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(57) ABSTRACT

An ultrasound diagnosis apparatus which is connectable to a
wireless probe that acquires first data by scanning an object is
provided. The ultrasound diagnosis apparatus includes a con-
troller which is configured to recognize an occurrence of a
first event, to automatically terminate a first communication
connection to the wireless probe via a first communication
network, and to control an automatic start of a second com-
munication connection to an external apparatus via the first
communication network; and a communicator which is con-
figured to exchange data with the wireless probe and/or with
the external apparatus by using the first communication net-
work under the control of the controller.
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ULTRASOUND DIAGNOSIS APPARATUS AND
COMMUNICATION CONNECTING METHOD
PERFORMED IN THE ULTRASOUND
DIAGNOSIS APPARATUS

RELATED APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2014-0135956, filed on Oct. 8, 2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] One or more exemplary embodiments relate to an
ultrasound diagnosis apparatus and a communication con-
necting method performed in the ultrasound diagnosis appa-
ratus.

[0004] More particularly, one or more exemplary embodi-
ments relate to an ultrasound diagnosis apparatus that trans-
mits and/or receives data to or from a wireless probe and an
external apparatus via a wireless communication network and
a communication connecting method performed in the ultra-
sound diagnosis apparatus.

[0005] 2. Description of the Related Art

[0006] Ultrasound diagnosis apparatuses transmit an ultra-
sound signal generated by a transducer of a wireless probe to
an object and receive an ultrasound echo signal reflected from
the object, thereby obtaining an image of a part inside the
object. In particular, ultrasound diagnosis apparatuses are
used for medical purposes, such as observation of the inside
of an object, detection of foreign substances inside the object,
and diagnosis of damage thereof. Such ultrasound diagnosis
apparatuses have various advantages, including stability,
real-time display, and safety because there is no exposure to
radiation, as compared with X-ray apparatuses, and thus, the
ultrasound diagnosis apparatuses are commonly used
together with other image diagnosis apparatuses.

[0007] Portable ultrasound diagnosis apparatuses and wire-
less probes have been developed to facilitate determination of
diagnosis of patients, without any spatial restrictions. Ultra-
sound images and data related with ultrasound diagnosis that
are acquired by a portable ultrasound diagnosis apparatus
may be transmitted to an external apparatus and may be used
thereby. The external apparatus may include a computing
device and/or a server of a hospital, and/or any of other
medical diagnosis apparatuses, or the like.

[0008] A wireless probe may obtain data by scanning an
object, and transmit the data to a portable ultrasound diagno-
sis apparatus via wireless communication. The portable ultra-
sound diagnosis apparatus may transmit the data obtained by
the wireless probe to an external apparatus via wireless com-
munication. The data obtained by the wireless probe may be
ultrasound data which corresponds to ultrasound echo signals
acquired by scanning an object by using ultrasound waves, or
may be an ultrasound image generated using an ultrasound
echo signal.

[0009] Wireless probes that are connected to ultrasound
diagnosis apparatuses via wireless networks have been being
developed to enable a user to manipulate a probe, without any
spatial restrictions.

[0010] Inthis case, a wireless probe, an ultrasound diagno-
sis apparatus, and an external apparatus need to be quickly
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and conveniently connected to one another via wireless com-
munication in order to increase convenience for users.

SUMMARY

[0011] One or more exemplary embodiments include an
ultrasound diagnosis apparatus which is capable of easily
performing wireless communication with a wireless probe
and an external apparatus, and a communication connecting
method performed in the ultrasound diagnosis apparatus.
[0012] One or more exemplary embodiments also include a
wireless probe and an external apparatus which are capable of
increasing user convenience and easiness when an ultrasound
diagnosis apparatus performs wireless communication with
the wireless probe and the external apparatus.

[0013] 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 ofthe presented
exemplary embodiments.

[0014] According to one or more exemplary embodiments,
anultrasound diagnosis apparatus is connectable to a wireless
probe that acquires first data by scanning an object. The
ultrasound diagnosis apparatus includes a controller which is
configured to recognize an occurrence of a first event, to
automatically terminate a first communication connection to
the wireless probe via a first communication network, and to
control an automatic start of a second communication con-
nection to an external apparatus via the first communication
network; and a communicator which is configured to
exchange data with the wireless probe and/or with the exter-
nal apparatus by using the first communication network under
a control of the controller.

[0015] Theoccurrence of the first event may be based on an
operational status of at least one from among the wireless
probe, the ultrasound diagnosis apparatus, and the external
apparatus.

[0016] The first event may occur when the first data is not
received by the ultrasound diagnosis apparatus after the first
data has been acquired by the wireless probe.

[0017] The first event may occur when a determination that
the ultrasound diagnosis apparatus does not need to receive
the first data is made.

[0018] The first event may occur when the wireless probe
fails to scan the object.

[0019] The ultrasound diagnosis apparatus may further
include a display which is configured to display an ultrasound
image which corresponds to the first data.

[0020] The first event may occur when the display of the
ultrasound image terminates.

[0021] The first event may occur when a manipulation of a
user is not sensed for at least a predetermined period of time.
[0022] The first event may occur when the ultrasound diag-
nosis apparatus enters a standby mode.

[0023] The communicator may be further configured to
receive the first data in real time, and the first event may occur
when the display displays a screen image which does not
include the ultrasound image which corresponds to the first
data.

[0024] The first event may occur when the display displays
a still image.
[0025] The first event may occur when an ultrasound diag-

nosis of the object terminates.

[0026] The ultrasound diagnosis apparatus may further
include a user interface (UI) device which is configured to
receive a user input.
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[0027] The first event may occur based on a user request
that is received via the Ul device.

[0028] The first event may occur in response to a scanning
stop request that is received via the UI device.

[0029] The first event may occur in response to a request to
transmit data to the external apparatus, which is received via
the UT device.

[0030] The first event may occur in response to a request to
terminate transmission of the first data, which is received via
the wireless probe.

[0031] The first event may occur in response to a request to
transmit data to the external apparatus, which is received via
the wireless probe.

[0032] The first event may occur in response to a scanning
stop request that is received via the wireless probe.

[0033] The ultrasound diagnosis apparatus may further
include a memory which is configured to store the first data
when the first data is received. The occurrence of the first
event may correspond to at least one from among the memory
storing the first data and a first ultrasound image which cor-
responds to the first data being generated under the control of
the controller.

[0034] The ultrasound diagnosis apparatus may further
include a memory which is configured to store the first data
when the first data is received. The first event may occur in
response to a request for a review mode in which a first
ultrasound image which corresponds to the first data previ-
ously stored in the memory is displayed.

[0035] When the second communication connection starts,
the controller may be further configured to transmit, to the
external apparatus, the first data, and second data which
includes atleast one ultrasound image from among a plurality
of first ultrasound images which correspond to the first data.
[0036] The ultrasound diagnosis apparatus may further
include a memory which is configured to store termination
information which includes at least one from among status
information which relates to a communication with the wire-
less probe at a first point of time when the first communication
connection terminates and information which relates to the
received first data.

[0037] The controller may control, based on the termina-
tion information, data which is transmitted subsequent to data
which was transmitted from the wireless probe to the com-
municator before the first point oftime, so that the subsequent
data is received.

[0038] When a second event occurs, the controller may be
further configured to terminate the second communication
connection and to restore the first communication connection
in response to the occurrence of the second event.

[0039] The second event may occur when a determination
is made that a data exchange between the ultrasound diagno-
sis apparatus and the wireless probe is necessary.

[0040] Theoccurrence ofthe second event may be based on
an operational status of at least one from among the wireless
probe, the ultrasound diagnosis apparatus, and the external
apparatus.

[0041] The display may be further configured to display a
UI screen image which relates to setting the second event.
[0042] When a transmission of the second data is com-
pleted, the controller may be further configured to terminate
the second communication connection and to restart the first
communication connection.

[0043] When a scanning stop request previously received
by at least one from among the wireless probe and the ultra-
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sound diagnosis apparatus is canceled, the controller may be
further configured to terminate the second communication
connection and to restore the first communication connec-
tion.

[0044] When a request to scan the object is received, the
controller may be further configured to terminate the second
communication connection and to restore the first communi-
cation connection.

[0045] When data exchange with the external apparatus is
completed, the controller may be further configured to termi-
nate the second communication connection and to restore the
first communication connection.

[0046] When a medical worklist (MWL) is received from
the external apparatus via the second communication connec-
tion, the controller may be further configured to terminate the
second communication connection and to restore the first
communication connection.

[0047] The external apparatus may include a medical diag-
nosis apparatus which is usable by a medical institution.
[0048] The first communication network may include a
communication network which is based on at least one from
among a wireless fidelity (Wi-Fi) communication standard
and a Wi-Fi-direct (WFD) communication standard.

[0049] The communicator may include a first communica-
tion module configured to perform wireless communication
based on the first communication network, and to establish
each of the first communication connection and the second
communication connection by using the first communication
module.

[0050] The ultrasound diagnosis apparatus may further
include a memory which is configured to store first setting
information which relates to the first comnunication connec-
tion and to store second setting information which relates to
the second communication connection. The communicator
may be further configured to automatically start at least one
from among the first communication connection and the sec-
ond communication connection by using at least one from
among the first setting information and the second setting
information.

[0051] The controller may be further configured to start or
maintain the first communication connection when an ultra-
sound image which corresponds to the first data is requested
to be displayed, and to start or maintain the second commu-
nication connection when a determination that a display of
the ultrasound image is not requested is made.

[0052] When the ultrasound diagnosis apparatus continues
a data exchange with at least one from among the wireless
probe and the external apparatus for at least a predetermined
period of time, the controller may be further configured to
control the data exchange to be conducted in a background
environment.

[0053] The display may be further configured to display a
UI screen image which relates to setting the first event.
[0054] According to one or more exemplary embodiments,
acommunication connecting method is performedinanultra-
sound diagnosis apparatus which is connectable to a wireless
probe that acquires first data by scanning an object. The
communication connecting method includes recognizing an
occurrence of a first event, automatically terminating a first
communication connection to the wireless probe via a first
communication network and automatically starting a second
communication connection to an external apparatus via the
first communication network; and exchanging data with at
least one from among the wireless probe and the external
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apparatus via at least one from among the first communica-
tion connection and the second communication connection.

BRIEF DESCRIPTION OF THE DRAWINGS

[0055] These and/or other aspects will become apparent
and more readily appreciated from the following description
of exemplary embodiments, taken in conjunction with the
accompanying drawings in which:

[0056] FIG. 1illustrates an ultrasound diagnosis apparatus,
and a wireless probe and an external apparatus connected to
the ultrasound diagnosis apparatus;

[0057] FIG. 2 illustrates another ultrasound diagnosis
apparatus, and another wireless probe and another external
apparatus connected to the ultrasound diagnosis apparatus;
[0058] FIG.3isablock diagram of an ultrasound diagnosis
apparatus, according to an exemplary embodiment;

[0059] FIG. 4 illustrates an ultrasound diagnosis apparatus
according to an exemplary embodiment and a wireless probe
and an external apparatus that communicate with the ultra-
sound diagnosis apparatus;

[0060] FIG.5isa block diagram of an ultrasound diagnosis
apparatus, according to another exemplary embodiment;
[0061] FIG. 6 is a block diagram of a wireless probe that is
connected to an ultrasound diagnosis apparatus, according to
an exemplary embodiment;

[0062] FIGS. 7A and 7B illustrate wireless probes which
are connected to an ultrasound diagnosis apparatus, accord-
ing to an exemplary embodiment;

[0063] FIGS. 8A and 8B illustrate screen images displayed
on exemplary embodiments of an ultrasound diagnosis appa-
ratus;

[0064] FIG.9 illustrates a user interface (Ul) screen image
displayed on exemplary embodiments of an vltrasound diag-
nosis apparatus;

[0065] FIG. 10 illustrates a UI screen image displayed on
exemplary embodiments of an ultrasound diagnosis appara-
tus;

[0066] FIGS. 11A and 11B illustrate Ul screen images
displayed on exemplary embodiments of an ultrasound diag-
nosis apparatus;

[0067] FIG. 12 illustrates a Ul screen image displayed on
exemplary embodiments of an ultrasound diagnosis appara-
tus; and

[0068] FIG. 13 is a flowchart of a communication connect-
ing method performed in an ultrasound diagnosis apparatus,
according to an exemplary embodiment.

