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Description

[0001] This application claims the benefit of Korean
Patent Application No. 10-2015-0180195, filed on De-
cember 16, 2015, in the Korean Intellectual Property Of-
fice, the disclosure of which is incorporated herein in its
entirety by reference.

[0002] One or more embodiments relate to an ultra-
sound probe and a method of charging the ultrasound
probe, and more particularly, to a wireless ultrasound
probe in which a battery is charged by receiving wireless
power from an ultrasound diagnosis apparatus or other
apparatuses, and a method of charging the wireless ul-
trasound probe.

[0003] Ultrasound systems are used to obtain an im-
age of a certain inner portion of an object by irradiating
an ultrasound signal generated by a transducer of an
ultrasound probe toward the portion and receiving infor-
mation about an echo signal reflected from the portion.
Particularly, the ultrasound system is used for medical
purposes, such as observation of the inside of the object,
detection of foreign materials, assessment of an injury,
imaging of characteristics, etc.

[0004] The ultrasound system has high stability, is ca-
pable of displaying an image in real time, and is safe due
to there being no radioactive exposure compared to a
diagnosis apparatus using an X-ray. Accordingly, the ul-
trasound system exhibiting the above merits has been
widely used solely or with other medical diagnosis appa-
ratuses. When obtaining an ultrasound image of the ob-
ject using an ultrasound probe, a user is often inconven-
ienced by a communication cable connecting the ultra-
sound probe to a diagnosis apparatus.

[0005] Recently, in order to improve operability of an
ultrasound probe by removing the communication cable
or addressing the inconvenience due to the communica-
tion cable, a wireless ultrasound probe that connects the
ultrasound diagnosis apparatus via wireless communi-
cation has been developed. However, the wireless ultra-
sound probe has a problem in that a usage time of the
wireless ultrasound probe is limited by the energy con-
sumption of a built-in battery. According to recent tech-
nology, in which a transmission efficiency of wireless
power is not high, transmission power needs to be in-
creased according to a necessary power standard to se-
cure convenience in using a wireless ultrasound probe.
Furthermore, when power is wirelessly supplied to the
ultrasound probe used in close contact with a patient, a
human body transmissive type wireless power transmis-
sion method may have a direct influence on the body of
the patient. Accordingly, there is a demand for a human
body transmissive type wireless power transmission
method having highreliability and stability, which is harm-
less to a human body and does not affect other appara-
tuses.

[0006] One or more embodiments include a wireless
ultrasound probe in which wireless power is directionally
transmitted toward a position of the wireless ultrasound
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probe and a battery of the wireless ultrasound probe is
charged by receiving the transmitted wireless power,
thereby improving a battery charging efficiency, and a
method of charging the wireless ultrasound probe.
[0007] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent
from the description, or may be learned by practice of
the presented embodiments.

[0008] According to one or more embodiments, a
method of charging a wireless ultrasound probe wireless-
ly connected to an ultrasound diagnosis apparatus in-
cludes providing a position information of the wireless
ultrasound probe, obtained through data communication
for transmitting ultrasound image data obtained from an
object to the ultrasound diagnosis apparatus, and charg-
ing a battery included in the wireless ultrasound probe
by focusing wireless power directionally transmitted by
the ultrasound diagnosis apparatus according to the po-
sition information.

[0009] Thedatacommunication may be short-distance
communication capable of tracking the position of the
wireless ultrasound probe.

[0010] The data communication may include at least
one of short-distance data communication methods in-
cluding 60 GHz millimeter wave (mmWave), wireless lo-
cal area network (LAN), Wi-Fi, Bluetooth, Zigbee, Wi-Fi
direct (WFD), ultra wideband (UWB), infrared data asso-
ciation (IrDA), Bluetooth low energy (BLE), near field
communication (NFC), wireless broadband Internet (Wi-
bro), world interoperability for microwave access
(WIMAX), shared wireless access protocol (SWAP),
wireless gigabit alliance (WiGig), and radio frequency
(RF) communications.

[0011] The providing of the position information of the
wireless ultrasound probe to the ultrasound diagnosis
apparatus may include determining any one of at least
one short-distance communication method for obtaining
the position information of the wireless ultrasound probe.
[0012] The providing of the position information of the
wireless ultrasound probe to the ultrasound diagnosis
apparatus may include updating the position information
of the wireless ultrasound probe according to a move-
ment of a user using the wireless ultrasound probe, and
providing the updated position information to the ultra-
sound diagnosis apparatus.

[0013] The charging of the battery may include charg-
ing the battery by focusing the wireless power transmitted
by the ultrasound diagnosis apparatus by using a mag-
netic resonance method.

[0014] The charging of the battery may include charg-
ing the battery by focusing the wireless power transmitted
by the ultrasound diagnosis apparatus by using a direc-
tional beamfocusing method.

[0015] The method may further include transmitting
raw data to the ultrasound diagnosis apparatus, the raw
data being obtained by transmitting an ultrasound signal
to the object and receiving an echo signal reflected from
the object.
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[0016] The method may further include providing at
least one of information about setting of the wireless ul-
trasound probe including information about identification
of the wireless ultrasound probe, ultrasound preset set-
ting information, information about a user of the wireless
ultrasound probe, and information about the object, to
the ultrasound diagnosis apparatus.

[0017] The method may further include checking infor-
mation about a state of the battery including a remaining
amount of charge of the battery, a usage time of the bat-
tery, and a use state of the batteryincluded inthe wireless
ultrasound probe, and requesting transmission of wire-
less power from the ultrasound diagnosis apparatus
based on the information about the state of the battery.
[0018] The checking of the information about the state
of the battery may include providing an alarm signalto a
user when the remaining amount of charge of the battery
is less than a predetermined value.

[0019] The requesting of the transmission of wireless
power may include requesting transmission of wireless
power from the ultrasound diagnosis apparatus only
when the wireless ultrasound probe is not in use.
[0020] The method may further include displaying a
transmission type of wireless power received from the
ultrasound diagnosis apparatus.

[0021] The method may further include dividing a ca-
pacity of the battery into a first battery capacity and a
second battery capacity, and primarily discharging the
first battery capacity while the wireless ultrasound probe
is in use.

[0022] According to one or more embodiments, a wire-
less ultrasound probe wirelessly connected to an ultra-
sound diagnosis apparatus includes an ultrasound trans-
ceiver transmitting an ultrasound signal to an object and
receiving an echo signal reflected from the object, acom-
municator transmitting ultrasound image data obtained
from the echo signal to the ultrasound diagnosis appa-
ratus, a controller identifying a position information of the
wireless ultrasound probe through data communication
via which the communicator transmits the ultrasound im-
age datato the ultrasound diagnosis apparatus, and con-
trolling the communicator to provide the position infor-
mation of the wireless ultrasound probe to the ultrasound
diagnosis apparatus, and a wireless power receiver
charging a battery included in the wireless ultrasound
probe by focusing wireless power directionally transmit-
ted by the ultrasound diagnosis apparatus according to
the position information.

[0023] The controller may control the communicator to
perform data communication with the ultrasound diagno-
sis apparatus by using short-distance communication to
track a position of the wireless ultrasound probe.
[0024] The communicator may use at least one of
short-distance data communication methods including
60 GHz millimeter wave (mmWave), wireless local area
network (LAN), Wi-Fi, Bluetooth, Zighbee, Wi-Fi direct
(WFD), ultra wideband (UWB), infrared data association
(IrDA), Bluetooth low energy (BLE), near field communi-
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cation (NFC), wireless broadband Internet (Wibro), world
interoperability for microwave access (WiMAX), shared
wireless access protocol (SWAP), wireless gigabit alli-
ance (WiGig), and radio frequency (RF) communica-
tions, and the controller may identify the position infor-
mation of the wireless ultrasound probe by using at least
one of the short-distance data communication methods.
[0025] The controller may determine any one of atleast
one short-distance communication method for obtaining
the position information of the wireless ultrasound probe.
[0026] The controller may update the position informa-
tion of the wireless ultrasound probe according toa move-
ment of a user using the wireless ultrasound probe, and
the communicator may transmit the updated position in-
formation to the ultrasound diagnosis apparatus.

[0027] The wireless power receiver may charge the
battery by focusing the wireless power transmitted by the
ultrasound diagnosis apparatus by using a magneticres-
onance method.

[0028] The wireless power receiver may charge the
battery by focusing the wireless power transmitted by the
ultrasound diagnosis apparatus by using a directional
beamfocusing method.

[0029] The communicator may transmit raw data ob-
tained from the echo signal to the ultrasound diagnosis
apparatus.

[0030] The communicator may transmit at least one of
information about setting of the wireless ultrasound probe
including information about identification of the wireless
ultrasound probe, ultrasound preset setting information,
information about a user ofthe wireless ultrasound probe,
and information about the object, to the ultrasound diag-
nosis apparatus.

[0031] The controller may check information about a
state of the battery including a remaining amount of
charge of the battery, a usage time of the battery, and a
use state of the battery, and requests transmission of
wireless power from the ultrasound diagnosis apparatus
based on the information about the state of the battery.
[0032] The wireless ultrasound probe may further in-
clude an alarm display unit that provides an alarm signal
to a user when the remaining amount of charge of the
battery is less than a predetermined value.

[0033] The controller may request transmission of
wireless power from the ultrasound diagnosis apparatus
only when the wireless ultrasound probe is not in use.
[0034] The wireless ultrasound probe may further in-
clude a display that displays a transmission type of wire-
less power received from the ultrasound diagnosis ap-
paratus

[0035] The controller may divide a capacity of the bat-
tery into a first battery capacity and a second battery ca-
pacity and primarily discharges the first battery capacity
while the wireless ultrasound probe is in use.

[0036] According to one or more embodiments, an ul-
trasound system includes an ultrasound probe obtaining
ultrasound image data by transmitting an ultrasound sig-
nal to an object and receiving an echo signal reflected
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from the object, and an ultrasound diagnosis apparatus
wirelessly connected to the ultrasound probe and wire-
lessly transmitting power to the ultrasound probe, in
which the ultrasound probe identifies position information
of the wireless ultrasound probe through data communi-
cation for transceiving the ultrasound image data with
respect to the ultrasound diagnosis apparatus, and the
ultrasound diagnosis apparatus charges a battery includ-
edinthe wireless ultrasound probe by directionally trans-
mitting wireless power to the wireless ultrasound probe
based on the position information of the ultrasound
probe.

[0037] The ultrasound diagnosis apparatus may in-
clude a wireless power transmitter that directionally
transmits the wireless power toward the position of the
ultrasound probe by controlling a delay time of a wireless
power signal in a particular order.

[0038] The ultrasound diagnosis apparatus may fur-
ther include a direction controller that is connected to the
wireless power transmitter and changes a transmission
direction of the wireless power transmitter to at least one
of a first direction, a second direction perpendicular to
the first direction, and a third direction perpendicular to
each of the first direction and the second direction.
[0039] The direction controller may rotate the trans-
mission direction of the wireless power transmitter to at
least one of the first direction, the second direction, and
the third direction.

