultrasound probe 100 may acquire band-
width information of the communication channel from the
ultrasound image providing apparatus 200.

[0085] The ultrasound probe 100 may acquire the
bandwidth information of the communication channel
during the session which is established between the ul-
trasound image providing apparatus 200 and the ultra-
sound probe 100. The ultrasound probe 100 may acquire
information about the bandwidth of the communication
channel in an operation of exchanging a message, used
to establish the session, with the ultrasound image pro-
viding apparatus 200. For example, the ultrasound probe
100 may extract bandwidth information from the session
establishment check signal received from the ultrasound
image providing apparatus 200. Alternatively, the ultra-
sound probe 100 establishes the session with the ultra-
sound image providing apparatus 200, and then, after a
certain time elapses or at certain time intervals, the ul-
trasound probe 100 may acquire the information about
the bandwidth of the communication channel.

[0086] The information about the bandwidth of the
communication channel, for example, may be a band-
width value itself of the communication channel, or may
include any of information about an operation state of the
ultrasound probe 100, information about an operation
state of the ultrasound image providing apparatus 200,
and a test packet for measuring a bandwidth. The ultra-
sound probe 100 may receive the test packet from the
ultrasound image providing apparatus 200, and analyze
the test packet, thereby acquiring the bandwidth infor-
mation of the communication channel.
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[0087] Alternatively, the information about the band-
width of the communication channel may include at least
one parameter value, associated with a quality of an ul-
trasound image, which is determined by the ultrasound
image providing apparatus 200 on the basis of the band-
width of the communication channel, and a transmission
speed of a frame constituting the ultrasound image. The
ultrasound image providing apparatus 200 may transmit
the information about the bandwidth of the communica-
tion channel to the ultrasound probe 100 by using a sep-
arate communication channel which differs from a com-
munication channel using the 60 GHz frequency band.
[0088] In operation S320, the ultrasound probe 100
may determine at least one selected from among at least
one parameter value associated with a quality of an ul-
trasound image and a transmission speed of a frame
constituting the ultrasound image, based on the band-
width information.

[0089] The ultrasound probe 100 may determine the
bandwidth of the communication channel, based on the
bandwidth information which is acquired in operation
S310.

[0090] Forexample, the ultrasound probe 100 may re-
ceive test data from the ultrasound image providing ap-
paratus 200, and divide (i.e., proportionately reduce) a
size of the test data by a time, taken until transmission
of the test data is completed, in order to calculate a size
of data transmitted per unit time. The ultrasound probe
100 may determine the bandwidth of the communication
channel, based on the size of the data transmitted per
unit time.

[0091] As another example, the ultrasound image pro-
viding apparatus 200 may detect a bandwidth value of
the communication channel, and transmit the detected
bandwidth value to the ultrasound probe 100. The ultra-
sound probe 100 may extract the bandwidth value of the
communication channel from the bandwidth information
received from the ultrasound image providing apparatus
200.

[0092] The ultrasound probe 100, according to an ex-
emplary embodiment, may determine at least one select-
ed from the at least one parameter value associated with
the ultrasound image quality and the transmission speed
of the frame constituting the ultrasound image, based on
the bandwidth information. For example, the ultrasound
probe 100 may determine the at least one parameter
value associated with the ultrasound image quality,
based on the bandwidth information and determine the
transmission speed, based on a predetermined default
value or a user input. Alternatively, the ultrasound probe
100 may determine the transmission speed of the frame
constituting the ultrasound image, based on the band-
width information, and determine the at least one param-
eter value associated with the ultrasound image quality,
based on the predetermined default value or the user
input.

[0093] For example, the at least one parameter value
associated with the quality of the ultrasound image may
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include at least one selected from among the number of
scan lines constituting the frame of the ultrasound image,
the number of sampling points which are set on a scan
line, and the number of bits which are generated by quan-
tizing data which is acquired with respect to a sampling
point.

[0094] The frame constituting the ultrasound image
may correspond to one of a plurality of stillimages which
constitutes a real-time ultrasound image. The transmis-
sion speed of the frame constituting the ultrasound image
may correspond to the number of frames transmitted per
unit time.

[0095] Forexample, the ultrasound probe 100 accord-
ing an exemplary embodiment may compare a reference
bandwidth with the bandwidth of the communication
channel between the ultrasound probe 100 and the ul-
trasound image providing apparatus 200, and determine
at least one selected from among the at least one pa-
rameter value associated with the quality of the ultra-
sound image and the transmission speed of the frame
constituting the ultrasound image, based on a result of
the comparison. The reference bandwidth may be a pre-
determined value or a value which is set by a user. Al-
ternatively, the ultrasound probe 100 may determine a
previously measured bandwidth as the reference band-
width, and whenever a bandwidth is changed, the ultra-
sound probe 100 may determine at least one of the at
least one parameter value associated with the quality of
the ultrasound image and the transmission speed of the
frame constituting the ultrasound image.

[0096] For example, when the bandwidth of the com-
munication channel becomes narrower than the refer-
ence bandwidth, the ultrasound probe 100 may lower the
transmission speed of the frame, based on a reduction
amount (i.e., an amount of the narrowing) of the band-
width.

[0097] As another example, when the bandwidth of the
communication channel is narrowed, the ultrasound
probe 100 may decrease at least one selected from the
number of scan lines constituting the frame of the ultra-
sound image, the number of sampling points which are
set on a scan line, and the number of bits which are gen-
erated by quantizing data which is acquired with respect
to a sampling point, based on a reduction amount of the
bandwidth.

[0098] The ultrasound probe 100 may predetermine
and store at least one parameter value associated with
ultrasound image quality and a transmission speed of a
frame constituting an ultrasound image, based on the
bandwidth of the communication channel. The ultra-
sound probe 100 may map an experimentally optimized
parameter value and a transmission speed of a frame to
each of a plurality of bandwidths, and store the mapped
parameter value and transmission speed. The ultra-
sound probe 100 may measure the bandwidth of the com-
munication channel, search for pre-stored data on the
basis of the measured bandwidth of the communication
channel, and determine at least one parameter value and
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a transmission speed of a frame constituting an ultra-
sound image, which are searched from the data, as a
parameter and a transmission speed which are suitable
for the measured bandwidth of the communication chan-
nel.

[0099] Moreover, the ultrasound probe 100 according
to an exemplary embodiment may determine whether to
change a quality of an ultrasound image or whether to
change a transmission speed of a frame, based on a
bandwidth change of the communication channel. Which
of the quality of the ultrasound image and the transmis-
sion speed of the frame is more important may be se-
lected according to an application, or may be selected
by a user.

[0100] For example, when the ultrasound probe 100
operates in an image mode (for example, a brightness
(B) mode) in a situation in which a quality of an ultrasound
image is important for a diagnosis of a disease, the ul-
trasound probe 100 maintains the quality of the ultra-
sound image despite a change in the bandwidth of the
communication channel. Therefore, when the ultrasound
probe 100 operates in the image mode where a quality
ofan ultrasound image is important, the ultrasound probe
100 maintains the quality of the ultrasound image by
changing only a transmission speed of a frame, based
on the change in the bandwidth of the communication
channel.

[0101] Conversely, when the ultrasound probe 100 op-
erates in an image mode (for example, a Doppler mode
or an elastic mode) in a situation in which it is more im-
portant to maintain a transmission speed of a frame, in-
stead of maintaining the quality of an ultrasound image,
for a diagnosis of a disease, the ultrasound probe 100
maintains a constant frame transmission speed despite
achange inthe bandwidth of the communication channel.
Therefore, the ultrasound probe 100 maintains the trans-
mission speed of the frame by changing only a parameter
value associated with the quality of the ultrasound image,
based on the change in the bandwidth of the communi-
cation channel.

[0102] The ultrasound probe 100, according to an ex-
emplary embodiment, may determine which of a quality
of an ultrasound image and a transmission speed of a
frame is more important, based on an application used
by the ultrasound probe 100.

[0103] The application may include all application soft-
ware which is used for the ultrasound probe 100 in order
to acquire ultrasound image data, and is used for the
ultrasound image providing apparatus 200 in order to
process the ultrasound image data.

[0104] Forexample, the ultrasound probe 100 may use
different applications, based on a diagnosed part from
which ultrasound image data is acquired or a diagnosis
division which uses the acquired ultrasound image data.
For example, the diagnosis division may include any of
obstetrics (OB), gynecology (GYN), pediatrics (PD),
chest surgery (CS), radiology (RD), neurosurgery (NS),
and abdomen.
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[0105] Alternatively, the ultrasound probe 100 may use
different applications, based on a mode of an ultrasound
image which is to be generated from ultrasound image
data. For example, the mode of the ultrasound image
may include any of an amplitude (A) mode, a B mode, a
motion (M) mode, and a Doppler mode.

[0106] The ultrasound probe 100 may automatically or
manually select a certain application from among a plu-
rality of applications, based on one selected from a di-
agnosis division, a diagnosed part, and an image mode,
and may use the selected application.

[0107] The ultrasound probe 100 may determine which
of a quality of an ultrasound image and a transmission
speed of a frame is more important, based on the select-
ed application.

[0108] The ultrasound probe 100 may map one of first
and second modes to each of a plurality of applications,
and store the mapped mode. In particular, the first mode
may be a mode in which a transmission speed of a frame
is relatively more important, and the second mode may
be a mode in which a quality of an ultrasound image is
relatively more important.

[0109] The ultrasound probe 100 may select a mode
which is stored to be mapped to a corresponding appli-
cation, based on an application used by the ultrasound
probe 100.

[0110] The ultrasound probe 100 may select one mode
from among the first and second modes, based on the
application used by the ultrasound probe 100. When the
first mode is selected, the ultrasound probe 100 may ad-
justatleastone parameter value associated with a quality
of an ultrasound image, based on a change in the band-
width of the communication channel. When the second
mode is selected, the ultrasound probe 100 may adjust
a transmission speed of a frame, based on the change
in the bandwidth of the communication channel.

[0111] For example, when the ultrasound probe 100
uses an application in a circumstance in which it is more
important to maintain a transmission speed of a frame,
instead of maintaining the quality of an ultrasound image,
for a diagnosis of a disease (for example, when an ap-
plication for scanning a heartimage having a lot of move-
ments is used), the ultrasound probe 100 maintains a
constantframe transmission speed by adjusting the qual-
ity of the ultrasound image, based on a change in the
bandwidth of the communication channel.

[0112] Alternatively, when the ultrasound probe 100
uses an application in a circumstance in which it is more
important to maintain a quality of an ultrasound image,
instead of maintaining the transmission speed of a frame,
for a diagnosis of a disease (for example, when an ap-
plication for scanning an abdomen image having few
movements is used), the ultrasound probe 100 maintains
the quality of the ultrasound image by adjusting the trans-
mission speed of the frame, based on the change in the
bandwidth of the communication channel.

[0113] Alternatively, the ultrasound probe 100 may de-
termine which of a quality of an ultrasound image and a
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transmission speed of a frame is more important, based
on a user input.

[0114] The ultrasound probe 100 may receive a user
input about which of the first and second modes the ul-
trasound probe 100 operates in. The ultrasound probe
100 may select one mode from among the first and sec-
ond modes, based on the user input.

[0115] Whenthe firstmode is selected based on a user
input (i.e., when a transmission speed of a frame is im-
portant), the ultrasound probe 100 may adjust at least
one parameter value associated with a quality of an ul-
trasound image, based on a change in the bandwidth of
the communication channel. When the second mode is
selected based on a user input (i.e., when a quality of an
ultrasound image is important), the ultrasound probe 100
may adjust a transmission speed of a frame, based on
the change in the bandwidth of the communication chan-
nel.

[0116] However, an operation of the ultrasound probe
100 is not limited to the first and second modes. When
the bandwidth of the communication channel is changed,
the ultrasound probe 100 may adjust at least one of at
least one parameter value associated with a quality of
an ultrasound image and a transmission speed of a frame
constituting the ultrasound image, based on an applica-
tion or a user input.

[0117] The ultrasound image providing apparatus 200
may detect a bandwidth value of the communication
channel, and determine at least one parameter value as-
sociated with a quality of an ultrasound image and a
transmission speed of a frame constituting the ultrasound
image, based on the bandwidth value.

[0118] The ultrasound image providing apparatus 200
may transmit a control signal, including at least one pa-
rameter value associated with a quality of an ultrasound
image and a transmission speed of a frame constituting
the ultrasound image, to the ultrasound probe 100. The
ultrasound image providing apparatus 200 may transmit
a control signal to the ultrasound probe 100 by using a
separate communication channel which differs from the
communication channel using the 60 GHz frequency
band.

[0119] The ultrasound probe 100 may determine at
least one parameter value associated with a quality of
an ultrasound image and a transmission speed of a frame
constituting the ultrasound image, based on the control
signal received from the ultrasound image providing ap-
paratus 200.

[0120] In operation S330, the ultrasound probe 100
may generate ultrasound image data about an object,
based on the at least one parameter value associated
with the ultrasound image quality.

[0121] The ultrasound probe 100 may include an ultra-
sound transmission/reception unit (also referred to here-
in as an "ultrasound transceiver") 110, which transmits
an ultrasound signal toward an object and receives an
echo signal, and a signal processing unit (also referred
to herein as a "signal processor") 120 that processes the
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echo signal. The signal processing unit 120 may gener-
ate ultrasound image data by using the echo signal. The
ultrasound probe 100 according to an exemplary embod-
iment may control at least one of the ultrasound trans-
mission/reception unit 110 and the control unit 120,
based on the at least one parameter value associated
with ultrasound image quality.

[0122] The ultrasound probe 100 may generate ultra-
sound image data about the object, based on the param-
eter value which is determined in operation S320. Alter-
natively, the ultrasound probe 100 may generate ultra-
sound image data about the object, based on the param-
eter value which is predetermined based on a default
value or a user input.

[0123] FIG. 4 is a diagram for describing at least one
parameter associated with a quality of an ultrasound im-
age, according to an exemplary embodiment.

[0124] As illustrated in FIG. 4, the ultrasound probe
100 may sequentially transmit an ultrasound signal to a
plurality of scan lines 421, 422, 423, ... 424 which are set
in an object 5, and acquire ultrasound image data about
each of the scan lines 421, 422, 423, ... 424, based on
an echo signal which is received in response to the trans-
mitted ultrasound signal. At this time, the ultrasound
probe 100 may acquire data about a plurality of sampling
points, which are set on a scan line, from the echo signal,
and combine the data about the plurality of sampling
points to generate ultrasound image data. For example,
as illustrated in FIG. 4, the ultrasound probe 100 may
acquire data about a plurality of sampling points 431-1,
431-2,431-3, ... 431-4 which are set on a scan line 421,
and combine the data about the plurality of sampling
points 431-1, 431-2, 431-3, ... 431-4 to generate ultra-
sound image data.

[0125] The ultrasound probe 100 may adjust at least
one selected from among the number of scan lines con-
stituting one frame of an ultrasound image, the number
of sampling points which are set on the scan lines, and
the number of bits which are generated by quantizing
data acquired from the sampling points. The ultrasound
probe 100 may adjust the total amount of the generated
ultrasound image data by adjusting the at least one pa-
rameter value associated with ultrasound image quality.
[0126] Moreover, the ultrasound probe 100 may per-
form additional signal processing on the ultrasound im-
age data, thereby increasing or decreasing the amount
of the ultrasound image data.

[0127] Forexample, the ultrasound probe 100 may ad-
just at least one selected from among the number of scan
lines constituting a frame of an ultrasound image, the
number of sampling points which are set on a scan line,
and the number of bits which are generated by quantizing
data which is acquired with respect to a sampling point,
based on a change in a bandwidth. The ultrasound probe
100 may adjust at least one parameter value associated
with a quality of an ultrasound image in order to adjust a
total amount of generated ultrasound image data.
[0128] Moreover, the ultrasound probe 100 according
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to an exemplary embodiment may perform additional sig-
nal processing on ultrasound image data on the basis of
the bandwidth of the communication channel in order to
increase or decrease an amount of the ultrasound image
data.

