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(57) ABSTRACT

An ultrasound probe connected to various diagnostic appa-
ratuses and a method of operating the ultrasound probe. The
includes transmitting an ultrasound signal to an object and
receiving a response signal reflected from the object; acquir-
ing information regarding a diagnostic apparatus connected
to the ultrasound probe; determining a type of data that may
be processed by the diagnostic apparatus based on the
information regarding the diagnostic apparatus; generating
transmission data corresponding to the determined type of
data from the response signal; and transmitting the trans-
mission data to the diagnostic apparatus.
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ULTRASOUND PROBE AND METHOD OF
OPERATING THE SAME

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a Continuation of U.S. patent
application Ser. No. 14/476,006 filed on Sep. 3, 2014 which
claims the benefit of Korean Patent Application No.
10-2013-0105698, filed on Sep. 3, 2013, in the Korean
Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

1. Field

[0002] One or more embodiments of the present invention
relate to an ultrasound probe and a method of operating the
ultrasound probe, and more particularly, to an ultrasound
probe connected to various diagnostic apparatuses and a
method of operating the ultrasound probe.

2. Description of the Related Art

[0003] Ultrasound systems irradiate an ultrasonic signal
generated from a transducer of an ultrasound probe onto an
internal part of an object and receive information of an echo
signal reflected from the internal part of the object, thereby
acquiring an image of the internal part of the object. In
particular, ultrasound systems are used for the medical
purpose of observing the inside of an object, detecting a
foreign material, assessing internal injuries, imaging fetuses
and the like.

[0004] Ultrasound systems have stabilities higher than
those of diagnostic apparatuses using X-rays, display an
image in real time, and are safe because there is no exposure
to radioactivity, and thus may be widely used on their own
and/or along with other medical image diagnostic appara-
tuses.

[0005] Tt may be inconvenient for a user to acquire an
ultrasound image of an object by using an ultrasound probe
due to a communication cable used to connect the ultrasound
probe and a diagnostic apparatus. Further, the communica-
tion cable poses challenges for manufacturers of the probes
and of the diagnostic apparatuses, as the real and imaginary
impedances of the cable and the connectors of diagnostic
apparatuses must be matched very carefully, in order to
avoid noise levels and the like, which may affect the
resulting image quality to be displayed by or on the diag-
nostic apparatuses, in particular in embodiments where
signal processing to generate image data is achieved in the
diagnostic apparatuses and the response signal is transmitted
from the probe to the diagnostic apparatus.

[0006] To improve operability of the ultrasound probe by
removing the cable and/or the inconveniences caused by the
communication cable, there may be a need for a wireless
ultrasound probe that is connected to an ultrasound diag-
nostic apparatus by wireless communication.

[0007] Moreover, when a wireless (or wired) ultrasound
probe is subordinate to one ultrasound diagnostic apparatus,
since each of a plurality of ultrasound diagnostic apparatuses
needs to include a plurality of wireless ultrasound probes,
there are problems in that manufacturing costs are high and
management is difficult.
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[0008] Different probes and/or types of probes, which are
all subordinate to one particular diagnostic apparatus, cannot
be employed with any other diagnostic apparatus. Conse-
quently, for each diagnostic apparatus, the hospital or other
facility needs to acquire a full range of probes for each
diagnostic apparatus, which increases costs. In relation to
management it is noted, that, for instance, an operator must
be aware precisely to which diagnostic apparatus a chosen
probe for examination of a particular object belongs. Oth-
erwise, communication problems will occur and medical
imaging may turn out not to be possible, and a person as the
object under examination will be caused concerns and
possibly even anxiety, when the medical equipment does not
immediately appear to be functioning properly, when initi-
ating the examination. Thus, there is a need for an ultrasound
probe, for instance a wireless ultrasound probe, that is not
subordinate to one ultrasound diagnostic apparatus but may
communicate with a plurality of ultrasound diagnostic appa-
ratuses.

[0009] Based in these considerations, the inventive con-
cept of the present disclosure may be equally applicable in
embodiments of probes employing wired communication
connections with diagnostic apparatuses, for instance when
signal processing is performed in the probes.

SUMMARY

[0010] One or more embodiments of the present invention
include an ultrasound probe which is connectable to various
diagnostic apparatuses and a method of operating the ultra-
sound probe.

[0011] One or more embodiments of the present invention
include an ultrasound probe for generating transmission data
that may be processed by a diagnostic apparatus connected
to the ultrasound probe based on information regarding the
diagnostic apparatus and transmitting the transmission data
to the diagnostic apparatus by using a communication
method and/or a transmission signal format used by the
diagnostic apparatus, and a method of operating the ultra-
sound probe. Connection between the diagnostic apparatus
and the probe, and communications between the probe and
the diagnostic apparatus may be wired or wireless.

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

[0013] According to one or more embodiments of the
present invention, there is provided a method of operating an
ultrasound probe, the method comprising: transmitting an
ultrasound signal to an object and receiving a response
signal reflected from the object; determining at least one
type of data that a diagnostic apparatus is arranged to
process, which diagnostic apparatus is connected to the
ultrasound probe, from a plurality of various diagnostic
apparatuses, which are connectable to the ultrasound probe;
generating transmission data from the response signal in
correspondence to the determined type of data; and trans-
mitting the transmission data to the diagnostic apparatus. It
is noted in this respect that the steps of the method are not
necessarily sequentially presented above and defined in the
appended claims. For instance, the step of determining a
type of data for the connected diagnostic apparatus may
precede the step of transmitting the ultrasound signal and
receiving the response or echo signal back from (the inte-
rior) of the object. Types of data for a range of various
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diagnostic apparatuses may even be stored in the probe, even
before any transmission of ultrasound signals and/or recep-
tion of response signals is performed. Embodiments of the
present disclosure having these features exhibit the advan-
tage without these features that the cooperation between a
single probe and a plurality of various types of diagnostic
apparatuses is made possible, and vice versa.

[0014] The determining of the at least one type of data that
the connected diagnostic apparatus is arranged to process,
may comprise: acquiring at least one of: a type of data,
which the diagnostic apparatus is arranged to process, a
wireless communication method used by the diagnostic
apparatus, a wired communication method used by the
diagnostic apparatus, and an identifier of the diagnostic
apparatus. Embodiments in this aspect of the present dis-
closure having these features exhibit the advantage or ben-
efit over embodiments without these features without such
features that initialisation of the communication between the
probe and the diagnostic apparatus may immediately yield
improved cooperation, and allow plural diagnostic appara-
tuses and probe to cooperate using different communication
methods and possibly using storage and/or mapping of the
suitable types transmission data to which a probe may be
connected beforehand.