[0040] According to one or more embodiments, a non-
transitory computer readable recording medium having
recorded thereon a program, which when executed by a
computer, performs the method of charging a wireless
ultrasound probe wirelessly connected to an ultrasound
diagnosis apparatus includes providing a position infor-
mation of the wireless ultrasound probe, obtained
through data communication for transmitting ultrasound
image data obtained from an object to the ultrasound
diagnosis apparatus, and charging a battery included in
the wireless ultrasound probe by focusing wireless power
directionally transmitted by the ultrasound diagnosis ap-
paratus according to the position information.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] These and/or other aspects will become appar-
ent and more readily appreciated from the following de-
scription of the embodiments, taken in conjunction with
the accompanying drawings in which:

FIG. 1is a conceptual view for explaining a method
of charging a wireless ultrasound probe, according
to an embodiment;

FIG. 2 is a block diagram illustrating a structure of a
wireless ultrasound probe according to an embodi-
ment;

FIG. 3 is a flowchart of a method of charging a wire-
less ultrasound probe, according to an embodiment;
FIG. 4 is a conceptual diagram for explaining a meth-
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probe and an ultrasound diagnosis apparatus by us-
ing a plurality of wireless communication methods,
according to an embodiment;

FIG. 5 is a conceptual view for explaining a method
of transmitting directional wireless power, according
to an embodiment;

FIGS. 6A to 6C are conceptual views for explaining
a method of receiving directional wireless power,
which is performed by a wireless ultrasound probe,
according to an embodiment;

FIG. 7 is aflowchart of a method of charging a battery
by receiving directional wireless power from an ul-
trasound diagnosis apparatus, which is performed
by a wireless ultrasound probe, according to an em-
bodiment;

FIG. 8 is a flowchart of a method of providing position
information to an ultrasound diagnosis apparatus,
which is performed by a wireless ultrasound probe,
according to an embodiment;

FIG.9is aflowchart of a method of charging a battery
of awireless ultrasound probe by receiving direction-
al wireless power from an ultrasound diagnosis ap-
paratus based on information about a state of the
battery, according to an embodiment;

FIG. 10 is aflowchart of a method of charging a bat-
tery of a wireless ultrasound probe by receiving di-
rectional wireless power from an ultrasound diagno-
sis apparatus based on a use of the wireless ultra-
sound probe, according to an embodiment;

FIGS. 11A and 11B are conceptual views for explain-
ing a method of dividing capacity of a battery of a
wireless ultrasound probe and setting an order of
discharge of the battery, according to an embodi-
ment;

FIG. 12 is aflowchart of a method of dividing capacity
of abattery of awireless ultrasound probe and setting
an order of discharge, according to an embodiment;
FIG. 13 is a conceptual view for explaining a method
of charging a wireless ultrasound probe, according
to an embodiment;

FIG. 14 is a flowchart of a method of charging a wire-
less ultrasound probe, according to an embodiment;
FIG. 15 is a conceptual view for explaining a method
of displaying a wireless power transmission type,
which is performed by a wireless ultrasound probe,
according to an embodiment;

FIG. 16 is a flowchart of a method of displaying a
wireless power transmission type, which is per-
formed by a wireless ultrasound probe, according to
an embodiment; and

FIG. 17 is a block diagram illustrating a structure of
an ultrasound system according to an embodiment.

DETAILED DESCRIPTION

[0042] Advantages and features of one or more em-
bodiments of the present inventive concept and methods
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of accomplishing the same may be understood more
readily by reference to the following detailed description
of the embodiments and the accompanying drawings. In
this regard, the present embodiments may have different
forms and should not be construed as being limited to
the descriptions set forth herein. Rather, these embodi-
ments are provided so that this disclosure will be thor-
ough and complete and will fully convey the concept of
the present embodiments to one of ordinary skill in the
art, and the present inventive concept will only be defined
by the appended claims.

[0043] Hereinafter, the terms used in the specification
will be briefly described, and then the present inventive
concept will be described in detail.

[0044] The terms used in this specification are those
general terms currently widely used in the art in consid-
eration of functions regarding the inventive concept, but
the terms may vary according to the intention of those of
ordinary skill in the art, precedents, or new technology in
the art. Also, some terms may be arbitrarily selected by
the applicant, and in this case, the meaning of the se-
lected terms will be described in detail in the detailed
description of the present specification. Thus, the terms
used in the specification should be understood not as
simple names but based on the meaning of the terms
and the overall description of the inventive concept.
[0045] When a part "includes" or "comprises" an ele-
ment, unless there is a particular description contrary
thereto, the part can further include other elements, not
excluding the other elements. Terms such as"~ unit" stat-
ed inthe specification may signify software, or a hardware
element such as a field-programmable gate array (FP-
GA) or an application-specific integrated circuit (ASIC),
and the "~ unit" performs a certain function or operation.
However, the term "unit" is not limited to software or hard-
ware. The "unit" may be formed so as to be in an ad-
dressable storage medium, or may be formed so as to
operate one or more processors. Accordingly, the unit
as an example includes constituent elements such as
software constituent elements, object-oriented software
constituent elements, class constituent elements, and
task constituent elements, processes, functions, at-
tributes, procedures, sub-routines, segments of program
codes, drivers, firmware, microcodes, circuits, data, da-
tabases, data structures, tables, arrays, and variables.
The constituent elements and functions provided by the
"units" may be combined into a smaller number of con-
stituent elements and units or may be further divided into
additional constituent elements and units.

[0046] Throughout the specification, an "ultrasound
image" refers to an image of an object, which is obtained
using ultrasound waves. Furthermore, an "object" may
be a human, an animal, or a part of a human or animal.
For example, the object may be an organ (e.g., the liver,
the heart, the womb, the brain, a breast, orthe abdomen),
a blood vessel, or a combination thereof. Also, the object
may be a phantom. The phantom means a material hav-
ing a density, an effective atomic number, and a volume
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that are approximately the same as those of an organism.
For example, the phantom may be a spherical phantom
having properties similar to a human body.

[0047] Throughout the specification, a "user" may be,
but is not limited to, a medical expert, for example, a
medical doctor, a nurse, a medical laboratory technolo-
gist, or a medical imaging expert, or a technician who
repairs medical apparatuses.

[0048] Furthermore, in the present specification, terms
such as "first" and "second" are used herein merely to
describe a variety of members, parts, areas, layers,
and/or portions, but the constituent elements are not lim-
ited by the terms. It is obvious that the members, parts,
areas, layers, and/or portions are not limited by the terms.
Accordingly, the terms such as "first" and "second" do
not indicate an order or priority between constituent ele-
ments.

[0049] Hereinafter, the present inventive concept will
be described in detail by explaining embodiments of the
inventive concept with reference to the attached draw-
ings. In the description of the present inventive concept,
certaindetailed explanations of the related art are omitted
when it is deemed that they may unnecessarily obscure
the essence of the inventive concept.

[0050] FIG. 1 is a conceptual view for explaining a
method of charging a wireless ultrasound probe 100, ac-
cording to an embodiment.

[0051] Referring to FIG. 1, the wireless ultrasound
probe 100 may be connected to an ultrasound diagnosis
apparatus 200 via a wireless communication method and
may receive wireless power from the ultrasound diagno-
sis apparatus 200. The wireless ultrasound probe 100
and the ultrasound diagnosis apparatus 200 may em-
body an ultrasound system.

[0052] The wireless ultrasound probe 100 may trans-
mit an ultrasound signal to an object and receive an echo
signal reflected from the object, forming a received sig-
nal. The wireless ultrasound probe 100 may perform im-
age processing on the received signal to generate ultra-
sound image data. The wireless ultrasound probe 100
may transmit generated ultrasound image data to the ul-
trasound diagnosis apparatus 200. The wireless ultra-
sound probe 100 may be wirelessly connected to the
ultrasound diagnosis apparatus 200 via a wireless com-
munication method.

[0053] The ultrasound diagnosis apparatus 200 may
be wirelessly connected to the wireless ultrasound probe
100 and may display an ultrasound image by using the
ultrasound image data received from the wireless ultra-
sound probe 100. For example, the ultrasound diagnosis
apparatus 200 may represent not only an ultrasound im-
age of a gray scale obtained by scanning the object ac-
cording to an A mode (amplitude mode), a B mode
(brightness mode), and an M mode (motion mode), but
also a movement of the object, as a Doppler image. In
an embodiment, the ultrasound diagnosis apparatus 200
may be embodied not only as a cart type but also as a
portable type. A portable ultrasound diagnosis apparatus
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may include a picture archiving and communication sys-
tem (PACS) viewer, hand-carried cardiac ultrasound
(HCU) equipment, smart phones, laptop computers, per-
sonal digital assistants (PDAs), tablet personal comput-
ers (PCs), etc., but not limited thereto.

[0054] Inanembodiment, the ultrasound diagnosis ap-
paratus 200 may be an apparatus for generating an ul-
trasound image by processing the ultrasound image data
received from the wireless ultrasound probe 100 and dis-
playing a generated image, or an apparatus that simply
embodies only an image display function without a sep-
arate image processing function. In other words, the ul-
trasound diagnosis apparatus 200 may include a display
apparatus that receives an image from the wireless ul-
trasound probe 100 and displays the received image on
a screen without additional processing.

[0055] Thewireless ultrasound probe 100 may be wire-
lessly connected to the ultrasound diagnosis apparatus
200 by adatacommunication method. Inanembodiment,
the wireless ultrasound probe 100 may be wirelessly con-
nected to the ultrasound diagnosis apparatus 200 by a
60 GHz millimeter wave (mm Wave) short-distance wire-
less communication method. However, the present dis-
closure is not limited thereto, and the wireless ultrasound
probe 100 may be connected to the ultrasound diagnosis
apparatus 200 by using at least one of data communica-
tion methods, for example, wireless local area network
(LAN), Wi-Fi, Bluetooth, Zigbee, Wi-Fidirect (WFD), ultra
wideband (UWB), infrared data association (IrDA), Blue-
tooth low energy (BLE), near field communication (NFC),
wireless broadband Internet (Wibro), world interopera-
bility for microwave access (WiMAX), shared wireless
access protocol (SWAP), wireless gigabit alliance (Wi-
Gig), and radio frequency (RF) communications.

[0056] The wireless ultrasound probe 100 may trans-
mitinformation about a position ofthe wireless ultrasound
probe 100 to the ultrasound diagnosis apparatus 200 by
a data communication method. In an embodiment, the
wireless ultrasound probe 100 may track the position of
the wireless ultrasound probe 100 that changes accord-
ing to a use of the wireless ultrasound probe 100, by a
short-distance communication method. In an embodi-
ment, the wireless ultrasound probe 100 may transmit
information about the position of the wireless ultrasound
probe 100 to the ultrasound diagnosis apparatus 200 by
the 60 GHz millimeter wave short-distance wireless com-
munication method.

[0057] Thewireless ultrasound probe 100 may receive
wireless power that is directionally transmitted by the ul-
trasound diagnosis apparatus 200. In an embodiment,
the ultrasound diagnosis apparatus 200 may directionally
transmit wireless power based on the information about
the position of the wireless ultrasound probe 100 by the
60GHz millimeter wave) short-distance wireless commu-
nication method. In an embodiment, the ultrasound di-
agnosis apparatus 200 may transmit wireless power to
the wireless ultrasound probe 100 in a directional beam
focusing method by using a wireless power transmission
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module including a retrodirective beamforming antenna.
In an embodiment, the ultrasound diagnosis apparatus
200 may transmit wireless power to the wireless ultra-
sound probe 100 by a magnetic resonance method.
[0058] The wireless ultrasound probe 100 may charge
a built-in battery in the wireless ultrasound probe 100 by
focusing the wireless power that is directionally transmit-
ted. In an embodiment, the wireless ultrasound probe
100 may charge the battery of the wireless ultrasound
probe 100 by focusing a directional magnetic field.
[0059] The wireless ultrasound probe 100 according
to an embodiment may provide the information about the
position of the wireless ultrasound probe 100 by a data
communication method to wirelessly connect the ultra-
sound diagnosis apparatus 200, and may charge the bat-
tery by focusing the wireless power that is directionally
transmitted based on the information about the position
of the wireless ultrasound probe 100. According to a
method of charging the wireless ultrasound probe 100
according to the present embodiment, the position of the
wireless ultrasound probe 100 may be identified by the
data communication method between the wireless ultra-
sound probe 100 and the ultrasound diagnosis apparatus
200, thereby obtaining general purpose characteristics.
Furthermore, according to the present embodiment, as
wireless power is directionally transmitted based on the
position of the wireless ultrasound probe 100, an energy
transmission efficiency and an efficiency of charging the
wireless ultrasound probe 100 may be improved. Thus,
a method of charging the wireless ultrasound probe 100
which reduces a magnetic field that transmits through a
body of a patient or a user using the wireless ultrasound
probe 100 and/or the ultrasound diagnosis apparatus
200, and the wireless ultrasound probe 100, may be pro-
vided.

[0060] FIG. 2 is a block diagram illustrating a structure
of the wireless ultrasound probe 100 according to the
present embodiment.

[0061] Referring to FIG. 2, the wireless ultrasound
probe 100 may include an ultrasound transceiver 110,
animage processor 120, a communicator 130, awireless
power receiver 140, a battery 150, and a controller 160.
[0062] The ultrasound transceiver 110 transmits an ul-
trasound signal to the object and receives an echo signal
reflected from the object. The ultrasound transceiver 110
may generate a pulse for forming a transmissive ultra-
sound wave according to a certain pulse repetition fre-
quency (PRF). The ultrasound transceiver 110 may apply
a delay time to determine transmission directionality to
the pulse. Each pulse to which the delay time is applied
may correspond to each of a plurality of piezoelectric
vibrators included in a transducer. The ultrasound trans-
ceiver 110 may transmit an ultrasound signal to the object
by applying the pulse corresponding to each of the pie-
zoelectric vibrators at a timing corresponding to each
pulse to which the delay time is applied.