[0129] Inoperation S340, the ultrasound probe 100 ac-
cording to an exemplary embodiment may transmit the
ultrasound image data to the ultrasound image providing
apparatus 200 at the determined transmission speed.
[0130] The ultrasound image data generated by the
ultrasound probe 100 may be used to display an ultra-
sound image by using the ultrasound image providing
apparatus 200.

[0131] The ultrasound probe 100 may transmit the ul-
trasound image data to the ultrasound image providing
apparatus 200 at a predetermined transmission speed.
For example, the ultrasound probe 100 may transmit the
ultrasound image data to the ultrasound image providing
apparatus 200 at the transmission speed which is deter-
mined in operation S320. Alternatively, the ultrasound
probe 100 may generate the ultrasound image data about
the object, based on the parameter value which is deter-
mined in operation S320. Alternatively, the ultrasound
probe 100 may generate ultrasound image data about
the object, based on the parameter value which is pre-
determined based on the default value or the user input.
[0132] The ultrasound probe 100 may adjust a trans-
mission speed of a frame constituting an ultrasound im-
age, based on a change in a bandwidth. When the band-
width of the communication channel is narrowed, the ul-
trasound probe 100 may lower the transmission speed
of the frame constituting the ultrasound image, thereby
maintaining the quality of the ultrasound image.

[0133] In order to lower a transmission speed of a
frame, the ultrasound probe 100 may divide (i.e., reduce
an amount of) and transmit data for each frame which is
included in ultrasound image data. For example, the ul-
trasound probe 100 may first transmit data that corre-
sponds to even-numbered scan lines from among a plu-
rality of scan lines constituting a frame of an ultrasound
image, and may subsequently transmit data about odd-
numbered scan lines, thereby lowering the transmission
speed of the frame by half (1/2, i.e., 50%). However, the
exemplary embodiments are not limited thereto, and the
ultrasound probe 100 may divide and transmit data for
each frame included in ultrasound image data by using
any of various schemes.

[0134] The ultrasound probe 100 may transmit infor-
mation about at least one selected from the at least one
parameter value and the transmission speed of the
frame, which are determined in operation S320, to the
ultrasound image providing apparatus 200 in conjunction
with the ultrasound image data. Information transmitted
to the ultrasound image providing apparatus 200 may be
used for the ultrasound image providing apparatus 200
in order to generate an ultrasound image from the ultra-
sound image data.

[0135] The ultrasound probe 100 according to an ex-

10

15

20

25

30

35

40

45

50

55

13

emplary embodiment may be connected to a plurality of
ultrasound image providing apparatuses via different
communication channels. In this case, the ultrasound
probe 100 may generate a plurality of transmission
streams by processing the ultrasound image data, based
on respective characteristics of the plurality of ultrasound
image providing apparatuses.

[0136] The ultrasound probe 100 may acquire informa-
tion about a characteristic of the ultrasound image pro-
viding apparatus 200 connected to the ultrasound probe
100.

[0137] The information about the characteristic of the
ultrasound image providing apparatus 200 may include
at least one selected from among the kind of data which
can be processed by the ultrasound image providing ap-
paratus 200, a wireless communication scheme can be
used by the ultrasound image providing apparatus 200,
a bandwidth available to the ultrasound image providing
apparatus 200, a transmission speed based on a com-
munication channel between the ultrasound image pro-
viding apparatus 200 and the ultrasound probe 100, the
kind of the communication channel, a version of the ul-
trasound image providing apparatus 200, a specification
of the ultrasound image providing apparatus 200, and an
identifier of the ultrasound image providing apparatus
200, but is not limited thereto. The information about the
characteristic of the ultrasound image providing appara-
tus 200 may include, for example, function information
of the ultrasound image providing apparatus 200, such
as a quality of an ultrasound image capable of being dis-
played by the ultrasound image providing apparatus 200.
[0138] The ultrasound probe 100 may acquire the in-
formation about the characteristic of the ultrasound im-
age providing apparatus 200 during a session which is
established between the ultrasound image providing ap-
paratus 200 and the ultrasound probe 100. The ultra-
sound probe 100 may acquire information about the ul-
trasound image providing apparatus 200 while the ultra-
sound probe 100 is exchanging a message, whichis used
to establish the session, with the ultrasound image pro-
viding apparatus 200.

[0139] The ultrasound probe 100, according to an ex-
emplary embodiment, may acquire respective character-
istics of a plurality of ultrasound image providing appa-
ratuses and generate a corresponding plurality of trans-
mission streams by processing the ultrasound image da-
ta, based on the acquired characteristics.

[0140] The ultrasound probe 100 according to an ex-
emplary embodiment may perform additional signal
processing on the ultrasound image data, based on the
characteristics of the plurality of ultrasound image pro-
viding apparatuses, thereby increasing or decreasing the
amount of the ultrasound image data.

[0141] The ultrasound probe 100 may generate the
plurality of transmission streams by processing the ultra-
sound image data so that ultrasound images generated
from the plurality of ultrasound streams have different
respective resolutions, based on corresponding charac-
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teristics of communication channels via which a plurality
of ultrasound image providing apparatuses are connect-
ed to the ultrasound probe 100.

[0142] The ultrasound probe 100 according to an ex-
emplary embodiment may transmit each of the plurality
of transmission streams to the plurality of ultrasound im-
age providing apparatuses via a corresponding one of
the communication channels. The ultrasound probe 100
may transmit pieces of ultrasound image data, having
different image qualities, to the plurality of ultrasound im-
age providing apparatuses which are connected to the
ultrasound probe 100 through different respective com-
munication channels (i.e., by using different wireless
communication schemes).

[0143] Details which will be described below with ref-
erence to FIG. 24 may be applied to a detailed method
of transmitting, the ultrasound probe 100, a plurality of
transmission streams to respective ones of a plurality of
ultrasound image providing apparatuses. Repetitive de-
scriptions will be omitted.

[0144] As described above, when an amount of data
capable of being transmitted per unit time is reduced be-
cause a characteristic of the communication channel is
degraded (i.e., when a bandwidth is reduced), the ultra-
sound probe 100 according to an exemplary embodiment
may reduce at least one parameter value associated with
a quality of the ultrasound image, or lower a transmission
speed of a frame constituting the ultrasound image.
[0145] When a transmission speed of a frame received
from the ultrasound probe 100 is lowered or a quality of
an ultrasound image generated from received ultrasound
image data is degraded, the ultrasound image providing
apparatus 200 may perform additional processing on the
received ultrasound image data. The ultrasound image
providing apparatus 200 may perform the additional
processing, thereby preventing a quality of an ultrasound
image, provided to a user, from being degraded. For ex-
ample, the ultrasound image providing apparatus 200
may perform additional processing, such as any of a
frame averaging operation, a frame interlacing operation,
and an interpolation operation.

[0146] FIG. 5 is a signal flowchart for describing an
operation of transmitting ultrasound image data, which
is generated based on a bandwidth of a communication
channel, from an ultrasound probe to an ultrasound im-
age providing apparatus, according to an exemplary em-
bodiment.

[0147] Inoperation S510, the ultrasound probe 100 ac-
cording to an exemplary embodiment may transmit a ses-
sion establishment request signal to the ultrasound im-
age providing apparatus 200, for establishing a session
with the ultrasound image providing apparatus 200. The
ultrasound image providing apparatus 200 receiving the
session establishment request signal may respond to the
ultrasound probe 100 that the session establishment re-
quest signal has been received. In operation S520, the
ultrasound probe 100 may receive a session establish-
ment check signal from the ultrasound image providing
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apparatus 200.

[0148] The ultrasound image providing apparatus 200,
which has checked the session establishment request
signal from the ultrasound probe 100, may transmit the
session establishment check signal and test packets to
the ultrasound probe 100 in operation S530.

[0149] In operation S540, the ultrasound probe 100
may measure the bandwidth of the communication chan-
nel between the ultrasound image providing apparatus
200 and the ultrasound probe 100 in response to the test
packets. For example, sizes of the test packets transmit-
ted from the ultrasound image providing apparatus 200
may be previously set to the same size, and moreover,
a transmission interval of the test packets may be previ-
ously set. The ultrasound probe 100 receiving the test
packets may divide a data size of a test packet by the
transmission interval of the test packets in order to meas-
ure a bandwidth.

[0150] In operation S550, the ultrasound probe 100
may generate ultrasound image data, based on the
measured bandwidth. In operation S560, the ultrasound
probe 100 may transmit the generated ultrasound image
data to the ultrasound image providing apparatus 200.
At this time, in operation S570, the ultrasound probe 100
may transmit additional information together with the ul-
trasound image data. The additional information may in-
clude information which is usable by the ultrasound im-
age providing apparatus 200 to generate an ultrasound
image from the ultrasound image data. For example, the
additional information may include a parameter value as-
sociated with a quality of an ultrasound image, which is
determined based on the bandwidth measured by ultra-
sound probe 100, or a transmission speed of a frame
constituting the ultrasound image.

[0151] In operation S580, the ultrasound image pro-
viding apparatus 200 may process the ultrasound image
dataonthe basis of the additional information to generate
an ultrasound image. The ultrasound image providing
apparatus 200 may perform additional processing on the
ultrasound image data on the basis of the additional in-
formation to generate the ultrasound image. However,
the ultrasound image providing apparatus 200 according
to an exemplary embodiment is not limited to that the
ultrasound image data is processed based on the re-
ceived additional information. The ultrasound image pro-
viding apparatus 200 may actively sense a change in the
bandwidth of the communication channel without receiv-
ing separate information from the ultrasound probe 100,
and may perform additional processing on the ultrasound
data, thereby preventing a quality of the ultrasound image
from being degraded.

[0152] The ultrasound image data received from the
ultrasound probe 100 may be data in which an amount
of data is reduced based on the bandwidth of the com-
munication channel. In this aspect, when the bandwidth
of the communication channel is narrowed and thus a
datarate is reduced, the ultrasound probe 100 may trans-
mit ultrasound image data in which a quality of an image
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is degraded, for maintaining a transmission speed of a
frame. The ultrasound image providing apparatus 200
may determine and perform additional processing for en-
hancing a quality of the received ultrasound image data,
based on the additional information. Alternatively, when
ultrasound image data in which a transmission speed of
aframe is lowered is received, the ultrasound image pro-
viding apparatus 200 may perform additional processing
on the ultrasound image data so that a disconnection
between frames constituting an ultrasound image does
not occur.

[0153] In operation S590, the ultrasound image pro-
viding apparatus 200 may display the generated ultra-
sound image.

[0154] As described above, the ultrasound probe 100
according to an exemplary embodiment may adjust at
least one selected from among a quality of ultrasound
image data and a transmission speed of the ultrasound
image data, based on a state of a communication chan-
nel. The ultrasound probe 100 according to an exemplary
embodiment may change a transmission speed of a
frame, or may change a parameter value associated with
the ultrasound image quality, based on a change in a
bandwidth of the communication channel. Therefore,
even when the state of the communication channel is
deteriorated (i.e., when the bandwidth of the communi-
cation channel becomes narrower than areference band-
width), the ultrasound probe 100 according to an exem-
plary embodiment may maintain the transmission speed
of the frame or the ultrasound image quality.

[0155] The ultrasound probe 100 according to an ex-
emplary embodiment may change a communication
scheme, which is used to transmit ultrasound image data
to the ultrasound image providing apparatus 200, based
on a state of a communication channel.

[0156] FIG. 6 is a flowchart for describing a method of
operating an ultrasound probe which determines a com-
munication scheme with the ultrasound image providing
apparatus 200 based on bandwidth information, accord-
ing to an exemplary embodiment.

[0157] In operation S610, the ultrasound probe 100,
according to an exemplary embodiment, may acquire
bandwidth information of a communication channel.
[0158] The ultrasound probe 100 may be wirelessly
connected to the ultrasound image providing apparatus
200 by using any of a plurality of wireless communication
schemes (for example, wireless Gigabit (WiGig), wire-
less LAN, Wi-Fi, Bluetooth, Zigbee, Wi-Fi direct (WFD),
ultra wideband (UWB), infrared data association (IrDA),
Bluetooth low energy (BLE), near field communication
(NFC), etc.) using various communication channels.
[0159] The ultrasound probe 100, according to an ex-
emplary embodiment, may be wirelessly connected to
the ultrasound image providing apparatus 200 by using
a first communication scheme of the plurality of wireless
communication schemes. The ultrasound probe 100 may
use the first communication scheme which is predeter-
mined as a default value or is determined based on a
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user input. The ultrasound probe 100 may acquire band-
width information that defines a transmission speed of
ultrasound image data using the first communication
scheme. Operation S610 of FIG. 6 corresponds to oper-
ation S310 of FIG. 3, and thus, repetitive descriptions are
omitted.

[0160] In operation S620, the ultrasound probe 100,
according to an exemplary embodiment, may determine
a second communication scheme of the plurality of wire-
less communication schemes, based on the bandwidth
information. The ultrasound probe 100 may select one
communication scheme from among the plurality of wire-
less communication schemes used to transmit ultra-
sound image data to the ultrasound image providing ap-
paratus 200, based on the bandwidth information.
[0161] For example, when the transmission speed of
the ultrasound image data using the first communication
scheme becomes lower than a threshold speed, the ul-
trasound probe 100 may select the second communica-
tion scheme from among the plurality of wireless com-
munication schemes. The ultrasound probe 100 may be
wirelessly connected to the ultrasound image providing
apparatus 200 by using the second communication
scheme.

[0162] The ultrasound probe 100 may select the sec-
ond communication scheme based on priorities allocated
to the plurality of wireless communication schemes, or
may select the second communication scheme based on
bandwidth information of a communication channel used
by each of the plurality of wireless communication
schemes.

[0163] Inoperation S630, the ultrasound probe 100 ac-
cording to an exemplary embodiment may transmit the
ultrasound image data to the ultrasound image providing
apparatus 200 by using the second communication
scheme. The ultrasound image data generated by the
ultrasound probe 100 may be used for the ultrasound
image providing apparatus 200 to display an ultrasound
image.

[0164] As described above, the ultrasound probe 100
according to an exemplary embodiment may change a
communication scheme by which ultrasound image data
is transmitted, based on a change in a bandwidth. There-
fore, when a communication state of a currently used
communication scheme is deteriorated (i.e., when a
bandwidth of a communication channel used by the com-
munication scheme is narrowed), the ultrasound probe
100 maintains the smooth transmission of the ultrasound
image data by changing the communication scheme.
[0165] FIGS. 7 and 8 are flowcharts for describing a
method of operating an ultrasound probe which transmits
ultrasound image data in a communication scheme de-
termined based on bandwidth information, according to
an exemplary embodiment.

[0166] For example, as illustrated in FIG. 7, the ultra-
sound probe 100 may transmit an ultrasound signal to-
ward an object and receive an echo signal to generate
ultrasound image data which includes frames consisting



29 EP 3 620 113 A1 30

of 512 scanlines. The ultrasound probe 100 may transmit
the ultrasound image data to the ultrasound image pro-
viding apparatus 200 at a transmission speed, e.g., a
speed at which 60 frames are transmitted per one sec-
ond, by using WiGig.

[0167] As illustrated in FIG. 8, when a bandwidth of a
communication channel between the ultrasound probe
100 and the ultrasound image providing apparatus 200
is reduced by 1/2 (50%), the ultrasound probe 100 ac-
cording to an exemplary embodiment may change at
least one selected from among a quality of ultrasound
image data, a transmission speed of the ultrasound im-
age data, and a communication scheme based on a state
of the communication channel.

[0168] First, as in an image 810, when the bandwidth
of the communication channel is reduced by 1/2, the ul-
trasound probe 100 may change a parameter value as-
sociated with the quality of the ultrasound image data.
For example, when the bandwidth of the communication
channel is reduced by 1/2, the ultrasound probe 100 may
reduce, by 256, the number of scan lines constituting
each of frames of the ultrasound image data and may
not change the transmission speed of the ultrasound im-
age data or the communication scheme. Therefore, the
ultrasound probe 100 maintains a constant frame trans-
mission speed despite a change in the bandwidth of the
communication channel.