[0015] The method may further include, after acquiring
the identifier of the diagnostic apparatus: storing the iden-
tifier of each of the plurality of various diagnostic appara-
tuses, that are connectable to the ultrasound probe, and
mapping the stored identifiers onto at least one of: at least
one type of data that each of the plurality of diagnostic
apparatuses, that is associated with the identifier, is arranged
to process; and a wired or wireless communication method
used by each of the plurality of diagnostic apparatuses.
Embodiments in this aspect of the present disclosure having
these features exhibit the advantage or benefit over embodi-
ments without these features that a match between the
suitable type of transmission data and the one type of various
diagnostic apparatuses may be pre-stored, after which only
an 1D of the diagnostic apparatus is required to be obtained,
to thereafter adapt the probe and the manner of functioning
thereof to the type of an actually connected diagnostic
apparatus.

[0016] The method may further include that the generating
of the transmission data comprises using at least one image
processing unit of the ultrasound probe for processing the
response signal to generate the transmission data from the
response signal in correspondence with at least one type of
data that the connected diagnostic apparatus is arranged to
process.

[0017] The ultrasound probe may include at least one
image processing unit for processing the response signal in
at least two subsequent signal and/or image processing steps
at least towards generating an image, wherein the generating
of the transmission data may include: selecting a number of
subsequent signal and/or image processing steps for pro-
cessing of the response signal, necessary for generating the
transmission data corresponding to the determined type of
data; and generating the transmission data by using the
selected signal and/or image processing steps. Embodiments
in this aspect of the present disclosure having these features
exhibit the advantage or benefit over embodiments without
these features that of all the subsequent steps to process the
response signal to obtaining ultrasound images, some may
be performed in or by the probe, and some may be per-
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formed in or by the diagnostic connected apparatus. Such
complementary cooperation between probes and diagnostic
apparatuses is elegant allows tailor made cooperation
between the probe and the diagnostic apparatus, based on
essentially the capabilities of the actually connected diag-
nostic apparatus to promote processing of subsequent signal
and/or image processing steps further towards obtaining an
ultrasound image, thereby relieving load of and/or power
consumption by the probe. Further, such diagnostic appara-
tuses may exhibit improved shielding or more powerful
processors, in comparison with the relatively small size
probes, to allow probes to generate ultrasound images or
enable the probes to stop processing at some stage interme-
diate between the response signal and furnishing the ultra-
sound images and leaving as many steps in these subsequent
processing steps as possible to the diagnostic device, adding
to the versatility of the thus obtained cooperation between
the probe and the actually connected diagnostic apparatus.
[0018] The generating of the transmission data may
include: preventing the at least one signal and/or image
processing unit from performing any other steps than the
selected number of signal and/or image processing steps.
Embodiments in this aspect of the present disclosure having
these features exhibit the advantage or benefit over embodi-
ments without these features of a reduction of power con-
sumption of several processors which may be powered
down. A single processor may be prevented from having to
perform all steps to arrive at the ultrasound image, thus
reducing load of and power consumption by such a single
processor. The at least one processor may process signals or
images.

[0019] The transmitting of the transmission data may
include: determining a communication method used by the
diagnostic apparatus based on the determined type of data
that the diagnostic apparatus is arranged to process; and
transmitting the transmission data by using the determined
communication method. Embodiments in this aspect of the
present disclosure having these features exhibit the advan-
tage or benefit over embodiments without these features that
unselected communication units may be powered down,
adding to power savings.

[0020] The determining of the wireless communication
method used by the diagnostic apparatus may include:
determining at least one of wireless LAN, Wi-Fi, Bluetooth,
Zigbee, Wi-Fi Direct (WFD), UWB, infrared data associa-
tion (IrDA), Bluetooth low energy (BLE), near field com-
munication (NFC), wireless broadband Internet (Wibro),
world interoperability for microwave access (WiMAX),
shared wireless access protocol (SWAP), wireless gigabit
allicance (WiGig), and radio frequency (RF) communication
as the wireless communication method used by the diag-
nostic apparatus.

[0021] The transmitting of the transmission data may
comprise using at least one communication unit of the
ultrasound probe for transmitting the transmission data by
using at least one of different communication methods in
correspondence with the at least one type of data that the
various diagnostic apparatuses, which are connectable to the
ultrasound probe, are arranged to process.

[0022] The ultrasound probe may include a plurality of
communication units for transmitting the transmission data,
for instance by using different wireless communication
methods, wherein the transmitting of the transmission data
comprises: selecting at least one communication unit corre-
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sponding to the communication method used by the diag-
nostic apparatus from the plurality of communication units
corresponding to the determined type of data, that the
diagnostic apparatus is arranged to process.

[0023] The transmitting of the transmission data may
include: determining a first communication method and a
second communication method that are used by the diag-
nostic apparatus based on the determined type of data that
the diagnostic apparatus is arranged to process; selecting a
first communication unit corresponding to the first commu-
nication method and a second communication unit corre-
sponding to the second communication method from the
plurality of communication units; and transmitting the trans-
mission data by using the first communication unit and
optionally transmitting and/or receiving at least one of state
information data of the ultrasound probe and control data of
the diagnostic apparatus by using the second communication
unit. Embodiments in this aspect of the present disclosure
having these features exhibit the advantage or benefit over
embodiments without these features that communications
flows can be generated using the different communication
units, thereby optimizing the total transfers, without inter-
ference or interruption.

[0024] According to one or more embodiments of the
present invention, there is provided an ultrasound probe
including: an ultrasound transceiving unit for transmitting an
ultrasound signal to or into an object and receiving a
response signal reflected from the object or from within the
object; a control unit for determining at least one type of data
that a diagnostic apparatus is arranged to process, which
diagnostic apparatus is in use connected to the ultrasound
probe, from a plurality of various diagnostic apparatuses,
which are connectable to the ultrasound probe; a transmis-
sion data generating unit for generating transmission data
from the response data in correspondence with the deter-
mined type of data; and a communication unit for transmit-
ting the transmission data to the diagnostic apparatus.
[0025] The control unit may determine at least one type of
data that the connected diagnostic apparatus is arranged to
process, by acquiring at least one of’ a type of data which the
diagnostic apparatus is arranged to process; a wireless
communication method used by the diagnostic apparatus, a
wired communication method used by the diagnostic appa-
ratus; and an identifier of the diagnostic apparatus.

[0026] The ultrasound probe wherein the control unit
acquires the identifier of the diagnostic apparatus, may
further include: a storage unit for storing the identifier of
each of the plurality of various diagnostic apparatuses that
are connectable to the ultrasound probe, and mapping the
stored identifiers onto at least one of: at least one type of data
that each of the plurality of various diagnostic apparatuses
that is associated with the identifier, is arranged to process;
and a wired or wireless communication method used by each
of the plurality of diagnostic apparatuses.