[0063] The image processor 120 may generate ultra-
sound image data corresponding to a data type deter-
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mined by the controller 160 from the echo signal received
from the ultrasound transceiver 110. The image proces-
sor 120 may generate ultrasound image data by process-
ing the echo signal reflected from the object. The image
processor 120 may amplify the echo signal for each chan-
neland perform analog-digital (AD) conversionon an am-
plified echo signal. The image processor 120 may apply
the delay time to determine receiving directionality to a
digitally converted echo signal.

[0064] The communicator 130 transmits the ultra-
sound image data generated by the image processor 120
to the ultrasound diagnosis apparatus 200 (see FIG. 1).
In an embodiment, the communicator 130 may transmit
raw data generated by performing analog-digital conver-
sion on the echo signal amplified by the image processor
120 to the ultrasound diagnosis apparatus 200. In an
embodiment, the communicator 130 may transmit at
least one piece of information about setting of the wire-
less ultrasound probe 100 including information about
identification of the wireless ultrasound probe 100, ultra-
sound preset setting information, information about a us-
er of the wireless ultrasound probe 100, and information
about an object, to the ultrasound diagnosis apparatus
200.

[0065] The communicator 130 may perform wireless
communication with the ultrasound diagnosis apparatus
200. The communicator 130 may perform data commu-
nication with the ultrasound diagnosis apparatus 200 by
at least one of short-distance communication methods
including, for example, LAN, Wi-Fi, Bluetooth, Zigbee,
WEFD, UWB, IrDA, BLE, NFC, Wibro, WiMAX, SWAP,
WiGig, and RF communications. In an embodiment, the
communicator 130 may perform data communication
with the ultrasound diagnosis apparatus 200 by the 60
GHz millimeter wave short-distance wireless communi-
cation method.

[0066] The communicator 130 may transmit the infor-
mation about the position of the wireless ultrasound
probe 100 to the ultrasound diagnosis apparatus 200 un-
der the control of the controller 160.

[0067] In an embodiment, the communicator 130 may
communicate with an external device or server by being
connected to a network in a wired or wireless manner.
The communicator 130 may exchange data with a hos-
pital server or another medical apparatus in a hospital,
which is connected thereto via a PACS. Furthermore, the
communicator 130 may perform data communication ac-
cording to the digital imaging and communications in
medicine (DICOM) standard.

[0068] The communicator 130 may transmit or receive
datarelated to diagnosis of the object, e.g., an ultrasound
image, ultrasound data, and Doppler data of the object,
via the network and may also transmit or receive medical
images captured by another medical apparatus, e.g., a
computed tomography (CT) apparatus, a magnetic res-
onance imaging (MRI) apparatus, or an X-ray apparatus.
Furthermore, the communicator 130 may receive infor-
mation about a diagnosis history or medical treatment
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schedule of a patient from a server and utilizes the re-
ceived information to diagnose the patient. Furthermore,
the communicator 130 may perform data communication
notonly with a server or a medical apparatus in a hospital,
but also with a portable terminal of a medical doctor or
patient.

[0069] The wireless power receiver 140 receives the
wireless power that is directionally transmitted by the ul-
trasound diagnosis apparatus 200, and charges the bat-
tery 150 by focusing received wireless power. In an em-
bodiment, the wireless power receiver 140 may receive
wireless power in the form of a magnetic field beam that
is directionally transmitted by a wireless power transmit-
ter 240 (see FIGS. 6A to 6C) including a retrodirective
antenna. In an embodiment, the wireless power receiver
140 may charge the battery 150 by focusing wireless
power transmitted by the magnetic resonance method.
In an embodiment, the wireless power receiver 140 may
charge the battery 150 by focusing wireless power trans-
mitted in a dipole coil resonant system (DCRS).

[0070] The battery 150 supplies power needed to op-
erate the wireless ultrasound probe 100. The battery 150
may be charged by receiving the wireless power focused
by the wireless power receiver 140. The battery 150 may
include, for example, at least one of lithium-ion (Li-ion),
nickelmetal hydride (Ni-MH), lead oxide (PbOx), and so-
dium- sulfur (Na-S). However, the present disclosure is
not limited thereto and the battery 150 may include a
material capable of charging, such as, lithium metal ox-
ide, an organic electrode material, and transition metal.
[0071] The controller 160 determines a data commu-
nication method used for transmitting the ultrasound im-
age data generated by the image processor 120 to the
ultrasound diagnosis apparatus 200, identifies informa-
tion about the position of the wireless ultrasound probe
100 based on adetermined data communication method,
and controls the communicator 130 to provide the infor-
mation about the position of the wireless ultrasound
probe 100 to the ultrasound diagnosis apparatus 200.
[0072] The controller 160 may determine at least one
of a wireless communication method, a usable band-
width, a transmission speed for a communication chan-
nel, a communication channel type, and an identifier,
which are used by the ultrasound diagnosis apparatus
200, based on information about the ultrasound diagno-
sis apparatus 200.

[0073] Inanembodiment, the controller 160 may select
at least one image processing operation of a plurality of
sequential image processing operations to be performed
togenerate adisplayable ultrasound image from the echo
signal, based on the type of determined data. In an em-
bodiment, the controller 160 may obtain the information
about the ultrasound diagnosis apparatus 200 through
the communicator 130. The controller 160 may determine
the type of data configured to be processed by the ultra-
sound diagnosis apparatus 200, based on the informa-
tion about the ultrasound diagnosis apparatus 200, and
may determine a method of performing data communi-
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cation with the ultrasound diagnosis apparatus 200. For
example, when raw data that is generated as the image
processor 120 performs AD conversion on the echo sig-
nal reflected from the object is transmitted to the ultra-
sound diagnosis apparatus 200, the controller 160 may
control the communicator 130 to use a 60 GHz millimeter
wave short-distance wireless communication method.
[0074] The controller 160 may obtain the information
about the position of the wireless ultrasound probe 100
by the determined data communication method, and may
control the communicator 130 to transmit obtained infor-
mation about the position of the wireless ultrasound
probe 100 to the ultrasound diagnosis apparatus 200. In
an embodiment, the controller 160 may update the infor-
mation about the position of the wireless ultrasound
probe 100 that is changed according to a motion of a
user using the wireless ultrasound probe 100, and may
control the communicator 130 to provide updated infor-
mation about the position of the wireless ultrasound
probe 100 to the ultrasound diagnosis apparatus 200.
[0075] The controller 160 may control operation of the
wireless power receiver 140 and the battery 150. In an
embodiment, the controller 160 checks information about
a state of the battery 150 including a remaining amount
of the battery 150, a usage time of the battery 150, and
a use state of the battery 150, and may transmit an elec-
tric signal requesting transmission of wireless power to
the ultrasound diagnosis apparatus 200 based on
checked information about a state of the battery 150. In
an embodiment, the controller 160 may transmit an elec-
tric signal requesting the transmission of wireless power
to the ultrasound diagnosis apparatus 200 only when the
wireless ultrasound probe 100 is not in use.

[0076] The controller 160 may be a module including,
for example, a central processing unit, a microprocessor,
a graphic processing unit, random-access memory
(RAM), and read-only memory (ROM). In an embodi-
ment, the controller 160 may be embodied by an appli-
cation processor (AP). In an embodiment, the controller
160 may be embodied by a hardware element such as
an FPGA or ASIC. However, the present disclosure is
not limited thereto and the controller 160 may includes
constituent elements such as software constituent ele-
ments, object-oriented software constituent elements,
class constituent elements, and task constituent ele-
ments, processes, functions, attributes, procedures, sub-
routines, segments of program codes, drivers, firmware,
microcodes, circuits, data, databases, data structures,
tables, arrays, and variables.

[0077] FIG. 3 is a flowchart of a method of charging
the wireless ultrasound probe 100 according to the
present embodiment.

[0078] In Operation S310, the wireless ultrasound
probe 100 provides information about the position of the
wireless ultrasound probe 100 to the ultrasound diagno-
sis apparatus 200 via a data communication method for
transmitting ultrasound image data obtained from the ob-
jectto the ultrasound diagnosis apparatus 200. Inan em-
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bodiment, the wireless ultrasound probe 100 may deter-
mine the type of data configured to be processed by the
ultrasound diagnosis apparatus 200, based on the infor-
mation about the ultrasound diagnosis apparatus 200,
and may determine a method of performing data com-
munication with the ultrasound diagnosis apparatus 200.
For example, the wireless ultrasound probe 100 may
transmit raw data of the object to the ultrasound diagnosis
apparatus 200 by a 60 GHz millimeter wave short-dis-
tance wireless communication method.

[0079] In an embodiment, the wireless ultrasound
probe 100 may transmit at least one piece of information
about setting of the wireless ultrasound probe 100 includ-
ing information about identification of the wireless ultra-
sound probe 100, ultrasound preset setting information,
information about a user of the wireless ultrasound probe
100, and information about the object, to the ultrasound
diagnosis apparatus 200.

[0080] In Operation S320, the wireless ultrasound
probe 100 charges the battery 150 by focusing the wire-
less power that is directionally transmitted by the ultra-
sound diagnosis apparatus 200, based on the provided
position information. In an embodiment, the wireless ul-
trasound probe 100 may receive wireless power in the
form of a magnetic field beam that is directionally trans-
mitted by the ultrasound diagnosis apparatus 200. In an
embodiment, the wireless ultrasound probe 100 may
charge the battery 150 included in the wireless ultra-
sound probe 100 by focusing wireless power transmitted
by the magnetic resonance method.

[0081] FIG. 4 is a conceptual diagram for explaining a
method of communicating between the wireless ultra-
sound probe 100 according to the present embodiment
and the ultrasound diagnosis apparatus 200 by using a
plurality of wireless communication methods.

[0082] Referring to FIG. 4, the wireless ultrasound
probe 100 may include the ultrasound transceiver 110,
the image processor 120, an image generator 128, the
communicator 130, and the controller 160. However, the
structure of the wireless ultrasound probe 100 according
to the present embodiment is not limited to the structure
of FIG. 4, and the wireless ultrasound probe 100 may
include more or less elements than the elements illus-
trated in FIG. 4. Since the communicator 130 and the
controller 160 are the same as the communicator 130
and the controller 160 of FIG. 2, redundant descriptions
thereof are omitted.

[0083] The ultrasound transceiver 110 may include an
acoustic module 111. The acoustic module 111 receives
an echo signal reflected from the object. The echo signal
reflected from the object may be an ultrasound signal
thatis an RF signalreflected from the object. The acoustic
module 111 may include a plurality of transducers. The
transducers may vibrate according to a received electric
signal and generate ultrasound waves that are acoustic
energy, and may generate an electric signal by process-
ing the acoustic energy reflected from the object.
[0084] The image processor 120 may include a high-
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voltage multiplexer 121, a transceiving (T/RX) analog cir-
cuit 122, a first beamformer (BF1) 123, a second beam-
former (BF2) 124, a mid processor 125, a back-end proc-
essor 126, and a post processor 127.

[0085] The high-voltage multiplexer 121 may sequen-
tially select the transducers of the acoustic module 111.
The T/RX analog circuit 122 may split a signal to transmit
an ultrasound signal to the object and a signal obtained
by processing a received echo signal.

[0086] The BF1 and BF2 123 and 124 perform a proc-
ess of focusing the echo signal to check reflection prop-
erties of tissues at a desired position of the object from
the received echo signal. In an embodiment, the BF1 123
may be an analog beamformer, whereas the BF2 124
may be a digital beamformer.

[0087] The mid processor 125 may perform a mid
processing operation on a beam formed signal by the
BF1 and BF2 123 and 124. For example, the mid proc-
essor 125 may control gain with respect to the beam-
formed signal. The mid processor 125 may perform
phase rotation according to dynamic frequency variation
on each of a plurality of areas separated based on certain
depths, to compensate for frequency variation that is
changed according to a depth of the object. Furthermore,
the mid processor 125 may perform low-pass filtering.
[0088] The back-end processor 126 may detectan en-
velope with respect to | component data and Q compo-
nent data output from the mid processor 125.