[0169] The ultrasound probe 100 may operate in an
image mode for which the quality of the ultrasound image
data being maintained is more important than a trans-
mission speed of a frame of the ultrasound image data
being maintained. In this case, as in an image 820, when
the bandwidth of the communication channel is reduced
by 1/2, the ultrasound probe 100 may change the trans-
mission speed of the frame of the ultrasound image data.
For example, when the bandwidth of the communication
channel is reduced by 1/2, the ultrasound probe 100 may
reduce the transmission speed of the frame by 30
frames/second and may not change a parameter asso-
ciated with the quality of the ultrasound image data or
the communication scheme. Therefore, the ultrasound
probe 100 maintains the constant quality of the ultra-
sound image data despite the change in the bandwidth
of the communication channel.

[0170] Moreover, as in an image 830, when the band-
width of the communication channel is reduced by 1/2,
the ultrasound probe 100 may change a wireless com-
munication scheme which is used for transmitting the ul-
trasound image data. For example, when the bandwidth
ofthe communication channelis reduced by 1/2, by using
Wi-Fi instead of WiGig, the ultrasound probe 100 may
not change the parameter associated with the quality of
the ultrasound image data or the transmission speed of
the ultrasound image data. Therefore, the ultrasound
probe 100 maintains the smooth transmission of the ul-
trasound image data despite the change in the bandwidth
of the communication channel.

[0171] The ultrasound probe 100, according to another

10

15

20

25

30

35

40

45

50

55

16

exemplary embodiment, may change at least one select-
ed from among the quality of the ultrasound image data,
the transmission speed of the ultrasound image data,
and the communication scheme, based on a user input.
Hereinafter, a method of operating the ultrasound probe
100 according to another exemplary embodiment will be
described in detail with reference to FIGS. 9 to 23.
[0172] FIG. 9is a flowchart for describing a method of
operating an ultrasound probe which generates and
transmits ultrasound image data based on a user input,
according to another exemplary embodiment.

[0173] Inoperation S910, the ultrasound probe 100 ac-
cording to another exemplary embodiment may deter-
mine at least one parameter value associated with ultra-
sound image quality, based on a user input.

[0174] For example, the user input for determining the
at least one parameter value associated with the ultra-
sound image quality may include any of a parameter val-
ue itself or a command for changing the at least one pa-
rameter value associated with the ultrasound image qual-
ity.

[0175] Alternatively, the user input for determining the
at least one parameter value associated with the ultra-
sound image quality may include a user input for deter-
mining the quality of the ultrasound image, which is dis-
played via the ultrasound image providing apparatus 200,
as one selected from among high image quality, general
image quality, and low image quality. The user input for
determining the at least one parameter value associated
with the ultrasound image quality may include a userinput
for determining the quality of the ultrasound image, which
is displayed via the ultrasound image providing appara-
tus 200, as one of a plurality of representative values
which are displayed having high image quality, general
image quality, or low image quality.

[0176] Alternatively, the user input for determining the
at least one parameter value associated with the ultra-
sound image quality may include a user input for selecting
an application used by the ultrasound probe 100. The
ultrasound probe 100 may map at least one parameter
value, associated with a quality of an ultrasound image
used by each of a plurality of applications, to each appli-
cation, and store the mapped parameter value. The ul-
trasound probe 100 may determine at least one param-
eter value associated with a quality of an ultrasound im-
age corresponding to the selected application.

[0177] The at least one parameter value associated
with the quality of the ultrasound image data may include
at least one selected from among the number of scan
lines constituting one frame of an ultrasound image, the
number of sampling points which are set on the scan
lines, and the number of bits which are generated by
quantizing data acquired from the sampling points.
[0178] For example, when a user input for degrading
the ultrasound image quality more than a reference im-
age quality is received, the ultrasound probe 100 accord-
ing to an exemplary embodiment may decrease at least
one selected from among the number of scan lines con-
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stituting one frame of an ultrasound image, the number
of sampling points which are set on the scan lines, and
the number of bits which are generated by quantizing
data acquired from the sampling points, based on the
user input. The reference image quality, a default value,
may be a predetermined image quality or an image qual-
ity which is set by a user.

[0179] For example, the ultrasound probe 100 may in-
clude a user input unit (also referred to herein as a "user
input device") 160 and may receive, via the user input
unit 160, a user input for determining the at least one
parameter value associated with the ultrasound image
quality.

[0180] The ultrasound probe 100 may predetermine
and store parameter values associated with the ultra-
sound image quality according to various user inputs.
The ultrasound probe 100 may map an experimentally
optimized parameter value to a user input and store the
mapped parameter value. When a user inputis received,
the ultrasound probe 100 may search for pre-stored data,
based on the user input, and may acquire the data for at
least one parameter value corresponding to the user in-
put.

[0181] As another example, the ultrasound probe 100
may receive a user input from the ultrasound image pro-
viding apparatus 200. The ultrasound image providing
apparatus 200 may receive the user input and transmit
a control signal, including information about the user in-
put, to the ultrasound probe 100. The ultrasound probe
100 may determine the at least one parameter value as-
sociated with the ultrasound image quality, based on the
control signal received from the ultrasound image pro-
viding apparatus 200. The ultrasound probe 100 may ex-
tract the information about the user input from the re-
ceived control signal, search for the pre-stored data
based on the extracted user input, and acquire the data
for the at least one parameter value corresponding to the
user input.

[0182] As another example, the ultrasound probe 100
may receive, from the ultrasound image providing appa-
ratus 200, information about atleast one parameter value
associated with ultrasound image quality which is deter-
mined based on a user input. The ultrasound image pro-
viding apparatus 200 may receive the user input and
transmit a control signal, including the information about
the at least one parameter value associated with the ul-
trasound image quality which is determined based on the
user input, to the ultrasound probe 100.

[0183] The ultrasound image providing apparatus 200
may transmit the control signal to the ultrasound probe
100 by using a communication channel that is different
from a communication channel using a frequency band
of 60 GHz. The ultrasound probe 100 may determine the
at least one parameter value associated with the ultra-
sound image quality, based on the control signal received
from the ultrasound image providing apparatus 200.
[0184] FIGS. 10, 11, and 12 illustrate examples of a
user interface display which is configured for receiving a
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user input that determines a parameter value associated
with a quality of an ultrasound image, according to an-
other exemplary embodiment.

[0185] Asillustrated in FIG. 10, the ultrasound image
providing apparatus 200 may display a user interface
1010 for receiving a user input that determines a param-
eter value associated with a quality of ultrasound image
data received from the ultrasound probe 100. A user may
select, via the user interface 1010, a quality of the ultra-
sound image data, to be transmitted by the ultrasound
probe 100, as one of high image quality, normal image
quality, and low image quality.

[0186] The ultrasound probe 100 may extract informa-
tion about the user input from a control signal received
from the ultrasound image providing apparatus 200 and
determine atleast one parameter value that corresponds
to an image quality selected by the user.

[0187] Alternatively, as illustrated in FIG. 11, the ultra-
sound image providing apparatus 200 may display a user
interface 1110 for receiving a user input that determines
a parameter value associated with a quality of ultrasound
image data received from the ultrasound probe 100. A
user may input, via the user interface 1110, parameter
values associated with the quality of the ultrasound im-
age data to be transmitted by the ultrasound probe 100.
For example, the ultrasound image providing apparatus
200 may receive, via the user interface 1110 from the
user, the number of scan lines constituting one frame of
an ultrasound image, the number of sampling points
which are set on the scan lines, and the number of bits
which are generated by quantizing data acquired from
the sampling points.

[0188] The ultrasound probe 100 may extract informa-
tion about the user input from a control signal received
from the ultrasound image providing apparatus 200 and
determine atleast one parameter value that corresponds
to an image quality selected by the user.

[0189] Alternatively, as illustrated in FIG. 12, the ultra-
sound probe 100 may receive, via the user input unit 160,
a user input for determining at least one parameter value
associated with a quality of an ultrasound image. A user
may increase or lower, via the user input unit 160, a qual-
ity of ultrasound image data to be received from the ul-
trasound probe 100.

[0190] The ultrasound probe 100 may receive the user
input via the user input unit 160 and transmit information
about the received user input to the ultrasound image
providing apparatus 200. The ultrasound image provid-
ing apparatus 200 may display a user interface 1210 that
provides information about a quality of ultrasound image
data determined by the user, based on the information
about the user input received from the ultrasound probe
100.

[0191] Forexample, the ultrasound probe 100 may de-
termine at least one parameter value in order for a quality
of ultrasound image data to be lowered, based on a user
input that is made by pushing a button 161. When the
quality of the ultrasound image data transmitted from the
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ultrasound probe 100 is lowered, the number of bars rep-
resenting image quality may be reduced in the user in-
terface 1210. Alternatively, the ultrasound probe 100 may
determine at least one parameter value in order for the
quality of the ultrasound image data to increase, based
on a user input that is made by pushing a button 162.
When the quality of the ultrasound image data to be trans-
mitted by the ultrasound probe 100 increases, the
number of bars representing image quality may be in-
creased in the user interface 1210.

[0192] Inoperation S920, the ultrasound probe 100 ac-
cording to another exemplary embodiment may generate
ultrasound image data about an object, based on the
parameter value which is determined in operation S910.
[0193] The ultrasound probe 100 may include an ultra-
sound transmission/reception unit (also referred to here-
in as an "ultrasound receiver") 110, which transmits an
ultrasound signal to an object and receives an echo sig-
nal, and a signal processing unit (also referred to herein
as a "signal processor") 120 that processes the echo
signal. The signal processing unit 120 may generate ul-
trasound image data by using the echo signal. Also, the
signal processing unit 120 may perform additional signal
processing on the ultrasound image data in order to in-
crease or decrease the amount of the ultrasound image
data.

[0194] The ultrasound probe 100 according to another
exemplary embodiment may control at least one of the
ultrasound transmission/reception unit 110 and the sig-
nal processing unit 120, based on the parameter value
which is determined in operation S910. The description
of FIG. 4 may be applied to an operation in which the
ultrasound probe 100 according to another exemplary
embodiment generates the ultrasound image data about
the object, based on the parameter value which is deter-
mined in operation S910. Repetitive descriptions will be
omitted.

[0195] The ultrasound probe 100 may control the ul-
trasound transmission/reception unit 110 based on a us-
er input. For example, the ultrasound probe 100 may ad-
just the number of scan lines constituting one frame of
an ultrasound image or the number of sampling points
which are set on the scan lines, based on a user input.

[0196] Alternatively, the ultrasound probe 100 may
control the signal processing unit 120 based on a user
input. For example, based on a user input, the ultrasound
probe 100 may adjust the number of bits which are gen-
erated by quantizing data acquired from the sampling
points, or may perform additional signal processing on
pre-acquired ultrasound image data, thereby increasing
or decreasing the amount of the ultrasound image data.
[0197] Inoperation S930, the ultrasound probe 100 ac-
cording to another exemplary embodiment may transmit
the ultrasound image data to the ultrasound image pro-
viding apparatus 200 at the transmission speed deter-
mined based onthe parameter value which is determined
in operation S910.

[0198] For example, when at least one parameter val-
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ue for degrading the ultrasound image quality (i.e., de-
creasing the amount of the ultrasound image data) is
determined, the ultrasound probe 100 according to an-
other exemplary embodiment may lower a transmission
speed of the ultrasound image data according to the de-
termined parameter value. The transmission speed of
the ultrasound image data may denote the amount of
data which is transmitted per unit time.

[0199] Forexample, the ultrasound probe 100 may de-
termine the transmission speed of the ultrasound image
data, based on the parameter value which is determined
in operation S910.

[0200] The ultrasound probe 100 may predetermine
and store transmission speeds of the ultrasound image
data, based on parameter values associated with the ul-
trasound image quality. The ultrasound probe 100 may
map an experimentally optimized transmission speed to
a parameter value and store the mapped transmission
speed and parameter value. When the at least one pa-
rameter value associated with the ultrasound image qual-
ity is determined in operation S910, the ultrasound probe
100 may search for pre-stored data, based on the deter-
mined parameter value, and may determine the data for
a transmission speed that corresponds to a predeter-
mined parameter value.

[0201] As another example, the ultrasound probe 100
may receive, from the ultrasound image providing appa-
ratus 200, information about the transmission speed of
the ultrasound image data determined based on the pa-
rameter value which is determined in operation S910.
[0202] The ultrasound image providing apparatus 200
may determine a transmission speed of the ultrasound
image data, based on the parameter value which is de-
termined in operation S910. The ultrasound image pro-
viding apparatus 200 may transmit a control signal, in-
cluding information about the determined transmission
speed, to the ultrasound probe 100. The ultrasound im-
age providing apparatus 200 may transmit the control
signal to the ultrasound probe 100 by using a communi-
cation channel that is different from a communication
channel using a frequency band of 60 GHz. The ultra-
sound probe 100 may extract the information about the
transmission speed of the ultrasound image data from
the control signal received from the ultrasound image
providing apparatus 200.

[0203] The ultrasound probe 100, according to another
exemplary embodiment, may determine a parameter val-
ue associated with the ultrasound image quality, based
on a user input and transmit the ultrasound image data
to the ultrasound image providing apparatus 200 at a
transmission speed adjusted based on the determined
parameter value.

[0204] The ultrasound image data generated by the
ultrasound probe 100 may be used to display an ultra-
sound image via the ultrasound image providing appa-
ratus 200.

[0205] As described above, the ultrasound probe 100
according to another embodiment may change a trans-
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mission speed of ultrasound image data, based on a
change in a parameter value associated with a quality of
the ultrasound based on a user input.

[0206] For example, when the ultrasound probe 100
determines at least one parameter value for degrading
a quality of an ultrasound image, the amount of the ul-
trasound image data may be reduced.

[0207] As the amount of ultrasound image data to be
transmitted is reduced, the ultrasound probe 100 may
reduce the amount of data which is transmitted per unit
time, thereby narrowing a bandwidth of a communication
channel that connects the ultrasound probe 100 to the
ultrasound image providing apparatus 200.

[0208] FIG. 13 is a diagram for describing a method of
operating an ultrasound probe which generates and
transmits ultrasound image data based on a user input,
according to another exemplary embodiment.

[0209] Asinanimage 1310, the ultrasound probe 100
may transmit ultrasound image data to the ultrasound
image providing apparatus 200 at a transmission speed
of 6 Gbps.

[0210] An image 1320 shows a method of operating
the ultrasound probe 100 according to another exemplary
embodiment when a parameter value associated with a
quality of ultrasound image data is reduced by 1/2 based
on a user input. As in the image 1320, when the quality
of the ultrasound image data is reduced by 1/2 based on
the user input (i.e., when the amount of ultrasound image
data to be transmitted by the ultrasound probe 100 is
reduced), the ultrasound probe 100 may decrease a
transmission speed (i.e., the amount of data which is
transmitted per unit time) of the ultrasound image data
to 3 Gbps.

[0211] When a transmission speed of ultrasound im-
age data transmitted by the ultrasound probe 100 is low-
ered, the ultrasound probe 100 may decrease an output
that wirelessly transmits data, thereby reducing the
amount of consumed power. Alternatively, when the
transmission speed of the ultrasound image data is low-
ered, the ultrasound probe 100 that uses a plurality of
antennas for wirelessly transmitting data may not use
some of the plurality of antennas, thereby reducing the
amount of consumed power. Therefore, according to an-
other exemplary embodiment, the ultrasound probe 100
may lower the transmission speed of the ultrasound im-
age data, thereby reducing the amount of power which
is consumed when the ultrasound probe 100 transmits
data.

[0212] InFIGS. 9 to 13, an example in which the ultra-
sound probe 100 adjusts a quality of ultrasound image
data based on a user input is illustrated. However, the
ultrasound probe 100 according to another exemplary
embodiment is not limited to the example illustrated in
FIGS. 9to 13. For example, as illustrated in FIG. 14, the
ultrasound probe 100 according to another exemplary
embodiment may adjust a transmission speed of ultra-
sound image data, based on a user input.

[0213] FIG. 14 is a flowchart for describing a method
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of operating an ultrasound probe which generates and
transmits ultrasound image data based on a user input,
according to another exemplary embodiment.