[0027] The transmission data generating unit may include
at least one image processing unit for processing the
response signal to generate the transmission data from the
response signal in correspondence with at least one type of
data that the various diagnostic apparatuses, which are
connectable to the ultrasound probe, are arranged to process,
and wherein, when the transmission data generating unit
comprises a plurality of image processing units for process-
ing the response signal, the control unit controls the trans-
mission data generating unit to select at least one of the
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plurality of image processing units necessary for generating
the transmission data corresponding to the determined type
of data, and generate the transmission data by using the
selected at least one image processing unit.

[0028] The control unit may disable the image processing
units excluding the selected at least one image processing
unit.

[0029] The control unit may control the communication
unit to determine a communication method used by the
diagnostic apparatus based on the determined type of data
that the diagnostic apparatus is arranged to process, and
transmit the transmission data by using the determined
communication method.

[0030] The control unit may determine at least one of
wireless LAN, Wi-Fi, Bluetooth, Zigbee, WFD, UWB,
IrDA, BLE, NFC, Wibro, WiMAX, SWAP, WiGig, and RF
commuication as the wireless communication method used
by the diagnostic apparatus.

[0031] The ultrasound probe may include a plurality of
communication units for transmitting the transmission data
by using different communication methods, wherein the
control unit selects at least one communication unit corre-
sponding to the communication method used by the diag-
nostic apparatus from the plurality of communication units
based on the type of data, which the diagnostic apparatus is
arranged to process. and controls the selected at least one
communication unit to transmit the transmission data.
[0032] The control unit may determine a first communi-
cation method and a second communication method that are
used by the diagnostic apparatus based on the determined
type of data, which the diagnostic apparatus is arranged to
process, selects a first communication unit corresponding to
the first wireless communication method and a second
communication unit corresponding to the second wireless
communication method from the plurality of communica-
tion units, controls the first communication unit to transmit
the transmission data to the diagnostic apparatus and con-
trols the second communication unit to transmit and/or
receive at least one of state information data of the ultra-
sound probe and control data of the diagnostic apparatus to
the diagnostic apparatus.

[0033] According to one or more embodiments of the
present invention, there is provided a computer-readable
storage medium storing a computer program for executing
the method of operating an ultrasound probe, the method
including; transmitting an ultrasound signal to an object and
receiving a response signal reflected from the object; deter-
mining at least one type of data that a diagnostic apparatus
is arranged to process, which diagnostic apparatus is con-
nected to the ultrasound probe, from a plurality of various
diagnostic apparatuses, which are connectable to the ultra-
sound probe; generating transmission data from the response
signal in correspondence to the determined type of data; and
transmitting the transmission data to the diagnostic appara-
tus.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0035] FIG. 1 is a diagram of a general ultrasound appa-
ratus according to a wired embodiment of the present
invention;
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[0036] FIG. 2 is a conceptual diagram for explaining an
ultrasound system including an ultrasound probe according
to an embodiment of the present invention;

[0037] FIG. 3 is a flowchart of a method of operating an
ultrasound probe according to an embodiment of the present
invention;

[0038] FIG. 4 is a block diagram of an ultrasound probe
that generates transmission data corresponding to a type of
data that may be processed by a diagnostic apparatus accord-
ing to an embodiment of the present invention;

[0039] FIG. 5 is a conceptual diagram for explaining an
ultrasound probe that communicates with a diagnostic appa-
ratus by using a plurality of wireless communication meth-
ods according to an embodiment of the present invention;

[0040] FIG. 6 is a block diagram of an ultrasound probe
according to an embodiment of the present invention; and

[0041] FIG. 7 is a detailed block diagram of an ultrasound
probe according to another embodiment of the present
invention.

DETAILED DESCRIPTION

[0042] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the present embodi-
ments may have different forms and should not be construed
as being limited to the descriptions set forth herein. Accord-
ingly, the embodiments are merely described below, by
referring to the figures, to explain aspects of the present
disclosure.

[0043] Throughout the specification, when an element is
referred to as being “connected” or “coupled” to another
element, it may be “directly connected or coupled” to the
other element, and/or may be “electrically connected or
coupled” with intervening elements, and/or may be wired or
wirelessly in communication with the another element.
[0044] When a part “includes” or “comprises” an element,
unless there is a particular description contrary thereto, the
part may further include other elements, not excluding the
other elements.

[0045] Moreover, each of terms such as “. . . unit” and
“module” described in specification denotes an element for
performing at least one function or operation, and may be
implemented in hardware, software or a combination of
hardware and software.

[0046] The term “ultrasonic image” used herein denotes
an image of an object acquired by using an ultrasonic wave.
Also, the term “object” used herein may be an organic
substance or an inorganic substance indicated by the image.
The object may include a part of a physical body. For
example, an object may include an organ such as a liver, a
heart, a womb, a brain, breasts, an abdomen, or the like, or
a fetus, and may include a cross-sectional surface of the
physical body.

[0047] Moreover, the term “user” used herein is a medical
expert, and may be a doctor, a nurse, a medical technologist,
a sonographer, a medical image expert, or the like. However,
the user is not limited thereto.

[0048] Aspects and details of the present invention will
now be described more fully with reference to the accom-
panying drawings, in which exemplary embodiments of the
invention are shown. The invention may, however, be
embodied in many different forms and should not be con-
strued as being limited to the embodiments set forth herein;
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rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
the concept of the invention to those of ordinary skill in the
art. In the following description, well-known functions or
constructions are not described in detail since they would
obscure the invention with unnecessary detail. 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 elements of the list.

[0049] FIG. 1 is a diagram of a general ultrasound appa-
ratus according to a wired embodiment of the present
invention.

[0050] Referring to FIG. 1, the general ultrasound appa-
ratus includes an ultrasound probe 10 and a diagnostic
apparatus 20 connected to the ultrasound probe 10 via a
communication cable 15.

[0051] The ultrasound probe 10 transmits an ultrasound
signal to or into an object according to a control signal
transmitted from the diagnostic apparatus 20, receives a
response signal (or an ultrasound echo signal) reflected from
the object, and forms a receiving signal. The ultrasound
probe 10 focuses the ultrasound signal, forms ultrasound
image data from the receiving signal, and transmits the
ultrasound image data to the diagnostic apparatus 20.
[0052] The diagnostic apparatus 20 may form and display
an ultrasound image by using the ultrasound image data
transmitted from the ultrasound probe 10.

[0053] As indicated above, there is a need for a preferably
wireless ultrasound probe that is not subordinate to one
ultrasound diagnostic apparatus but may communicate with
a plurality of ultrasound diagnostic apparatuses. However, a
type of data transmitted from the ultrasound probe 10 to the
diagnostic apparatus 20 and a preferably wireless commu-
nication method used to transmit the data are fixed for any
combination of a probe and the diagnostic apparatus to
which the probe belongs or is sub-ordinate to. Thus, a
diagnostic apparatus that may be connected to one ultra-
sound probe is very limited.