[0089] The post processor 127 may perform digital sig-
nal processing (DSP) to generate a Doppler-mode (D-
mode) image and a color-mode (C-mode) image.
[0090] The image generator 128 may generate an im-
age in the form of being output to the screen from a proc-
essed signal.

[0091] In an embodiment, the types of data that may
be respectively processed in a plurality of ultrasound di-
agnosis apparatuses 200-1, 200-2, and 200-3 may dif-
ferent from one another. In other words, the ultrasound
diagnosis apparatuses 200-1, 200-2, and 200-3 may be
generally configured to be capable of generating an ul-
trasound image from an intermediate signal or image da-
ta obtained from any one of the above-described image
processing elements 121 to 127. Each of the image
processing elements 121 to 127 included in the image
processor 120 may be the image processor 120 of the
image processor 120 according to the present embodi-
ment. Accordingly, to be used by being connected to the
ultrasound diagnosis apparatuses 200-1, 200-2, and
200-3, the wireless ultrasound probe 100 according to
the present embodiment may output data suitable for the
ultrasound diagnosis apparatuses 200-1, 200-2, and
200-3 according to the types of data that may be respec-
tively processed by the ultrasound diagnosis apparatus-
es 200-1, 200-2, and 200-3.

[0092] The controller 160 may recognize an identifier
ID of one of the ultrasound diagnosis apparatuses 200-1,
200-2, and 200-3 that is connected to the wireless ultra-
sound probe 100. The wireless ultrasound probe 100
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may recognize a signal processing operation that may
be processed by the ultrasound diagnosis apparatus con-
nected to the wireless ultrasound probe 100, based on
the ID of the ultrasound diagnosis apparatus, and the
signal processing operation that may be processed by
the ultrasound diagnosis apparatus may be processed
inside the wireless ultrasound probe 100. Transmission
data transmitted by the wireless ultrasound probe 100 to
the ultrasound diagnosis apparatus may be image data
as a mid processing result or completely processed im-
age data. The ultrasound diagnosis apparatus may per-
form remaining processing operations that have not been
completed with respect to the transmission data, to gen-
erate an ultrasound image to be output to the screen or
display.

[0093] The wireless ultrasound probe 100 may selec-
tively output intermediate data generated in a certain
processing operation among a series of processing op-
erations to obtain an ultrasound image with respectto an
object from the echo signal received from the object,
based on the ID of the ultrasound diagnosis apparatus.
[0094] In an embodiment, the first ultrasound diagno-
sis apparatus 200-1 may perform all signal processing
operations, except for the beamforming. Accordingly,
when the wireless ultrasound probe 100 is connected to
the first ultrasound diagnosis apparatus 200-1, the wire-
less ultrasound probe 100 may transmit a signal output
from the second beamformer 124, as the transmission
data, to the first ultrasound diagnosis apparatus 200-1.
The wireless ultrasound probe 100 may deactivate the
mid processor 125, the back-end processor 126, the post
processor 127, and the image generator 128, which per-
form processing operations after the beamforming.
[0095] Inanembodiment, when the second ultrasound
diagnosis apparatus 200-2 performs processing opera-
tions after the back-end processor 126 to display an ul-
trasound image, the wireless ultrasound probe 100 may
generate an output of the back-end processor 126 as the
transmission data. In this state, since the wireless ultra-
sound probe 100 does not need to perform the functions
of the post processor 127 and the image generator 128,
the post processor 127 and the image generator 128 may
be deactivated.

[0096] Unlike the first ultrasound diagnosis apparatus
200-1 and the second ultrasound diagnosis apparatus
200-2, the third ultrasound diagnosis apparatus 200-3 is
an apparatus that performs only a function of displaying
an image without additional image processing function.
Accordingly, when the wireless ultrasound probe 100 is
connected to the third ultrasound diagnosis apparatus
200-3, the wireless ultrasound probe 100 may transmit
a signal output from the image generator 128, as the
transmission data, to the third ultrasound diagnosis ap-
paratus 200-3.

[0097] In an embodiment, the wireless ultrasound
probe 100 may transmit ultrasound image data to the
ultrasound diagnosis apparatuses 200-1, 200-2, and
200-3 by a plurality of data communication methods. The
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wireless ultrasound probe 100 may transmit the trans-
mission data by an appropriate data communication
method according to a wireless communication method
used by the ultrasound diagnosis apparatuses 200-1,
200-2, and 200-3. In an embodiment, the wireless ultra-
sound probe 100 may use different data communication
methods according to the characteristics of data to be
transmitted.

[0098] FIG. 5 is a conceptual view for explaining a
method of transmitting directional wireless power, ac-
cording to an embodiment.

[0099] Referringto FIG. 5, a plurality of beam patterns
11,12, and 13 are radiated from an antenna 10. The first
beam pattern 11 may be an isotropic beam pattern radi-
ated in the form of a sphere radiated in all directions from
the antenna 10. The second beam pattern 12 and the
third beam pattern 13 may be directional beam patterns
having directionality radiated from the antenna 10.
[0100] In general, decibel isotropic (dBi) is used as a
unit for evaluating gain of the antenna 10. The dBi signi-
fies a ratio between a signal of an antenna having direc-
tionality and a signal of an antenna having isotropy. The
gainvalues of the first beam pattern 11, the second beam
pattern 12, and the third beam pattern 13 illustrated in
FIG. 5 may be the same. In other words, a total amount
of energy of a beam pattern isotropically radiated from
the antenna 10 (first beam pattern) is the same as a total
amount energy of a beam pattern directionally radiated
from the antenna 10 (second beam pattern and third
beam pattern). Furthermore, for a beam pattern direc-
tionally radiated from the antenna 10, the amount of en-
ergy of a beam pattern radiated according to a distance.
[0101] In beamforming technology according to the
present embodiment, the energy of a signal may be in-
tensively converged in one direction by adjusting a radi-
ation pattern of the antenna 10. The beamforming tech-
nology purposes efficiently receiving a signal or accu-
rately transmitting a signal in a desired direction. The
antenna 10 may have a high gain by forming a beam,
compared to an isotropic antenna. In the following de-
scription, a method of directionally transmitting wireless
power by using the beamforming technology is described
with reference to FIGS. 6A to 6C.

[0102] FIG. 6A is a conceptual view for explaining a
method of directionally transmitting wireless power to a
position of the wireless ultrasound probe 100 by using
the beamforming technology, which is performed by the
ultrasound diagnosis apparatus 200, according to an em-
bodiment.

[0103] Referring to FIG. 6A, the ultrasound diagnosis
apparatus 200 may include the wireless power transmit-
ter 240. The wireless power transmitter 240 a first trans-
ducer 240-1 to a fourth transducer 240-4. In an embod-
iment, the first transducer 240-1 to the fourth transducer
240-4 may be phase array transducers for transforming
driving signals received from the ultrasound diagnosis
apparatus 200 and having different delay times to a wire-
less power transmission signal. The first transducer

10

15

20

25

30

35

40

45

50

55

10

240-1 to the fourth transducer 240-4 are examples pre-
sented for convenience of explanation, and the number
and shape of the phase array transducers included in the
wireless power transmitter 240 are not limited thereto.
[0104] The ultrasound diagnosis apparatus 200 may
control beam focusing direction and/or angle such that
wireless power is focused at a particular position where
the wireless ultrasound probe 100 is placed, through tim-
ing control of an electric signal applied to each of the first
transducer 240-1 to the fourth transducer 240-4. For ex-
ample, the first transducer 240-1 may receive an input
of a driving signal having a delay time of 0, the second
transducer 240-2 may receive an input of a driving signal
delayed as long as a first delay time 1t, the third trans-
ducer 240-3 may receive a driving signal delayed as long
as a second delay time 2t, and the fourth transducer
240-4 may receive a driving signal delayed as long as a
third delay time 3t, the respective driving signals being
received from the ultrasound diagnosis apparatus 200.
The ultrasound diagnosis apparatus 200 may sequen-
tially output wireless power by applying a different delay
time to each of the first transducer 240-1 to the fourth
transducer 240-4, thereby adjusting a focal length of a
beam.

[0105] The wireless ultrasound probe 100 according
to the present embodiment may focus the wireless power
directionally transmitted by the ultrasound diagnosis ap-
paratus 200 by the above-described beamforming con-
trol method.

[0106] FIG.6Bisablockdiagramforexplainingameth-
od of charging the battery 150 by focusing directional
wireless power transmitted by the ultrasound diagnosis
apparatus 200, which is performed by the wireless ultra-
sound probe 100, according to an embodiment.

[0107] Referring to FIG. 6B, the wireless ultrasound
probe 100 may include the communicator 130, the wire-
less power receiver 140, the battery 150, and the con-
troller 160, whereas the ultrasound diagnosis apparatus
200 may include a communicator 230, the wireless power
transmitter 240, and a controller 250. However, this is
merely for convenience of explanation, and the wireless
ultrasound probe 100 and the ultrasound diagnosis ap-
paratus 200 may include more or less constituent ele-
ments than those illustrated in FIG. 6B. Since the com-
municator 130, the wireless power receiver 140, the bat-
tery 150, and the controller 160 are respectively the same
as the communicator 130, the wireless power receiver
140, the battery 150, and the controller 160 illustrated in
FIG. 2, redundant descriptions thereof are omitted.
[0108] The ultrasound diagnosis apparatus 200 may
be wirelessly connected to the wireless ultrasound probe
100 via the communicator 230. The communicator 230
may perform data communication with the communicator
130 of the wireless ultrasound probe 100 by at least one
of short-distance communication methods, for example,
LAN, Wi-Fi, Bluetooth, Zigbee, WED, UWB, IrDA, BLE,
NFC, Wibro, WIMAX, SWAP, WiGig, and RF communi-
cations.
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[0109] In an embodiment, the communicator 230 may
perform wireless data communication with the wireless
ultrasound probe 100 by the 60 GHz millimeter wave
short-distance wireless communication method. In an
embodiment, the communicator 230 may obtain the in-
formation about the position of the wireless ultrasound
probe 100 from the communicator 130 of the wireless
ultrasound probe 100, based on the control of the con-
troller 250.

[0110] The ultrasound diagnosis apparatus 200 may
directionally transmit wireless power to the wireless ul-
trasound probe 100 via the wireless power transmitter
240. In an embodiment, the wireless power transmitter
240 may transmit wireless power by the magnetic reso-
nance method. In an embodiment, the wireless power
transmitter 240 may include the transducers 240-1 to
240-n. In an embodiment, the transducers 240-1 to 240-
n may be phase array transducers for transforming driv-
ing signals having different delay times to a wireless pow-
er transmission signal. The transducers 240-1 to 240-n
may be arranged in a two-dimensional matrix form as
illustrated in FIG. 6B. However, the arrangement of the
transducers 240-1to 240-n is not limited to the illustration
of FIG. 6B. The transducers 240-1 to 240-n may be ar-
ranged in a circular, rectangular, or diamond shape.
[0111] Thecontroller 250 may adjust an order of driving
signals by applying a calculated delay time to each of the
transducers 240-1 to 240-n, such that the transducers
240-1 to 240-n may output wireless power in a particular
order. The controller 250 may control a focusing direction
and/or angle of wireless power by differently applying the
order of driving signals to each of the transducers 240-1
to 240-n. In other words, the controller 250 may control
a delay time of a driving signal by using a beamsteering
technology and may set a focal position where beams
including wireless power are focused overlapping one
another. In an embodiment, the controller 250 may set a
focal position where wireless power is focused at a po-
sition corresponding to the information about the position
of the wireless ultrasound probe 100 received from the
communicator 230 and may control the wireless power
transmitter 240 to transmit wireless power to the set focal
position.

[0112] FIG. 6C is aconceptual view illustrating a meth-
od of receiving directional wireless power from the ultra-
sound diagnosis apparatus 200, which is performed by
the wireless ultrasound probe 100, according to an em-
bodiment.

[0113] Referring to FIG. 6C, the ultrasound diagnosis
apparatus 200 may include the wireless power transmit-
ter 240 and the direction controller 241. Since the ultra-
sound diagnosis apparatus 200 of FIG. 6C is the same
as the ultrasound diagnosis apparatus 200 of FIG. 6B,
except for further including the direction controller 241,
a redundant description thereof is omitted.