DETAILED DESCRIPTION

[0069] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to the like elements throughout. In this regard, the
present exemplary embodiments may have different forms
and should not be construed as being limited to the descrip-
tions set forth herein. Accordingly, the exemplary embodi-
ments are merely described below, by referring to the figures,
to explain aspects of the present disclosure. As used herein,
the term “and/or” includes any and all combinations of one or
more of the associated listed items. Expressions such as “at
least one of,” when preceding a list of elements, modify the
entire list of elements and do not modify the individual ele-
ments of the list.
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[0070] Although general terms widely used at present were
selected for describing the exemplary embodiments in con-
sideration of the functions thereof, these general terms may
vary according to intentions of one of ordinary skill in the art,
case precedents, the advent of new technologies, and the like.
Terms arbitrarily selected by the applicant may also be used in
a specific case. In this case, their meanings must be given in
the detailed description. Hence, the terms must be defined
based on their meanings and the contents of the entire speci-
fication, not by simply stating the terms.

[0071] The terms “comprises” and/or “comprising” or
“includes” and/or “including” when used in this specifica-
tion, specify the presence of stated elements, but do not pre-
clude the presence or addition of one or more other elements.
In addition, terms such as ““.. . unit”, “. .. module”, or the like
refer to units that perform at least one function or operation,
and the units may be implemented as hardware or software or
as a contbination of hardware and software.

[0072] Throughout the specification, an “ultrasound
image” refers to an image of an object that is acquired using
ultrasound waves. Furthermore, an “object” may include a
human, an animal, or a part of a human or animal. For
example, the object may include an organ (for example, the
liver, the heart, the womb, the brain, breasts, or the abdomen),
blood vessels, or a combination thereof. The object may be a
phantom. The phantom means a material having a density, an
effective atomic number, and a volume that are approximately
the same as those of a living thing.

[0073] Throughout the specification, a “user” may include,
but s not limited to, a medical professional, such as a medical
doctor, a nurse, a medical laboratory technologist, a medical
image expert, and an engineer who repairs a medical appara-
tus.

[0074] Exemplary embodiments now will be described
more fully hereinafter with reference to the accompanying
drawings.

[0075] FIG. 1illustrates an ultrasound diagnosis apparatus
100, and a wireless probe 110 and an external apparatus 130
connected to the ultrasound diagnosis apparatus 100.

[0076] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 may be connected to the wireless probe 110 and/or
to the external apparatus 130 via a wireless communication
network.

[0077] In detail, the wireless probe 110 is wirelessly con-
nected to the ultrasound diagnosis apparatus 100 via a net-
work 150 and scans an object with ultrasound waves. In
detail, the wireless probe 110 acquires ultrasound data by
transmitting an ultrasound signal toward the object and
receiving an ultrasound echo signal reflected by the object.
The wireless probe 110 may generate an ultrasound image by
using the acquired ultrasound data and transmit the ultra-
sound image to the ultrasound diagnosis apparatus 100. Alter-
natively, the wireless probe 110 may transmit the acquired
ultrasound data to the ultrasound diagnosis apparatus 100
without generating an ultrasound image. In this case, the
ultrasound diagnosis apparatus 100 may generate the ultra-
sound image by using the received ultrasound data.

[0078] Data acquired by the wireless probe 110 by scan-
ning an object will now be referred to as first data. The first
data may include at least one from among the ultrasound echo
signal, the ultrasound data generated based on the ultrasound
echo signal, and the ultrasound image generated using the
ultrasound data.
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[0079] The ultrasound diagnosis apparatus 100 is an elec-
tronic apparatus which is capable of using, processing, and
displaying the ultrasound image. In detail, the ultrasound
diagnosis apparatus 100 includes any one or more of appara-
tuses that are capable of using, processing, and displaying the
ultrasound image, and may also include software or applica-
tions provided therein.

[0080] The ultrasound diagnosis apparatus 100 may gener-
ate ultrasound images of any of various modes by using the
first data received from the wireless probe 110. The ultra-
sound diagnosis apparatus 100 may control an operation of
the wireless probe 110, based on a user input.

[0081] The ultrasound diagnosis apparatus 100 may be
implemented by using a portable apparatus that does not have
space restraints. In detail, the ultrasound diagnosis apparatus
100 may be a portable ultrasound diagnosis apparatus or a
portable computing device. Alternatively, the ultrasound
diagnosis apparatus 100 may be implemented by using a cart
type apparatus. Examples of the ultrasound diagnosis appa-
ratus 100 may include, but are not limited to, a picture
archiving and communication system (PACS) viewer, a
smartphone, a laptop computer, a personal digital assistant
(PDA), and a tablet personal computer (PC).

[0082] Theultrasound diagnosis apparatus 100 may also be
connected to the external apparatus 130, which is an extet-
nally connected computing device, via a network 160, and
may transmit the first data and/or an image or data generated
based on the first data to the external apparatus 130. The
network 160 may be a wired or wireless communication
network. The network 160 may be a wireless communication
network so that the ultrasound diagnosis apparatus 100 may
be used without having space restraints.

[0083] The external apparatus 130 receives the first data
and/or an ultrasound image which corresponds to the first
data and stores, processes, and/or utilizes the received first
data or ultrasound image. Thus, the external apparatus 130
may include any one or more of a medical imaging apparatus,
a medical server, a portable terminal, and/or any computing
device capable of utilizing and processing medical images.
For example, the external apparatus 130 may be a medical
diagnosis apparatus which is usable by a medical institution,
such as a hospital. For example, the external apparatus 130
may include a server which is used by a hospital for recoding
and storing medical treatment histories of patients, and/or a
medical imaging apparatus used by medical doctors in a
hospital to read medical images.

[0084] FIG. 1 illustrates a case in which the external appa-
ratus 130 includes medical imaging apparatuses 131 and 132
capable of utilizing and processing medical images, and a
medical server 133.

[0085] The wireless probe 110 may be a wireless probe that
performs only a scan operation, as illustrated in FIG. 1. The
ultrasound diagnosis apparatus 100 may be a portable appa-
ratus which is designed to overcome space restraints imposed
on a user when using the ultrasound diagnosis apparatus 100.
InFIG. 1, the ultrasound diagnosis apparatus 100 is a portable
ultrasound diagnosis apparatus.

[0086] FIG. 2 illustrates an ultrasound diagnosis apparatus
200, and a wireless probe 210 and an external apparatus 230,
both of which are connected to the ultrasound diagnosis appa-
ratus 200. The wireless probe 210, the ultrasound diagnosis
apparatus 200, and the external apparatus 230 of FIG. 2 are
respectively the same as the wireless probe 110, the ultra-
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sound diagnosis apparatus 100, and the external apparatus
130 of FIG. 1, and thus repeated descriptions thereof will be
omitted.

[0087] The wireless probe 210 may be a smart device that
includes a transducer array and is configured to perform a
scan operation. In detail, the wireless probe 210 may be a
smart device which is capable of scanning an object by using
atransducer array included therein to acquire ultrasound data,
generating an ultrasound image by using the ultrasound data,
and/or displaying the ultrasound image. For example, the
wireless probe 210 may include a display 211, and may
display, via the display 211, a screen image which includes at
least one ultrasound image, namely, ultrasound images 212
and 214, and/or a user interface (UI) screen image 213 for
facilitating user control of an object-scan operation.

[0088] In FIGS. 1 and 2, the ultrasound diagnosis appara-
tuses 100 and 200 may be connected to the wireless probes
110 and 210 and/or to the external apparatuses 130 and 230,
respectively, via wireless networks. Each of the wireless net-
works may follow an identical communication standard.
Examples of the wireless networks may include, but are not
limited to, Wi-Fi, Bluetooth, ZigBee, Wi-Fi Direct (WED),
ultra wideband (UWB), infrared data association (IrDA),
Bluetooth low energy (BLE), and near field communication
(NFC).

[0089] FIGS. 1 and 2 illustrate cases where the ultrasound
diagnosis apparatuses 100 and 200 are respectively connected
to the wireless probes 110 and 210 and/or to the external
apparatuses 130 and 230 via a WiFi network.

[0090] Referring back to FIG. 1, while a user is scanning a
predetermined body part of a patient, which is an object, by
using the wireless probe 110, the wireless probe 110 and the
ultrasound diagnosis apparatus 100 may continuously trans-
mit or receive certain data to or from each other via the
wireless network 150. In detail, while a user is scanning a
predetermined body part of a patient, which is an object, by
using the wireless probe 110, the wireless probe 110 may
transmit the first data to the ultrasound diagnosis apparatus
100 via the wireless network 150 in real time. In detail, the
first data may be updated in real time as ultrasound scanning
continues, and may be transmitted from the wireless probe
110 to the ultrasound diagnosis apparatus 100.

[0091] Then, the ultrasound diagnosis apparatus 100 may
receive the first data, and process and display an ultrasound
image which corresponds to the received first data in real
time. In particular, when the first data is updated and trans-
mitted in real time, the ultrasound diagnosis apparatus 100
may display a first ultrasound image that is updated in real
time. Moreover, to achieve recording and utilization of the
first data or the ultrasound image corresponding to the first
data, the ultrasound diagnosis apparatus 100 must transmit at
least one selected from the first data and the ultrasound image
to the external apparatus 130.

[0092] When the ultrasound diagnosis apparatus 100 com-
municates with the wireless probe 110 and the external appa-
ratus 130 by using a single communication module that fol-
lows an identical communication standard, the ultrasound
diagnosis apparatus 100 is not able to simultaneously
exchange data with the wireless probe 110 and the external
apparatus 130. For example, if the ultrasound diagnosis appa-
ratus 100 includes only one Wi-Fi communication module
based on the Wi-Fi communication standard, when the ultra-
sound diagnosis apparatus 100 communicates with the wire-
less probe 110 by using the Wi-Fi communication module,
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the ultrasound diagnosis apparatus 100 is unable to commu-
nicate with the external apparatus 130 via the Wi-Fi commu-
nication module. Thus, in order to enable the ultrasound
diagnosis apparatus 100 to transmit the first data and/or the
ultrasound image corresponding to the first data received
from the wireless probe 110 to the external apparatus 130, a
user must stop the communication connection between the
wireless probe 110 and the ultrasound diagnosis apparatus
100 by manually manipulating the ultrasound diagnosis appa-
ratus 100, and then start a communication connection
between the ultrasound diagnosis apparatus 100 and the
external apparatus 130.

[0093] Whilea patientis being scanned, a user connects the
wireless probe 110 to the ultrasound diagnosis apparatus 100
so that first data acquired as a result of to the scanning is
transmitted to the ultrasound diagnosis apparatus 100. When
the scanning is completed, the user must connect the ultra-
sound diagnosis apparatus 100 to the external apparatus 130
so that the first data is transmitted from the ultrasound diag-
nosis apparatus 100 to the external apparatus 130. The user
performs scan operations on several dozens of patients a day,
and is inconvenienced by having to manually perform such a
communication connection change for each of the scan
operations on the several dozens of patients.

[0094] Therefore, the ultrasound diagnosis apparatus 100
should quickly and easily transmit the first data received from
the wireless probe 110 and/or second data which is acquired
based on the first data to the external apparatus 130, in order
to increase the convenience for users. Ultrasound diagnosis
apparatuses according to exemplary embodiments that are
connected to wireless probes or external apparatuses via
wireless networks and are capable of conveniently exchang-
ing data therewith will now be described in detail with refer-
ence to FIGS. 3-12.

[0095] FIG. 3isablock diagram of an ultrasound diagnosis
apparatus 300, according to an exemplary embodiment.
[0096] Referring to FIG. 3, the ultrasound diagnosis appa-
ratus 300 is the same as each of the ultrasound diagnosis
apparatuses 100 and 200 of FIGS. 1 and 2. A wireless probe
380 and an external apparatus 390 of FIG. 3 respectively
correspond to each of the wireless probes 110 and 210 and
each of the external apparatuses 130 and 330 of FIGS. 1 and
2. Accordingly, descriptions of the ultrasound diagnosis
apparatus 300 that are the same as those made with reference
to FIGS. 1 and 2 are not repeated herein.

[0097] The ultrasound diagnosis apparatus 300 may be
connected to the wireless probe 380 which acquires first data
by scanning an object, and thus may perform an ultrasound
imaging operation. The ultrasound diagnosis apparatus 300
includes a controller 310 and a communicator 330. The ultra-
sound diagnosis apparatus 300 may further include a display
350.

[0098] When a first event occurs, the controller 310 recog-
nizes the occurrence of the first event, and thus automatically
terminates a first communication connection 371 to the wire-
less probe 380 via a first communication network and controls
asecond communication connection 372 to the external appa-
ratus 390 via the first communication network to automati-
cally start.