[0214] In operation S1410, the ultrasound probe 100
according to an exemplary embodiment may determine
a transmission speed for transmitting ultrasound image
data to the ultrasound image providing apparatus 200,
based on a user input.

[0215] For example, the user input for determining the
transmission speed of the ultrasound image data may be
a transmission speed value itself of ultrasound image
data. Alternatively, the user input for determining the
transmission speed of the ultrasound image data may
include a userinput for determining a transmission speed
as at least one selected from among a high speed, a
normal speed, and a lower speed.

[0216] Alternatively, the user input for determining the
transmission speed of the ultrasound image data may
include a user input for selecting an application used by
the ultrasound probe 100. The ultrasound probe 100 may
map each of a plurality of applications to a transmission
speed of ultrasound image data used by each application
and store the mapped transmission speed. The ultra-
sound probe 100 may determine a transmission speed
of ultrasound image data that corresponds to the selected
application.

[0217] A transmission speed of the ultrasound image
data may be determined based on at least one selected
from among the amount of data and a frame rate of one
of a plurality of frames constituting the ultrasound image,
namely, the number of frames which are transmitted per
unit time. Alternatively, the transmission speed of the ul-
trasound image data may denote the amount of data
which is transmitted per unit time.

[0218] For example, the ultrasound probe 100 may in-
clude a user input unit (also referred to herein as a "user
input device") 160 and receive, via the user input unit
160, a user input for determining the transmission speed
of the ultrasound image data.

[0219] The ultrasound probe 100 may predetermine
and store transmission speeds of the ultrasound image
data according to various user inputs. The ultrasound
probe 100 may map an experimentally optimized trans-
mission speed to a user input and store the mapped
transmission speed. When a user input is received, the
ultrasound probe 100 may search for pre-stored data,
based on the user input and acquire the data for a trans-
mission speed that corresponds to the user input.
[0220] As another example, the ultrasound probe 100
may receive a user input from the ultrasound image pro-
viding apparatus 200. The ultrasound image providing
apparatus 200 may receive the user input and transmit
a control signal, including information about the user in-
put, to the ultrasound probe 100. The ultrasound probe
100 may determine the transmission speed of the ultra-
sound image data, based on the control signal received
from the ultrasound image providing apparatus 200. The
ultrasound probe 100 may extract the information about
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the user input from the received control signal, search
for the pre-stored data based on the extracted user input,
and acquire the data for a transmission speed that cor-
responds to the user input.

[0221] As another example, the ultrasound probe 100
may receive, from the ultrasound image providing appa-
ratus 200, information about a transmission speed of ul-
trasound image data which is determined based on a
user input. The ultrasound image providing apparatus
200 may receive the user input and transmit a control
signal, including the information about the transmission
speed of the ultrasound image data which is determined
based on the user input, to the ultrasound probe 100.
[0222] The ultrasound image providing apparatus 200
may transmit the control signal to the ultrasound probe
100 by using a communication channel that is different
from a communication channel which uses a frequency
band of 60 GHz. The ultrasound probe 100 may deter-
mine the transmission speed of the ultrasound image da-
ta, based on the control signal received from the ultra-
sound image providing apparatus 200.

[0223] FIGS. 15 and 16 illustrate examples of a user
interface display which is configured for receiving a user
input that determines a transmission speed at which ul-
trasound image data is transmitted, according to another
exemplary embodiment.

[0224] As illustrated in FIG. 15, the ultrasound image
providing apparatus 200 may display a user interface
1510 for receiving a user input that determines a trans-
mission speed of ultrasound image data received from
the ultrasound probe 100. A user may select, via the user
interface 1510, the transmission speed of the ultrasound
image data, to be transmitted by the ultrasound probe
100, as one of a high speed, a normal speed, and a low
speed.

[0225] The ultrasound probe 100 may extract informa-
tion about a userinput from a control signal received from
the ultrasound image providing apparatus 200 and de-
termine the transmission speed of the ultrasound image
data, based on the user input.

[0226] Alternatively, as illustrated in FIG. 16, the ultra-
sound image providing apparatus 200 may display a user
interface 1610 for receiving a user input that determines
a transmission speed of ultrasound image data received
from the ultrasound probe 100. A user may input, via the
user interface 1610, a frame rate of the ultrasound image
data to be transmitted by the ultrasound probe 100. The
ultrasound probe 100 may acquire information about a
transmission speed, determined by the user, from a con-
trol signal received from the ultrasound image providing
apparatus 200.

[0227] In operation S1420, the ultrasound probe 100
according to an exemplary embodiment may determine
at least one parameter value associated with ultrasound
image quality, based on the transmission speed which
is determined in operation S1410.

[0228] The at least one parameter value associated
with the quality of the ultrasound image data may include
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at least one selected from among the number of scan
lines constituting one frame of an ultrasound image, the
number of sampling points which are set on the scan
lines, and the number of bits which are generated by
quantizing data acquired from the sampling points.
[0229] For example, when the transmission speed of
the ultrasound image data is lowered, the ultrasound
probe 100 according to another exemplary embodiment
may decrease at least one selected from among the
number of scan lines constituting one frame of an ultra-
sound image, the number of sampling points which are
set on the scan lines, and the number of bits which are
generated by quantizing data acquired from the sampling
points.

[0230] For example, the ultrasound probe 100 may
predetermine and store parameter values associated
with the ultrasound image quality, based on various
transmission speeds. The ultrasound probe 100 may
map an experimentally optimized parameter value to a
transmission speed and store the mapped transmission
speed and parameter value. When the transmission
speed is determined in operation S1410, the ultrasound
probe 100 may search for pre-stored data, based on the
determined transmission speed and acquire the data for
at least one parameter value that corresponds to a trans-
mission speed.

[0231] As another example, the ultrasound probe 100
may receive, from the ultrasound image providing appa-
ratus 200, information about atleast one parameter value
associated with the ultrasound image quality, which is
determined based on the transmission speed of the ul-
trasound image data. The ultrasound image providing
apparatus 200 may transmit a control signal, including
the information about at least one parameter value as-
sociated with the ultrasound image quality, which is de-
termined based on the transmission speed of the ultra-
sound image data, to the ultrasound probe 100. The ul-
trasound image providing apparatus 200 may transmit
the control signal to the ultrasound probe 100 by using
a communication channel that is different from a com-
munication channel which uses a frequency band of 60
GHz. The ultrasound probe 100 may determine the at
least one parameter value associated with the ultrasound
image quality, based on the control signal received from
the ultrasound image providing apparatus 200.

[0232] In operation S1430, the ultrasound probe 100
according to an exemplary embodiment may generate
ultrasound image data about the object, based on the
parameter value which is determined in operation S1420.
[0233] The ultrasound probe 100 may include an ultra-
sound transmission/reception unit (also referred to here-
in as an "ultrasound transceiver") 110, which transmits
an ultrasound signal to an object and receives an echo
signal, and a signal processing unit (also referred to here-
in as a "signal processor") 120 that processes the echo
signal. The signal processing unit 120 may generate ul-
trasound image data by using the echo signal. Also, the
signal processing unit 120 may perform additional signal
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processing on the ultrasound image data, based on the
user input, thereby increasing or decreasing the amount
of the ultrasound image data.

[0234] The ultrasound probe 100 according to another
exemplary embodiment may control at least one of the
ultrasound transmission/reception unit 110 and the sig-
nal processing unit 120, based on the parameter value
which is determined in operation S1420. The description
of FIG. 4 may be applied to an operation in which the
ultrasound probe 100 according to another exemplary
embodiment generates the ultrasound image data about
the object, based on the parameter value which is deter-
mined in operation S1420. Repetitive descriptions will be
omitted.

[0235] The ultrasound probe 100 according to another
exemplary embodiment may adjust at least one selected
from among the number of scan lines constituting one
frame of an ultrasound image, the number of sampling
points which are set on the scan lines, and the number
of bits which are generated by quantizing data acquired
from the sampling points, based on the transmission
speed which is determined based on the user input. The
ultrasound probe 100 may change the total amount of
the generated ultrasound image data by changing the at
least one parameter value associated with the ultrasound
image quality. Also, the ultrasound probe 100 may per-
form additional signal processing on the ultrasound im-
age data, based on the user input, thereby increasing or
decreasing the amount of the ultrasound image data.
[0236] In operation S1440, the ultrasound probe 100
according to another exemplary embodiment may trans-
mit the ultrasound image data to the ultrasound image
providing apparatus 200 at the transmission speed which
is determined in operation S1410.

[0237] The ultrasound probe 100 according to another
exemplary embodiment may determine a transmission
speed of ultrasound image data, based on a user input,
and transmit the ultrasound image data, which is gener-
ated from the adjusted parameter value, to the ultrasound
image providing apparatus 200 at the determined trans-
mission speed.

[0238] The ultrasound image data generated by the
ultrasound probe 100 may be used to display an ultra-
sound image via the ultrasound image providing appa-
ratus 200.

[0239] As described above, the ultrasound probe 100
according to another exemplary embodiment may
change a parameter value associated with a quality of
ultrasound image data, based on a change in a trans-
mission speed of the ultrasound image data which is
based on a user input.

[0240] For example, as the transmission speed of the
ultrasound image data is lowered based on a user input,
the amount of data which is transmitted from the ultra-
sound probe 100 to the ultrasound image providing ap-
paratus 200 per unit time may be reduced. When the
transmission speed of the ultrasound image data is low-
ered based on a user input, the ultrasound probe 100
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may determine a parameter value associated with a qual-
ity of the ultrasound image data so as to decrease the
amount of the ultrasound image data. The ultrasound
probe 100 may degrade the quality of the ultrasound im-
age data, based on the determined parameter value.
[0241] FIG. 17 is a diagram for describing a method of
operating an ultrasound probe which generates and
transmits ultrasound image data based on a user input,
according to another exemplary embodiment.

[0242] Asinanimage 1710, the ultrasound probe 100
may transmit an ultrasound signal toward an object and
receive an echo signal to generate ultrasound image data
including frames consisting of 512 scan lines. The ultra-
sound probe 100 may transmit the ultrasound image data
to the ultrasound image providing apparatus 200.
[0243] An image 1720 shows a method of operating
the ultrasound probe 100 according to another exemplary
embodiment when a transmission speed of ultrasound
image data is reduced by 1/2 (i.e., 50%) based on a user
input. As in the image 1720, when the amount of image
data which is transmitted by the ultrasound probe 100
per unit time is reduced by 1/2 based on a user input, the
ultrasound probe 100 may reduce, by 256, the number
of scan lines constituting each frame of ultrasound image
data.

[0244] As the amount of data which is transmitted to
the ultrasound image providing apparatus 200 per unit
time is reduced, the ultrasound probe 100 according to
another exemplary embodiment may degrade a quality
of ultrasound image data, thereby maintaining a frame
rate of the ultrasound image data.

[0245] Therefore, according to another exemplary em-
bodiment, the ultrasound probe 100 may maintain a con-
stant frame rate of ultrasound image data even when the
amount of data which is transmitted per unit time is
changed based on a user input. In a case of using an
application with respect to which it is important to main-
tain a frame rate (for example, a case of using an appli-
cation which scans a heart image having a number of
motions), the ultrasound probe 100 according to another
exemplary embodiment is very useful.

[0246] The ultrasound probe 100 according to another
exemplary embodiment may be connected to a plurality
of ultrasound image providing apparatuses via different
respective communication channels. In this case, the ul-
trasound probe 100 may generate a plurality of transmis-
sion streams by processing the ultrasound image data,
based on respective characteristics of the plurality of ul-
trasound image providing apparatuses.

[0247] The ultrasound probe 100 according to another
exemplary embodiment may acquire the respective char-
acteristics of each of the plurality of ultrasound image
providing apparatuses and generate the plurality of trans-
mission streams by processing the ultrasound image da-
ta, based on the acquired characteristics.

[0248] The ultrasound probe 100 according to another
exemplary embodiment may perform additional signal
processing on the ultrasound image data, based on the
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respective characteristics of the plurality of ultrasound
image providing apparatuses, thereby increasing or de-
creasing the amount of the ultrasound image data.
[0249] The ultrasound probe 100 may generate the
plurality of transmission streams by processing the ultra-
sound image data so that respective ultrasound images
generated from the plurality of ultrasound streams have
different resolutions, based on respective characteristics
of communication channels via which a plurality of ultra-
sound image providing apparatuses are connected to the
ultrasound probe 100.

[0250] The ultrasound probe 100 according to another
exemplary embodiment may transmit each of a plurality
of transmission streams to a corresponding one of a plu-
rality of ultrasound image providing apparatuses via a
corresponding one of a plurality of communication chan-
nels. The ultrasound probe 100 may transmit pieces of
ultrasound image data having different image qualities
to the plurality of ultrasound image providing apparatuses
which are connected to the ultrasound probe 100 via dif-
ferent communication channels (i.e., by using different
wireless communication schemes), respectively.
[0251] Details which will be described below with ref-
erence to FIG. 24 may be applied to a detailed method
of transmitting, by the ultrasound probe 100, a plurality
of transmission streams to corresponding ones of a plu-
rality of ultrasound image providing apparatuses. Repet-
itive descriptions will be omitted.

[0252] FIG. 18 is a flowchart for describing a method
of operating an ultrasound probe which transmits ultra-
sound image data in a communication scheme deter-
mined based on a user input, according to another ex-
emplary embodiment.

[0253] In operation S1810, the ultrasound probe 100
according to another exemplary embodiment may re-
ceive a user input.

[0254] The ultrasound probe 100 may include the user
input unit 160 and receive, via the user input unit 160, a
user input for determining a communication scheme
which is used to transmit ultrasound image data.
[0255] Alternatively, the ultrasound probe 100 may re-
ceive a user input from the ultrasound image providing
apparatus 200. The ultrasound image providing appara-
tus 200 may receive the user input and transmit a control
signal, including information about the received user in-
put, to the ultrasound probe 100. The ultrasound probe
100 may receive a user input for determining a commu-
nication scheme, which is used to transmit ultrasound
image data, from the control signal received from the
ultrasound image providing apparatus 200.

[0256] FIG. 19 illustrates an example of a user inter-
face displayed for receiving a user input that determines
a communication scheme according to which ultrasound
image data is transmitted, according to another exem-
plary embodiment.

[0257] As illustrated in FIG. 19, the ultrasound image
providing apparatus 200 may display a user interface
1910 for receiving a user input that determines a com-
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munication scheme which is used for the ultrasound
probe 100 to transmit ultrasound image data.

[0258] The user interface 1910 may include a menu
within which various communication schemes available
to the ultrasound probe 100 are listed or various commu-
nication schemes available to the ultrasound image pro-
viding apparatus 200 are listed.

[0259] The user interface 1910 may display informa-
tion, indicating whether a corresponding communication
scheme is suitable for receiving ultrasound image data
from the ultrasound probe 100, as any of a figure, an
image, light and shade, a letter, a sign, or a color. For
example, asillustrated in FIG. 19, the user interface 1910
may display an intensity of a signal, to be transmitted by
the ultrasound probe 100, as the number of rods.
[0260] A user may select, via the user interface 1910,
a communication scheme, which is used for the ultra-
sound probe 100 to transmit the ultrasound image data,
as one of WiGig, Wi-Fi, Bluetooth, and NFC. The ultra-
sound probe 100 may extract information about a user
input from a control signal received from the ultrasound
image providing apparatus 200.

[0261] In operation S1820, the ultrasound probe 100
according to another exemplary embodiment may deter-
mine a communication scheme, based on the user input.
[0262] The ultrasound probe 100 may select one wire-
less communication scheme from among a plurality of
wireless communication schemes supported by the ul-
trasound probe 100, based on the user input. The ultra-
sound probe 100 may be wirelessly connected to the
ultrasound image providing apparatus 200 by using any
of the plurality of wireless communication schemes (for
example, wireless Gigabit (WiGig), wireless LAN, Wi-Fi,
Bluetooth, Zigbee, Wi-Fi direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), near field communication (NFC), etc.) us-
ing any of various communication channels.

[0263] In operation S1830, the ultrasound probe 100
according to another exemplary embodiment may trans-
mit ultrasound image data to the ultrasound image pro-
viding apparatus 200 by using the communication
scheme which is determined in operation S1820. The
ultrasound image data generated by the ultrasound
probe 100 may be used by the ultrasound image provid-
ing apparatus 200 in order to display an ultrasound im-
age.