[0114] The direction controller 241 may be physically
connected to the wireless power transmitter 240 and may
change a wireless power transmission direction of the
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wireless power transmitter 240. In an embodiment, the
direction controller 241 may include a motor capable of
changing the direction of the wireless power transmitter
240 by 360°. The direction controller 241 may move the
wireless power transmitter 240 in at least one direction
among a first direction (X direction), a second direction
(Y direction) that is perpendicular to the first direction,
and a third direction (Z direction) that is perpendicular to
each of the first direction (X direction) and the second
direction (Y direction). Furthermore, the direction control-
ler 241 may rotate the wireless power transmitter 240
around at least one direction of the first direction (X di-
rection), the second direction (Y direction), and the third
direction (Z direction).

[0115] The controller 250 may control the direction
controller 241, based on the information about the posi-
tion of the wireless ultrasound probe 100 obtained from
the communicator 130 of the wireless ultrasound probe
100, so that the wireless power transmitted by the wire-
less power transmitter 240 may be directionally transmit-
ted toward the position of the wireless ultrasound probe
100. For example, when the wireless ultrasound probe
100 is located at the right side of the ultrasound diagnosis
apparatus 200, the controller 250 may control the direc-
tion controller 241 so that the wireless power transmitter
240 faces the wireless ultrasound probe 100 located at
the right side. Likewise, when the wireless ultrasound
probe 100 is located at the left side of the ultrasound
diagnosis apparatus 200, the controller 250 may control
the direction controller 241 so that the wireless power
transmitter 240 faces the wireless ultrasound probe 100
located at the left side. The controller 250 is not limited
to the above-described left and right sides. Accordingly,
the controller 250 may control the direction controller 241
so that the wireless power transmitter 240 is rotated in
any direction and/or by any angle around 360° with re-
spect to a direction corresponding to the position of the
wireless ultrasound probe 100.

[0116] In the present embodiment, the ultrasound di-
agnosis apparatus 200 not only uses a beamsteering
method by which different driving signals are generated
by calculating a delay time of the wireless power trans-
mitter 240, but also includes the direction controller 241
that may change the direction of the wireless power trans-
mitter 240, thereby directionally transmitting wireless
power toward the position of the wireless ultrasound
probe 100. Accordingly, efficiency in the transmission of
wireless power to the wireless ultrasound probe 100 may
be improved.

[0117] FIG. 7 is a flowchart of a method of charging
the battery 150 by receiving directional wireless power
from the ultrasound diagnosis apparatus 200, which is
performed by the wireless ultrasound probe 100, accord-
ing to an embodiment.

[0118] In Operation S710, the wireless ultrasound
probe 100 transmit a session forming request signal to
the ultrasound diagnosis apparatus 200 toform a session
with the ultrasound diagnosis apparatus 200. The ultra-
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sound diagnosis apparatus 200 receiving the session
forming request signal may respond to the wireless ul-
trasound probe 100 confirming that the session forming
request signal is received. In Operation S712, the wire-
less ultrasound probe 100 may receive a session forming
confirmation signal from the ultrasound diagnosis appa-
ratus 200.

[0119] In an embodiment, the wireless ultrasound
probe 100 may transceive data by being wirelessly con-
nected to the ultrasound diagnosis apparatus 200. The
wireless connection between the wireless ultrasound
probe 100 and the ultrasound diagnosis apparatus 200
may signify a session is formed as the wireless ultra-
sound probe 100 and the ultrasound diagnosis apparatus
200 are paired with each other. The "session" signifies
a logical connection for communication between the ul-
trasound diagnosis apparatus 200 and the wireless ul-
trasound probe 100. To form a session, a process of rec-
ognizing each other by exchanging messages between
the ultrasound diagnosis apparatus 200 and the wireless
ultrasound probe 100 may be necessary. Accordingly, in
order to form a session between the wireless ultrasound
probe 100 and the ultrasound diagnosis apparatus 200,
the wireless ultrasound probe 100 may transmit a session
forming request signal to the ultrasound diagnosis appa-
ratus 200 and may receive a session forming confirma-
tion signal from the ultrasound diagnosis apparatus 200.
[0120] In Operation S720, the wireless ultrasound
probe 100 determines a data communication method by
which the wireless ultrasound probe 100 is wirelessly
connected to the ultrasound diagnosis apparatus 200. In
Operations S710 and S712, the wireless ultrasound
probe 100 may obtain information about a bandwidth of
a communication channel through the session formed
between the ultrasound diagnosis apparatus 200 and the
wireless ultrasound probe 100. For example, the wireless
ultrasound probe 100 may extract the information about
a bandwidth of a communication channel from the ses-
sion forming confirmation signal received from the ultra-
sound diagnosis apparatus 200. After forming a session
withthe ultrasound diagnosis apparatus 200, the wireless
ultrasound probe 100 may obtain the information about
a bandwidth of a communication channel after a certain
period of time or at certain time period.

[0121] The information about a bandwidth of a com-
munication channel may be, for example, a bandwidth
value of a communication channel, or may include infor-
mation about an operation state of the wireless ultra-
sound probe 100, information about an operation state
of the ultrasound diagnosis apparatus 200, and a test
packet for measuring a bandwidth. The wireless ultra-
sound probe 100 may obtain the information about a
bandwidth of a communication channel by receiving a
test packet from the ultrasound diagnosis apparatus 200
and analyzing the test packet. The information about a
bandwidth of a communication channel may include at
least one parameter value related to the quality of an
ultrasound image determined by the ultrasound diagno-
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sis apparatus 200 based on the bandwidth of a commu-
nication channel, and a transmission speed of a frame
forming the ultrasound image.

[0122] In an embodiment, the wireless ultrasound
probe 100 may determine the type of data to be proc-
essed by the ultrasound diagnosis apparatus 200 based
on the information about the bandwidth of a communica-
tion channel with the ultrasound diagnosis apparatus
200, and may determine a method of performing data
communication with the ultrasound diagnosis apparatus
200. Forexample, the wireless ultrasound probe 100 may
transmit raw data of an object to the ultrasound diagnosis
apparatus 200 by the 60 GHz millimeter wave short-dis-
tance wireless communication method.

[0123] In Operation S730, the wireless ultrasound
probe 100 provides the information about the position of
the wireless ultrasound probe 100 to the ultrasound di-
agnosis apparatus 200. In an embodiment, the wireless
ultrasound probe 100 may provide the information about
the position of the wireless ultrasound probe 100 to the
ultrasound diagnosis apparatus 200 by the data commu-
nication method determined in the operation S720. In an
embodiment, the wireless ultrasound probe 100 may
transmit the information aboutthe position of the wireless
ultrasound probe 100 to the ultrasound diagnosis appa-
ratus 200 by the 60 GHz millimeter wave short-distance
wireless communication method.

[0124] InOperation S740, the ultrasound diagnosis ap-
paratus 200 recognizes the position of the wireless ultra-
sound probe 100.

[0125] InOperation S750, the ultrasound diagnosis ap-
paratus 200 transmits directional wireless power to the
wireless ultrasound probe 100. The ultrasound diagnosis
apparatus 200 may directionally transmit wireless power
to the position of the wireless ultrasound probe 100,
based on the information about the position of the wire-
less ultrasound probe 100 recognized in the operation
S740. In an embodiment, the ultrasound diagnosis ap-
paratus 200 may directionally transmit wireless power in
the form of a magnetic field beam to the wireless ultra-
sound probe 100. In an embodiment, the ultrasound di-
agnosis apparatus 200 may directionally transmit wire-
less power to the wireless ultrasound probe 100 by the
beamsteering method. In an embodiment, the ultrasound
diagnosis apparatus 200 may transmit wireless power to
the wireless ultrasound probe 100 by the magnetic res-
onance method.

[0126] In Operation S760, the wireless ultrasound
probe 100 focuses wireless power transmitted by the ul-
trasound diagnosis apparatus 200. In an embodiment,
the wireless ultrasound probe 100 may focus magnetic
resonance wireless power that is received from the ul-
trasound diagnosis apparatus 200.

[0127] In Operation S770, the wireless ultrasound
probe 100 charges the battery 150 included in the wire-
less ultrasound probe 100.

[0128] FIG. 8 is a flowchart of a method of providing
position information to the ultrasound diagnosis appara-



23 EP 3 181 053 A1 24

tus 200, which is performed by the wireless ultrasound
probe 100, according to an embodiment.

[0129] In Operation S810, the wireless ultrasound
probe 100 recognizes a movement of the wireless ultra-
sound probe 100. In an embodiment, while the object is
checked by transmitting an ultrasound wave is transmit-
ted to the object and receiving the echo signal reflected
from the object, the wireless ultrasound probe 100 may
be moved by the manipulation of a user. The wireless
ultrasound probe 100 may recognized the movement of
the wireless ultrasound probe 100 according to the ma-
nipulation of a user.

[0130] In Operation S820, the wireless ultrasound
probe 100 updates position information by tracking the
position of the wireless ultrasound probe 100. In an em-
bodiment, the wireless ultrasound probe 100 may track
in real time the position of the wireless ultrasound probe
100 according to the manipulation of a user. The wireless
ultrasound probe 100 may update position information
previously stored in the wireless ultrasound probe 100
by using the position information that is tracked in real
time.

[0131] In Operation S830, the wireless ultrasound
probe 100 provides updated position information to the
ultrasound diagnosis apparatus 200. In an embodiment,
the wireless ultrasound probe 100 may transmit the up-
dated information about the position of the wireless ul-
trasound probe 100 to the ultrasound diagnosis appara-
tus 200, by the data communication method used when
the wireless ultrasound probe 100 is wirelessly connect-
ed to the ultrasound diagnosis apparatus 200. In an em-
bodiment, the wireless ultrasound probe 100 may trans-
mit the updated position information to the ultrasound
diagnosis apparatus 200 by the 60 GHz millimeter wave
short-distance wireless communication method.

[0132] InOperation S840, the ultrasound diagnosis ap-
paratus 200 updates the information about the position
of the wireless ultrasound probe 100.

[0133] Asthe wireless ultrasound probe 100 according
to the present embodiment provides updated position in-
formation to the ultrasound diagnosis apparatus 200
through data communication even when the wireless ul-
trasound probe 100 is moved according to the manipu-
lation of a user, the ultrasound diagnosis apparatus 200
may transmit directional wireless power based on the
updated position information.

[0134] FIG. 9 is a flowchart of a method of charging
the battery 150 of the wireless ultrasound probe 100 by
receiving directional wireless power from the ultrasound
diagnosis apparatus 200 based on information about a
state of the battery 150, according to an embodiment.
[0135] InOperation S910, the ultrasound diagnosis ap-
paratus 200 requests conformation of the information
about a state of the battery 150 of the wireless ultrasound
probe 100. In an embodiment, the ultrasound diagnosis
apparatus 200 may transmit an electric signal requesting
confirmation of the information about a state of the battery
150 to the wireless ultrasound probe 100 by the data
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communication method used for wirelessly connecting
the ultrasound diagnosis apparatus 200 to the wireless
ultrasound probe 100. In an embodiment, the ultrasound
diagnosis apparatus 200 may transmit an electric signal
requesting confirmation of the information about a state
of the battery 150 to the wireless ultrasound probe 100
by the 60 GHz millimeter wave short-distance wireless
communication method.

[0136] In Operation S920, the wireless ultrasound
probe 100 checks the information about a state of the
battery 150. The information about a state of the battery
150 may include the remaining amount of the battery
150, the usage time of the battery 150, and the use state
of the battery 150 included in the wireless ultrasound
probe 100.

[0137] In Operation S930, the wireless ultrasound
probe 100 transmits the information about a state of the
battery 150 to the ultrasound diagnosis apparatus 200.
In an embodiment, the wireless ultrasound probe 100
may transmit the information about a state of the battery
150 to the ultrasound diagnosis apparatus 200 by the
data communication method used for connecting the
wireless ultrasound probe 100 to the ultrasound diagno-
sis apparatus 200.

[0138] In Operation S940, the wireless ultrasound
probe 100 requests battery charge from the ultrasound
diagnosis apparatus 200, based on the information about
a state of the battery 150. In an embodiment, the wireless
ultrasound probe 100 may transmit an electric signal re-
questing battery charge to the ultrasound diagnosis ap-
paratus 200 by the data communication method used for
connecting the wireless ultrasound probe 100 to the ul-
trasound diagnosis apparatus 200. The wireless ultra-
sound probe 100 may request transmission of wireless
power from the ultrasound diagnosis apparatus 200
based on at least one piece of information of the remain-
ing amount of the battery 150, the usage time of the bat-
tery 150, and the use state of the battery 150.