[0054] One or more embodiments of the present invention
provide an ultrasound probe that may be connected to
various diagnostic apparatuses by selectively outputting an
appropriate type of data according to a characteristic of a
diagnostic apparatus connected to the ultrasound probe.
[0055] FIG. 2 is a conceptual diagram for explaining an
ultrasound system including an ultrasound probe 200
according to an embodiment of the present invention.
[0056] Referring to FIG. 2, the ultrasound probe 200
according to an embodiment of the present invention may be
used by being connected to a plurality of diagnostic appa-
ratuses 31, 32, 33, and 34 having various characteristics. The
probe may be connected through wires or cables with any
one of the diagnostic apparatuses 31-34, or wirelessly.
[0057] In this regard, a “diagnostic apparatus” is an appa-
ratus that is connected to the ultrasound probe 200 by wire
or wirelessly and provides a user with an ultrasound image
by using ultrasound image data received from the ultrasound
probe 200.

[0058] In this regard, each of the plurality of diagnostic
apparatuses 31, 32, 33, and 34 may be connected together or
alone to the ultrasound probe 200 and provide a user with an
ultrasound image by using ultrasound image data received
from the ultrasound probe 200.
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[0059] Each of the plurality of diagnostic apparatuses 31,
32, 33, and 34 may be configured as a cart type diagnostic
apparatus as well as a portable diagnostic apparatus. The
portable diagnostic apparatus may include a picture
archiving and communication system (PACS) viewer, a
hand-carried cardiac ultrasound (HCU) device, a smart
phone, a lap-top computer, a personal digital assistant
(PDA), and a tablet personal computer (PC), but is not
limited thereto.

[0060] Each of the plurality of diagnostic apparatuses 31,
32, 33, and 34 that may be connected to the ultrasound probe
200 according to an embodiment of the present invention
may process ultrasound image data received from the ultra-
sound probe 200, generate an ultrasound image, and display
the ultrasound image, or may perform only an image display
function without having an image processing function. That
is, each of the plurality of diagnostic apparatuses 31, 32, 33,
and 34 may include a display apparatus that receives an
image from the ultrasound probe 200 and displays the image
on a screen without performing additional processing on the
image.

[0061] For example, as shown in FIG. 2, the diagnostic
apparatuses 31, 32, 33, and 34 that may be connected to the
ultrasound probe 200 may be a cart type ultrasound diag-
nostic apparatus 31, a PC 32, a PDA 33, and a smart phone
34. The diagnostic apparatuses 31, 32, 33, and 34 of FIG. 2
process different types of ultrasound image data, and or may
process the same ultrasound image data differently and/or
may have different functionalities and/or performances.
[0062] The diagnostic apparatuses 31, 32, 33, and 34 may
use different wireless communication methods. As shown in
FIG. 2, wireless communication methods used by the diag-
nostic apparatuses 31, 32, 33, and 34 may include 60G, ultra
wide band (UWB), WiFi, and Bluetooth.

[0063] One or more embodiments of the present invention
may provide the ultrasound probe 200 that may be used by
being connected to the diagnostic apparatuses 31, 32, 33,
and 34 having various characteristics and a method of
operating the ultrasound probe 200.

[0064] Therefore, the ultrasound probe 200 according to
an embodiment of the present invention may output different
types of ultrasound image data according to the diagnostic
apparatuses 31, 32, 33, and 34 and in correspondence with
a type of data, which the particular diagnostic apparatus is
arranged to process. The ultrasound probe 200 according to
an embodiment of the present invention may transmit ultra-
sound image data by using different wireless communication
methods according to one of the plurality of the diagnostic
apparatuses 31, 32, 33, and 34, to which the probe is at one
particular time connected. The functioning of the probe is
adapted to establish and maintain communications accord-
ing to the wireless communication type and the type of data
that the diagnostic apparatus is arranged to process.

[0065] A method of operating the ultrasound probe 200
according to an embodiment of the present invention that
includes determining data types that may be processed by at
least one of the plurality of diagnostic apparatuses 31, 32,
33, and 34 and transmitting transmission data corresponding
to the determined data types to the diagnostic apparatuses
31, 32, 33, and 34 will now be described in detail with
reference to FIGS. 3 through 5 below.

[0066] FIG. 3 is a flowchart of a method of operating the
ultrasound probe 200 according to an embodiment of the
present invention.
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[0067] In operation S310, the ultrasound probe 200 trans-
mits an ultrasound signal to an object and receives a
response signal reflected from the object or from within the
object.

[0068] The ultrasound probe 200 may be controlled by a
control signal received from a diagnostic apparatus con-
nected to the ultrasound probe 200. The ultrasound probe
200 according to an embodiment of the present invention
may be connected to any one of a plurality of diagnostic
apparatuses at one time, or to more than one of the diag-
nostic apparatuses, while the ultrasound probe 200 may be
temporarily dependent upon at least one diagnostic appara-
tus according to a predetermined movement of a user.
[0069] The predetermined movement of the user may
include connecting a communication cable of the ultrasound
probe 200 to a diagnostic apparatus, approaching or con-
tacting the ultrasound probe 200 to the diagnostic apparatus,
selecting the diagnostic apparatus that is to be connected to
the ultrasound probe 200, and selecting connection to the
ultrasound probe 200 through the diagnostic apparatus.
[0070] That the ultrasound probe 200 is temporarily
dependent upon the diagnostic apparatus may mean that the
ultrasound probe 200 and the diagnostic apparatus are paired
to form a session. The “session” may mean a logical
connection for communication between the diagnostic appa-
ratus and the ultrasound probe 200. To form the session, a
process of having the diagnostic apparatus and the ultra-
sound probe 200 recognized each other by communicating a
message therebetween occurs.

[0071] In operation S320, the ultrasound probe 200
acquires information regarding the diagnostic apparatus
connected to the ultrasound probe 200.

[0072] The ultrasound probe 200 may acquire the infor-
mation regarding the diagnostic apparatus through the ses-
sion formed therebetween. The ultrasound probe 200 may
acquire the information regarding the diagnostic apparatus
by exchanging the message for forming the session therebe-
tween. Thus, unlike in FIG. 3, operation S320 may precede
operation S310. Pairing or other initial communications
set-up may also occur prior to transmitting and receiving the
ultrasound signals of step S310.