[0264] As described above, the ultrasound probe 100
according to an exemplary embodiment may transmit the
ultrasound image data to the ultrasound image providing
apparatus 200 by using a suitable communication
scheme which is determined based on the user input.
Therefore, the ultrasound probe 100 may seamlessly
transmit the ultrasound image data to the ultrasound im-
age providing apparatus 200, thereby providing stable
wireless communication.

[0265] According to various exemplary embodiments,
when the ultrasound probe 100 is wirelessly connected
to the ultrasound image providing apparatus 200, the ul-
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trasound image providing apparatus 200 may provide
information about the ultrasound probe 100. FIG. 20 il-
lustrates an example of a screen for providing information
about an ultrasound probe communicating with an ultra-
sound image providing apparatus, according to various
exemplary embodiments.

[0266] As illustrated in FIG. 20, the ultrasound image
providing apparatus 200 may receive ultrasound image
data from the ultrasound probe 100 and display an ultra-
sound image 2020 which is generated based on the ul-
trasound image data. Also, the ultrasound image provid-
ing apparatus 200 may display information aboutaniden-
tifier 2011 of the ultrasound probe 100 connected to the
ultrasound image providing apparatus 200, a communi-
cation scheme 2013 which is used by the ultrasound
probe 100 for transmitting the ultrasound image data,
and an intensity 2015 of a signal transmitted by the ul-
trasound probe 100.

[0267] The ultrasound probe 100 according to another
exemplary embodiment may receive a user input that
determines at least one of a quality of ultrasound image
data, the amount of data which is transmitted per unit
time, a transmission speed of the ultrasound image data,
and a communication scheme in consideration of con-
sumption of a battery of the ultrasound probe 100.
[0268] FIGS. 21, 22, and 23 illustrate examples of a
user interface display which is configured for receiving a
user input based on consumption of a battery of an ul-
trasound probe, according to another exemplary embod-
iment.

[0269] As illustrated in FIG. 21, the ultrasound image
providing apparatus 200 may display a user interface
2110 for receiving a user input that determines a quality
of ultrasound image data received from the ultrasound
probe 100 in consideration of consumption of the battery
of the ultrasound probe 100.

[0270] Forexample, the battery ofthe ultrasound probe
100 connected to the ultrasound image providing appa-
ratus 200 may support transmission of high-quality ultra-
sound image data for one hour and may support trans-
mission of low-quality ultrasound image data for two
hours. A user may select, via the user interface 2110,
the quality of the ultrasound image data, to be transmitted
by the ultrasound probe 100, as one of high image quality
and low image quality.

[0271] The ultrasound probe 100 may extract informa-
tion about a userinput from a control signal received from
the ultrasound image providing apparatus 200 and de-
termine at least one parameter value that corresponds
to an image quality selected by the user.

[0272] Alternatively, as illustrated in FIG. 22, the ultra-
sound image providing apparatus 200 may display a user
interface 2210 for receiving a user input that determines
a transmission speed of ultrasound image data received
from the ultrasound probe 100 in consideration of con-
sumption of the battery of the ultrasound probe 100.
[0273] Forexample, the battery ofthe ultrasound probe
100 connected to the ultrasound image providing appa-
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ratus 200 may support transmission of high-speed ultra-
sound image data for one hour and may support trans-
mission of low-speed ultrasound image data for two
hours. The user may select, via the user interface 2210,
the transmission speed of the ultrasound image data, to
be transmitted by the ultrasound probe 100, as one of a
high speed and a low speed.

[0274] The ultrasound probe 100 may extract the in-
formation about the user input from the control signal
received from the ultrasound image providing apparatus
200 and determine the transmission speed of the ultra-
sound image data, based on the user input.

[0275] Alternatively, as illustrated in FIG. 23, the ultra-
sound image providing apparatus 200 may display a user
interface 2310 for receiving a user input that determines
a transmission scheme, which is used by the ultrasound
probe 100 to transmit ultrasound image data, in consid-
eration of consumption of the battery of the ultrasound
probe 100.

[0276] Forexample, the battery ofthe ultrasound probe
100 connected to the ultrasound image providing appa-
ratus 200 may support transmission of ultrasound image
data using WiGig for one hour and may support trans-
mission of ultrasound image data using Bluetooth for five
hours. The user may select, via the user interface 2310,
a communication scheme, according to which the ultra-
sound probe 100 transmits the ultrasound image data,
as one of WiGig and Bluetooth.

[0277] The ultrasound probe 100 may extract the in-
formation about the user input from the control signal
received from the ultrasound image providing apparatus
200 and determine a communication scheme according
to which the ultrasound image data is transmitted, based
on the user input.

[0278] When an ultrasound probe is dependentonone
ultrasound image providing apparatus, a plurality of ul-
trasound probes may need to be provided in correspond-
ence to each ultrasound image providing apparatus,
which is costly and difficult to manage. Therefore, an ul-
trasound probe needs to communicate with a plurality of
ultrasound image providing apparatuses without being
dependent on a single ultrasound image providing appa-
ratus. Characteristics and/or specifications of a plurality
of ultrasound image providing apparatuses connectable
to an ultrasound probe may differ. Accordingly, an ultra-
sound probe and a method of operating the same, which
transmit appropriate ultrasound image data according to
a characteristic and/or a specification of an ultrasound
image providing apparatus connected to an ultrasound
probe, is needed.

[0279] The ultrasound probe 100, according to another
exemplary embodiment, may adjust at least one selected
from among the quality of the ultrasound image data, the
transmission speed of the ultrasound image data, and a
communication scheme, based on a characteristic of the
ultrasound image providing apparatus 200 which is wire-
lessly connected to the ultrasound probe 100.

[0280] FIG. 24 is a flowchart for describing a method
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of operating an ultrasound probe which is wirelessly con-
nected to a plurality of ultrasound image providing appa-
ratuses via different communication channels, according
to another exemplary embodiment.

[0281] In operation S2410, the ultrasound probe 100
according to another exemplary embodiment may trans-
mit an ultrasound signal toward an object and receive an
echo signal to generate ultrasound image data about the
object.

[0282] In operation S2420, the ultrasound probe 100
according to another exemplary embodiment may gen-
erate a plurality of transmission streams by processing
the ultrasound image data, based on respective charac-
teristics of a plurality of ultrasound image providing ap-
paratuses.

[0283] The ultrasound probe 100 according to another
exemplary embodiment may be wirelessly connected to
the plurality of ultrasound image providing apparatuses
via different respective communication channels.
[0284] The ultrasound probe 100 may be wirelessly
connected to the ultrasound image providing apparatus
200 by using any of various wireless communication
schemes (for example, wireless LAN, Wi-Fi, Bluetooth,
Zigbee, Wi-Fi direct (WFD), ultra wideband (UWB), in-
frared data association (IrDA), Bluetooth low energy
(BLE), and near field communication (NFC)) using any
of various communication channels.

[0285] The ultrasound probe 100 may be wirelessly
connected to the ultrasound image providing apparatus
200 by a user’s motion. The user’'s motion may include
an operation that contacts the ultrasound probe 100 or
places itin close proximity to a diagnostic apparatus 200,
selects an ultrasound image providing apparatus, which
is to be connected to the ultrasound probe 100, by using
the ultrasound probe 100, and/or selects a connection
with the ultrasound probe 100 by using the ultrasound
image providing apparatus 200.

[0286] The ultrasound probe 100 may acquire informa-
tion about a characteristic of the ultrasound image pro-
viding apparatus 200 connected to the ultrasound probe
100.

[0287] The information about the characteristic of the
ultrasound image providing apparatus 200 may include
at least one selected from among a kind of data which
can be processed by the ultrasound image providing ap-
paratus 200, a wireless communication scheme which
can be used by the ultrasound image providing apparatus
200, a bandwidth available to the ultrasound image pro-
viding apparatus 200, a transmission speed based on a
communication channel between the ultrasound image
providing apparatus 200 and the ultrasound probe 100,
the kind of the communication channel, a version of the
ultrasound image providing apparatus 200, a specifica-
tion of the ultrasound image providing apparatus 200,
and an identifier of the ultrasound image providing ap-
paratus 200, but is not limited thereto. The information
about the characteristic of the ultrasound image providing
apparatus 200 may include, for example, function infor-
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mation of the ultrasound image providing apparatus 200,
such as a quality of an ultrasound image capable of being
displayed by the ultrasound image providing apparatus
200.

[0288] The ultrasound probe 100 may acquire the in-
formation about the characteristic of the ultrasound im-
age providing apparatus 200 during a session which is
established between the ultrasound image providing ap-
paratus 200 and the ultrasound probe 100. The ultra-
sound probe 100 may acquire information about the ul-
trasound image providing apparatus 200 while the ultra-
sound probe 100 is exchanging amessage, which is used
to establish the session, with the ultrasound image pro-
viding apparatus 200.

[0289] For example, the ultrasound probe 100 may re-
ceive the information about the characteristic of the ul-
trasound image providing apparatus 200 from the ultra-
sound image providing apparatus 200 which is connect-
ed to the ultrasound probe 100.

[0290] The ultrasound probe 100 may request, from
the ultrasound image providing apparatus 200, transmis-
sion of the information about the characteristic of the ul-
trasound image providing apparatus 200. In response to
the received request, the ultrasound image providing ap-
paratus 200 may transmit information about the ultra-
sound image providing apparatus 200 to the ultrasound
probe 100.

[0291] For example, the ultrasound probe 100 may re-
ceive information about at least one selected from the
kind of data which is to be processed by the ultrasound
image providing apparatus 200, a wireless communica-
tion scheme which is to be used by the ultrasound image
providing apparatus 200, a bandwidth whichis to be used
by the ultrasound image providing apparatus 200, and
the kind of a communication channel which is to be used
by the ultrasound image providing apparatus 200.
[0292] Alternatively, the ultrasound probe 100 may re-
ceive information about a capability of the ultrasound im-
age providing apparatus 200 from the ultrasound image
providing apparatus 200. For example, the ultrasound
probe 100 may receive information about at least one
selected from among all the kinds of data which are to
be processed by the ultrasound image providing appa-
ratus 200, all wireless communication schemes which
are supported by the ultrasound image providing appa-
ratus 200, a bandwidth which is to be used by the ultra-
sound image providing apparatus 200, and all the kinds
of communication channels which are to be supported
by the ultrasound image providing apparatus 200.
[0293] The ultrasound probe 100 may select at least
one from among the kind of data which is the most suit-
able for the ultrasound image providing apparatus 200,
a wireless communication scheme which is the most suit-
able for the ultrasound image providing apparatus 200,
a bandwidth which is the most suitable for the ultrasound
image providing apparatus 200, and a communication
channel which is the most suitable for the ultrasound im-
age providing apparatus 200. For example, the ultra-
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sound probe 100 may select a communication scheme,
a communication channel, or a kind of data that enables
the ultrasound image providing apparatus 200 to provide
an ultrasound image to a user at a highest resolution or
a highest frame rate.

[0294] As another example, the ultrasound probe 100
may acquire only an identifier of the ultrasound image
providing apparatus 200 from the ultrasound image pro-
viding apparatus 200 that is connected to the ultrasound
probe 100. The ultrasound probe 100 may search for
information stored in the ultrasound probe 100, based on
the acquired identifier, thereby acquiring information
about a characteristic of the ultrasound image providing
apparatus 200.

[0295] The ultrasound probe 100 may acquire informa-
tion about the characteristic of the ultrasound image pro-
viding apparatus 200, based on a user input. For exam-
ple, the ultrasound probe 100 may acquire information
about a communication channel, through which the ul-
trasound probe 100 is connected to the ultrasound image
providing apparatus 200, from a user input.

[0296] The ultrasound probe 100, according to another
exemplary embodiment, may acquire respective charac-
teristics of a plurality of ultrasound image providing ap-
paratuses and generate a plurality of transmission
streams by processing the ultrasound image data, based
on the acquired characteristics.

[0297] The ultrasound probe 100 according to another
exemplary embodiment may perform additional signal
processing on the ultrasound image data, based on the
characteristics of the plurality of ultrasound image pro-
viding apparatuses, thereby increasing or decreasing the
amount of the ultrasound image data.

[0298] The ultrasound probe 100 may generate the
plurality of transmission streams by processing the ultra-
sound image data so that respective ultrasound images
generated from the plurality of ultrasound streams have
different resolutions, based on respective characteristics
of communication channels via which a plurality of ultra-
sound image providing apparatuses are connected to the
ultrasound probe 100. Forexample, the ultrasound probe
100 may process ultrasound image data so that an ultra-
sound image has a lower resolution as a bandwidth of a
communication channel, via which an ultrasound image
providing apparatus is connected to the ultrasound probe
100, becomes narrower (i.e., the amount of data which
is transmitted via the communication channel per unit
timeisreduced). The ultrasound probe 100 may generate
a transmission stream that includes the processed ultra-
sound image data.

[0299] In operation S2430, the ultrasound probe 100
according to another exemplary embodiment may re-
spectively transmit each of the plurality of transmission
streams, which are generated in operation S2420, to a
corresponding one of a plurality of ultrasound image pro-
viding apparatuses. In this case, the ultrasound probe
100 may adjust a transmission speed of each of the trans-
mission streams, based on respective characteristics of
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the plurality of ultrasound image providing apparatuses.
[0300] The plurality of transmission streams transmit-
ted from the ultrasound probe 100 may be used to display
an ultrasound image via corresponding ones of the plu-
rality of ultrasound image providing apparatuses.
[0301] FIG. 25is a diagram for describing a method of
transmitting, by an ultrasound probe according to another
exemplary embodiment, ultrasound image data to a plu-
rality of ultrasound image providing apparatuses.
[0302] For example, as illustrated in FIG. 25, an ultra-
sound probe 100 according to another exemplary em-
bodiment may be wirelessly connected to a plurality of
ultrasound image providing apparatuses 200-1, 200-2,
and 200-3. The plurality of ultrasound image providing
apparatuses 200-1, 200-2, and 200-3 may respectively
include a cart type ultrasound diagnostic apparatus
200-1, a tablet personal computer (PC) 200-2, and a
smartphone 200-3. The ultrasound image providing ap-
paratuses of FIG. 25 may have different characteristics
and/or specifications. Also, the ultrasound image provid-
ing apparatuses 200-1, 200-2, and 200-3 may use differ-
ent respective wireless communication schemes. As il-
lustrated in FIG. 9, examples of a wireless communica-
tion scheme used by the ultrasound image providing ap-
paratuses 200-1, 200-2, and 200-3 may include 60G, Wi-
Fi, and Bluetooth.

[0303] The ultrasound probe 100 according to another
exemplary embodiment may transmit pieces of ultra-
sound image data, having different respective image
qualities, to the plurality of ultrasound image providing
apparatuses 200-1, 200-2, and 200-3 which are connect-
ed to the ultrasound probe 100 via different communica-
tion channels (i.e., by using different wireless communi-
cation schemes), respectively.

[0304] As illustrated in FIG. 25, the ultrasound probe
100 may be wirelessly connected to the cart type ultra-
sound diagnostic apparatus 200-1 in a frequency band
of 60 GHz. The ultrasound probe 100 may transmit high-
quality ultrasound image data to the cart type ultrasound
diagnostic apparatus 200-1, based on a characteristic of
the cart type ultrasound diagnostic apparatus 200-1. For
example, the ultrasound probe 100 may transmit raw da-
ta, which is generated from an echo signal acquired from
an object, to the cart type ultrasound diagnostic appara-
tus 200-1. The cart type ultrasound diagnostic apparatus
200-1 may process the received raw data. The ultra-
sound probe 100 may transmit the raw data to the cart
type ultrasound diagnostic apparatus 200-1 and enable
the cart type ultrasound diagnostic apparatus 200-1 to
process the transmitted raw data into various types.
[0305] The ultrasound probe 100 may be connected
to the tablet PC 200-2 in a Wi-Fi scheme. The ultrasound
probe 100 may perform post-processing based ona char-
acteristic of the tablet PC 200-2 and transmit ultrasound
image data (for example, ultrasound image data having
arelatively low image quality) to the tablet PC 200-2. The
ultrasound probe 100 may perform additional processing
on the raw data and transmit data, having a resolution
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that is suitable for the tablet PC 200-2, to the tablet PC
200-2.