[0139] In Operation S940, the wireless ultrasound
probe 100 may provide an alarm signal to a user when
the remaining amount of the battery 150 is less than a
predetermined value. In an embodiment, the wireless ul-
trasound probe 100 may compare the remaining amount
of the battery 150 with the predetermined value, based
on the information about a state of the battery 150
checked in the operation S920. The wireless ultrasound
probe 100 may include an alarm display portion for pro-
viding an alarm signal to a user using an acoustic signal
such as alarm sound or a visual signal such as text when
the remaining amount of the battery 150 is less than the
predetermined value.

[0140] InOperation S950, the ultrasound diagnosis ap-
paratus 200 analyzes the information about a state of the
battery 150 of the wireless ultrasound probe 100. In an
embodiment, the ultrasound diagnosis apparatus 200
may analyze at least one of the remaining amount of the
battery 150, the usage time of the battery 150, and the
use state of the battery 150 of the wireless ultrasound
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probe 100.

[0141] InOperation S960, the ultrasound diagnosis ap-
paratus 200 transmits directional wireless power to the
wireless ultrasound probe 100. In Operation S970, the
wireless ultrasound probe 100 focuses the wireless pow-
er transmitted by the ultrasound diagnosis apparatus
200. In Operation S980, the wireless ultrasound probe
100 charges the battery 150 included in the wireless ul-
trasound probe 100.

[0142] Since the operations S960 to S980 are respec-
tively the same as the operations S750 to S770described
above with reference to FIG. 7, redundant descriptions
thereof are omitted.

[0143] FIG. 10 is a flowchart of a method of charging
the battery 150 of the wireless ultrasound probe 100 by
receiving directional wireless power from the ultrasound
diagnosis apparatus 200 based on a use of the wireless
ultrasound probe 100, according to an embodiment.
[0144] In Operation S1010, the wireless ultrasound
probe 100 recognizes a use of the wireless ultrasound
probe 100. In an embodiment, the wireless ultrasound
probe 100 may recognize a movement of the wireless
ultrasound probe 100 according to the manipulation of a
user while checking the object.

[0145] In Operation S1020, the wireless ultrasound
probe 100 determines whether the wireless ultrasound
probe 100 is in use. If the wireless ultrasound probe 100
recognizes that the wireless ultrasound probe 100 is in
use, the wireless ultrasound probe 100 does not transmit
a request to charge the battery 150 to the ultrasound
diagnosis apparatus 200 (S1030). In an embodiment,
when recognizing that the wireless ultrasound probe 100
is in use, the wireless ultrasound probe 100 may not
transmit an electric signal including a request to transmit
wireless power from the ultrasound diagnosis apparatus
200.

[0146] In Operation S1020, when the wireless ultra-
sound probe 100 recognizes that the wireless ultrasound
probe 100 is not in use (unused), the wireless ultrasound
probe 100 requests battery charge from the ultrasound
diagnosis apparatus 200 (S1040). Inan embodiment, the
wireless ultrasound probe 100 may transmit an electric
signal requesting battery charge by the data communi-
cation method used for connecting the wireless ultra-
sound probe 100 to the ultrasound diagnosis apparatus
200.

[0147] In Operation S1050, the ultrasound diagnosis
apparatus 200 transmit directional wireless power to the
wireless ultrasound probe 100. In Operation S1060, the
wireless ultrasound probe 100 focuses wireless power.
In Operation S1070, the wireless ultrasound probe 100
charges the battery 150.

[0148] Since the operations S1050 to S1070 are re-
spectively the same as the operations S750 to S770 de-
scribed above with reference to FIG. 7, redundant de-
scriptions thereof are omitted.

[0149] Accordingly, in the method of charging the wire-
less ultrasound probe 100 according to the present em-
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bodiment, since wireless power is received from the ul-
trasound diagnosis apparatus 200 only when the wireless
ultrasound probe 100is notin use, an influence on a user
using the wireless ultrasound probe 100 and/or a patient
may be reduced.

[0150] FIGS. 11A and 11B are conceptual views for
explaining a method of dividing capacity of the battery
150 of the wireless ultrasound probe 100 and setting an
order of discharge of the battery 150, according to an
embodiment.

[0151] Referring to FIG. 11A, the controller 160 of the
wireless ultrasound probe 100 may divide the capacity
of the battery 150 and may set an order of discharge.
The controller 160 may divide the capacity of the battery
150 into the capacity of afirst battery 151 and the capacity
of a second battery 152. In an embodiment, the capacity
of the first battery 151 may be greater than the capacity
of the second battery 152. However, the present disclo-
sure is not limited thereto, and the capacity of the first
battery 151 may be less than the second battery 152 or
the capacity of the first battery 151 and the capacity of
the second battery 152 may be the same.

[0152] The controller 160 may set an order of dis-
charge between the first battery 151 and the second bat-
tery 152 during a use of the wireless ultrasound probe
100. For example, while a user uses the wireless ultra-
sound probe 100 to check the object, the first battery 151
is first discharged and the second battery 152 may not
be discharged. In this case, the first battery 151 may op-
erate as a battery for use only, whereas the second bat-
tery 152 may operate as a battery for discharge only. In
an embodiment, when the first battery 151 is completely
discharged, the controller 160 may set an order of dis-
charge so that the second battery 152 is discharged. In
an embodiment, when the wireless ultrasound probe 100
focuses wireless power received from the ultrasound di-
agnosis apparatus 200, the controller 160 may set an
order of discharge so that the second battery 152 is pri-
marily charged.

[0153] In the embodiment illustrated in FIG. 11A, the
wireless ultrasound probe 100 may further include a user
input portion 170. The user input portion 170 may receive
a user input to divide the capacity of the battery 150 and
set an order of discharge. For example, the user input
portion 170 may receive a user input for setting the ca-
pacity of the first battery 151 to about 60% of a total ca-
pacity of the battery 150, and the capacity of the second
battery 152 to about 40% of the total capacity of the bat-
tery 150. Furthermore, the user input portion 170 may
receive a user input to set an order of discharge of the
battery 150 such that the first battery 151 is primarily
discharged compared to the second battery 152 while
the wireless ultrasound probe 100 is used to check the
object.

[0154] The controller 160 may divide the capacity and
set the order of discharge of the battery 150, based on
the dividing of capacity and the setting of an order of
discharge of the battery 150 received from the user input
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portion 170.

[0155] Inthe checking of the object using the wireless
ultrasound probe 100, an amount of power used for trans-
mitting an ultrasound wave to the object and receiving
anechosignalreflected from the objectisrelatively great-
er than an amount of power used for transmitting ultra-
sound image data to the ultrasound diagnosis apparatus
200. In an embodiment, as the capacity of the battery
150 of the wireless ultrasound probe 100 is divided and
an order of discharge is set with respect to the divided
capacity of the battery 150, a minimum amount of power
to be used for transmitting ultrasound image data be-
tween the wireless ultrasound probe 100 and the ultra-
sound diagnosis apparatus 200 may be secured.
[0156] Referring to FIG. 11B, the battery 150 of the
wireless ultrasound probe 100 may include a plurality of
battery cells 150C. The controller 160 may set one part
of the battery cells 150C to a first battery cell 153 and
the other part of the battery cells 150C to a second battery
cell 154. In an embodiment, the number of the battery
cells 150C included in the first battery cell 153 may be
greater than the number of the battery cells 150C includ-
ed in the second battery cell 154. However, the number
of the battery cells 150C included in the first battery cell
153 or the second battery cell 154 is not limited to the
above-described example.

[0157] The controller 160 may set an order of dis-
charge of the battery cells 150C while the object is
checked by using the wireless ultrasound probe 100. For
example, the first battery cell 153 may be set to operate
as a battery cell for use only, whereas the second battery
cell 154 may be set to operate as a battery cell for charge
only. In an embodiment, when the first battery cell 153
is completely discharged, the controller 160 may set an
order of discharge so that the second battery cell 154 is
discharged.

[0158] FIG. 12 is a flowchart of a method of dividing
capacity of the battery 150 of the wireless ultrasound
probe 100 and setting an order of discharge, according
to an embodiment.

[0159] In Operation S1210, the wireless ultrasound
probe 100 receives a user input to divide the capacity of
the battery 150 and set an order of discharge of the bat-
tery 150. In an embodiment, the wireless ultrasound
probe 100 may include a user input portion for receiving
the user input to divide the capacity of the battery 150
and set an order of discharge of the battery 150.

[0160] In Operation S1220, the wireless ultrasound
probe 100 divides the capacity of the battery 150 into the
capacity of a first battery and the capacity of a second
batter based on a user input. For example, the wireless
ultrasound probe 100 may set the capacities of the first
and second batteries based on a user input to set about
60% of a total capacity of the battery 150 to the capacity
of the first battery and about 40% of the total capacity of
the battery 150 to the capacity of the second battery.
[0161] In Operation S1230, the wireless ultrasound
probe 100 primarily discharges the capacity of the first
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battery while the wireless ultrasound probe 100 is in use.
In an embodiment, the wireless ultrasound probe 100
may set the capacity of the first battery to be primarily
discharged based on the user input while the object is
checked by using the wireless ultrasound probe 100. In
an embodiment, the wireless ultrasound probe 100 may
be set the second battery to be primarily charged when
wireless power is transmitted by the ultrasound diagnosis
apparatus 200.

[0162] FIG. 13 is a conceptual view for explaining a
method of charging the wireless ultrasound probe 100,
according to an embodiment.

[0163] Referring to FIG. 13, the wireless ultrasound
probe 100 may be wirelessly connected to an ultrasound
image display apparatus 300 via Wi-Fi or Bluetooth and
may receive wireless power from a directional wireless
power unit 400. Since the wireless ultrasound probe 100
is the same as the wireless ultrasound probe 100 de-
scribed above with reference to FIGS. 1 and 2, a redun-
dant description thereof is omitted.

[0164] The ultrasound image display apparatus 300 is
an apparatus for receiving and displaying an ultrasound
image generated from the wireless ultrasound probe 100.
In an embodiment, the ultrasound image display appa-
ratus 300 may be an apparatus for embodying only an
image display function without a separate image
processing function. In other words, the ultrasound image
display apparatus 300 may be an apparatus that receives
an image from the wireless ultrasound probe 100 and
displays a received image on the screen without addi-
tional processing. The ultrasound image display appara-
tus 300 may include, for example, the PACS viewer, the
HCU, the smart phone, laptop computer, the PDA, or the
tablet PC, but not limited thereto.

[0165] Thewireless ultrasound probe 100 may perform
data communication with the ultrasound image display
apparatus 300 by at least one of short-distance commu-
nication methods, for example, LAN, Wi-Fi, Bluetooth,
Zigbee, WED, UWB, IrDA, BLE, NFC, Wibro, WiMAX,
SWAP, WiGig, and RF communications. In an embodi-
ment, the wireless ultrasound probe 100 may perform
wireless data communication with the ultrasound image
display apparatus 300 by an 802.11n (802.11Ac) stand-
ard Wi-Fi communication method capable of directional
communication.

[0166] Whenthewireless ultrasound probe 100is wire-
lessly connected to the ultrasound image display appa-
ratus 300, the wireless ultrasound probe 100 may gen-
erate a final ultrasound image by image-processing an
echo signal obtained from the object. Referring to FIG.
4 altogether, in the wireless ultrasound probe 100, the
ultrasound transceiver 110 may transmit an ultrasound
wave to the object and receive the echo signal reflected
from the object, the image processor 120 forms ultra-
sound image data by image processing the echo signal,
and the image generator 128 may generate an ultra-
soundimage. Inthis case, allimage processing elements
included in the image processor 120, that is, the high-
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voltage multiplexer 121, the T/RX analog circuit 122, the
first beamformer 123, the second beamformer 124, the
mid processor 125, the back-end processor 126, and the
post processor 127 (see FIG. 4) may be activated.
[0167] In an embodiment, the wireless ultrasound
probe 100 may transmit an ultrasound image to the ul-
trasound image display apparatus 300 by the 802.11n
(802.11Ac) standard WIFI communication method capa-
ble of directional communication. However, the present
disclosure is not limited thereto, and the wireless ultra-
sound probe 100 may transmit an ultrasound image to
the ultrasound image display apparatus 300 by the short-
distance communication method including Bluetooth.
[0168] The wireless ultrasound probe 100 may provide
the information about the position of the wireless ultra-
sound probe 100 to the ultrasound image display appa-
ratus 300. In an embodiment, the wireless ultrasound
probe 100 may transmit the information about the posi-
tion of the wireless ultrasound probe 100 to the ultra-
sound image display apparatus 300 by the short-distance
communication method for wirelessly connecting the
wireless ultrasound probe 100 to the ultrasound image
display apparatus 300.