[0099] The first communication connection 371 denotes a
wireless communication connection between the ultrasound
diagnosis apparatus 300 and the wireless probe 380, and the
second communication connection 372 denotes a wireless
communication connection between the ultrasound diagnosis
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apparatus 300 and the external apparatus 390. There is no
limitation in the communication standards applied to the first
commuication connection 371 and the second communica-
tion connection 372, and any of various communication stan-
dards other than the first communication network may be
applied. However, in the present exemplary embodiment, a
case where the first communication connection 371 and the
second communication connection 372 are performed via
communication networks that follow an identical communi-
cation standard is illustrated.

[0100] In detail, the controller 310 may automatically ter-
minate the first communication connection 371 and control
the second communication connection 372 to automatically
start, in response to the first event. In particular, when the first
event occurs, the controller 310 may automatically terminate
the first communication connection 371 so that data exchange
with the wireless probe 380 is stopped, and may control the
second communication connection 372 to automatically start
so that data exchange with the external apparatus 390 is
performed.

[0101] The first event may occur based on an operational
status of at least one selected from the wireless probe 380, the
ultrasound diagnosis apparatus 300, and the external appara-
tus 390.

[0102] In detail, the first event may be an event which
corresponds to a case in which the ultrasound diagnosis appa-
ratus 300 is not required to communicate with the wireless
probe 380. For example, the first event may occur when the
first datais not received by the ultrasound diagnosis apparatus
300. Alternatively, the first event may occur when a determi-
nation is made that the ultrasound diagnosis apparatus 300 is
not required to receive the first data.

[0103] The first event may occur based on the internal set-
tings of the controller 310, a user input, an operation of a user,
and/or at least one selected from among an operational status
of the wireless probe 380, an operational status of the ultra-
sound diagnosis apparatus 300, and an operational status of
the external apparatus 390. The first event will now be
described in detail.

[0104] The first communication network is a wireless com-
munication network for data exchange between the ultra-
sound diagnosis apparatus 300 and at least one selected from
among the wireless probe 380 and the external apparatus 390.
The first communication network may be a network which is
based on the local area communication standard or a network
which is based on the mobile-distance communication stan-
dard.

[0105] The communicator 330 transmits and/or receives
data to and/or from the wireless probe 380 and/or the external
apparatus 390 by using the first communication network
under the control of the controller 310.

[0106] In detail, the communicator 330 may receive the
first data from the wireless probe 380 via the first communi-
cation network and transmit, to the wireless probe 380, data
which is usable for controlling an operation of the wireless
probe 380. The first data may include data generated by the
wireless probe 380 while scanning an object. In detail, the
first data may include ultrasound echo signals that are
received by transducer elements of the wireless probe 380 as
the wireless probe 380 scans an object, or may include ultra-
sound data generated by processing an ultrasound echo sig-
nal. The first data may also include an ultrasound image
generated by the ultrasound data or related data that is pro-
duced using the ultrasound data. In detail, the wireless probe



US 2016/0100824 Al

380 may transmit and/or receive, to or from the communica-
tor 330, at least one selected from among an ultrasound echo
signal, ultrasound data, an ultrasound image of an object, data
according to modes, such as Doppler data, and data which
relates to a diagnosis of the object.

[0107] Thecommunicator 330 may transmit second data to
the external apparatus 390 via the first communication net-
work and receive third data from the external apparatus 390
via the first communication network. The second data may be
data produced based on the first data transmitted by the wire-
less probe 380. In detail, the second data may include any one
or more of an ultrasound image, ultrasound data, scan-related
data, diagnosis data of a patient, and the like. The third data
includes data transmitted by the external apparatus 390 to the
ultrasound diagnosis apparatus 300. The third data may
include any one or more of patient-related information, data
necessary for diagnosing and treating patients, histories of
previous treatments of patients, a medical worklist (MWL)
corresponding to diagnosis instructions for patients, and the
like. The third data may include a request and/or a command
that is transmitted by the external apparatus 390 to the ultra-
sound diagnosis apparatus 300.

[0108] Thecommunicator 330 may transmit and/or receive
a medical image captured by the external apparatus 390,
which is another medical apparatus such as a computed
tomography (CT) apparatus, a magnetic resonance imaging
(MRI) apparatus, or an X-ray apparatus. Furthermore, the
communicator 330 may receive information about diagnosis
histories and/or medical treatment schedules of patients from
a server, and may utilize the received information in order to
diagnose an object. In addition, the communicator 330 may
perform data communication with the external apparatus 390,
which is a portable terminal of a medical doctor or a patient,
as well as the external apparatus 390, which is a server or
medical apparatus of a hospital.

[0109] The communicator 330 may also exchange data
with the external apparatus 390, which is a hospital server or
a medical apparatus in a hospital, and which may be con-
nected via a PACS. The communicator 330 may perform data
communication according to the digital imaging and commu-
nications in medicine (DICOM) standard.

[0110] As described above, the ultrasound diagnosis appa-
ratus 300 may further include the display 350. The display
350 displays a predetermined screen image. In detail, the
display 350 displays a predetermined screen image under the
control of the controller 310. In detail, the display 350
includes a display panel (not shown), and may display any
one or more of a Ul screen image, a medical image, and the
like on the display panel.

[0111] A communication connection between the ultra-
sound diagnosis apparatus 300 and either the wireless probe
380 or the external apparatus 390 will now be described in
detail with reference to FIG. 4.

[0112] FIG. 4 illustrates an ultrasound diagnosis apparatus
400 according to an exemplary embodiment, and a wireless
probe 410 and an external apparatus 430 that communicate
with the ultrasound diagnosis apparatus 400. The ultrasound
diagnosis apparatus 400, the wireless probe 410, and the
external apparatus 430 of FIG. 4 are respectively the same as
the ultrasound diagnosis apparatus 300, the wireless probe
380, and the external apparatus 390 of FIG. 3, and thus
repeated descriptions thereof will be omitted.

[0113] The external apparatus 430 may include any one or
more of a computing device or a server ofa hospital, amedical
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server, any of other medical diagnosis apparatuses, or the like.
In detail, the external apparatus 430 may include any elec-
tronic apparatuses capable of receiving, storing, processing,
or displaying at least one selected from among an ultrasound
image, ultrasound data, and related information produced
using the ultrasound image and the ultrasound data.

[0114] Referring to FIG. 4, the external apparatus 430 may
include at least one selected from among display devices 431
and 432, a medical server 433, an image acquisition device
included in a PACS, database 434, and an image display
device (not shown), which are located in a hospital 435.
[0115] The ultrasound diagnosis apparatus 400 may be
connected to the wireless probe 410 and/or to the external
apparatus 430 via a Wi-Fi or WFD communication network.
FIG. 4 illustrates a case where the ultrasound diagnosis appa-
ratus 400 is connected to the wireless probe 410 and/or to the
external apparatus 430 via a Wi-Fi network.

[0116] Examples of a wireless communication network via
which the ultrasound diagnosis apparatus 400 can be con-
nected to the wireless probe 410 or the external apparatus 430
may include, but are not limited to, wireless LAN, Wi-Fi,
Bluetooth, ZigBee, WFD, UWB, IrDA, BLE, and NFC.
[0117] The controller 310 or a memory (not shown)
included in the ultrasound diagnosis apparatus 400 may store
network setting information used to perform a communica-
tion connection to an externally connected apparatus via a
predetermined network. In detail, the network setting infor-
mation may include information necessary for starting a com-
munication connection with a predetermined network, in
order for the ultrasound diagnosis apparatus 400 to be con-
nected to the predetermined network to perform data
exchange with an external apparatus. The network setting
information will now be referred to as setting information.
[0118] The setting information may vary according to the
types of networks to which the ultrasound diagnosis appara-
tus 400 is to be connected. For example, setting information
that is applied to a Wi-Fi network may include any one or
more of an extended service set identifier (ESSID), a service
set identifier (SSID), an IP address for WiFi connection,
access point (AP)-related information, and the like. Setting
information that is applied to a wide area network (WAN)
may include any one or more of service connection informa-
tion, an IP set value for WAN connection, a network address
translation (NAT) set value, and information about a network-
ing method. The setting information may be stored for each
external apparatus to which the ultrasound diagnosis appara-
tus 400 is connectable.

[0119] A case in which the ultrasound diagnosis apparatus
400 performs wireless communication with the wireless
probe 410 or the external apparatus 430 by using a single
communication module that follows a single communica-
tions standard will now be described.

[0120] For example, if the ultrasound diagnosis apparatus
400 is able to be connected to each of the wireless probe 410
and the external apparatus 430 via a Wi-Fi network, the ultra-
sound diagnosis apparatus 400 may store connection infor-
mation used to facilitate a connection to an AP 411 of the
wireless probe 410. The ultrasound diagnosis apparatus 400
may store connection information used to facilitate a connec-
tion to an AP 441 of the external apparatus 430. Network
setting information for a first communication connection 450
between the ultrasound diagnosis apparatus 400 and the wire-
less probe 410 will now be referred to as first setting infor-
mation, and network setting information for a second com-
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munication connection 460 between the ultrasound diagnosis
apparatus 400 and the external apparatus 430 will now be
referred to as second setting information. The AP 411 may be
implemented using a hardware AP configured by hardware or
a software AP configured by software.

[0121] Referring to FIG. 4, the ultrasound diagnosis appa-
ratus 400 may store the first setting information for a com-
munication connection with the wireless probe 410 via a
Wi-Fi network in the controller 310 or the memory (not
shown), and may be connected to the wireless probe 410 by
using the first setting information. The ultrasound diagnosis
apparatus 400 may also store the second setting information
for a communication connection with the external apparatus
430 via a Wi-Fi network in the controller 310 or the memory
(not shown), and may be connected to the external apparatus
430 by using the second setting information.

[0122] In detail, the controller 310 executes the first com-
munication connection 450 by using the first setting informa-
tion. When the first event occurs, the controller 310 automati-
cally executes the second communication connection 460 by
using the second setting information. In detail, when the first
event occurs, the controller 310 may automatically terminate
the first communication connection 450 and automatically
start the second communication connection 460 so that the
first communication connection 450 may be automatically
changed to the second communication connection 460.
[0123] For example, when the external apparatus 430
includes the PACS database 434 included in the PACS, the
communicator 330 of the ultrasound diagnosis apparatus 400
may receive first data from the wireless probe 410 via the first
communication connection 450. When the first event occurs,
the controller 310 of the ultrasound diagnosis apparatus 400
may automatically change a communication connection so as
to terminate the first communication connection 450 and start
the second communication connection 460, by using the sec-
ond setting information. Under the control of the controller
310, the communicator 330 may transmit the first data to the
PACS database 434 via the second communication connec-
tion 460. Then, the PACS database 434 may receive the first
data via the second communication connection 460 and store
the first data.

[0124] The structures and operations of the ultrasound
diagnosis apparatuses 300 and 400 will now be described in
detail with reference to FIGS. 5-12.

[0125] FIG.5isa block diagram of an ultrasound diagnosis
apparatus 500, according to another exemplary embodiment.
The ultrasound diagnosis apparatus 500, a wireless probe
590, and an external apparatus 595 of FIG. 5 are respectively
the same as the ultrasound diagnosis apparatus 300, the wire-
less probe 380, and the external apparatus 390 of FIG. 3, and
thus repeated descriptions thereof will be omitted. The ultra-
sound diagnosis apparatus 500, the wireless probe 590, and
the external apparatus 595 of FIG. 5 are respectively the same
as the ultrasound diagnosis apparatus 400, the wireless probe
410, and the external apparatus 430 of FIG. 4, and thus
repeated descriptions thereof will be omitted. A controller
510, a communicator 530, and a display 550 included in the
ultrasound diagnosis apparatus 500 are respectively the same
as the controller 310, the communicator 330, and the display
350 included in the ultrasound diagnosis apparatus 300 of
FIG. 3, and thus repeated descriptions thereof will be omitted.
[0126] Referring to FIG. 4, the ultrasound diagnosis appa-
ratus 500 includes the controller 510 and the communicator
530. The ultrasound diagnosis apparatus 500 may further
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include at least one selected from among the display 550, a UI
unit (also referred to herein as a “user interface device™) 565,
a memory 570, an output unit (also referred to herein as an
“output device™) 575, and a power unit (also referred to herein
as a “power component” and/or as a “power device”) 580.
[0127] Referringto FIG. 4, the wireless probe 590 produces
first data via scanning. A communicator 591 included in the
wireless probe 590 may transmit the first data to the ultra-
sound diagnosis apparatus 500 via a communication network
585. Alternatively, the communicator 591 may transmit the
first data to the ultrasound diagnosis apparatus 595 via the
commuuication network 585,

[0128] The external apparatus 595 includes a communica-
tor 596. The communicator 596 may transmit and/or receive
data to or from the ultrasound diagnosis apparatus 500 or the
wireless probe 590 via the communication network 585.
[0129] For convenience of explanation, the communicator
530 included in the ultrasound diagnosis apparatus 500 is
hereinafter referred to as a first communicator 530, the com-
municator 591 included in the wireless probe 590 is herein-
after referred to as a second communicator 591, and the
communicator 596 included in the external apparatus 595 is
hereinafter referred to as a third communicator 596.