[0073] The information regarding the diagnostic apparatus
may include at least one of a type of data that may be
processed by the diagnostic apparatus, a wired or wireless
communication method used by the diagnostic apparatus,
and an identifier of the diagnostic apparatus but is not
limited thereto. The information regarding the diagnostic
apparatus may include, for example, function information of
the diagnostic apparatus such as quality of an ultrasound
image that may be provided by the diagnostic apparatus.
[0074] As an example, the ultrasound probe 200 may
receive information regarding at least one of the type of data
that may be processed by the diagnostic apparatus and the
preferably wireless communication method used by the
diagnostic apparatus from the diagnostic apparatus con-
nected to the ultrasound probe 200. Wireless communication
between the probe 200 and the diagnostic apparatus is only
preferred to be able to dispense with hindering cables, but
the invention is not limited thereto, and may include wired
communication methods.

[0075] Forexample, the ultrasound probe 200 may request
the diagnostic apparatus to transmit information regarding
the diagnostic apparatus. The diagnostic apparatus may
transmit the information regarding the diagnostic apparatus
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to the ultrasound probe 200 in response to a received
request. For example, the diagnostic apparatus may transmit
information regarding at least one of a type of data that is to
be processed by the diagnostic apparatus, a communication
method that is to be used by the diagnostic apparatus, a
bandwidth that is to be used by the diagnostic apparatus, and
a type of a communication channel that is to be used by the
diagnostic apparatus to the ultrasound probe 200. The ultra-
sound probe 200 may process a response signal correspond-
ing to the information received from the diagnostic appara-
tus to transmit transmission data to the diagnostic apparatus.

[0076] Alternatively, the ultrasound probe 200 may
receive information relating to capability of the diagnostic
apparatus from the diagnostic apparatus. The ultrasound
probe 200 may receive information regarding all communi-
cation methods that may be supported by the diagnostic
apparatus and types of all pieces of data that may be
processed by the diagnostic apparatus. The ultrasound probe
200 may select at least one communication method and the
type of at least one type of data from the received informa-
tion. For example, the ultrasound probe 200 may select the
communication method or the type of data that allows the
diagnostic apparatus to provide an ultrasound image to a
user at a highest resolution or at a highest frame rate. The
ultrasound probe 200 may generate transmission data based
on the selected type of data and transmit the transmission
data to the diagnostic apparatus by using the selected
communication method.

[0077] As another example, the ultrasound probe 200 may
receive only the identifier of the diagnostic apparatus from
the diagnostic apparatus connected to the ultrasound probe
200. The ultrasound probe 20 may acquire the information
regarding the diagnostic apparatus by searching for infor-
mation regarding the diagnostic apparatus previously stored
in the ultrasound probe 200 based on the received identifier.

[0078] For example, the ultrasound probe 200 may map
and store at least one of a type of data that may be processed
by each of a plurality of diagnostic apparatuses and a
communication method used by each of the diagnostic
apparatuses and an identifier of each of the diagnostic
apparatuses. The ultrasound probe 200 may acquire the
identifier of the diagnostic apparatus from the diagnostic
apparatus and search for information corresponding to the
acquired identifier to establish the type of data that the
diagnostic apparatus identified by the acquired identifier
thereof is configured, able or arranged to process. The
ultrasound probe 200 may acquire the information regarding
at least one of the type of data that may be processed by the
diagnostic apparatus and the communication method used
by the diagnostic apparatus based on a result of searching for
the identifier and determining a stored and mapped type of
data is to be used for communications with the diagnostic
apparatus to which the probe is connected.

[0079] In operation S330, the ultrasound probe 200 deter-
mines the type of data that may be processed by the
diagnostic apparatus based on the information regarding the
diagnostic apparatus.

[0080] The diagnostic apparatus having various capabili-
ties and characteristics may process different types of data.
Thus, the ultrasound probe 200 determines a step at which
the diagnostic apparatus may process data from among a
series of processes of acquiring an ultrasound image from
the response signal received from the object.
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[0081] The ultrasound probe 200 may determine that the
diagnostic apparatus may process only one type of data or
that the diagnostic apparatus may process different types of
data.

[0082] Essentially, steps S320 and S330 can be condensed,
simplified or combined in a single step of determining at
least one type of data that a diagnostic apparatus is arranged
to process, which diagnostic apparatus is connected to the
ultrasound probe, from a plurality of various diagnostic
apparatuses, which are connectable to the ultrasound probe.
[0083] In operation S340, the ultrasound probe 200 gen-
erates transmission data corresponding to the type of data
determined in operation S330 from the response signal.
[0084] The ultrasound probe 200 according to an embodi-
ment of the present invention generates transmission data
corresponding to a type of data that may be processed by the
diagnostic apparatus by using a response signal. For
example, the type of data may indicate at least one of: data
content such as raw data which comprises pixel by pixel full
detailed content, MPEG?3 streams, MPEG4 streams, and the
like; and/or data format for different types of communica-
tions (for instance the wireless types of communications of
at least one of wireless LAN, Wi-Fi, Bluetooth, Zigbee,
WFD, UWB, IrDA, BLE, NFC, Wibro, WiMAX, SWAP,
WiGig, and RF communication).

[0085] One or more embodiments of the present invention
provide a method of outputting data appropriate to the
diagnostic apparatus by allowing the ultrasound probe 200
to recognize a signal and/or image processing process that
may be performed by the diagnostic apparatus and to have
the probe perform a signal and/or image processing process
or selected number of steps (including zero or all) in such a
process, that may not be performed by the diagnostic appa-
ratus.

[0086] That is, the ultrasound probe 200 according to an
embodiment of the present invention may selectively output
intermediate data generated in an optional processing step
from among a series of processes of acquiring the ultrasound
image of the object from the response signal received from
the object. The intermediate data generated in the processing
step selected based on the information regarding the diag-
nostic apparatus may be the transmission data corresponding
to the type of data that may be processed by the diagnostic
apparatus.

[0087] For example, the ultrasound probe 200 according
to an embodiment of the present invention includes basically
at least one image processing unit and preferably a plurality
of image processing units that process the response signal
received from the object in subsequent processing steps. The
ultrasound probe 200 may select an image processing mode
for the image processing unit and/or the at least one image
processing unit from the plurality of image processing unit,
necessary for generating the transmission data correspond-
ing to the type of data, which the diagnostic apparatus is
arranged to process, which type of data is determined in
operation S330. The ultrasound probe 200 may generate the
transmission data from the response signal by using the
selected at least one of the plurality of image processing
units or a mode of image and/or signal processing to be
performed by a single more versatile image processing unit.
Such a more versatile image processing unit may be a
programmable processor, adapted to perform different types
of signal and/or image processing for example in subsequent
steps or stages, depending on the determined type of data
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that the diagnostic apparatus is arranged to process subse-
quently to obtain the ultrasound inage.