[0169] The ultrasound image display apparatus 300
may provide the information about the position of the
wireless ultrasound probe 100 to the directional wireless
power unit 400. In an embodiment, the ultrasound image
display apparatus 300 may transmit the information
about the position of the wireless ultrasound probe 100
to the directional wireless power unit 400 by at least one
of short-distance communication methods, for example,
LAN, Wi-Fi, Bluetooth, Zigbee, WFD, UWB, IrDA, BLE,
NFC, Wibro, WiIMAX, SWAP, WiGig, and RF communi-
cations.

[0170] In an embodiment, the ultrasound image dis-
play apparatus 300 and the directional wireless power
unit 400 may be integrally formed.

[0171] The directional wireless power unit 400 trans-
mits wireless power to the wireless ultrasound probe 100.
In an embodiment, the directional wireless power unit
400 may directionally transmit wireless power toward the
position of the wireless ultrasound probe 100, based on
the information about the position of the wireless ultra-
sound probe 100 obtained from the ultrasound image
display apparatus 300. In an embodiment, the directional
wireless power unit 400 may transmit wireless power to
the wireless ultrasound probe 100 by a directional beam-
focusing method using the wireless power transmission
module including a retrodirective beamforming antenna.
In an embodiment, the directional wireless power unit
400 may transmit wireless power to the wireless ultra-
sound probe 100 by the magnetic resonance method.
[0172] The wireless ultrasound probe 100 may charge
the battery 150 included in the wireless ultrasound probe
100 by focusing the wireless power that is directionally
transmitted. In an embodiment, the wireless ultrasound
probe 100 may charge the battery 150 of the wireless
ultrasound probe 100 by focusing a directional magnetic

10

15

20

25

30

35

40

45

50

55

16

field.

[0173] The wireless ultrasound probe 100 according
to the present embodiment, unlike the embodiment illus-
trated in FIG. 1, may receive wireless power from the
directional wireless power unit 400 that is provided sep-
arately, even when the wireless ultrasound probe 100 is
wirelessly connected to the ultrasound image display ap-
paratus 300 that simply displays an image without gen-
erating an ultrasound image. Accordingly, according to
the present embodiment, when the wireless ultrasound
probe 100 is wirelessly connected to a portable or com-
pact ultrasound image display apparatus, an efficiency
of charging the wireless ultrasound probe 100 may be
improved.

[0174] FIG. 14 is a flowchart of a method of charging
the wireless ultrasound probe 100, according to an em-
bodiment.

[0175] In Operation S1410, the wireless ultrasound
probe 100 is wirelessly connected to the ultrasound im-
age display apparatus 300 and determines a data com-
munication method. In an embodiment, the wireless ul-
trasound probe 100 may select at least one of short-dis-
tance communication methods, for example, LAN, Wi-
Fi, Bluetooth, Zighee, WFD, UWB, IrDA, BLE, NFC, Wi-
bro, WiIMAX, SWAP, WiGig, and RF communications.
[0176] In Operation S1420, the wireless ultrasound
probe 100 provides the information about the position of
the wireless ultrasound probe 100 to the ultrasound im-
age display apparatus 300. In an embodiment, the wire-
less ultrasound probe 100 may transmit the information
about the position of the wireless ultrasound probe 100
to the ultrasound image display apparatus 300 by the
data communication method determined in the operation
S$1410. In an embodiment, the wireless ultrasound probe
100 may transmit the position information to the ultra-
sound image display apparatus 300 by the 802.11n
(802.11Ac) standard WIFI communication method capa-
ble of directional communication.

[0177] In Operation S1430, the ultrasound image dis-
play apparatus 300 identifies the position of the wireless
ultrasound probe 100. In an embodiment, the ultrasound
image display apparatus 300 may recognize the position
of the wireless ultrasound probe 100, based on the po-
sition information transmitted by the wireless ultrasound
probe 100 in the operation S1420.

[0178] In Operation S1440, the ultrasound image dis-
play apparatus 300 may provide the information about
the position of the wireless ultrasound probe 100 to the
directional wireless power unit 400.

[0179] In Operation S1450, the directional wireless
power unit 400 transmits wireless power to the wireless
ultrasound probe 100. In an embodiment, the directional
wireless power unit 400 may directionally transmit wire-
less power toward the position of the wireless ultrasound
probe 100, based on the information about the position
of the wireless ultrasound probe 100 provided in the op-
eration S1440.

[0180] In Operation S1460, the wireless ultrasound
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probe 100 focuses the wireless power transmitted by the
directional wireless power unit 400. In Operation S1470,
the wireless ultrasound probe 100 charges the battery
150.

[0181] Since the operations S1460 and S1470 are the
same as the operations S760, and S770described above
with reference to FIG. 7, redundant descriptions thereof
are omitted.

[0182] FIG. 15 is a conceptual view for explaining a
method of displaying a wireless power transmission type,
which is performed by the wireless ultrasound probe 100,
according to an embodiment.

[0183] Referring to FIG. 15, the wireless ultrasound
probe 100 may receive wireless power from any one of
the ultrasound diagnosis apparatus 200, the directional
wireless power unit 400, and an isotropic wireless power
unit 500. Since the wireless ultrasound probe 100 and
the ultrasound diagnosis apparatus 200 are the same as
the wireless ultrasound probe 100 and the ultrasound
diagnosis apparatus 200 described above with reference
to FIGS. 1 and 2 and the directional wireless power unit
400 is the same as the directional wireless power unit
400 described above with reference to FIG. 13, redun-
dant descriptions thereof are omitted.

[0184] The isotropic wireless power unit 500 may be a
power unit for transmitting wireless power propagated in
the form of a sphere regardless of directions from a point
power source. The isotropic wireless power unit 500 may
form a wireless power zone (Wi-Power) within a certain
distance from the point power source.

[0185] The wireless ultrasound probe 100 may display
a transmission type of wireless power provided by a plu-
rality of wireless power supply sources to the wireless
ultrasound probe 100. The wireless ultrasound probe 100
may include a display 180 for displaying the transmission
type of wireless power received from the wireless power
supply sources. In an embodiment, the display 180 may
display the wireless power transmission type with at least
one of text, an image, a color, and a combination thereof.
In an embodiment, the wireless ultrasound probe 100
may further include a user input portion for receiving a
user input to select any one of the wireless power trans-
mission types displayed on the display 180. The wireless
ultrasound probe 100 may receive wireless power
through the wireless power transmission type selected
based on the user input received from the user input por-
tion.

[0186] FIG. 16 is a flowchart of a method of displaying
a wireless power transmission type, which is performed
by the wireless ultrasound probe 100, according to an
embodiment.

[0187] In Operation S1610, the wireless ultrasound
probe 100 displays a listincluding atleast one of wireless
power transmission types for receiving wireless power.
In an embodiment, the wireless ultrasound probe 100
may receive wireless power from the wireless power sup-
ply units, and may display a list of transmission types of
wireless power received from the wireless power supply
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units. Inan embodiment, the list displayed on the wireless
ultrasound probe 100 may display wireless power trans-
mission type with at least one of text, an image, a color,
and a combination thereof.

[0188] In Operation S1620, the wireless ultrasound
probe 100 receives a user input to select any one of at
least one of the wireless power transmission types dis-
played in the list.

[0189] In Operation S1630, the wireless ultrasound
probe 100 requests transmission of wireless power with
respect to the selected wireless power transmission type
based on the user input. In an embodiment, the wireless
ultrasound probe 100 may transmit an electric signal re-
questing transmission of wireless power with respect to
the wireless power supply unit that provides the wireless
power transmission type selected by using the short-dis-
tance communication method. In an embodiment, the
wireless ultrasound probe 100 may directionally receive
wireless power when the wireless power supply unit se-
lected according to the user input received in the opera-
tion $S1620 is a directional wireless power unit. However,
the presentdisclosure is not limited thereto, and the wire-
less ultrasound probe 100 may receive wireless power
isotropically, for example, by a Wi-power method, when
the wireless power supply unit selected according to the
user inputreceived in the operation S1620 is an isotropic
wireless power unit.

[0190] In Operation S1640, the wireless ultrasound
probe 100 focuses the wireless power that is provided.
The wireless ultrasound probe 100 may charge the bat-
tery 150 by focusing the wireless power.

[0191] FIG.17isablock diagramillustrating astructure
of an ultrasound system 1000 according to an embodi-
ment.

[0192] Referring to FIG. 17, the ultrasound system
1000 may include an ultrasound probe 100 for obtaining
ultrasound image data by transmitting an ultrasound sig-
nal to an object 1 and receiving an echo signal reflected
from the object 1, and the ultrasound diagnosis apparatus
200 wirelessly connected to the ultrasound probe 100
and transmitting wireless power to the ultrasound probe
100.

[0193] The ultrasound probe 100 transmits an ultra-
sound signal to the object 1 according to a driving signal
applied by an ultrasound transceiver 210 and receives
the echo signal reflected from the object 1. The ultra-
sound probe 100 includes a plurality of transducers and
generates an ultrasound wave, that is, acoustic energy,
while vibrating according to a received electric signal.
Furthermore, the ultrasound probe 100 may be connect-
ed to a main body of the ultrasound diagnosis apparatus
200 in a wired or wireless manner. The ultrasound diag-
nosis apparatus 200 may include a plurality of ultrasound
probes 100 according to the form of an embodiment. In
an embodiment, the ultrasound probe 100 of FIG. 17 may
be the same as the wireless ultrasound probe 100 de-
scribed above with reference to FIGS. 1 and 2.

[0194] The ultrasound diagnosis apparatus 200 may
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include the ultrasound transceiver 210, an image proc-
essor 220, the communicator 230, the wireless power
transmitter 240, the controller 250, a display 260, a mem-
ory 270, and an input device 280, which are connected
to one another via a bus.

[0195] The ultrasound diagnosis apparatus 200 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.

[0196] A transmitter 210-2 supplies a driving signal to
the probe 100. The transmitter 110 includes a pulser 215,
a transmission delaying unit 216, and a pulse generator
217. The pulse generator 217 generates pulses for form-
ing transmission ultrasound waves based on a predeter-
mined pulse repetition frequency (PRF), and the trans-
mission delaying unit 216 delays the pulses by delay
times necessary for determining transmission direction-
ality. The pulses which have been delayed correspond
to a plurality of piezoelectric vibrators included in the
probe 100, respectively. The pulser 215 applies a driving
signal (or a driving pulse) to the probe 100 based on
timing corresponding to each of the pulses which have
been delayed.

[0197] A receiver 210-1 generates ultrasound data by
processing echo signals received from the probe 100.
The receiver 120 may include an amplifier 211, an ana-
log-to-digital converter (ADC) 212, a reception delaying
unit213, and a summing unit214. The amplifier 211 am-
plifies echo signals in each channel, and the ADC 212
performs analog-to-digital conversion with respect to the
amplified echo signals. The reception delaying unit 213
delays digital echo signals output by the ADC 124 by
delay times necessary for determining reception direc-
tionality, and the summing unit 214 generates ultrasound
data by summing the echo signals processed by the re-
ception delaying unit213. In some embodiments, the re-
ceiver 210-1 may not include the amplifier 211. In other
words, if the sensitivity of the probe 100 or the capability
of the ADC 212 to process bits is enhanced, the amplifier
211 may be omitted.

[0198] The image processor 220 generates an ultra-
sound image by scan-converting ultrasound data gener-
ated by the ultrasound transceiver 210. The ultrasound
image may be not only a grayscale ultrasound image
obtained by scanning an objectin an amplitude (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 be a blood flow
Doppler image showing flow of blood (also referred to as
a color Doppler image), a tissue Doppler image showing
amovementof tissue, or a spectral Doppler image show-
ing a moving speed of an object as a waveform.