[0130] Thefirst communicator 530 may include at least one
communication module for transmitting and/or receiving
data to or from the wireless probe 590, the external apparatus
595, and/or an externally-connected electronic apparatus (not
shown) via a communication network. In detail, the first com-
municator 530 may include at least one selected from among
a local area communication module 531, a wired communi-
cation module 532, and a mobile communication module
533.

[0131] Thelocal area communication module 531 refers to
amodule which is configured for facilitating local area com-
munication within a predetermined distance. Examples of
local area communication techniques according to an exem-
plary embodiment may include, but are not limited to, Wi-Fi,
Bluetooth, ZigBee, WFD, UWB, IrDA, BLE, and NFC.
Accordingly, the local area communication module 531 may
include at least one of communication modules that are
respectively based on Wi-Fi, Bluetooth, ZigBee, WFD,
UWB, IrDA, BLE, and NFC.

[0132] The wired communication module 532 refers to a
module which is configured for facilitating communication
using electric signals or optical signals. Examples of wired
communication techniques according to an exemplary
embodiment may include a pair cable, a coaxial cable, an
optical fiber cable, and an Ethernet cable.

[0133] The mobile communication module 533 transmits
and/or receives wireless signals to or from at least one
selected from among a base station, an external terminal, and
a server on a mobile communication network. The wireless
signals may include any one or more of voice call signals,
video call signals, and/or various types of data for transmis-
sion and reception of text/multimedia messages.

[0134] The first communicator 530 may transmit or receive
predetermined data to or from an external electronic appara-
tus via any of various communication modules included in the
communicator 530. The external electronic apparatus may
include the wireless probe 590 and the external apparatus
595.

[0135] A case in which the communicator 530 exchanges
data with the wireless probe 590 and/or the external apparatus
595 via the local area communication module 531, in detail,
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the communicator 530 exchanges data with the wireless
probe 590 and/or the external apparatus 595 by using a single
communication module (not shown) based on Wi-Fi or WFD
communication technology (hereinafter, referred to as a Wi-
Fi communication module) will now be illustrated.

[0136] The Wi-Fi communication module may be fixedly
installed in the communicator 530 of the ultrasound diagnosis
apparatus 500. The Wi-Fi communication module may be
detachably installed in the ultrasound diagnosis apparatus
500, instead of being fixedly included in the ultrasound diag-
nosis apparatus 500. For example, the Wi-Fi communication
module may be implemented by using a universal serial bus
(USB), and thus may be installed in the ultrasound diagnosis
apparatus 500 by being inserted into a USB port (not shown)
included in the ultrasound diagnosis apparatus 500.

[0137] The display 550 may display an ultrasound image
which corresponds to the first data received from the wireless
probe 590. In detail, the display 550 may display any one or
more of an ultrasound image produced using the first data,
diagnosis data obtained by processing the first data, and data
or an image produced based on the first data. The display 550
may display not only an ultrasound image but also any of
various pieces of information processed by the ultrasound
diagnosis apparatus 500, on a screen image via a graphical
user interface (GUI).

[0138] The ultrasound diagnosis apparatus 500 may
include two or more displays, according to one or more exem-
plary embodiments. In detail, the ultrasound diagnosis appa-
ratus 500 may include any types of displays capable of visu-
ally displaying an image, such as, a cathode-ray tube (CRT)
display, aliquid crystal display (LCD), a plasma display panel
(PDP), an organic light-emitting device (OLED) display, a
field emission display (FED), a light-emitting diode (LED)
display, a vacuum fluorescent display (VFD), a digital light
processing (DLP) display, a flat panel display (FPD), a 3D
display, and/or a transparent display.

[0139] The image processor 560 may generate an ultra-
sound image by scan-converting ultrasound data included in
the first data received from the wireless probe 590. In detail,
the image processor 560 may include a data processor 561
and an image generator 562. The data processor 561 may
pre-process the first data.

[0140] Forexample, when the first data includes ultrasound
echo signals received by a transducer (not shown) of the
wireless probe 590, the data processor 561 may receive and
focus the ultrasound echo signals included in the first data in
order to generate ultrasound data. Alternatively, the data pro-
cessor 561 may perform amplification, noise removal, and/or
the like on the ultrasound echo signals or ultrasound data
included in the first data.

[0141] The ultrasound image may include not only a gray-
scale ultrasound image obtained by scanning an object in 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 include
any one or more of a blood flow Doppler image showing flow
of blood (also referred to as a color Doppler image), a tissue
Doppler image showing a movement of tissue, and/or a spec-
tral Doppler image showing a moving speed of an object as a
waveform.

[0142] For example, when the image processor 560 tries to
generate a B mode image, the data processor 561 extracts B
mode components from the ultrasound data included in the
first data and processes the B mode components. The image
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generator 562 may generate an ultrasound image which indi-
cates signal intensities as brightness, based on the extracted B
mode components.

[0143] In another example, when the image processor 560
tries to generate a Doppler image, the data processor 561
extracts Doppler components from the ultrasound data
included in the first data. The image generator 562 may gen-
erate a Doppler image which indicates a movement of an
objectas colors or waveforms, based on the extracted Doppler
components.

[0144] The data processor 561 of the image processor 560
may generate volume data by using the first data. The image
generator 562 may generate a three-dimensional (3D) ultra-
sound image via volume rendering with respect to the volume
data, and may also generate an elasticity image by imaging
deformation of an object due to pressure. Furthermore, the
image processor 560 may display any one or more of various
pieces of additional information in an ultrasound image by
using text and graphics. The generated ultrasound image may
be stored in the memory 570.

[0145] The Ul unit 565 refers to a device via which a user
inputs data for controlling the ultrasound diagnosis apparatus
500. The UT unit 565 may include, but is not limited to, any
one or more of hardware components, such as a keypad, a
mouse, a touch pad, a touch screen, and a jog switch. The Ul
unit 565 may further include any of various other input units,
including an electrocardiogram (ECG) measuring module, a
respiration measuring module, a voice recognition sensor, a
gesture recognition sensor, a fingerprint recognition sensor,
an iris recognition sensor, a depth sensor, a distance sensor,
and the like.

[0146] The Ulunit 565 may produce and output a Ul screen
image for receiving a command or data from a user, and may
receive a command or data from the user via the Ul screen
image. The user may recognize some information from the Ul
screen image displayed by the display 550, and may input a
command or data via the Ul unit 565.

[0147] For example, the UI unit 565 may include a touch
pad. In detail, the Ul unit 565 may include a touch pad (not
shown) coupled with a display panel (not shown) included in
the display 550. In this case, the Ul screen image is displayed
on the display panel. When a command is input via the Ul
screen image, the touch pad may sense the input operation
and transmit information which corresponds to a result of the
sensing to the controller 510. Then, the controller 510 inter-
prets the information in order to thereby recognize and
execute the command input by the user.

[0148] The memory 570 stores various pieces of informa-
tion processed or generated by the ultrasound diagnosis appa-
ratus 500. For example, the memory 570 may store medical
data related to diagnosis of an object, such as ultrasound data
and an ultrasound image, and may also store algorithms or
programs which are to be executed in the ultrasound diagno-
sis apparatus 500.

[0149] The memory 570 may be any of various types of
storage media, e.g., a flash memory, a hard disk drive,
EEPROM, etc. The ultrasound diagnosis apparatus 500 may
utilize a web storage and/or a cloud server which performs a
storage function of the memory 570 online.

[0150] In detail, the memory 570 may store the first data
which s transmitted by the communicator 530, the ultrasound
image acquired based on the first data, and/or information
acquired based on the first data.



US 2016/0100824 Al

[0151] In addition, the controller 510 may set information
relating to a server or apparatuses which are to communicate
with the ultrasound diagnosis apparatus 500 via the network
585. The memory 570 may store the set information about the
server or apparatuses which are to communicate with the
ultrasound diagnosis apparatus 500 via the network 585. In
detail, the memory 570 may store first setting information for
a first communication connection 592 and second setting
information for a second communication connection 597. In
detail, the memory 570 may store a method of setting a
network with the server or apparatuses which are to commu-
nicate with the ultrasound diagnosis apparatus 500 via the
network 585, and pieces of information relating to the net-
work setting. The controller 510 may automatically start,
stop, or restore a network connection with the server or appa-
ratuses by using the information stored in the memory 570.

[0152] The output unit 575 is configured to output data that
a user may recognize sensately, such as, by using his or her
sense of vision, hearing, and/or touch, in addition to the
display 550. Examples of the output unit 575 may include a
speaker, a lamp, a vibrator, and the like.

[0153] The power unit 580 supplies power to each compo-
nent included in the ultrasound diagnosis apparatus 500,
under the control of the controller 510. In detail, the power
unit 580 is charged, and may include a battery (not shown)
which supplies power to each component included in the
ultrasound diagnosis apparatus 500. The battery is charged.
For example, the battery may be a rechargeable battery. Thus,
when the battery is dead, the battery may be recharged by
power supplied via a power line. The power unit 580 may also
include a power line (not shown) configured to receive power
from an external power source and to supply the received
power to each component included in the ultrasound diagno-
sis apparatus 500.

[0154] FIG. 6 is a block diagram of a wireless probe 600
that is connected to an ultrasound diagnosis apparatus,
according to an exemplary embodiment.

[0155] Referring to FIG. 6, the wireless probe 600 scans an
object 605 and acquires data, such as an ultrasound echo
signal reflected from the object 605, for imaging an ultra-
sound image which corresponds to the scanned object 605. In
detail, the wireless probe 600 transmits an ultrasound signal
toward the object 605 and receives an ultrasound echo signal
reflected by the object 605. The wireless probe 600 may
generate ultrasound data which corresponds to the received
ultrasound echo signal and wirelessly transmit the ultrasound
data to the ultrasound diagnosis apparatus 500 of FIG. 5.

[0156] Referring to FIG. 6, the wireless probe 600 may
include an ultrasound transmitter 610, a transducer 620, and
an ultrasound receiver 630. The transducer 620 is an ultra-
sound scan device, and the wireless probe 600 generally
includes a transducer array including a plurality of transduc-
ers. However, in FIG. 6, the transducer 620 corresponds to a
plurality of transducers orto a transducer array included in the
wireless probe 600.

[0157] The ultrasound transmitter 610 provides a driving
signal to the transducer 620 so that the transducer 620 may
generate a focused ultrasound signal which is to be transmit-
ted to the object 605. In detail, the ultrasound transmitter 610
may include a pulse generator 611, a transmission delaying
unit (also referred to herein as a “transmission delayer”) 612,
and a pulser 613.
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[0158] The pulse generator 611 generates pulses for form-
ing transmission ultrasound waves based on a predetermined
pulse repetition frequency (PRF).

[0159] The transmission delaying unit 612 delays the
pulses by delay times which correspond to determining trans-
mission directionality. The pulses which have been delayed
correspond to a plurality of piezoelectric vibrators (not
shown) included in the transducer 620, respectively. Such a
piezoelectric vibrator is also called as a piezo device. In
detail, the transmission delaying unit 612 generates pulses for
generating a focused ultrasound signal by focusing transmis-
sion ultrasound waves.

[0160] The pulser 613 applies a driving signal (or a driving
pulse) to the transducer 620 based on timing that corresponds
to each of the pulses which have been delayed.

[0161] Thetransducer 620 vibrates according to the pulses,
which are applied electrical signals, generates ultrasound
waves, which are acoustic energy, and transmits the ultra-
sound waves toward the object 605. The transducer 620
receives an ultrasound echo signal, which is an ultrasound
signal reflected from the object 605.