[0088] In this regard. in an embodiment having a plurality
of image processing units, the ultrasound probe 200 may
reduce power consumption by disabling the image process-
ing units excluding the selected at least one image process-
ing unit. Alternatively, in an embodiment of the present
disclosure having a single (signal or image) processor or
other processor, which is arranged to perform several or all
of a number of subsequent steps or stages to process the
response signal towards the ultrasound image, not all sub-
sequent stages need to be performed by the (image) proces-
sor or other processor to provide a readily displayable
image. For example, if a diagnostic apparatus is only
capable of displaying completely processed image data or
ultrasound images, the probe must furnish completely pro-
cessed image data to the diagnostic apparatus. However, if
the diagnostic apparatus is capable of or arranged for
processing the received transmission data in a form partly
processed by the probe or completely unprocessed by the
probe, power consumption of the probe may be reduced, by
transmitting to the diagnostic apparatus completely unpro-
cessed or partially processed transmission data, which needs
further processing to arrive at image data or the ultrasound
image, ready for display on a screen or the like, where such
completing processing is performed by the diagnostic appa-
ratus.

[0089] An embodiment in which the ultrasound probe 200
generates transmission data of a different type of data
according to the diagnostic apparatus will be described in
detail with reference to FIG. 4 later.

[0090] When one diagnostic apparatus is connected
through cables, wires or wirelessly and determined to pro-
cess various types of data, the ultrasound probe 200 may
select one of any number of types of data that may be
processed by the diagnostic apparatus and generate trans-
mission data corresponding to the selected type of data.
[0091] The ultrasound probe 200 may determine a type of
the transmission data in further consideration of a state of the
ultrasound probe 200 such as remaining battery charge. In
general, the ultrasound probe 200 may have a limited
resource compared to the diagnostic apparatus, for example,
a limited processing speed of a processor or a limited
capacity of a memory. Thus, to increase the processing speed
and prevent an overload of the ultrasound probe 200, the
ultrasound probe 200 may generate the transmission data in
a data type requiring the minimum number of processing
steps in the ultrasound probe 200 from among types of data
that may be processed by the diagnostic apparatus. Further
processing steps to arrive at displayable image data or
ultrasound image may then be performed in or by the
diagnostic apparatus, thus relieving the load of the probe
200.

[0092] In operation S350, the ultrasound probe 200 trans-
mits the transmission data to the diagnostic apparatus.
[0093] An example in which the ultrasound probe 200
transmits the transmission data to the diagnostic apparatus
wirelessly will now be described. An embodiment of the
present invention is not limited to the example. The ultra-
sound probe 200 may transmit the transmission data by wire.
[0094] To receive the transmission data from the ultra-
sound probe 200, diagnostic apparatuses may use different
wired or wireless communication methods. Wireless com-
munication methods used by diagnostic apparatuses may be
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different according to specifications or peripheral environ-
ments of diagnostic apparatuses. Alternatively, wireless
communication methods used by diagnostic apparatuses
may be different according to bandwidths of types of data
that may be processed by diagnostic apparatuses. This is
because transmittable and receivable bandwidths are differ-
ent according to wireless communication methods.

[0095] Therefore, the ultrasound probe 200 may determine
the wireless communication method used by the diagnostic
apparatus based on the information regarding the diagnostic
apparatus acquired in operation $320. The ultrasound probe
200 may transmit the transmission data to the diagnostic
apparatus by using the determined wireless communication
method.

[0096] For example, the ultrasound probe 200 may deter-
mine at least one of wireless LAN, Wi-Fi, Bluetooth, Zig-
bee, Wi-Fi Direct (WFD), UWB, infrared data association
(IrDA), Bluetooth low energy (BLE), near field communi-
cation (NFC), wireless broadband Internet (Wibro), world
interoperability for microwave access (WiMAX), shared
wireless access protocol (SWAP), wireless gigabit allicance
(WiGig), radio frequency (RF) communication, and similar
communication methods as the wireless communication
method used by the diagnostic apparatus.

[0097] The ultrasound probe 200 according to an embodi-
ment of the present invention may include a plurality of
communication units that may transmit the transmission data
by using different communication methods. The ultrasound
probe 200 may select at least one communication unit
corresponding to the communication method used by the
diagnostic apparatus from the communication units. For
example, the ultrasound probe 200 may select at least one
communication unit based on a bandwidth of the transmis-
sion data that is to be transmitted to the diagnostic apparatus.
The ultrasound probe 200 may transmit the transmission
data by using the selected at least one communication unit.
It is noted here that available communication bandwidth can
be detected either by the diagnostic apparatus or the probe
and result in selection of a degree of processing starting from
the response signal towards resulting images, where only a
part of these processing steps may be performed in or by the
probe, which would allow a best suited mode of communi-
cation, amount of data to be communicated and the like in
relation to the bandwidth. Similar other factors or consid-
erations could also be taken into account for this selection,
such as types of communication channels by which a probe
and a diagnostic apparatus can be connected. Consequently,
in addition to a capability of the diagnostic apparatus to
continue processing where the probe has stopped and trans-
mitted intermediate results in transmission data to the diag-
nostic apparatus, other factors like bandwidth can also play
a role in determining how far the probe is to proceed in
performing a sequence of a number of processing step from
the response signal to images, to allow the most suitable
transmission of the transmission data and subsequent pro-
cessing by the diagnostic apparatus. As a further example
reference is made here to a type of communication channel,
and—in wireless communication—a relation between a
theoretical maximum communication speed and an actually
achieved communication speed.

[0098] For all embodiments of the present disclosure,
either explicitly shown and/or described or merely referred
to, the probe is capable of all or many of the processing
steps, which start on the response signal and progress
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towards displayable images. However, the probe can detect
circumstances like mode of connection, bandwidth, actual
transmission speeds, and processing capability of the diag-
nostic apparatus how many of the processing steps, that the
probe is capable of, are actually to be performed up to the
point of progress at which the transmission data is formed
for transmission to the diagnostic apparatus. By the same
token, the diagnostic apparatus may notify the probe of
information, to set the level of progress that the probe should
perform in a sequence of processing steps, of which the
probe is capable, before transmitting the intermediate or
final result, in or with the transmission data. Such informa-
tion may have the form of a command from the diagnostic
apparatus, which may even be input by a user, operator or
physician.

[0099] The ultrasound probe 200 may use a plurality of
wireless communication methods to communicate with one
diagnostic apparatus. The ultrasound probe 200 may use
different wireless communication methods according to
characteristics of data that is to be transmitted.

[0100] That is, the ultrasound probe 200 may determine a
first wireless communication method and a second wireless
communication method that are used by the diagnostic
apparatus based on the information regarding the diagnostic
apparatus. The ultrasound probe 200 may select a first
communication unit corresponding to the first wireless com-
munication method and a second communication unit cor-
responding to the second wireless communication method
from among the communication units. The ultrasound probe
200 may transmit the transmission data by using the first
communication unit and transmit at least one of state infor-
mation data of the ultrasound probe 200 and/or receive
control data of the diagnostic apparatus by using the second
communication unit, or the like.