[0306] The ultrasound probe 100 may be connected
to the smartphone 200-3 in a Bluetooth scheme. The
ultrasound probe 100 may transmit ultrasound image da-
ta having a very low frame rate to the smartphone 200-3,
based on a characteristic of the smartphone 200-3. For
example, the ultrasound probe 100 may perform addi-
tional processing on raw data and thus transmit the ul-
trasound image data having a very low frame rate to the
smartphone 200-3. Alternatively, the ultrasound probe
100 may transmit only a still image to the smartphone
200-3. In this case, the ultrasound image data or the still
image transmitted to the smartphone 200-3 may be data
on which additional processing has been performed to
have a very low resolution.

[0307] As described above, the ultrasound probe 100
according to another exemplary embodiment transmits
pieces of ultrasound image data having the different re-
spective image qualities to a plurality of ultrasound image
providing apparatuses at different transmission speeds,
respectively.

[0308] InFIGS.24 and 25, acasewhere the ultrasound
probe 100 is connected to a plurality of ultrasound image
providing apparatuses is illustrated as an example. How-
ever, the ultrasound probe 100 according to an exem-
plary embodiment or another exemplary embodiment is
not limited to that shown in FIGS. 24 and 25.

[0309] In order to be connected to one ultrasound im-
age providing apparatus, the ultrasound probe 100 may
adjust at least one of a quality of ultrasound image data,
a transmission speed of the ultrasound image data, and
a communication scheme, based on a characteristic of
the ultrasound image providing apparatus 200 wirelessly
connected to the ultrasound probe 100.

[0310] FIG. 26 is a flowchart for describing a method
of operating an ultrasound probe which generates and
transmits ultrasound image data based on information
about an ultrasound image providing apparatus, accord-
ing to another exemplary embodiment.

[0311] In operation S2610, the ultrasound probe 100
according to another exemplary embodiment may ac-
quire information about the ultrasound image providing
apparatus 200.

[0312] The information about the ultrasound image
providing apparatus 200 may include at least one of an
identifier of the ultrasound image providing apparatus
200, function information of the ultrasound image provid-
ing apparatus 200, and state information of the ultra-
sound image providing apparatus 200.

[0313] The function information of the ultrasound im-
age providing apparatus 200 may include at least one
selected from among the kind of data which is to be proc-
essed by the ultrasound image providing apparatus 200,
a quality of ultrasound image data supportable by the
ultrasound image providing apparatus 200, a wireless
communication scheme used by the ultrasound image
providing apparatus 200, a bandwidth available to the
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ultrasound image providing apparatus 200, a transmis-
sion speed based on a communication channel between
the ultrasound image providing apparatus 200 and the
ultrasound probe 100, the kind of the communication
channel, a version of the ultrasound image providing ap-
paratus 200, an application used by the ultrasound image
providing apparatus 200, a diagnosis division or a diag-
nosis part available to the ultrasound image providing
apparatus 200, and a class of the ultrasound image pro-
viding apparatus 200.

[0314] The application may include all application soft-
ware which is used by the ultrasound image providing
apparatus 200 for processing an image. For example,
the ultrasound image providing apparatus 200 may be
configured to use different applications according to a
diagnosis or a diagnosis part where an ultrasound image
processed by the ultrasound image providing apparatus
200 is used. For example, the diagnosis division may
include any of obstetrics (OB), gynecology (GYN), pedi-
atrics (PD), chest surgery (CS), radiology (RD), neuro-
surgery (NS), and abdomen.

[0315] The class of the ultrasound image providing ap-
paratus 200 may be determined based on a quality of an
ultrasound image provided by the ultrasound image pro-
viding apparatus 200 or the number of applications, or
may be determined by a user or a manufacturer of the
ultrasound image providing apparatus 200.

[0316] Moreover, the state information of the ultra-
sound image providing apparatus 200 may include at
least one selected from among whether the ultrasound
image providing apparatus 200 is communicating with
the ultrasound probe 100, information about the ultra-
sound probe 100 which is communicating with the ultra-
sound image providing apparatus 200, a wireless com-
munication intensity between the ultrasound image pro-
viding apparatus 200 and the ultrasound probe 100, and
a position of the ultrasound image providing apparatus
200.

[0317] The ultrasound probe 100 may acquire informa-
tion about the ultrasound image providing apparatus 200,
based on a data signal received from the ultrasound im-
age providing apparatus 200 wirelessly connected to the
ultrasound probe 100. Also, based on a user input, the
ultrasound probe 100 may acquire the information about
the ultrasound image providing apparatus 200 and ac-
quire pre-stored information from a storage unit.

[0318] Forexample, the ultrasound probe 100 may ac-
quire the information about the ultrasound image provid-
ing apparatus 200 during a session which is established
between the ultrasound image providing apparatus 200
and the ultrasound probe 100. The ultrasound probe 100
may acquire the information about the ultrasound image
providing apparatus 200 in a process of exchanging a
message for establishing a session with the ultrasound
image providing apparatus 200.

[0319] The ultrasound probe 100 may issue a request,
to the ultrasound image providing apparatus 200, to
transmit information about a characteristic of the ultra-
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sound image providing apparatus 200. In response to
the request received from the ultrasound probe 100, the
ultrasound image providing apparatus 200 may transmit
the information about the ultrasound image providing ap-
paratus 200 to the ultrasound probe 100.

[0320] Alternatively, the ultrasound probe 100 may re-
ceive information about a capability of the ultrasound im-
age providing apparatus 200 from the ultrasound image
providing apparatus 200. For example, the ultrasound
probe 100 may receive information about at least one
selected from among all the kinds of data which are to
be processed by the ultrasound image providing appa-
ratus 200, a quality of ultrasound image data capable of
being supported by the ultrasound image providing ap-
paratus 200, all wireless communication schemes capa-
ble of being supported by the ultrasound image providing
apparatus 200, a bandwidth available to the ultrasound
image providing apparatus 200, a reception speed (i.e.,
a transmission speed at which the ultrasound probe 100
transmits the ultrasound image data to the ultrasound
image providing apparatus 200 when the ultrasound im-
age providing apparatus 200 smoothly receives the ul-
trasound image data transmitted by the ultrasound probe
100) at which the ultrasound image providing apparatus
200 receives the ultrasound image data, and all the kinds
of communication channels capable of being supported
by the ultrasound image providing apparatus 200.
[0321] The ultrasound probe 100 may select at least
one from among the kind of ultrasound image data which
is the most suitable for the ultrasound image providing
apparatus 200, a quality of the ultrasound image data
which is the most suitable for the ultrasound image pro-
viding apparatus 200, a wireless communication scheme
which is the most suitable for the ultrasound image pro-
viding apparatus 200, a bandwidth which is the most suit-
able for the ultrasound image providing apparatus 200,
a communication channel which is the most suitable for
the ultrasound image providing apparatus 200, and a
transmission speed of the ultrasound image data which
is the most suitable for the ultrasound image providing
apparatus 200, based on the information about the ca-
pability of the ultrasound image providing apparatus 200.
For example, the ultrasound probe 100 may select a
transmission speed, a quality, a communication scheme,
or a kind of ultrasound image data that enables the ul-
trasound image providing apparatus 200 to provide an
ultrasound image to a user at a highest resolution or a
highest frame rate.

[0322] As another example, the ultrasound probe 100
may acquire only an identifier of the ultrasound image
providing apparatus 200 from the ultrasound image pro-
viding apparatus 200 connected to the ultrasound probe
100. The ultrasound probe 100 may search for informa-
tion pre-stored in the ultrasound probe 100 to acquire the
information about the characteristic of the ultrasound im-
age providing apparatus 200, based on the acquired
identifier.

[0323] As another example, the ultrasound probe 100
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may acquire information about the ultrasound image pro-
viding apparatus 200, based on a user input. For exam-
ple, the ultrasound probe 100 may acquire at least one
selected from an identifier of the ultrasound image pro-
viding apparatus 200, a quality of ultrasound image data
capable of being supported by the ultrasound image pro-
viding apparatus 200, a wireless communication scheme
available to the ultrasound image providing apparatus
200, and a transmission speed of the ultrasound image
data transmitted to the ultrasound image providing ap-
paratus 200, based on a user input.

[0324] In operation S2620, the ultrasound probe 100
according to an exemplary embodiment or another ex-
emplary embodiment may generate ultrasound image
data, based on the information about the ultrasound im-
age providing apparatus 200.

[0325] For example, based on the information about
the ultrasound image providing apparatus 200, the ultra-
sound probe 100 may transmit an ultrasound signal to-
ward an object in order to receive an echo signal, thereby
generating ultrasound image data about the object.
[0326] The ultrasound probe 100 may determine at
least one selected from among the kind of ultrasound
image data which is the most suitable for the ultrasound
image providing apparatus 200, a quality of the ultra-
sound image data which is the most suitable for the ul-
trasound image providing apparatus 200, and a trans-
mission speed of the ultrasound image data which is the
most suitable for the ultrasound image providing appa-
ratus 200, based on the information about the ultrasound
image providing apparatus 200. For example, the ultra-
sound probe 100 may determine a frame rate or a quality
of ultrasound image data that enables the ultrasound im-
age providing apparatus 200 to provide an ultrasound
image to the user at a highest resolution or a highest
frame rate.

[0327] The ultrasound probe 100 may generate proc-
ess the echo signal to generate ultrasound image data,
based on the determined transmission speed or quality.
[0328] As another example, the ultrasound probe 100
may acquire pre-generated and pre-stored ultrasound
image data from the storage unit and perform additional
signal processing on the ultrasound image data, based
on the information about the ultrasound image providing
apparatus 200.

[0329] The ultrasound probe 100 may determine at
least one from among the kind of ultrasound image data
which is the most suitable for the ultrasound image pro-
viding apparatus 200, a quality of the ultrasound image
data which is the most suitable for the ultrasound image
providing apparatus 200, a wireless communication
scheme which is the most suitable for the ultrasound im-
age providing apparatus 200, a bandwidth which is the
most suitable for the ultrasound image providing appa-
ratus 200, a communication channel which is the most
suitable for the ultrasound image providing apparatus
200, and a transmission speed of the ultrasound image
data which is the most suitable for the ultrasound image
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providing apparatus 200, based on the information about
the ultrasound image providing apparatus 200. For ex-
ample, the ultrasound probe 100 may determine a trans-
mission speed, a quality, a communication scheme, or a
kind of ultrasound image data that enables the ultrasound
image providing apparatus 200 to provide an ultrasound
image to the user at a highest resolution or a highest
frame rate.

[0330] The ultrasound probe 100 may additionally
process the ultrasound image data according to the de-
termined transmission speed, quality, or communication
scheme. The ultrasound probe 100 may perform addi-
tional signal processing on the ultrasound image data,
thereby increasing or decreasing the amount of the ul-
trasound image data. For example, the ultrasound probe
100 may generate ultrasound image data having various
image qualities, based on the information about the ul-
trasound image providing apparatus 200.

[0331] In operation S2630, the ultrasound probe 100
according to an exemplary embodiment may transmit the
ultrasound image data, which is generated in operation
S$2520, to the ultrasound image providing apparatus 200.
[0332] For example, the ultrasound probe 100 may
transmit the ultrasound image data at a transmission
speed which is determined based on the information
about the ultrasound image providing apparatus 200. Al-
ternatively, the ultrasound probe 100 may transmit the
ultrasound image data by using a communication
scheme which is determined based on the information
about the ultrasound image providing apparatus 200.
[0333] FIGS. 27 and 28 are diagrams for describing a
method of operating an ultrasound probe which gener-
ates and transmits ultrasound image data based on in-
formation about an ultrasound image providing appara-
tus, according to another exemplary embodiment.
[0334] As illustrated in FIG. 27, the ultrasound probe
100 may acquire information about the ultrasound image
providing apparatus 200 and generate ultrasound image
data, based on the acquired information about the ultra-
sound image providing apparatus 200.

[0335] For example, when an ultrasound image pro-
viding apparatus 200-1a connected to the ultrasound
probe 100 is capable of receiving and processing high-
quality ultrasound image data, the ultrasound probe 100
may transmit the high-quality ultrasound image data to
the ultrasound image providing apparatus 200-1a. Con-
versely, when an ultrasound image providing apparatus
200-1b connected to the ultrasound probe 100 is capable
ofreceiving and processing low-quality ultrasound image
data, the ultrasound probe 100 may transmit the low-
quality ultrasound image data to the ultrasound image
providing apparatus 200-1b.

[0336] As illustrated in FIG. 28, the ultrasound probe
100 may acquire information about the ultrasound image
providing apparatus 200 and generate and transmit ul-
trasound image data, based on the acquired information
about the ultrasound image providing apparatus 200.
[0337] For example, when an ultrasound image pro-
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viding apparatus 200-1a connected to the ultrasound
probe 100 includes a multi-antenna and thus is capable
of receiving ultrasound image data having a high frame
rate, the ultrasound probe 100 may transmit the ultra-
sound image data having a relatively high frame rate
(e.g., 60 frames/second) to the ultrasound image provid-
ing apparatus 200-1a. Conversely, when an ultrasound
image providing apparatus 200-1b connected to the ul-
trasound probe 100 includes a multi-antenna and thus is
capable of receiving ultrasound image data having a low
frame rate, the ultrasound probe 100 may transmit the
ultrasound image data having a relatively low frame rate
(e.g., 10 frames/second) to the ultrasound image provid-
ing apparatus 200-1b.

[0338] FIGS. 29 and 30 are block diagrams of ultra-
sound probes, according to various exemplary embodi-
ments.

[0339] The elements of the ultrasound probe 100 ac-
cording to an exemplary embodiment perform the oper-
ations of the method of operating the ultrasound probe
100 illustrated in FIGS. 3, 6, 9, 14, 18, 24, and 26. Thus,
although not described below, the above-described de-
tails of the method of operating the ultrasound probe 100
illustrated in FIGS. 3, 6, 9, 14, 18, 24, and 26 may be
applied to an ultrasound probe 100 of FIGS. 29 and 30.
[0340] As illustrated in FIG. 29, an ultrasound probe
100 according to various exemplary embodiments in-
cludes an ultrasound transmission/reception unit (also
referred to herein as an "ultrasound transceiver") 110, a
signal processing unit (also referred to herein as a "signal
processor") 120, a control unit (also referred to herein as
a "controller") 130, and a communication unit (also re-
ferred to herein as a "communicator") 140.

[0341] The ultrasound probe 100 according to various
exemplary embodiments may be wirelessly connected
to an ultrasound image providing apparatus 200 via a
communication channel. Also, the ultrasound probe 100
according to various exemplary embodiments may be
connected to a plurality of ultrasound image providing
apparatuses via different respective communication
channels (i.e., by using different wireless communication
schemes). The ultrasound probe 100 according to vari-
ous exemplary embodiments may simultaneously or se-
quentially transmit pieces of ultrasound image data about
an object to the plurality of ultrasound image providing
apparatuses via the different communication channels.
[0342] The ultrasound transmission/reception unit 110
may transmit an ultrasound signal toward an object, and
receive an echo signal.

[0343] The ultrasound transmission/reception unit 110
generates pulses for forming transmission ultrasound
waves based on a predetermined pulse repetition fre-
quency (PRF). The ultrasound transmission/reception
unit 110 applies a delay time for determining transmission
directionality to the pulses. Pulses to which a delay time
is applied correspond to a plurality of piezoelectric vibra-
tors included in a transducer, respectively. The ultra-
sound transmission/reception unit 110 applies a driving
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signal (or a driving pulse) to the probe 20 as a timing that
corresponds to each pulse to which a delay time is ap-
plied, thereby transmitting an ultrasound signal toward
the object.