[0162] The transducer 620 may include any one or more of
an acoustic lens (not shown), a piezoelectric device (not
shown), a matching layer (not shown), and a sound absorbing
layer (not shown).

[0163] Thepiezoelectric device is formed of a piezoelectric
effect element that converts an electrical signal into an acous-
tic signal and/or vice versa. Examples of the piezoelectric
effect element may include, but are not limited to, any of a
piezoelectric ceramic, a single crystal material, and a com-
posite piezoelectric material that cause a piezoelectric effect.
The composite piezoelectric material is formed by com-
pounding a polymer material and any of the aforementioned
materials. When the pulser 613 applies the pulses, which are
generated electrical signals, to the piezoelectric device, an
ultrasound signal may be generated within the piezoelectric
device. Each pulse applied to the piezoelectric device is a
voltage signal and thus has a predetermined voltage value.
[0164] The matching layer is disposed on a front surface of
the piezoelectric device. The matching layer changes an
acoustic impedance of the ultrasound waves generated by the
piezoelectric device in stages, so that the acoustic impedance
of the ultrasound waves is approximate to an acoustic imped-
ance of the object 605. The front surface of the piezoelectric
device may be a surface that is closest to the object 605 from
among the surfaces of the piezoelectric device when ultra-
sound waves are applied to the object 605, and a rear surface
thereof may be a surface opposite to the front surface. The
matching layer is also called an acoustic matching layer.
[0165] The sound absorbing layer may support the piezo-
electric device at the rear surface of the piezoelectric device,
and absorb ultrasound waves that are transmitted toward the
rear surface of the piezoelectric device and are thus not
directly used in tests or diagnosis. The sound absorbing layer
may include a plurality of electrodes which are configured for
applying voltages to the piezoelectric device.

[0166] The acoustic lens is disposed on the front surface of
the transducer 620, and focuses the ultrasound waves gener-
ated by the piezoelectric device. The acoustic lens may be
formed of a material, such as silicon rubber, which has an
acoustic impedance that is similar to that of the object 605.
[0167] The ultrasound receiver 630 focuses the ultrasound
echo signal received from the transducer 620 in order to
generate a focused ultrasound echo signal. In detail, the ultra-
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sound receiver 630 focuses the ultrasound echo signal
received from the transducer 620 in order to generate ultra-
sound data.

[0168] Indetail, the ultrasound receiver 630 may include an
amplifier 631, an analog-to-digital converter (ADC) 632, a
reception delaying unit (also referred to herein as a “reception
delayer”) 633, and a summing unit (also referred to herein as
a “summer”) 634.

[0169] In detail, the amplifier 631 amplifies ultrasound
echo signals in each channel, and the ADC 632 performs
analog-to-digital conversion on the amplified ultrasound
echo signals. The reception delaying unit 633 delays digital
ultrasound echo signals output by the ADC 632 by delay
times which correspond to determining reception direction-
ality. Each channel is a respective channel for each element of
the transducer 620.

[0170] The summing unit 634 generates ultrasound data by
summing the ultrasound echo signals processed by the recep-
tion delaying unit 633. According to one or more exemplary
embodiments, the ultrasound receiver 630 may not include
the amplifier 631. In particular, if the sensitivity of the trans-
ducer 620 with respect to receiving the ultrasound echo signal
is increased, or if the number of bits processed by the ADC
632 is increased, the amplifier 631 may be omitted.

[0171] The wireless probe 600 may further include at least
one selected from a controller 640, a communicator 650, a Ul
unit 670, and a power unit 680.

[0172] The controller 640 controls all operations of the
wireless probe 600. In detail, the controller 640 may control
first data which includes at least one selected from among the
ultrasound echo signal received from the transducer 620, the
ultrasound data generated by the ultrasound receiver 630, an
ultrasound image generated based on the ultrasound data, and
information acquired using the ultrasound data, so that the
first data is transmitted to the ultrasound diagnosis apparatus
500 and/or the external apparatus 595 via the communicator
650.

[0173] The communicator 650, the UI unit 670, and the
power unit 680 are the same as the communicator 530, the Ul
unit 565, and the power unit 580 of FIG. 5, respectively, and
thus detailed description thereof will be omitted.

[0174] An automatic communication connection switch
between the first communication connection 592 and the
second communication connection 597 under the control of
the controller 510 of FIG. 5 will now be described in detail.

[0175] When the ultrasound diagnosis apparatus 500 com-
municates with the wireless probe 590 and the external appa-
ratus 595 by using a single communication module included
in the communicator 530, the ultrasound diagnosis apparatus
500 may not simultaneously exchange data with the wireless
probe 590 and the external apparatus 595. For example, when
the ultrasound diagnosis apparatus 500 communicates with
the wireless probe 590 and the external apparatus 595 by
using a Wi-Fi communication module (not shown) included
in the local area communication module 531 of the commu-
nicator 530, the first communication connection 592 and the
second communication connection 597 may not be main-
tained simultaneously. When one of the first communication
connection 592 and the second communication connection
597 is activated, the other is stopped. In this case, the first
communication connection 592 and the second communica-
tion connection 597 must be automatically switched with
each other according to user’s usage situations in order to
perform data exchange according to the intention of a user.
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When the first event occurs, the ultrasound diagnosis appara-
tus 500 automatically switches the first communication con-
nection 592 and the second communication connection 597
with each other to thereby achieve highly-efficient and
highly-convenient data exchange.

[0176] In detail, while the first communication connection
592 is being maintained, the wireless probe 590 transmits the
first data to the ultrasound diagnosis apparatus 500 in real
time so that the ultrasound diagnosis apparatus 500 may
process the first data and thus utilize related images and
information. Subsequently, when a first event occurs, the first
commuication connection 592 is terminated and the second
communication connection 597 is started, so that the ultra-
sound diagnosis apparatus 500 and the external apparatus 595
may perform necessary data exchange therebetween.

[0177] Thus, when a first event occurs, the controller 510
terminates the first communication connection 592 with the
wireless probe 590 and starts the second communication con-
nection 597 with the external apparatus 595.

[0178] In detail, the first event may occur based on an
operational status of at least one selected from among the
external apparatus 595, the wireless probe 590, and the ultra-
sound diagnosis apparatus 500. In detail, when the wireless
probe 590 does not transmit or is determined not to be
required to transmit the first data to the ultrasound diagnosis
apparatus 500, or when the ultrasound diagnosis apparatus
500 is in an operational status in which a determination is
made that it is not required to receive the first data, the first
event may occur.

[0179] When ultrasound scanning starts, the ultrasound
diagnosis apparatus 500 may activate the first communication
connection 592 with the wireless probe 590 and thus receive
the first data from the wireless probe 590. The display 550
may display an ultrasound image corresponding to the first
data received from the wireless probe 590. An image that is
generated based on the first data and represents an object
scanned by the wireless probe 590 will now be referred to as
a first ultrasound image. In detail, the first ultrasound image is
an ultrasound image produced based on the first data, and may
include any one or more of a B mode image. an M mode
image, a Doppler image, or the like. Any type of information
acquired based on the first data will now be referred to as first
information. For example, any of various measured values
that are used in diagnosis of an object may be acquired based
on the first data. In detail, when an object is an embryo, the
controller 510 may automatically acquire measured values of
a biparential diameter (BPD), a head circumference (HC), a
femur length (FL), a humeral length (HL), and a crow lump
length (CRL), which represent the development characteris-
tics of the embryo, from a first ultrasound image generated by
using the first data. In the above-described example, the first
information may include any of various measured values
which are useful for diagnosing the object, such as, the mea-
sured values of the BPD, the HC, the FL, the HL, and the
CRL.

[0180] When the first ultrasound image is set to be dis-
played, the controller 510 may control the first communica-
tion connection 592 to be activated. In detail, when display of
the first ultrasound image is set according to a user input or
preset by the controller, the controller 510 may control the
first data to be transmitted from the second communicator
591 to the first communicator 530 via the first communication
connection 592 with the wireless probe 590. The controller
510 may also control the image processor 560 to generate the
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first ultrasound image based on the first data and may control
the display 550 to display the first ultrasound image. In par-
ticular, when a user sees the first ultrasound image displayed
by the ultrasound diagnosis apparatus 500, the ultrasound
diagnosis apparatus 500 is required to receive the first data
from the wireless probe 590 via the first communication
connection 592. Thus, in this case, the controller 510 may
control the first communication connection 592 to be started
and maintained.

[0181] The first event may occur in any case other than the
case where the first ultrasound image is set to be displayed on
the display 550. Thus, in any case other than the case where
the first ultrasound image is set to be displayed, the controller
510 may recognize that the first event has occurred and thus
may control the second communication connection 597 to be
started or maintained. In detail, when an operation other than
the operation of displaying the first ultrasound image is newly
performed while the first communication connection 592 is
being maintained, the controller 510 may terminate the first
communication connection 592 and control the second com-
munication connection 597 to start automatically.

[0182] The first event may also occur when the wireless
probe 590 senses a cessation of a user manipulation. For
example, the first event may occur when the wireless probe
590 stops scanning an object. When a user stops scanning for
a moment, like when not manipulating the wireless probe
590, there is no new data that is acquired by wireless probe
590 by scanning an object, and thus a determination is made
that the first data is not required to be transmitted. Therefore,
in this case, the controller 510 may terminate the first com-
munication connection 592 and control the second commu-
nication connection 597 to start automatically, so that neces-
sary data exchange between the ultrasound diagnosis
apparatus 500 and the external apparatus 595 may be per-
formed.

[0183] The first event may also occur when the current
display of the first ultrasound image on the display 550 is
terminated. In detail, while the display 550 is displaying the
first ultrasound image, a user may request termination of the
display of the first ultrasound image via the UTunit 565. When
the user request is received, the controller 510 recognizes that
the first event has occurred, and terminates the first commu-
nication connection 592 and starts the second communication
connection 597.

[0184] The first event may also occur when a user manipu-
lation with respect to the ultrasound diagnosis apparatus 500
is not sensed for a predetermined period of time. In detail, the
first event may occur when the ultrasound diagnosis appara-
tus 500 enters a standby mode. In detail, like when the ultra-
sound diagnosis apparatus 500 enters a standby mode, when
auser does not manipulate the ultrasound diagnosis apparatus
500 for a predetermined period of time or longer, it may be
determined that the user does not use the ultrasound diagnosis
apparatus 500. In particular, if the user does not use the
ultrasound diagnosis apparatus 500 even when the ultrasound
diagnosis apparatus 500 receives the first data, an image or
information acquired using the first data is determined to be
not required to be processed or displayed, and thus the con-
troller 510 may terminate the first communication connection
592 and start the second communication connection 597.
[0185] In detail, while the first communication connection
592 is being maintained, the wireless probe 590 transmits the
first data to the first communicator 530 of the ultrasound
diagnosis apparatus 500 via the second communicator 591 in
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real time. When the first data is transmitted to the ultrasound
diagnosis apparatus 500 in real time, the ultrasound diagnosis
apparatus 500 may display at least one selected from among
the first ultrasound image corresponding to the first data and
information acquired based on the first data in real time.
[0186] The first event may occur when the display 550
displays a screen image which does not include the first
ultrasound image corresponding to the first data. In detail, the
first event may occur when the display 550 displays an image
or information which is unrelated to the first data, or when the
UT unit 565 is requested to display the image or information
which is unrelated to the first data.

[0187] The first event may also occur when the display 550
displays a still image. In detail, when the ultrasound diagnosis
apparatus 500 is requested by auser via the Ul unit 565 to stop
displaying a screen image while receiving the first data in real
time and displaying the first ultrasound image in real time, the
first event may occur in response to a reception of the screen
image display stop request from the user. When the screen
stoppage is requested, the ultrasound diagnosis apparatus 500
is determined to be not required to display a first ultrasound
image that is updated in real time in correspondence to first
data that is updated and transmitted in real time, and thus is
not required to receive the first data that is updated in real
time. Therefore, the controller 510 may terminate the first
commuication connection 592 and start the second commu-
nication connection 597.

[0188] When the ultrasound diagnosis apparatus 500
receives the first data in real time, acquires first information in
real time by using the first data, and displays the first infor-
mation, the first event may occur when the display of the first
information is stopped.

[0189] As described above, when display of the first ultra-
sound image is requested, the controller 510 may start or
maintain the first communication connection 592. When dis-
play of the first ultrasound image is not requested, the con-
troller 510 may start or maintain the second communication
connection 597.