[0101] The state information data of the ultrasound probe
200 may include the remaining battery charge, location
information of the ultrasound probe 200, and information
about whether the object is scanned by using the ultrasound
probe 200. The control data of the diagnostic apparatus may
include a control signal relating to an operation of control-
ling the ultrasound probe 200 in the diagnostic apparatus or
a control signal relating to an operation of displaying the
ultrasound image generated by using the transmission data
received from the ultrasound probe 200 on the screen in such
a manner that the ultrasound probe 200 may transceive the
ultrasound signal.

[0102] FIG. 4 is a block diagram of the ultrasound probe
200 that generates transmission data corresponding to a type
of data that may be processed by a diagnostic apparatus
according to an embodiment of the present invention.
[0103] Referring to FIG. 4, the ultrasound probe 200
according to an embodiment of the present invention may
include a plurality of image processing units that process a
response signal received from an object. However, the image
processing units included in the ultrasound probe 200
according to an embodiment of the present invention are not
limited to those shown in FIG. 4. The ultrasound probe 200
may include less or more image processing units than those
of FIG. 4.

[0104] An acoustic module 411 receives the response
signal reflected from the object. The response signal
reflected from the object may be an ultrasound signal that is
reflected from the object. The acoustic module 411 may
include a plurality of transducers. The transducers may
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vibrate according to transferred electrical signals, generate
ultrasound waves that are acoustic energy, process acoustic
energy reflected from the object, and generate electrical
signals.

[0105] A high voltage multiplexer HV mux 413 may
sequentially select the transducers of the acoustic module
411. A transmit and receive T/RX analog circuit 415 sepa-
rates signals acquired by processing a signal used to transmit
the ultrasound signal to the object and the response signal
received from the object. First and second beam formers 417
and 419 perform focusing on the response signal to deter-
mine a reflective characteristic of a tissue of a desired part
of the object from the response signal. The first and second
beam formers BF1 417 and BF2 419 may be an analog beam
former and a digital beam former, respectively.

[0106] A mid processor 421 may perform mid processing
on signals beam formed by the first and second beam
formers 417 and 419. For example, the mid processor 421
may control gains of the beam formed signals. The mid
processor 421 may perform phase rotation on each of a
plurality of separated regions with respect to predetermined
depths of the object according to dynamic frequency varia-
tions so as to compensate for frequency variations with
respect to the depths of the object. The mid processor 421
may perform low band pass filtering.

[0107] Aback-end processor 423 may detect envelopes of
I component data and Q component data that are output from
the mid processor 421. A post processor 425 may perform
digital signal processing (DSP) to generate a Doppler (D)
mode image and a color (C) mode image. An image gener-
ating unit 427 may generate an image that may be displayed
on a screen from the processed signal.

[0108] As shown in FIG. 4, the diagnostic apparatuses 31,
32, 33, and 34 may process different types of data. That is,
the various diagnostic apparatuses may in general be
arranged to generate ultrasound image from any intermedi-
ate signal or image data, that may be obtained from any of
the above described components 413, 415, 417, 419, 421,
423, 425. Hence these components are referred to herein as
image processors (413-419, 421-427). Thus, the ultrasound
probe 200 according to an embodiment of the present
invention provides a method of outputting data in an appro-
priate form to the diagnostic apparatuses 31, 32, 33, and 34
according to a type of data that may be processed by each of
the diagnostic apparatuses 31, 32, 33, and 34 or any one
thereof, that is actually connected with the probe at any
given time, in such a manner that the ultrasound probe 200
may be used by being connected to various diagnostic
apparatuses simultaneously or at different times.

[0109] The ultrasound probe 200 may recognize an iden-
tifier (ID) of a diagnostic apparatus connected to the ultra-
sound probe 200 through a diagnostic apparatus ID recog-
nizing unit 430. The ultrasound probe 200 may recognize
signal processing that may be performed by the diagnostic
apparatus based on the ID of the diagnostic apparatus and
the ultrasound probe 200 will then perform signal process-
ing, in particular the initial steps starting from obtaining the
response signal, that may not be performed by the diagnostic
apparatus, and the transmission data will then be the inter-
mediate processing result or completely finished image data,
where the diagnostic apparatus, to which the probe is
connected at any one given time, is arranged to process any
remaining steps or stages, necessary to arrive at displayable



US 2018/0153519 Al

image data or ultrasound image for output on a display or on
a screen. Load and power consumption of the probe are thus
relieved.

[0110] That is, the ultrasound probe 200 may selectively
output intermediate data generated in an optional processing
step from among a series of subsequent processes from
acquiring an ultrasound image of the object from the
response signal received from the object and obtaining
displayable image data. For example, the probe 200 in
combination with the computer 32, the probe will generate
the output of the back-end processor, where the diagnostic
apparatus is capable of performing the further steps or stages
that are necessary for completing the image data or ultra-
sound image ready for output on a screen or display, in the
particular case of the computer 32 in FIG. 4, these steps or
stages are those of the post processor 425 and of the image
generating unit 427, which functions the probe does not need
to perform, when connected with the computer 32.

[0111] For example, the first diagnostic apparatus 31 of
FIG. 4 in the form of a cart like apparatus, comparable in
structure with a conventional cart associated with the probe,
may perform all signal processing operations except a beam
forming operation. Thus, when the ultrasound probe 200
according to an embodiment of the present invention is
connected to the first diagnostic apparatus 31, the ultrasound
probe 200 may transmit the signal output from the second
beam former 419 to the first diagnostic apparatus 31 as
transmission data. In this regard, the ultrasound probe 200
may disable the mid processor 421, the back-end processor
423, the post processor 425, and the image generating unit
427 that perform processing after beam forming.

[0112] Unlike the first diagnostic apparatus 31, the fourth
diagnostic apparatus 34 of FIG. 4 performs only an image
display function without performing an image processing
function. Thus, when the ultrasound probe 200 according to
an embodiment of the present invention is connected to the
fourth diagnostic apparatus 34, the ultrasound probe 200
may transmit the signal output from the image generating
unit 427 to the fourth diagnostic apparatus 34 as transmis-
sion data.

[0113] The ultrasound probe 200 according to an embodi-
ment of the present invention may transmit transmission
data to diagnostic apparatuses by using a plurality of wire-
less communication methods. The ultrasound probe 200
may transmit transmission data to diagnostic apparatuses by
using appropriate wireless communication methods accord-
ing to wireless communication methods used by the diag-
nostic apparatuses. The ultrasound probe 200 may use a
plurality of wireless communication methods to communi-
cate with one diagnostic apparatus. The ultrasound probe
200 may use different communication methods according to
a characteristic of data that is to be transmitted.

[0114] FIG. 5 is a conceptual diagram for explaining the
ultrasound probe 200 that communicates with a diagnostic
apparatus 30 by using a plurality of wireless communication
methods according to an embodiment of the present inven-
tion.