[0344] The signal processing unit 120 may process the
echo signal received from the ultrasound transmis-
sion/reception unit 110 in order to generate ultrasound
image data. The signal processing unit 120 may amplify
the echo signal in each channel, and analog-to-digital
convert an amplified response signal. The signal
processing unit 120 may apply a delay time, used to de-
termine reception directionality, to the digital-converted
response signal. The signal processing unit 120 may per-
form a summation of echo signals, to which the delay
time is applied, in order to generate the ultrasound image
data.

[0345] The ultrasound image data may be used for dis-
playing an ultrasound image via the ultrasound image
providing apparatus 200. The ultrasound image provid-
ing apparatus 200 may generate an ultrasound image
from the ultrasound image data received from the ultra-
sound probe 100, and display the ultrasound image. The
ultrasound image displayed by the ultrasound image pro-
viding apparatus 200 may include not only a grayscale
ultrasound image obtained by scanning an object in any
of an amplitude (A) mode, a brightness (B) mode, and a
motion (M) mode, but also any of a blood flow Doppler
image showing flow of blood (also referred to as a color
Doppler image), a tissue Doppler image showing move-
ment of tissues, and a spectral Doppler image showing
moving speed of an object as a waveform.

[0346] The control unit 130 may control an overall op-
eration of the ultrasound probe 100. The control unit 130
may control the ultrasound transmission/reception unit
110, the signal processing unit 120, and the communi-
cation unit 140, and control an operation between the
ultrasound probe 100 and the ultrasound image providing
apparatus 200.

[0347] The control unit 130 may determine atleastone
selected from among at least one parameter value as-
sociated with a quality of ultrasound image data, a trans-
mission speed of the ultrasound image data, and a com-
munication scheme which is used to transmit the ultra-
sound image data.

[0348] The at least one parameter value associated
with the quality of the ultrasound image may include at
least one selected from among the number of scan lines
constituting the frame of the ultrasound image, the
number of sampling points which are set on a scan line,
and the number of bits which are generated by quantizing
data which is acquired with respect to a sampling point.
[0349] For example, the control unit 130 may change
at least one selected from among a quality of ultrasound
image data, a transmission speed of the ultrasound im-
age data, and acommunication scheme, based on a state
of a communication channel.

[0350] For example, when the bandwidth of the com-
munication channel is narrowed, the control unit 130 may
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adjust the at least one parameter value associated with
the quality of the ultrasound image, based on a reduction
amount (i.e., an amount of narrowing) of the bandwidth.
The control unit 130 may control at least one selected
from among the ultrasound transmission/reception unit
110 and the signal processing unit 120 so as to generate
ultrasound image data about the object, based on a de-
termined parameter value.

[0351] Alternatively, when the bandwidth of the com-
munication channel is narrowed, the control unit 130 may
lower the transmission speed of the frame, based on the
reduction amount of the bandwidth. In order to lower the
transmission speed of the frame, the control unit 130 may
divide and transmit data for each frame which is included
in the ultrasound image data.

[0352] The control unit 130 may select one mode from
among first and second modes, based on an application
used by the ultrasound probe 100. When the first mode
is selected, the ultrasound probe 100 may adjust the at
least one parameter value, based on a change in the
bandwidth of the communication channel. When the sec-
ond mode is selected, the ultrasound probe 100 may ad-
just the transmission speed of the frame, based on the
change in the bandwidth of the communication channel.
[0353] As another example, the control unit 130 may
change at least one selected from among a quality of
ultrasound image data, a transmission speed of the ul-
trasound image data, and a communication scheme,
based on a user input.

[0354] The control unit 130 may determine atleastone
parameter value associated with ultrasound image qual-
ity, based on a user input. The control unit 130 may con-
trol at least one selected from among the ultrasound
transmission/reception unit 110 and the signal process-
ing unit 120 to generate ultrasound image data about an
object, based on the determined parameter value.
[0355] The control unit 130 may determine a transmis-
sion speed of the ultrasound image data, based on the
determined parameter value. When at least one param-
eter value for degrading the ultrasound image quality is
determined, the control unit 130 may lower the transmis-
sion speed of the ultrasound image data.

[0356] Alternatively, the control unit 130 may deter-
mine a transmission speed at which the ultrasound image
data is transmitted, based on a user input. The control
unit 130 may determine the at least one parameter value
associated with the ultrasound image quality. The control
unit 130 may control at least one selected from among
the ultrasound transmission/reception unit 110 and the
signal processing unit 120 to generate the ultrasound
image data about the object, based on the determined
parameter value.

[0357] The control unit 130 may determine the at least
one parameter value associated with the ultrasound im-
age quality, based on the determined transmission
speed. When the transmission speed of the ultrasound
image data is lowered, the control unit 130 may decrease
at least one selected from among the number of scan
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lines constituting one frame of an ultrasound image, the
number of sampling points which are set on the scan
lines, and the number of bits which are generated by
quantizing data acquired from the sampling points.
[0358] As another example, the control unit 130 may
change at least one selected from among the quality of
the ultrasound image data, the transmission speed of the
ultrasound image data, and a communication scheme
depending on a characteristic of the ultrasound image
providing apparatus 200 which is wirelessly connected
to the ultrasound probe 100.

[0359] Alternatively, the control unit 130 may generate
a plurality of transmission streams by processing the ul-
trasound image data, based on respective characteris-
tics of a plurality of ultrasound image providing appara-
tuses. For example, the control unit 130 may process the
ultrasound image data so that respective ultrasound im-
ages generated from the plurality of ultrasound streams
have different resolutions, based on respective charac-
teristics of communication channels via which the plural-
ity of ultrasound image providing apparatuses are con-
nected to the ultrasound probe 100, and may generate
the plurality of transmission streams including the proc-
essed ultrasound image data.

[0360] The communication unit 140 may transmit ul-
trasound image data to the ultrasound image data to the
ultrasound image providing apparatus 200 at a transmis-
sion speed of a frame determined by the control unit 130.
The ultrasound image data may be used to display an
ultrasound image by using the ultrasound image provid-
ing apparatus 200. The communication unit 140 may
communicate by wire or wirelessly with the ultrasound
image providing apparatus 200. Also, the communication
unit 140 may receive a control signal, used to control the
ultrasound probe 100, from the ultrasound image provid-
ing apparatus 200.

[0361] The communication unit 140 may transmit a
session establishment request signal to the ultrasound
image providing apparatus 200, and receive a session
establishment check signal from the ultrasound image
providing apparatus 200. The session establishment
check signal may include bandwidth information.
[0362] The communication unit 140 may transmit in-
formation about at least one selected from among the at
least one parameter value and the transmission speed
of the frame to the ultrasound image providing apparatus
200 in conjunction with the ultrasound image data. The
information about the at least one selected from among
the at least one parameter value and the transmission
speed may be used by the ultrasound image providing
apparatus 200 for generating an ultrasound image from
the ultrasound image data.

[0363] The communication unit 140 is connected to a
network 30 in a wired or wireless manner in order to com-
municate with an external device or server. The commu-
nicator 140 may exchange data with a hospital server or
a medical apparatus of a hospital which is connected
thereto through a medical image information system (a
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PACS). Also, the communicator 140 may perform data
communication according to the digital imaging and com-
munications in medicine (DICOM) standard.

[0364] The communication unit 140 may transmit and
receive data, such as an ultrasound image, ultrasound
data, Doppler data, etc. of an object, associated with a
diagnosis of the object over a network, and may also
transmit and receive a medical image captured by a med-
ical apparatus such as a computed tomography (CT) ap-
paratus, a magnetic resonance imaging (MRI) appara-
tus, or an X-ray apparatus. Furthermore, the communi-
cation unit 140 may receive information on a diagnosis
history or treatment schedule of a patient from a server,
and use a diagnosis of an object. In addition, the com-
munication unit 140 may perform data communication
with a portable terminal of a doctor or a patient, in addition
to a server or medical apparatus of a hospital.

[0365] Short-distance communication technology,
which may be used by the communication unit 140, may
include any of wireless LAN, Wi-Fi, Bluetooth, Zigbee,
Wi-Fi direct (WFD), ultra wideband (UWB), infrared data
association (IrDA), Bluetooth low energy (BLE), and near
field communication (NFC), but the short-distance com-
munication technology is not limited thereto.

[0366] When the ultrasound probe 100 is wirelessly
connected to a plurality of ultrasound image providing
apparatuses via different respective communication
channels, the communication unit 140 may transmit each
of a plurality of transmission streams to a corresponding
one of the plurality of ultrasound image providing appa-
ratuses via the different respective communication chan-
nels. In this case, the plurality of transmission streams
may be transmission streams which are generated by
the control unit 130 processing ultrasound image data,
based on respective characteristics of the plurality of ul-
trasound image providing apparatuses.

[0367] Moreover, as illustrated in FIG. 30, the ultra-
sound probe 100 according to various exemplary em-
bodiments may further include atleast one selected from
a storage unit (also referred to herein as a "storage de-
vice" and/or as a "storage") 150, a user input unit (also
referred to herein as a "user input device") 160, and an
output unit (also referred to herein as an "output device")
170.

[0368] The storage unit 150 stores various pieces of
information processed by the ultrasound probe 100. For
example, the storage unit 150 may store medical data,
such as input/output ultrasound data and ultrasound im-
ages, associated with a diagnosis of an object, and may
also store an algorithm or a program which is executed
in the ultrasound probe 100.

[0369] The storage unit 150 may be configured with
any of various kinds of storage mediums such as a flash
memory, a hard disk, an EEPROM, etc. Also, the ultra-
sound probe 100 may operate web storage or a cloud
server which performs a storage function of the storage
unit 150 on a web.

[0370] Moreover, the storage unit 150 according to an
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exemplary embodiment may map one of first and second
modes to each of a plurality of applications, and store
the mapped mode. The control unit 130 may select a
mode, which is stored to be mapped to an application
used by the ultrasound probe 100, from among the first
and second modes.

[0371] Parameter values, associated with ultrasound
image quality, which are respectively mapped to various
user inputs, may be stored in the storage unit 150. The
control unit 130 may search for pre-stored data, based
on a user input, and search the data for at least one pa-
rameter value corresponding to the user input.

[0372] The storage unit 150 may store transmission
speeds of ultrasound image data which are mapped to
parameter values associated with the ultrasound image
quality. When at least one parameter value associated
with the ultrasound image quality is determined, the con-
trol unit 130 may search for pre-stored data, based on
the determined parameter value, and search the data for
a transmission speed corresponding to the parameter
value.

[0373] Moreover, the transmission speeds of the ultra-
sound image data which are respectively mapped to var-
ious user inputs may be stored in the storage unit 150.
The control unit 130 may search for pre-stored data,
based on a user input, and search the data for a trans-
mission speed of the ultrasound image data that corre-
sponds to the user input.

[0374] The parameter values, associated with the ul-
trasound image quality, which are respectively mapped
to the transmission speeds of the ultrasound image data,
may be stored in the storage unit 150. When a transmis-
sion speed of the ultrasound image data is determined,
the control unit 130 may search for pre-stored data,
based on the determined transmission speed, and
search the data for at least one parameter value that
corresponds to the transmission speed.

[0375] Moreover, the storage unit 150 may store infor-
mation about respective characteristics of a plurality of
ultrasound image providing apparatuses which are con-
nectable to the ultrasound probe 100. The storage unit
150 may store information about a characteristic of an
ultrasound image providing apparatus, which is mapped
to a transmission speed of ultrasound image data and a
parameter value associated with a quality of the ultra-
sound image data. The control unit 130 may search for
pre-stored data, based on the information about the char-
acteristic of the ultrasound image providing apparatus,
and search the data for a transmission speed and a pa-
rameter value, which is suitable for the ultrasound image
providing apparatus.

[0376] Alternatively, the storage unit 150 may store in-
formation about a method of processing ultrasound im-
age data for generating a transmission stream which is
to be transmitted to an ultrasound image providing ap-
paratus, which is mapped to information about a charac-
teristic of the ultrasound image providing apparatus. For
example, the storage unit 150 may store a resolution of
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an ultrasound image, generated from a transmission
stream received from the ultrasound image providing ap-
paratus, which is mapped to the information about the
characteristic of the ultrasound image providing appara-
tus. The control unit 130 may search for pre-stored data,
based on the information about the characteristic of the
ultrasound image providing apparatus and generate a
transmission stream which is suitable for the ultrasound
image providing apparatus by processing the ultrasound
image data, based on found data.

[0377] The user input unit 160 denotes a device that
receives data for controlling the ultrasound probe 100.
[0378] The userinputunit 160 may receive a userinput
that selects an operation of determining which of a quality
of an ultrasound image and a transmission speed of a
frame is more important. The control unit 130 may select
one from among a first mode and a second mode, based
on a user input received by the user input unit 160. When
the first mode is selected, the user input unit 160 may
adjust the at least one parameter value, based on a
change in a bandwidth of a communication channel.
When the second mode is selected, the user input unit
160 may adjust a transmission speed, based on the
change in the bandwidth of the communication channel.
[0379] Alternatively, the user input unit 160 may re-
ceive a user input for determining at least one selected
from atleast one parameter value associated with a qual-
ity of ultrasound image data and a transmission speed
of the ultrasound image data.

[0380] The userinputunit160 may include any of hard-
ware elements such as a keypad, a mouse, a touch pad,
a trackball, a jog switch, but is not limited thereto. As
another example, the user input unit 160 may further in-
clude any of various input devices such as an electrocar-
diogram (ECG) measurement module, a breath meas-
urement sensor, a voice recognition sensor, a gesture
recognition sensor, a fingerprint recognition sensor, an
iris recognition sensor, a depth sensor, a distance sen-
sor, etc.

[0381] The output unit 170 may output any of various
types of information processed by the ultrasound probe
100. For example, the output unit 170 may output the
various information, processed by the ultrasound probe
100, in the form of sound, light, vibration, images, or let-
ters. For example, the output unit 170 may display the
various information, processed by the ultrasound probe
100, on a screen. The output unit 170 may display a user
interface (Ul) or a graphic user interface (GUI), associ-
ated with a function setting of the ultrasound probe 100,
on a screen.

[0382] Moreover, as illustrated in FIG. 30, the ultra-
sound image providing apparatus 200 connected to the
ultrasound probe 100 according to various exemplary
embodiments may include a communication unit (also
referred to herein as a "communicator") 210, a control
unit (also referred to herein as a "controller") 220, a dis-
play (also referred to herein as a "display device" and/or
as a "display unit") 230, a storage unit (also referred to
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herein as a "storage device" and/or as a "storage") 240,
and a user input unit (also referred to herein as a "user
input device") 250.

[0383] The ultrasound image providing apparatus 200
may communicate with the ultrasound probe 100 via the
communication unit 210. The communication unit 210
may receive ultrasound image data from the ultrasound
probe 100 and transmit a control signal to the ultrasound
probe 100.

[0384] The control unit 220 may control an overall op-
eration of the ultrasound image providing apparatus 200.
For example, the control unit 220 may control at least
one selected from among the communication unit 210,
the control unit 220, the display 230, the storage unit 240,
and the user input unit 250.

[0385] The display 230 may display information proc-
essed by the ultrasound image providing apparatus 200.
For example, the display 230 may display an ultrasound
image generated from the ultrasound image data re-
ceived from the ultrasound probe 100 and/or display a
user interface associated with the ultrasound image.
[0386] In order to display the information processed by
the ultrasound image providing apparatus 200, the dis-
play 230 may include at least one selected from among
a liquid crystal display (LCD), a thin film transistor-liquid
crystal display, an organic light-emitting diode (OLED),
a flexible display, a 3D display, and an electrophoretic
display.

[0387] The display 230 may be configured in the form
of a touch screen which forms a layer structure with a
touch pad.

[0388] The display 230 may display a user interface
for receiving various user inputs. For example, the dis-
play 230 may display at least one selected from among
a user interface for receiving a user input that determines
a parameter value associated with a quality of ultrasound
image data, a user interface for receiving a user input
that determines a transmission speed at which the ultra-
sound image data is transmitted, a user interface for re-
ceiving a user input that determines a communication
scheme according to which the ultrasound probe 100
transmits the ultrasound image data, and a user interface
for providing information about the ultrasound probe 100
which communicates with the ultrasound image provid-
ing apparatus 200.