[0199] A B-mode processor 222 included in a data
processor 221 extracts B mode components from ultra-
sound data and processes the B mode components. An
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image generator 224 may generate an ultrasound image
indicating signal intensities as brightness based on the
extracted B mode components 222.

[0200] Similarly, a Doppler processor 223 included in
the data processor 221 may extract Doppler components
from ultrasound data, and the image generator 224 may
generate a Doppler image indicating a movement of an
object as colors or waveforms based on the extracted
Doppler components.

[0201] According to an embodiment, the image gener-
ator 224 may generate a three-dimensional (3D) ultra-
sound image via volume-rendering with respect to vol-
ume data and may also generate an elasticity image by
imaging deformation of the object 1 due to pressure. Fur-
thermore, the image generator 224 may display various
pieces of additional information in an ultrasound image
by using text and graphics. In addition, the generated
ultrasound image may be stored in the memory 270.
[0202] The communication module 230 is connected
to a network 30 by wire or wirelessly to communicate with
an external device or a server. The communication mod-
ule 230 may exchange data with a hospital server or an-
other medical apparatus in a hospital, which is connected
thereto via a PACS. Furthermore, the communication
module 230 may perform data communication according
to the digital imaging and communications in medicine
(DICOM) standard.

[0203] The communication module 230 may transmit
or receive data related to diagnosis of an object 1, e.g.,
an ultrasound image, ultrasound data, and Doppler 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) appara-
tus, a magnetic resonance imaging (MRI) apparatus, or
an X-ray apparatus. Furthermore, the communication
module 230 may receive information about a diagnosis
history or medical treatment schedule of a patient from
aserver and utilizes the received information to diagnose
the patient. Furthermore, the communication module 230
may perform data communication not only with a server
or a medical apparatus in a hospital, but also with a port-
able terminal of a medical doctor or patient.

[0204] The communication module 230 is connected
to the network 30 by wire or wirelessly to exchange data
with a server 32, a medical apparatus 34, or a portable
terminal 36. The communication module 230 may include
one or more components for communication with exter-
nal devices. For example, the communicator 1300 may
include a local area communication module 231, a wired
communication module 232, and a mobile communica-
tion module 233.

[0205] The local area communication module 231 re-
fers to a module for local area communication within a
predetermined distance. Examples of local area commu-
nication techniques according to an embodiment may
include, but are not limited to, wireless LAN, Wi-Fi, Blue-
tooth, ZigBee, Wi-Fi Direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
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energy (BLE), and near field communication (NFC).
[0206] The wired communication module 232 refers to
a module for communication using electric signals or op-
tical signals. Examples of wired communication tech-
niques according to an embodiment may include com-
munication via a twisted pair cable, a coaxial cable, an
optical fiber cable, and an Ethernet cable.

[0207] The mobile communication module 233 trans-
mits or receives wireless signals to or from at least one
selected from a base station, an external terminal, and
a server on a mobile communication network. The wire-
less signals may be voice call signals, video call signals,
or various types of data for transmission and reception
of text/multimedia messages.

[0208] Thewireless powertransmitter 240 may include
phase array transducers that receive driving signals hav-
ing different delay times and transform the driving signals
into wireless power transmission signals. In an embodi-
ment, the wireless power transmitter 240 may transmit
wireless power by the magnetic resonance method.
Since the wireless power transmitter 240 is the same as
the wireless power transmitter 240 described above with
reference to FIG. 6B, a redundant description thereof is
omitted.

[0209] The controller 250 may control all operations of
the ultrasound diagnosis apparatus 200. In other words,
the controller 250 may control operations among the
probe 100, the ultrasound transceiver 210, the image
processor 220, the communication module 240, the dis-
play 260, the memory 270, and the input device 280
shown in FIG. 1.

[0210] Inanembodiment, the controller 250 may adjust
an order of driving signals so that the respective trans-
ducers may output wireless power in a particular order
by applying delay times calculated with respect to the
transducers. The controller 250 may control a focus di-
rection and/or angle of wireless power by differently ap-
plying an order of driving signals to each of the transduc-
ers. In other words, the controller 250 may control the
delay time of a driving signal by using the beamsteering
technology and may set a focal position where beams
including the wireless power are focused overlapping one
another

[0211] A display 260 displays the generated ultra-
sound image. The display 260 may display not only an
ultrasound image, but also various pieces of information
processed by the ultrasound diagnosis apparatus 200 on
a screen image via a graphical user interface (GUI). In
addition, the ultrasound diagnosis apparatus 200 may
include two or more displays 260 according to embodi-
ments.

[0212] Thememory 270 stores various data processed
by the ultrasound diagnosis apparatus 200. Forexample,
the memory 270 may store medical data related to diag-
nosis of an object, such as ultrasound data and an ultra-
sound image that are input or output, and may also store
algorithms or programs which are to be executed in the
ultrasound diagnosis apparatus 200.
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[0213] The memory 270 may be any of various storage
media, e.g., aflash memory, a hard disk drive, EEPROM,
etc. Furthermore, the ultrasound diagnosis apparatus
200 may utilize web storage or a cloud server that per-
forms the storage function of the memory 270 online.
[0214] The input device 280 refers to a means via
which a user inputs data for controlling the ultrasound
diagnosis apparatus 200. The input device 280 may in-
clude hardware components, such as a keypad, a
mouse, a touch pad, a touch screen, and a jog switch.
However, embodiments are not limited thereto, and the
inputdevice 1600 may further include any of various other
input units including an electrocardiogram (ECG) meas-
uring module, a respiration measuring module, a voice
recognition sensor, a gesture recognition sensor, a fin-
gerprint recognition sensor, an iris recognition sensor, a
depth sensor, a distance sensor, etc.

[0215] In the present embodiment, the ultrasound
probe 100 may determine a data communication method
for transceiving ultrasound image data with the ultra-
sound diagnosis apparatus 200, recognized position in-
formation of the ultrasound probe 100 based on the de-
termined data communication method, and provides the
position information to the ultrasound diagnosis appara-
tus 200. The ultrasound diagnosis apparatus 200 may
charge the battery 150 included in the ultrasound probe
100 by directionally transmitting wireless power based
on the position information of the ultrasound probe 100.
[0216] Some or all of the ultrasound probe 100, the
ultrasound transceiver 210, the image processor 220,
the communicator 230, the wireless power transmitter
240, the controller 250, the display 260, the memory 270,
and the input device 280 may be operated by a software
module, but the present disclosure is not limited thereto
and some of the above-described elements may be op-
erated by hardware. Furthermore, at least one selected
from the ultrasound transceiver 210, the image processor
220, and the communication module 230 may be includ-
ed in the controller 250. However, embodiments of the
present inventive concept are not limited thereto.
[0217] The embodiments of the present inventive con-
cept may be written as computer programs and may be
implemented in general-use digital computers that exe-
cute the programs using a non-transitory computer-read-
able recording medium.

[0218] Examples of the non-transitory computer-read-
able recording medium include magnetic storage media
(e.g., ROM, floppy disks, hard disks, etc.), optical record-
ing media (e.g., CD-ROMSs, or DVDs), etc.

[0219] While one or more embodiments of the present
inventive concept have been described with reference to
the figures, it will be understood by those of ordinary skill
in the art that various changes in form and details may
be made therein without departing from the spirit and
scope of the present inventive concept as defined by the
following claims. Accordingly, the above embodiments
and all aspects thereof are examples only and are not
limiting.
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Claims

A method of charging a wireless ultrasound probe
wirelessly connected to an ultrasound diagnosis ap-
paratus, the method comprising:

providing a position information of the wireless
ultrasound probe, obtained through data com-
munication for transmitting ultrasound image
data obtained from an object to the ultrasound
diagnosis apparatus; and

charging a battery included in the wireless ultra-
sound probe by focusing wireless power direc-
tionally transmitted by the ultrasound diagnosis
apparatus according to the position information.

The method of claim 1, wherein the data communi-
cation is short-distance communication capable of
tracking the position of the wireless ultrasound
probe.

The method of claim 1 or 2, wherein the providing of
the position information of the wireless ultrasound
probe to the ultrasound diagnosis apparatus com-
prises determining any one of at least one short-dis-
tance communication method for obtaining the po-
sition information of the wireless ultrasound probe.

The method of claim 1, 2 or 3, wherein the providing
of the position information of the wireless ultrasound
probe to the ultrasound diagnosis apparatus com-
prises:

updating the position information of the wireless
ultrasound probe according to a movement of a
user using the wireless ultrasound probe; and
providing the updated position information to the
ultrasound diagnosis apparatus.

The method of any of claims 1-4, wherein the charg-
ing of the battery comprises charging the battery by
focusing the wireless power transmitted by the ultra-
sound diagnosis apparatus by using a directional
beamfocusing method.

The method of claim 1, further comprising transmit-
ting raw data to the ultrasound diagnosis apparatus,
the raw data being obtained by transmitting an ultra-
sound signal to the object and receiving an echo sig-
nal reflected from the object.

A wireless ultrasound probe wirelessly connected to
an ultrasound diagnosis apparatus, the wireless ul-
trasound probe comprising:

an ultrasound transceiver transmitting an ultra-
sound signal to an object and receiving an echo
signal reflected from the object;
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10.

1.

12.

13.

a communicator transmitting ultrasound image
data obtained from the echo signal to the ultra-
sound diagnosis apparatus;

a controller identifying a position information of
the wireless ultrasound probe through data com-
munication via which the communicator trans-
mits the ultrasound image data to the ultrasound
diagnosis apparatus, and controlling the com-
municator to provide the position information of
the wireless ultrasound probe to the ultrasound
diagnosis apparatus; and

a wireless power receiver charging a battery in-
cluded in the wireless ultrasound probe by fo-
cusing wireless power directionally transmitted
by the ultrasound diagnosis apparatus accord-
ing to the position information.

The wireless ultrasound probe of claim 7, wherein
the controller controls the communicator to perform
data communication with the ultrasound diagnosis
apparatus by using short-distance communication
to track a position of the wireless ultrasound probe.

The wireless ultrasound probe of claim 7 or 8, where-
in the controller determines any one of at least one
short-distance communication method for obtaining
the position information of the wireless ultrasound
probe.

The wireless ultrasound probe of claim 7, 8 or 9,
wherein the controller updates the position informa-
tion of the wireless ultrasound probe according to a
movement of a user using the wireless ultrasound
probe; and

the communicator transmits the updated position in-
formation to the ultrasound diagnosis apparatus.

The wireless ultrasound probe of any of claims 7-10,
whereinthe wireless powerreceiver charges the bat-
tery by focusing the wireless power transmitted by
the ultrasound diagnosis apparatus by using a direc-
tional beamfocusing method.

The wireless ultrasound probe of any of claims 7-11,
wherein the communicator transmits raw data ob-
tained from the echo signal to the ultrasound diag-
nosis apparatus.

An ultrasound system comprising:

an ultrasound probe obtaining ultrasound image
data by transmitting an ultrasound signal to an
object and receiving an echo signal reflected
from the object; and

an ultrasound diagnosis apparatus wirelessly
connected to the ultrasound probe and wireless-
ly transmitting power to the ultrasound probe,
wherein the ultrasound probe identifies position
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information of the wireless ultrasound probe
through data communication fortransceiving the
ultrasound image data with respect to the ultra-
sound diagnosis apparatus, and

the ultrasound diagnosis apparatus charges a
battery included in the wireless ultrasound probe
by directionally transmitting wireless power to
the wireless ultrasound probe based on the po-
sition information of the ultrasound probe.

14. The ultrasound system of claim 13, wherein the ul-
trasound diagnosis apparatus comprises:

awireless power transmitter configured to direc-
tionally transmit the wireless power toward the
position of the ultrasound probe by controlling a
delay time of a wireless power signal in a par-
ticular order; and

a direction controller connected to the wireless
power transmitter and configured to change a
transmission direction of the wireless power
transmitter to at least one of a first direction, a
second direction perpendicular to the first direc-
tion, and a third direction perpendicular to each
of the first direction and the second direction.

15. The ultrasound system of claim 14, wherein the di-
rection controller rotates the transmission direction
of the wireless power transmitter to at least one of
the first direction, the second direction, and the third
direction.
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