[0190] In detail, when the ultrasound diagnosis apparatus
500 does not store, process, or display an image or informa-
tion based on the first data received from the wireless probe
590, the ultrasound diagnosis apparatus 500 is determined not
to be required to receive the first data from the wireless probe
590. Thus, when the ultrasound diagnosis apparatus 500 does
not process, or display the image or information based on the
first data, the controller 510 of the ultrasound diagnosis appa-
ratus 500 may recognize that the first event has occurred, and
thus may terminate the first communication connection 592
and start the second communication connection 597. When
the second communication connection 597 starts, the ultra-
sound diagnosis apparatus 500 may exchange data with the
external apparatus 595 via the second communication con-
nection 597.

[0191] The first event may also occur when an ultrasonic
diagnosis being performed on an object terminates. In detail,
when the ultrasonic diagnosis being performed on an object
terminates, further scanning is not needed, and the wireless
probe 590 is no longer required to transmit the first data to the
ultrasound diagnosis apparatus 500. Thus, when the ultra-
sonic diagnosis being performed on an object terminates, the
controller 510 may recognize that the first event has occurred,
and may accordingly terminate the first communication con-
nection 592 and start the second communication connection
597.
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[0192] When the ultrasonic diagnosis being performed on
an object terminates and the second communication connec-
tion 597 starts, the controller 510 may receive an MWL from
the external apparatus 595 via the second communication
connection 597. The MWL may include information regard-
ing diagnosis of patients. In detail, the MWL may include at
least one selected from among a list of patients who are to
undergo an ultrasonic diagnosis, information about the
patients, and concrete schedules for diagnoses of the patients.
The receiving of the MWL may be automatically performed
when the ultrasound diagnosis apparatus 500 is requested via
the UI unit 565 to display the MWL or when the ultrasonic
diagnosis is terminated. Then, the display 550 may display
the received MWL. Thereafter, a user may select a patient
from the MWL or input new patient information not included
in the MWL in order to thereby start a new ultrasonic diag-
nosis. When the new ultrasonic diagnosis starts, the controller
510 may terminate the second communication connection
597 and restore the first communication connection 592.
Accordingly, the wireless probe 590 may transmit the first
data acquired by scanning a new patient to the ultrasound
diagnosis apparatus 500.

[0193] Therefore, when the receiving of the MWL is com-
pleted, the controller 510 may automatically terminate the
second communication connection 597 and restore the first
communication connection 592.

[0194] When the external apparatus 595 is aserver included
in a hospital, the MWL may be received from the server via
the second communication connection 597 according to the
DICOM standard. The DICOM standard is a standard which
relates to compressing medical images and related informa-
tion, thus increasing the efficiency of managing and storing
data that is exchanged.

[0195] The operation in which the ultrasound diagnosis
apparatus 500 receives the MWL according to the DICOM
standard will now be described in detail.

[0196] In detail, when the ultrasound diagnosis apparatus
500 is requested by a user via the Ul unit 565 to display the
MWL, the controller 510 may recognize that the first event
has occurred. At this time, when the first communication
connection 592 is maintained, the controller 510 may termi-
nate the first communication connection 592 and start the
second communication connection 597. Conversely, when
the first communication connection 592 is not maintained, the
controller 510 may start or maintain the second communica-
tion connection 597. When the second communication con-
nection 597 is completed, the controller 510 requests the
external apparatus 595 to transmit the MWL, via a DICOM
worklist query. Accordingly, the external apparatus 595 trans-
mits the MWL to the first communicator 530 of the ultrasound
diagnosis apparatus 500 via the third communicator 596.
When the reception of the MWL is completed, the controller
510 may terminate the second communication connection
597. Furthermore, when the reception of the MWL is com-
pleted, the controller 510 may terminate the second commu-
nication connection 597 and automatically start the first com-
munication connection 592.

[0197] When the MWL is received by the ultrasound diag-
nosis apparatus 500, the controller 510 may control a screen
image which includes the MWL to be displayed so that a user
may select a suitable ultrasonography which corresponds to a
work item included in the MWL. The user may select a work
item from the displayed MWL so that a suitable ultrasonog-
raphy is conducted.
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[0198] When the work item is selected from the MWL, the
controller 510 may terminate the second communication con-
nection 597 and control the first communication connection
592 to automatically start.

[0199] Moreover, when the MWL is displayed but a work
item is not yet selected from the displayed MWL, the con-
troller 510 may still terminate the second communication
connection 597 and control the first communication connec-
tion 592 to start, in order to prepare for ultrasound scanning.
[0200] While the ultrasound diagnosis apparatus 500 is
exchanging data with at least one selected from the wireless
probe 590 and the external apparatus 595, the controller 510
may control a Ul screen image which includes information
indicating a data exchange situation to be displayed. In detail,
the Ul screen image may include information which includes
the type and size of data that is exchanged and the amount or
percentage of data that has been currently transmitted.
[0201] When the ultrasound diagnosis apparatus 500 con-
tinues data exchange with at least one selected from among
the wireless probe 590 and the external apparatus 595 for a
predetermined period of time or longer, the controller 510
may control the data exchange to be conducted in a back-
ground environment. The background environment denotes
an operational environment that prevents a screen image
which represents an execution of a certain operation from
being displayed. In detail, when the ultrasound diagnosis
apparatus 500 continues data exchange with at least one
selected from among the wireless probe 590 and the external
apparatus 595 for a predetermined period of time or longer,
the controller 510 terminates outputting of a Ul screen image
which shows execution and progress situations of the data
exchange, and controls the data exchange to be continued
without outputting the UI screen image. Moreover, after the
data exchange is performed in the background environment,
the controller 510 may control a Ul screen image which
indicates a completion of the data exchange to be output when
the data exchange is completed.

[0202] The first event may occur based on a user input that
is generated via the wireless probe §90. The occurrence of the
first event according to the user input which is received via the
wireless probe 590 will now be described in detail with ref-
erence to FIGS. 7A and 7B.

[0203] FIGS. 7A and 7B illustrate wireless probes 710 and
750 which are connected to an ultrasound diagnosis appara-
tus, according to an exemplary embodiment. The wireless
probes 710 and 750 illustrated in FIGS. 7A and 7B have
different shapes.

[0204] Thewireless probe 710 of F1G. 7A is the same as the
wireless probe 110 of FIG. 1, and thus a repeated description
thereof will be omitted. The wireless probe 750 of F1IG. 7B is
the same as the wireless probe 210 of FIG. 2, and thus a
repeated description thereof will be omitted. Each of the
wireless probes 710 and 750 of FIGS. 7A and 7B is the same
as the wireless probe 590 of FIG. 5, and thus a repeated
description thereof will be omitted.

[0205] Referring to FIG. 7A, the wireless probe 710
includes a UT unit 720 which includes at least one selected
from among at least one hard key, a soft key, a track boll, and
ajog switch. Since the Ul unit 720 corresponds to the UT unit
565 of FIG. 5, a repeated description thereof will be omitted.
FIG. 7A illustrates a case where the Ul unit 720 includes four
hard keys.

[0206] The UI unit 720 may include a FREEZE key 721
configured for requesting that ultrasound scanning be paused,
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a connection termination key 722 configured for requesting
that communication connection between the wireless probe
710 and the ultrasound diagnosis apparatus 500 be termi-
nated, a transmission key 723 configured for requesting that
first data acquired via the ultrasound scanning be transmitted
to the external apparatus 595, and a storage key 724 config-
ured for requesting that the first data be stored. The transmis-
sion key 723 may be a key configured for requesting that
pre-set transmission of the first data to the external apparatus
595 be performed. The storage key 724 may be a key config-
ured for requesting that the ultrasound diagnosis apparatus
500 store the first data. In this case, when the storage key 724
is selected, the first data may be transmitted to the ultrasound
diagnosis apparatus 500. When the wireless probe 710
includes an internal memory (not shown), the storage key 724
may be a key configured for requesting that the internal
memory store the first data.

[0207] The wireless probe 710 may include a controller
(not shown). When one of the keys included in the UTunit 720
is selected and pressed, the Ul unit 720 transmits a user input
signal corresponding to the pressed key to the controller (not
shown) of the wireless probe 710. The controller may receive
the user input signal via the Ul unit 720 and perform an
operation which corresponds to the received user input signal.

[0208] In detail, a first event may occur in response to a
request to terminate transmission of data received by the
wireless probe 710, which is received via the wireless probe
710. In detail, when the connection termination key 722 of the
UT unit 720 is selected, the controller of the wireless probe
710 recognizes that the first event has occurred, and informs
the ultrasound diagnosis apparatus 500 of the occurrence of
the first event. Then, the controller 510 of the ultrasound
diagnosis apparatus 500 may terminate the first communica-
tion connection 592 and control the second communication
connection 597 to start.

[0209] Thefirst event may also occur in response to a recep-
tionof arequestto transmit data to the external apparatus 595,
which is received via the wireless probe 595. In detail, when
the transmission key 723 of the Ul unit 720 is selected, the
controller of the wireless probe 710 recognizes that the first
event has occurred, and informs the ultrasound diagnosis
apparatus 500 of the occurrence of the first event. Then, the
controller 510 of the ultrasound diagnosis apparatus 500 may
terminate the first communication connection 592 and control
the second communication connection 597 to start.

[0210] Furthermore, when the transmission key 723 is
selected, the controller of the wireless probe 710 may termi-
nate the first communication connection 592 and directly start
a communication connection to the external apparatus 595.
When the communication connection between the external
apparatus 595 and the wireless probe 590 is completed, the
wireless probe 590 may directly transmit the first data to the
external apparatus 595.

[0211] The first event may also occur in response to a scan-
ning stop request that is received via the wireless probe 710.
In detail, when the FREEZE key 721 of the UT unit 720 is
selected, the controller of the wireless probe 710 recognizes
that the first event has occurred, and informs the ultrasound
diagnosis apparatus 500 of the occurrence of the first event.
Then, the controller 510 of the ultrasound diagnosis apparatus
500 may terminate the first communication connection 592
and control the second communication connection 597 to
start.
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[0212] The wireless probe 750 of FIG. 7B may be a smart
device which is capable of ultrasound scanning. The wireless
probe 750 may include a touch screen 760, and the touch
screen 760 corresponds to the UI unit 720 of FIG. 7A. The
touch screen 760 is the same as the display 550 and the UT unit
565 of FIG. 5, and thus a detailed description thereof will be
omitted.

[0213] In detail, the touch screen 760 may output a Ul
screen image and receive a user input via the Ul screen image.
In detail, the touch screen 760 includes a touch pad (not
shown) coupled with a display panel (not shown), and outputs
a Ul screen image to the display panel. When a command is
input via the Ul screen image, the touch pad may sense the
input operation and recognize the command input by the user.
[0214] Thetouch screen 760 may output a Ul screen image,
the UI screen image including an ultrasound image 775
acquired based on data acquired by ultrasound scanning and
at least one selected from menu keys, namely, a FREEZE key
771, a connection termination key 772, a transmission key
773, and a storage key 774, for a user input.

[0215] When one of the FREEZE key 771. the connection
termination key 772, the transmission key 773, and the stor-
age key 774 is selected and pressed, a user input correspond-
ing to the pressed menu key is transmitted to a controller (not
shown) of the wireless probe 750. The controller may receive
the user input made via the touch screen 760 and perform an
operation which corresponds to the received user input.
[0216] The FREEZE key 771, the connection end key 772,
the transmission key 773, and the storage key 774 of FIG. 7B
are respectively the same as the FREEZE key 721, the con-
nection end key 722, the transmission key 723, and the stor-
agekey 724 of FIG. 7A, and thus detailed descriptions thereof
will be omitted.

[0217] The first event may also occur based on a user input
that is generated via the ultrasound diagnosis apparatus 500.
The occurrence of the first event according to the user input
made via the ultrasound diagnosis apparatus 500 will now be
described in detail with reference to FIGS. 8A and 8B.

[0218] FIGS. 8A and 8B illustrate screen images displayed
on exemplary embodiments of an ultrasound diagnosis appa-
ratus. FIG. 8A illustrates a Ul screen image 800 displayed on
the display 550. FIG. 8B illustrates a Ul screen image 850
displayed on the display 550.

[0219] Referring to FIG. 8A, the Ul screen image 800 may
include at least one selected from among a first ultrasound
image 810, first information (not shown), a menu key 825
requesting that a menu screen image which is useful for
performing an ultrasound diagnosis be output, patient-related
information 830, information 825 about an ultrasound scan-
ning environment, and at least one menu key 840 which
relates to scanning or data exchange, based on the first data
transmitted by the wireless probe 590.