[0389] The storage unit 240 may store a program for
processing and control performed by the control unit 220
and/or store data input or output to or from the ultrasound
image providing apparatus 200. For example, the storage
unit 240 may store an ultrasound image displayed by the
ultrasound image providing apparatus 200.

[0390] The user input unit 250 may denote a device
for inputting data used for a user to control the ultrasound
image providing apparatus 200 or the ultrasound probe
100. For example, the user input unit 250 may include
any of a keypad, a dome switch, a button, a wheel, a
trackball, a touch pad, a jog wheel, a jog switch, and/or
the like.
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[0391] The userinputunit250 may receive atleastone
selected from among a user input that determines a pa-
rameter value associated with a quality of ultrasound im-
age data, a user input that determines a transmission
speed at which the ultrasound image data is transmitted,
a user input that determines a communication scheme
according to which the ultrasound probe 100 transmits
the ultrasound image data, and a user input for the ultra-
sound probe 100 which communicates with the ultra-
sound image providing apparatus 200.

[0392] FIG. 31 is a block diagram of an ultrasound di-
agnostic apparatus which is applicable to an ultrasound
probe, according to various exemplary embodiments.
[0393] An ultrasound probe 100 according to various
exemplary embodiments may be wirelessly connected
to an ultrasound diagnostic apparatus 3000 of FIG. 31,
and the ultrasound image providing apparatus 200 con-
nected to the ultrasound probe 100 may be included in
the ultrasound diagnostic apparatus 3000 of FIG. 31.
[0394] The ultrasound probe 100 and ultrasound im-
age providing apparatus 200 of FIG. 29 or 30 may per-
form some or all of functions performed by the ultrasound
diagnostic apparatus 3000 of FIG. 31.

[0395] The ultrasound transmission/reception unit
110, signal processing unit 120, and control unit 130 of
FIG. 29 may include some or all of elements included in
a probe 3020, an ultrasound transmission/reception unit
3100, an image processing unit 3200, and a control unit
3600 of FIG. 31, and may perform some or all of functions
performed by the probe 3020, ultrasound transmis-
sion/reception unit 3100, image processing unit 3200,
and control unit 3600 of FIG. 31.

[0396] Moreover, the control unit 220 of FIG. 30 may
include some or all of the ultrasound transmission/recep-
tion unit 3100, the image processing unit 3200, and the
control unit 3600 of FIG. 31 and may perform some or
all of functions performed by the ultrasound transmis-
sion/reception unit 3100, the image processing unit 3200,
and the control unit 3600 of FIG. 31.

[0397] The communicationunit210of FIG. 30 may cor-
respond to the communication unit 3300 of FIG. 31, and
the display 230 of FIG. 30 may correspond to the display
230 of FIG. 30. The storage unit 240 may correspond to
a memory 3400 of FIG. 31, and the user input unit 250
of FIG. 30 may correspond to an input device 3500 of
FIG. 31.

[0398] FIG. 31 is a block diagram of an ultrasound di-
agnostic apparatus 3000 which is applicable to various
exemplary embodiments.

[0399] FIG. 31 is a block diagram showing a configu-
ration of an ultrasound diagnosis apparatus 3000, ac-
cording to an exemplary embodiment. Referring to FIG.
31, the ultrasound diagnosis apparatus 3000 may include
a probe 3020, an ultrasound transceiver 3100, an image
processor 3200, a communication module 330, a display
(not shown), a memory 3400, an input device 3500, and
a controller 3600, which may be connected to one an-
other via buses 3800.
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[0400] The ultrasound diagnosis apparatus 3000 may
be 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 smart-
phone, a laptop computer, a personal digital assistant
(PDA), and a tablet PC.

[0401] The probe 3020 transmits ultrasound waves to-
ward an object 5 in response to a driving signal applied
by the ultrasound transceiver 3100 and receives echo
signals reflected by the object 5. The probe 3020 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 3020 may be connected to the main body of
the ultrasound diagnosis apparatus 3000 by wire or wire-
lessly. According to one or more exemplary embodi-
ments, the ultrasound diagnosis apparatus 3000 may in-
clude a plurality of probes 3020.

[0402] A transmitter 1110 supplies a driving signal to
the probe 3020. The transmitter 3110 includes a pulse
generator 3112, a transmission delaying unit (also re-
ferred to herein as a "transmission delayer") 3114, and
apulser 3116. The pulse generator 3112 generates puls-
es for forming transmission ultrasound waves based on
a predetermined pulse repetition frequency (PRF), and
the transmission delaying unit 3114 delays the pulses by
delay times necessary for determining transmission di-
rectionality. The pulses which have been delayed corre-
spond to a plurality of piezoelectric vibrators included in
the probe 3020, respectively. The pulser 3116 applies a
driving signal (or a driving pulse) to the probe 3020 based
on timing that corresponds to each of the pulses which
have been delayed.

[0403] A receiver 3120 generates ultrasound data by
processing echo signals received from the probe 3020.
The receiver 3120 may include an amplifier 3112, an an-
alog-to-digital converter (ADC) 3124, a reception delay-
ing unit (also referred to herein as a "reception delayer")
3126, and a summing unit (also referred to herein as a
"summer") 3128. The amplifier 3122 amplifies echo sig-
nals in each channel, and the ADC 3124 performs ana-
log-to-digital conversion with respect to the amplified
echo signals. The reception delaying unit 3126 delays
digital echo signals output by the ADC 3124 by delay
times necessary for determining reception directionality,
and the summing unit 3128 generates ultrasound data
by summing the echo signals processed by the reception
delaying unit 3126. Also, according to one or more ex-
emplary embodiments, the receiver 3120 may notinclude
the amplifier 3122. In this aspect, if the sensitivity of the
probe 3020 or the capability of the ADC 3124 to process
bits is enhanced, the amplifier 3122 may be omitted.
[0404] The image processor 3200 generates an ultra-
sound image by scan-converting ultrasound data gener-
ated by the ultrasound transceiver 3100. The ultrasound
image may include notonly a grayscale ultrasound image
obtained by scanning an object in any of an amplitude
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(A)mode, a brightness (B) mode, and a motion (M) mode,
but also a Doppler image showing a movement of an
object via a Doppler effect. The Doppler image may in-
clude any of a blood flow Doppler image showing flow of
blood (also referred to as a color Dopplerimage), a tissue
Doppler image showing a movement of tissue, or a spec-
tral Doppler image showing a moving speed of an object
as a waveform.

[0405] A B mode processor 3212 in a data processor
3210 extracts B mode components from ultrasound data
and processes the B mode components. An image gen-
erator 3220 may generate an ultrasound image that in-
dicates signal intensities as brightness based on the ex-
tracted B mode components.

[0406] Similarly, a Doppler processor 3214 in a data
processor 3210 may extract Doppler components from
ultrasound data, and the image generator 3220 may gen-
erate a Doppler image that indicates a movement of an
object as colors or waveforms based on the extracted
Doppler components.

[0407] Accordingtoanexemplary embodiment,theim-
age generator 3220 may generate a three-dimensional
(3D) ultrasound image via volume-rendering with respect
to volume data and may also generate an elasticity image
by imaging deformation of the object 5 due to pressure.
Furthermore, the image generator 3220 may display var-
ious pieces of additional information in an ultrasound im-
age by using textand graphics. In addition, the generated
ultrasound image may be stored in the memory 3400.
[0408] A display (not shown) displays the generated
ultrasound image. The display may display not only an
ultrasound image, but also various pieces of information
processed by the ultrasound diagnosis apparatus 3000
on a screen image via a graphical user interface (GUI).
In addition, the ultrasound diagnosis apparatus 3000 may
include two or more displays according to one or more
exemplary embodiments.

[0409] The communication module 3300 is connected
to a network 30 by wire or wirelessly to communicate with
an external device or a server. The communication mod-
ule 3300 may exchange data with a hospital server or
another medical apparatus in a hospital, which is con-
nected thereto via a PACS. Furthermore, the communi-
cation module 3300 may perform data communication
according to the digital imaging and communications in
medicine (DICOM) standard.

[0410] The communication module 3300 may transmit
or receive data related to diagnosis of an object, e.g.,
any of an ultrasound image, ultrasound data, and/or Dop-
pler data of the object, via the network 30 and may also
transmit or receive medical images captured by another
medical apparatus, e.g., a computed tomography (CT)
apparatus, a magnetic resonance imaging (MRI) appa-
ratus, or an X-ray apparatus. Furthermore, the commu-
nication module 3300 may receive information about a
diagnosis history or medical treatment schedule of a pa-
tient from a server and utilizes the received information
to diagnose the patient. Furthermore, the communication
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module 3300 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 pa-
tient.

[0411] The communication module 3300 is connected
to the network 30 by wire or wirelessly to exchange data
with any of a server 32, a medical apparatus 34, and/or
a portable terminal 36. The communication module 3300
may include one or more components for communication
with external devices. For example, the communication
module 3300 may include a local area communication
module (also referred to herein as a "short-distance com-
munication module") 3310, a wired communication mod-
ule 3320, and a mobile communication module 3330.
[0412] The local area communication module 3310 re-
fers to a module for local area communication within a
predetermined distance. Examples of local area commu-
nication techniques according to an exemplary embodi-
ment may include, but are not limited to, wireless LAN,
Wi-Fi, Bluetooth, ZigBee, Wi-Fi Direct (WFD), ultra wide-
band (UWB), infrared data association (IrDA), Bluetooth
low energy (BLE), and near field communication (NFC).
[0413] The wired communication module 3320 refers
to a module for communication that is performed by using
electric signals or optical signals. Examples of wired com-
munication techniques according to an exemplary em-
bodiment may include communication via a twisted pair
cable, a coaxial cable, an optical fiber cable, and an Eth-
ernet cable.

[0414] The mobile communication module 3330 trans-
mits or receives wireless signals to or from at least one
selected from among a base station, an external terminal,
and a server on a mobile communication network. The
wireless signals may be voice call signals, video call sig-
nals, or various types of data for transmission and recep-
tion of text/multimedia messages.

[0415] The memory 3400 stores various data proc-
essed by the ultrasound diagnosis apparatus 3000. For
example, the memory 3400 may store medical data re-
lated 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 3000.
[0416] The memory 3400 may include any of various
storage media, e.g., a flash memory, a hard disk drive,
EEPROM, etc. Furthermore, the ultrasound diagnosis
apparatus 3000 may utilize web storage or a cloud server
that performs the storage function of the memory 3400
online.

[0417] The input device 3500 refers to a means via
which a user inputs data for controlling the ultrasound
diagnosis apparatus 3000. The input device 3500 may
include any of various hardware components, such as a
keypad, a mouse, a touch pad, a touch screen, and a jog
switch. However, exemplary embodiments are not limit-
ed thereto, and the input device 3600 may further include
any of various other input units, including an electrocar-
diogram (ECG) measuring module, a respiration meas-
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uring module, a voice recognition sensor, a gesture rec-
ognition sensor, a fingerprint recognition sensor, an iris
recognition sensor, a depth sensor, a distance sensor,
etc.

[0418] The controller 3600 may control all operations
of the ultrasound diagnosis apparatus 3000. In particular,
the controller 3700 may control operations among the
probe 3020, the ultrasound transceiver 3100, the image
processor 3200, the communication module 3300, the
display, the memory 3400, and the input device 3500
shown in FIG. 1.

[0419] All or some of the probe 3020, the ultrasound
transceiver 3100, the image processor 3200, the com-
munication module 3300, the display, the memory 3400,
the input device 3500, and the controller 3600 may be
implemented as software modules. However, exemplary
embodiments are not limited thereto, and some of the
components stated above may be implemented as hard-
ware components. In particular, the controller 3600 may
be implemented as a microprocessor or as integrated
circuitry. Furthermore, at least one selected from among
the ultrasound transceiver 3100, the image processor
3200, and the communication module 3300 may be in-
cluded in the controller 3600. However, exemplary em-
bodiments are not limited thereto.

[0420] FIG. 32 is a block diagram showing a configu-
ration of a wireless probe 4000, according to an exem-
plary embodiment. As described above with reference to
FIG. 1, the wireless probe 4000 may include a plurality
of transducers, and, according to one or more exemplary
embodiments, may include some or all of the compo-
nents of the ultrasound transceiver 100 shown in FIG. 1.
[0421] The wireless probe 4000 according to the ex-
emplary embodiment shown in FIG. 32 includes a trans-
mitter 4100, a transducer 4200, and a receiver 4300.
Since descriptions thereof are given above with refer-
enceto FIG. 31, detailed descriptions thereof will be omit-
ted here. In addition, according to exemplary embodi-
ments, the wireless probe 4000 may selectively include
a reception delaying unit (also referred to herein as a
"reception delayer") 4330 and a summing unit (also re-
ferred to herein as a "summer") 4340.

[0422] The wireless probe 4000 may transmit ultra-
sound signals toward the object 5, receive echo signals
from the object 5, generate ultrasound data, and wire-
lessly transmit the ultrasound data to the ultrasound di-
agnosis apparatus 3000 shown in FIG. 31.

[0423] One or more exemplary embodiments may be
implemented in the form of a storage medium that in-
cludes computer executable instructions, such as pro-
gram modules, being executed by a computer. Compu-
ter-readable media may be any available media that may
be accessed by the computer and includes both volatile
and nonvolatile media, and removable and non-remov-
able media. In addition, the computer-readable media
may include computer storage media and communica-
tion media. Computer storage media includes both the
volatile and non-volatile, and removable and non-remov-
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able media implemented as any method or technology
for storage of information such as computer readable in-
structions, data structures, program modules, or other
data. The medium of communication is typically compu-
ter-readable instructions, and other data in a modulated
data signal such as data structures, or program modules,
or other transport mechanism and includes any informa-
tion delivery media.

[0424] It should be understood that the exemplary em-
bodiments described herein should be considered in a
descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each exempla-
ry embodiment should typically be considered as avail-
able for other similar features or aspects in other exem-
plary embodiments.

[0425] While one or more exemplary embodiments has
been described with reference to the figures, it will be
understood by those of ordinary skillin the artthat various
changes in form and details may be made therein without
departing from the spirit and scope of the present inven-
tive concept, as defined by the following claims.

Claims

1. A method of operating an ultrasound probe, the
method comprising:

wirelessly connecting the ultrasound probe to
an ultrasound image providing apparatus by us-
ing a first communication scheme;

acquiring bandwidth information that defines a
transmission speed of ultrasound image data
using the first communication scheme from the
ultrasound probe to the ultrasound image appa-
ratus;

when the transmission speed is lower than a
threshold speed, wirelessly connecting the ul-
trasound probe to the ultrasound image provid-
ing apparatus by using a second communication
scheme; and

transmitting ultrasound image data about an ob-
jectto the ultrasound image providing apparatus
by using the second communication scheme.

2. An ultrasound probe wirelessly connected to an ul-
trasound image providing apparatus, the ultrasound
probe comprising:

an ultrasound transmission/reception unit con-
figured to transmit an ultrasound signal to an
object, and receives an echo signal;

a signal processing unit configured to process
the echo signal;

a control unit configured to determine a trans-
mission speed for transmitting ultrasound image
data, based on a user input, determines at least
one parameter value associated with ultrasound
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image quality, based on the determined trans-
mission speed, and controls the ultrasound
transmission/reception unit and the signal
processing unit to generate ultrasound image
data about an object, based on the determined
at least one parameter value; and

a communication unit configured to transmit the
ultrasound image data to the ultrasound image
providing apparatus atthe determined transmis-
sion speed.

The ultrasound probe of claim 2, wherein the control
unit decreases the at least one parameter value,
based on a reduction in the transmission speed.

The ultrasound probe of claim 2, wherein the ultra-
sound probe is connected to a plurality of ultrasound
image providing apparatuses, including the ultra-
sound image providing apparatus, through different
communication channels.

The ultrasound probe of claim 4, wherein,

the control unit generates a plurality of transmission
streams by processing the ultrasound image data,
based on characteristics of the plurality of ultrasound
image providing apparatuses, and

the communication unit transmits the plurality of
transmission streams to the plurality of ultrasound
image providing apparatuses through the different
communication channels, respectively.
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