[0220] The at least one menu key 840 may include at least
one selected from among a FREEZE key 841, a termination
key 842 configured for requesting that the first communica-
tion connection 592 to the wireless probe 590 or anultrasound
diagnosis be terminated, and a transmission key 843 config-
ured for requesting that data exchange with the external appa-
ratus 595 be performed.

[0221] In detail, the first event may occur in response to a
scanning pause request that is received via the UT unit 565. In
detail, when the FREEZE key 841 is selected and pressed via
the Ul unit 565, the controller 510 may recognize that the first
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event has occurred, and may terminate the first communica-
tion connection 592 and control the second communication
connection 597 to start.

[0222] The first event may also occur in response to a selec-
tion of the termination key 842 via the UI unit 565. In detail,
when the termination key 842 is selected and pressed via the
UT unit 565, the controller 510 may recognize that the first
event has occurred, and may terminate the first communica-
tion connection 592 and control the second communication
connection 597 to start.

[0223] The first event may also occur in response to a selec-
tion of the transmission key 843 via the Ul unit 565. In detail,
when the transmission key 843 is selected and pressed via the
UT unit 565, the controller 510 may recognize that the first
event has occurred, and may terminate the first communica-
tion connection 592 and control the second communication
connection 597 to start.

[0224] Referring to F1G. 8B, the Ul screen 850 may include
at least one menu key 860 configured for processing the first
data transmitted by the wireless probe 590. In detail, the menu
key 860 may include a storage key 861 configured forrequest-
ing that the first data be stored, a review mode key 862
configured requesting that a first ultrasound image which
corresponds to previously-stored first data be displayed, and
a key (not shown) configured for requesting that an ultra-
sound image according to a specific mode be generated.
[0225] Indetail, the first event may occur when the memory
570 stores first data or an ultrasound image which corre-
sponds to the first data is generated under the control of the
controller 510. In detail, when a reception of first data is
completed, the ultrasound diagnosis apparatus 500 may gen-
erate an ultrasound image of a part of an object which is to be
diagnosed, and a determination may be made that it is not
required to receive additional data from the wireless probe
590. Thus, when the reception of the first data is completed,
the controller 510 may recognize that the first event has
occurred, and accordingly terminate the first communication
connection 592 and control the second communication con-
nection 597 to start. When generation of the ultrasound image
of the part which is to be diagnosed is completed, a user such
as a medical doctor is able to diagnose the object via the
generated ultrasound image. Thus, the wireless probe 590 is
determined not to be required to further transmit first data.
Thus, when generation of the first ultrasound image, namely,
the ultrasound image of the part which is to be diagnosed, is
completed, the controller 510 may recognize that the first
event has occurred, and accordingly terminate the first com-
munication connection 592 and control the second commu-
nication connection 597 to start.

[0226] When the memory 570 stores previously received
first data, the first event may also occur in response to a
request for a review mode. In detail, when the review mode
key 862 is selected via the Ul unit 565, the controller 510 may
recognize that the first event has occurred, and may terminate
the first communication connection 592 and control the sec-
ond communication connection 597 to start. In the review
mode, an ultrasound image generated based on the first data
previously-stored in the memory 570 is displayed. Accord-
ingly, when the review mode is requested, the ultrasound
diagnosis apparatus 500 is determined not to be required to
receive new data from the wireless probe 590. Thus, the
controller 510 may terminate the first communication con-
nection 592 and control the second communication connec-
tion 597 to start, in the review mode.
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[0227] As described above with respect to other exemplary
embodiments, when a first event which corresponds to a
circumstance in which data exchange between the wireless
probe 590 and the ultrasound diagnosis apparatus 500 is no
longer required occurs, the controller 510 automatically
changes communication connection in response to the occur-
rence of the first event so that the first communication con-
nection 592 terminates and the second communication con-
nection 597 starts. The ultrasound diagnosis apparatus 500
may exchange data with the external apparatus 595 via the
second communication connection 597. Therefore, when the
ultrasound diagnosis apparatus 500 is required to exchange
data with a plurality of apparatuses by using a single commu-
nication module that follows a single communication stan-
dard, the ultrasound diagnosis apparatus 500 quickly and
conveniently changes communication connection while
affecting the data exchange operation as little as possible,
thereby increasing user convenience and the operational effi-
ciency of the ultrasound diagnosis apparatus 500.

[0228] FIG. 9illustrates a screen image displayed on exem-
plary embodiments of an ultrasound diagnosis apparatus. For
example, FIG. 9 illustrates a Ul screen image 900 displayed
on the display 550. All components of the Ul screen image
900 except for a menu 950 which includes information relat-
ing to data exchange situations are the same as the Ul screen
image 800 of FIG. 8A, and thus repeated descriptions thereof
will be omitted.

[0229] When the second communication connection 597
starts, the controller 510 may transmit, to the external appa-
ratus 595, first data and second data, the second data including
at least one selected from among first ultrasound images
which correspond to the first data. The second data may also
include the above-described first information. In detail, when
the second communication connection 597 starts, the control-
ler 510 transmits information acquired by scanning an object
to the external apparatus 595 so that the external apparatus
595 may utilize the information.

[0230] The controller 510 may control the UI screen image
900, including the menu 950 which relates to data exchange
situations, so that the UT screen image 900 may be displayed.

[0231] Referring to FIG. 9, the menu 950 may include at
least one selected from information 955 which relates to an
apparatus connected via the second communication connec-
tion 597 and information 956 which relates to a percentage of
transmitted data and/or a capacity of data that is transmitted.
Accordingly, a user may easily ascertain situations of data
exchange with a current external apparatus 595 from the
menu 950. When the ultrasound diagnosis apparatus 500
continues data exchange with the external apparatus 595 for a
predetermined period of time or longer, the controller 510
may control the data exchange to be conducted in a back-
ground environment so that the menu 950 may not be output.

[0232] The menu 950 may further include information that
indicates an apparatus which is to exchange data with the
ultrasound diagnosis apparatus 500 via the network 585 (for
example, a wireless probe or an external apparatus), a net-
work used for data exchange, and/or progress situations of
data exchange. For example, the menu 950 may further
include information which relates to an apparatus that is
being connected, information which relates to a network that
is being used, a point of time when communication connec-
tion starts, and information which relates to the type or the
like of data that is exchanged.
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[0233] Thememory 570 may store termination information
including at least one selected from among status information
of communication with the wireless probe 590 at a first point
of time when the first communication connection 592 termi-
nates and information which relates to received data. In detail,
when the first communication connection 592 is terminated
due to occurrence of the first event and then the first commu-
nication connection 592 is restored at a subsequent point of
time, data exchange should resume without duplication or
omission of data transmission after data exchange performed
via the previous first communication connection 592.
Accordingly, the controller 510 may control information
which indicates the status of the data exchange performed
when the first communication connection 592 terminates so
that the information is stored in the memory 570. In detail,
when the first communication connection 592 has been ter-
minated, information representing the location of transmis-
sion-completed data, information which relates to a point in
time when the first communication connection 592 termi-
nates, and information representing the location of not-yet
transmitted data may be stored in the memory 570.

[0234] When the communication connection is changed
and then the first communication connection 592 is restored
so as to resume data exchange between the wireless probe 590
and the ultrasound diagnosis apparatus 500, the controller
510 may control datato be received subsequent to previously-
transmitted data, based on the termination information stored
in the memory 570. In detail, when the second communica-
tion connection 597 terminates and then the first communi-
cation connection 592 is restored, the controller 510 may
resume data exchange by using the termination information
stored in the memory 570, without duplication or omission of
data transmission.

[0235] When a second event occurs after communication
connection is changed as a result of the occurrence of the first
event, the controller 510 may terminate the second commu-
nication connection 597 and control the first communication
connection 592 to be restored. The second event may occur
based on an operational status of at least one selected from the
wireless probe 590, the external apparatus 595, and the ultra-
sound diagnosis apparatus 500.

[0236] In detail, the second event may occur when further
data exchange between the ultrasound diagnosis apparatus
500 and the wireless probe 590 becomes necessary. Thus,
when the second event occurs, the controller 510 may auto-
matically terminate the second communication connection
597 and control the first communication connection 592 to be
automatically restored.

[0237] In particular, when a scanning stop request previ-
ously received by at least one selected from the wireless probe
590 and the ultrasound diagnosis apparatus 500 is canceled,
the controller 510 may terminate the second communication
connection 597 and restore the first communication connec-
tion 592. In detail, when the FREEZE key 721 or 771 of the
wireless probe 710 or 750 of FIG. 7A or FIG. 7B is pressed
and subsequently is re-pressed to release a FREEZE opera-
tion, scanning of an object is resumed. Accordingly, first data
is generated, and the newly generated first data is required to
be transmitted from the wireless probe 590 to the ultrasound
diagnosis apparatus 500. Thus, the controller 510 terminates
the second communication connection 597 and restores the
first communication connection 592 so that the first data may
be received via the first communication connection 592.
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[0238] As described above with reference to FIG. 8 A, when
the FREEZE key 841 is selected via the UI unit 565, the
controller 510 may terminate the second communication con-
nection 597 and restore the first communication connection
592.

[0239] Evenwhenatleast one of the wireless probe 590 and
the ultrasound diagnosis apparatus 500 has not received a
scanning stop request, if a request to scan an object is received
by at least one of the wireless probe 590 and the ultrasound
diagnosis apparatus 500, the controller 510 may terminate the
second communication connection 597 and restore the first
communication connection 592.

[0240] The second event may also occur when a determi-
nation is made that a data exchange between the ultrasound
diagnosis apparatus 500 and the wireless probe 590 is no
longer necessary. For example, when exchange of the second
data is completed, the controller 510 may determine that the
second event has occurred, and thus terminate the second
communication connection 597 and control the first commu-
nication connection 592 to be restored. When data exchange
with the external apparatus 595 is completed, communication
connection with the external apparatus 595 no longer needs to
be maintained. Thus, the controller 510 may change the com-
munication connection in order to prepare for next ultrasound
scanning.

[0241] A user may set the first event and/or the second
event. In detail, the UT unit 565 may outputa Ul screen image
(not shown) for setting at least one selected from the first
event and the second event. The user may set at least one
selected from the first event and the second event via the
output UI screen image. When the set first event or the set
second event is stored in the memory 570 and an event which
matches with the stored first event or the stored second event
occurs, the controller 510 may perform the aforementioned
communication connection change.

[0242] FIG. 10 illustrates a Ul screen image 1000 which
may be displayed on exemplary embodiments of an ultra-
sound diagnosis apparatus.

[0243] FIGS. 11A and 11B illustrate UI screen images
1100 and 1150 which may be displayed on exemplary
embodiments of an ultrasound diagnosis apparatus.

[0244] FIG. 12 illustrates a Ul screen image 1200 which
may be displayed on exemplary embodiments of an ultra-
sound diagnosis apparatus.

[0245] Initial setting related with data exchange of the
ultrasound diagnosis apparatus 500 will now be described in
detail with reference to FIGS. 10, 11A, 11B, and 12.

[0246] Referring to FIG. 10, the UT unit 565 may produce
the Ul screen image 1000 including a menuwindow 1010, the
menu window 1010 including at least one selected from a
probe setting menu 1031 for registering and/or setting the
wireless probe 590 which is connected to the ultrasound
diagnosis apparatus 500, an external apparatus setting menu
1032 for registering and/or setting the external apparatus 595
which s connected to the ultrasound diagnosis apparatus 500,
a transmission setting menu 1033 for setting transmission
parameters with respect to data exchange, and a menu 1020
for executing a review mode. The display 550 displays the Ul
screen image 1000.

[0247] The menu 1020 may be displayed on the Ul screen
image 1000 when a review mode is requested, and may
include a plurality of items 1021 and 1022 including pre-
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stored images. When a user selects one of the items 1021 and
1022, the controller 510 reproduces an image included in the
selected item.

[0248] The probe setting menu 1031 includes menu items
which relate to registering or unregistering wireless probes
which are connectable to the ultrasound diagnosis apparatus
500 and/or menu items which relate to setting parameters for
wireless probes by default.

[0249] When the probe setting menu 1031 is selected, the
UI screen image 1100 of FIG. 11A may be output and dis-
played.

[0250] Referring to FIG. 11A, the Ul screen image 1100
may include a list 1110 of probes which are configured for
communicating with the ultrasound diagnosis apparatus 500.
In detail, a case in which the ultrasound diagnosis apparatus
500 communicates with a wireless probe by using a Wi-Fi
communication module based on Wi-Fi or WFD communi-
cation technology and the wireless probe includes an AP as
described above with reference to FIG. 4 is illustrated. The
local area communication module 531 performs an AP search
to search for connectable wireless probes Probe 1, Probe 2,
and Probe 3. Then, the controller 510 may control the Ul
screen image 1100 including the list 1110 of the wireless
probes Probe 1, Probe 2, and Probe 3 that are connectable
wireless probes found by the local area communication mod-
ule 531 so that the Ul screen image 1100 may be output.
Accordingly, the display 550 may display the UI screen
image 1100 which includes the list 1110 of the connectable
wireless probes.

[0251] A user may select a wireless probe which is config-
ured to be connected by default to the ultrasound diagnosis
apparatus 500, by using the displayed Ul screen image 1100.
FIG. 11A illustrates a case where the wireless probe Probe 1
is selected to be preferentially connected to the ultrasound
diagnosis apparatus 500 as indicated by reference numeral
1120.

[0252] When scanning of an object begins after setting of
wireless probes is completed, the controller 510 may auto-
matically perform the first communication connection 592
with the set wireless probe Probe 1. When the second event
occurs, the controller 510 may automatically restore the first
communication connection 592 with the set wireless probe
Probe 1.

[0253] When the external apparatus setting menu 1032 is
selected, the Ul screen image 1150 of FIG. 11B may be output
and displayed.

[0254] Referring to FIG. 11B, the UI screen image 1150
may include a list 1160 of external apparatuses which are
configured for communicating with the ultrasound diagnosis
apparatus 500. In detail, a case in which the ultrasound diag-
nosis apparatus 500 communicates with an external apparatus
by using a Wi-Fi communication module based on Wi-Fi or
WEFD communication technology and the external apparatus
includes an AP as described above with reference to FIG. 4 is
illustrated. The local area communication module 531 per-
forms an AP search to search for connectable external appa-
ratuses Medical Device 1 and Medical Device 2. Then, the
controller 510 may control the UI screen image 1150 includ-
ing the list 1160 of the external apparatuses Medical Device 1
and Medical Device 2 that is connectable external appara-
tuses found by the local area communication module 531 so
that the Ul screen image 1150 may be output. Accordingly,
the display 550 may display the Ul screen image 1150 which
includes the list 1160 of the connectable external apparatuses.
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[0255] A user may select an external apparatus which is
configured to be connected by default to the ultrasound diag-
nosis apparatus 500, by using the displayed UI screen image
1150. FIG. 11B illustrates a case in which the external appa-
ratus Medical Device 1 is selected to be preferentially con-
nected to the ultrasound diagnosis apparatus 500 as indicated
by reference numeral 1170.

[0256] When the first event occurs after setting of external
apparatuses is completed, the controller 510 may automati-
cally restore the first communication connection 597 with the
set external apparatus Medical Device 1.

[0257] When the transmission setting menu 1033 is
selected, the Ul screen image 1200 of FIG. 12 may be output
and displayed.

[0258] The UI screen 1200 may include a menu window
1210 for setting wireless probes which are configured to be
connected via the first communication connection 592 and
external apparatuses which are configured to be connected
via the second communication connection 597, when the first
communication connection 592 and the second communica-
tion connection 597 are automatically switched with each
other.

[0259] Wireless probes 1220 which are configured to be
connected via the first communication connection 592 may
be wireless probes which are connectable to the ultrasound
diagnosis apparatus 500. External apparatuses 1230 which
are configured to be connected via the second communication
connection 597 may be external apparatuses which are con-
nectable to the ultrasound diagnosis apparatus 500.

[0260] InFIG.12, the wireless probes Probe 1, Probe 2, and
Probe 3 are found as the wireless probes 1220 which are
connectable to the ultrasound diagnosis apparatus 500 and
medical devices Med 1, Med 2, and Med 3 are found as the
external apparatuses 1230 which are connectable to the ultra-
sound diagnosis apparatus 500. Moreover, in FIG. 12, the
wireless probe Probe 1 is selected as a wireless device which
is configured to be automatically changed, as indicated by
reference numeral 1221, and the medical device Med 1 is
selected as an external apparatus which is configured to be
automatically changed, as indicated by reference numeral
1231.

[0261] FIG. 13 is a flowchart of a communication connect-
ing method 1300 which is performable by using an ultrasound
diagnosis apparatus, according to an exemplary embodiment.
The communication connecting method 1300 has the same
technical spirit as the ultrasound diagnosis apparatus 500
described above with reference to FIGS. 1-12. Accordingly, a
repeated description of matters described above with refer-
ence to FIGS. 1-12 is omitted herein. The communication
connecting method 1300 will now be described with refer-
ence to the ultrasound diagnosis apparatus 500.

[0262] Referring to FIG. 13, the communication connect-
ing method 1300 is performed by using the ultrasound diag-
nosis apparatus 500 which is capable of being connected with
the wireless probe 590, which is configured to acquire first
data by scanning an object.

[0263] Inoperation 1310 of the communication connecting
method 1300, when a first event occurs, the occurrence of the
first event is recognized, and thus the first communication
connection 592 with the wireless probe 590 via a first com-
munication network is automatically terminated and the sec-
ond communication connection 597 with the external appa-
ratus 595 via the first communication network is
automatically started. Operation 1310 may be performed by
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the first communicator 530 of the ultrasound diagnosis appa-
ratus 500 under the control of the controller 510 of the ultra-
sound diagnosis apparatus 500.

[0264] In operation 1320, data is exchanged with the wire-
less probe 590 and/or with the external apparatus 595 via the
first and/or second communication connection 592 or 597
that uses the first communication network. Operation 1320
may be performed by the first communicator 530 under the
control of the controller 510.

[0265] As described above, according to the one or more of
the above-described exemplary embodiments, when an ultra-
sound diagnosis apparatus is required to exchange data with a
plurality of electronic apparatuses, which are a wireless probe
and an external apparatus, by using a single communication
module, communication connection may be flexibly changed
based on respective operational situations of the wireless
probe, the external apparatus, and the ultrasound diagnosis
apparatus. Therefore, convenience and efficiency with
respect to the ultrasound diagnosis apparatus exchanging data
with the wireless probe and the external apparatus may
increase.

[0266] The exemplary embodiments should be considered
in descriptive sense only and not for purposes of limitation.
Descriptions of features or aspects within each exemplary
embodiment should typically be considered as available for
other similar features or aspects in other exemplary embodi-
ments.

[0267] While the present inventive concept has been par-
ticularly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of ordi-
nary 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 fol-
lowing claims.

What is claimed is:

1. An ultrasound diagnosis apparatus which is connectable
to a wireless probe that acquires first data by scanning an
object, the ultrasound diagnosis apparatus comprising:

acontroller configured to recognize an occurrence of a first

event, to automatically terminate a first communication
connection to the wireless probe via a first communica-
tion network, and to control an automatic start of a
second communication connection to an external appa-
ratus via the first communication network; and

a communicator configured to exchange data with at least

one from among the wireless probe and the external
apparatus by using the first communication network
under a control of the controller.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the occurrence of the first event is based on an operational
status of at least one from among the wireless probe, the
ultrasound diagnosis apparatus, and the external apparatus.

3. The ultrasound diagnosis apparatus of claim 1, wherein
the first event occurs when the first data is not received by the
ultrasound diagnosis apparatus after the first data has been
acquired by the wireless probe.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the first event occurs when a determination that the ultrasound
diagnosis apparatus is not required to receive the first data is
made.

5. The ultrasound diagnosis apparatus of claim 1, wherein
the first event occurs when the wireless probe fails to scan the
object for at least a predetermined interval of time.
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6. The ultrasound diagnosis apparatus of claim 1, further
comprising a display configured to display an ultrasound
image which corresponds to the first data, and

wherein the first event occurs when the display of the

ultrasound image terminates, the display displays a
screen image which does not include the ultrasound
image which corresponds to the first data, or the display
displays a still image.

7. The ultrasound diagnosis apparatus of claim 1, wherein
the first event occurs when a manipulation of a user is not
sensed for a predetermined period of time or the ultrasound
diagnosis apparatus enters a standby mode.

8. The ultrasound diagnosis apparatus of claim 1, further
comprising a user interface (Ul) device configured to receive
a user input, and

wherein the first event occurs in response to a scanning stop

request that is received via the Ul device or a request to
transmit data to the external apparatus, which is received
via the Ul device.

9. The ultrasound diagnosis apparatus of claim 1, wherein
the first event occurs in response to:

a request to terminate transmission of the first data, which

is received via the wireless probe,

a request to transmit data to the external apparatus, which

is received via the wireless probe, or

a scanning stop request that is received via the wireless

probe.

10. The ultrasound diagnosis apparatus of claim 1, further
comprising a memory configured to store the first data when
the first data is received,

wherein the first event occurs when the memory storing the

first data and a first ultrasound image which corresponds
to the first data being generated under a control of the
controller or the first event occurs in response to a
request for a review mode in which a first ultrasound
image which corresponds to the first data previously
stored in the memory is displayed.

11. The ultrasound diagnosis apparatus of claim 1,
wherein, when the second communication connection starts,
the controller is further configured to transmit, to the external
apparatus, the first data and second data which includes at
least one ultrasound image from among a plurality of first
ultrasound images which correspond to the first data.

12. The ultrasound diagnosis apparatus of claim 1, further
comprising a memory configured to store termination infor-
mation which includes at least one from among status infor-
mation which relates to a communication with the wireless
probe at a first point of time when the first communication
connection terminates and information which relates to the
received first data, and

wherein the controller is further configured to control,

based on the termination information, data which is
transmitted subsequent to data which had been transmit-
ted from the wireless probe to the communicator before
the first point of time, so that the subsequent data is
received.

13. The ultrasound diagnosis apparatus of claim 1,
wherein, when a second event occurs, the controller is further
configured to terminate the second communication connec-
tion and to restore the first communication connection in
response to the occurrence of the second event.

14. The ultrasound diagnosis apparatus of claim 13,
wherein the second event occurs when a determination is
made that a data exchange between the ultrasound diagnosis
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apparatus and the wireless probe is required or second event
occurs based on an operational status of at least one from
among the wireless probe, the ultrasound diagnosis appara-
tus, and the external apparatus.

15. The ultrasound diagnosis apparatus of claim 11,
wherein the controller is further configured to terminate the
second communication connection and to restart the first
communication connection when a transmission of the sec-
ond data is completed, a scanning stop request that is previ-
ously received by at least one from among the wireless probe
and the ultrasound diagnosis apparatus is canceled, a request
to scan the object is received, a data exchange with the exter-
nal apparatus is completed, or when a medical worklist
(MWL) is received from the external apparatus via the second
communication connection.

16. The ultrasound diagnosis apparatus of claim 1, wherein
the first communication network includes a communication
network based on at least one from among a wireless fidelity
(Wi-Fi) communication standard and a WiFi-direct (WFD)
communication standard.

17. The ultrasound diagnosis apparatus of claim 1, wherein
the communicator comprises a first communication module
configured to perform wireless communication based on the
first communication network, and to establish each of the first
communication connection and the second communication
connection by using the first communication module.

18. The ultrasound diagnosis apparatus of claim 1, further
comprising a memory configured to store first setting infor-
mation which relates to the first communication connection
and to store second setting information which relates to the
second communication connection,

wherein the communicator is further configured to auto-

matically start at least one from among the first commu-
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nication connection and the second communication con-
nection by using at least one from among the first setting
information and the second setting information.

19. A communication connecting method which is per-
formable by using an ultrasound diagnosis apparatus which is
connectable to a wireless probe that acquires first data by
scanning an object, the communication connecting method
comprising:

recognizing an occurrence of a first event, and automati-

cally terminating a first communication connection to
the wireless probe via a first communication network
and automatically starting a second communication
connection to an external apparatus via the first commu-
nication network; and

exchanging data with at least one from among the wireless
probe and the external apparatus via at least one from
among the first communication connection and the sec-
ond communication connection.

20. A method for using an ultrasound diagnosis informa-
tion to sequentially communicate with each of a wireless
probe and an external apparatus, the method comprising:

executing a first communication connection with the wire-
less probe based on an operational status of at least one
from among the wireless probe and the ultrasound diag-
nosis apparatus; and

when the operational status of the wireless probe shifts
from a first operational status to a second operational
status, automatically terminating the first communica-
tion connection and automatically starting a second
communication connection with the external apparatus.

* ok %k
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