[0115] Referring to FIG. 5, the ultrasound probe 200
according to an embodiment of the present invention may
transmit transmission data to the diagnostic apparatus 30 at
a frequency band of 60 GHz. A plurality of transducers
included in the ultrasound probe 200 convert a response
signal reflected from an object into an electrical signal. A
high bandwidth in several gigabit units is required to wire-
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lessly transmit the electrical signal converted from the
response signal having acoustic energy. Furthermore, when
the ultrasound probe 200 transmits the transmission data to
the diagnostic apparatus 30, no interference with other
wireless electronic apparatuses must be generated.

[0116] Therefore, the ultrasound probe 200 according to
an embodiment of the present invention may transmit the
transmission data by using a wireless communication
method using millimeter waves (MMW). For example, a
wireless communication method following the wireless
gigabit alliance (WGA) WiGig standard may be used.
[0117] The ultrasound probe 200 may transmit at least one
of state information data of the ultrasound probe 200 and
control data of the diagnostic apparatus 30 by using Blu-
etooth separately from the transmission data transmitted at
the frequency band of 60 GHz.

[0118] FIGS. 6 and 7 are block diagrams of the ultrasound
probe 200 according to an embodiment of the present
invention.

[0119] FElements of the ultrasound probe 200 according to
an embodiment of the present invention are configured to
perform the operations of the method of operating the
ultrasound probe 200 of FIG. 3. Thus, although omitted
below, the descriptions of the method of operating the
ultrasound probe 200 of FIG. 3 above may also apply to the
ultrasound probe 200 of FIGS. 6 and 7.

[0120] Referring to FIG. 6, the ultrasound probe 200
according to an embodiment of the present invention
includes an ultrasound transceiving unit 210, an information
acquiring unit 220, a control unit 230, a transmission data
generation unit 240, and a communication unit 250.
[0121] The ultrasound transceiving unit 210 transmits an
ultrasound signal to an object 105 and receives a response
signal reflected from the object 105.

[0122] The ultrasound transceiving unit 210 may generate
pulses used to form transmission ultrasound according to a
predetermined pulse repetition frequency (PRF). The ultra-
sound transceiving unit 210 may apply a delay time used to
determine a transmission directionality to the pulses. Each
pulse to which the delay time is applied may correspond to
each of a plurality of piezoelectric vibrators included in
transducers. The ultrasound transceiving unit 210 may trans-
mit an ultrasound signal to the object 105 by applying the
pulses corresponding to the piezoelectric vibrators at a time
corresponding to each pulse pulse to which the delay time is
applied.

[0123] The information acquiring unit 220 acquires infor-
mation regarding the diagnostic apparatus 30 connected to
the ultrasound probe 200. The information acquiring unit
220 may acquire at least one of a type of data that may be
processed by the diagnostic apparatus 30, a wireless or wired
communication method used by the diagnostic apparatus 30,
available bandwidth, actual transmission speeds over a com-
munication channel, a type of communication channel and
an identifier of the diagnostic apparatus 30.

[0124] The control unit 230 determines the type of data
that may be processed by the diagnostic apparatus 30 based
on the information regarding the diagnostic apparatus 30.
The control unit 230 may generally control operations of the
ultrasound probe 200. That is, the control unit 230 may
control operations between the ultrasound probe 200, the
ultrasound transceiving unit 210, the information acquiring
unit 220, the transmission data generation unit 240, the
communication unit 250, and the diagnostic apparatus 30.
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[0125] The transmission data generation unit 240 gener-
ates transmission data corresponding to the type of data
determined by the control unit 230 from a response signal
received from the diagnostic apparatus 30. The transmission
data generation unit 240 may generate the transmission data
by processing the response signal reflected from the object
105. The transmission data generation unit 240 may amplify
the response signal for each channel and perform an analog-
digital conversion on the amplified response signal. The
transmission data generation unit 240 may apply the delay
time used to determine the transmission directionality to the
digitally converted response signal. The transmission data
generation unit 240 may generate the transmission data by
summing the response signal to which the delay time is
applied.

[0126] The communication unit 250 transmits the trans-
mission data generated by the transmission data generation
unit 240 to the diagnostic apparatus 30. The communication
unit 250 may perform wired or wireless communication with
the diagnostic apparatus 30. The communication unit 250
may receive a control signal received from the diagnostic
apparatus 30.

[0127] The communication unit 250 may be connected to
a network by wire or wirelessly and communicate with an
external device or a server. The communication unit 250
may transmit and receive data to and from a hospital server
or other medical devices of a hospital through a picture
archiving and communication system (PACS). The commu-
nication unit 250 may perform data communication accord-
ing to the digital imaging and communications in medicine
(DICOM) standard.

[0128] The communication unit 250 may transmit and
receive data associated with a diagnosis of the object 105
such as an ultrasound image of the object 105, ultrasound
data, and Doppler data over the network, and may also
transmit and receive a medical image captured by another
medical apparatus such as a computed tomography (CT)
apparatus, a magnetic resonance imaging (MRI) apparatus,
an X-ray apparatus, or the like. Furthermore, the commu-
nication unit 250 may receive a diagnosis history or treat-
ment schedule of a patient from the server, and use the
received diagnosis history or treatment schedule in diagnos-
ing the object 105. The communication unit 250 may
communicate with a mobile terminal of a doctor or a
customer, in addition to the server or the medical apparatus
of the hospital.

[0129] The communication unit 250 may use short dis-
tance communication such as wireless LAN, Wi-Fi, Blu-
etooth, Zigbee, Wi-Fi direct (WFD), ultra wideband (UWB),
infrared data association (IrDA), Bluetooth low energy
(BLE), near field communication (NFC), or the like, but is
not limited thereto.

[0130] Wired communication technology used by the
communication unit 250 may include a pair cable, a coaxial
cable, an optical fiber cable, an Ethernet cable, and the like.
[0131] Mobile communication technology used by the
communication unit 250 transmits and receives a wireless
signal with at least one of a base station of a mobile
communication network, an external terminal, and a server.
In this regard, the wireless signal may include a voice signal,
a video call signal, or various forms of data according to
transmission and receiving of text and multimedia messages.
[0132] The diagnostic apparatus 30 may generate and
display an ultrasound image by using the transmission data
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received from the communication unit 250. The ultrasound
image displayed by the diagnostic apparatus 30 may include
a gray scale ultrasound image obtained by scanning the
object 105 according to an amplitude A mode, a brightness
B mode, and a motion M mode as well as a Doppler image
of a motion of the object 105. The Doppler image may
include a blood flow Doppler image (also referred to as a
color Doppler image) showing blood flow, a tissue Doppler
image showing a motion of a tissue, and a spectral Doppler
image showing a wave type moving speed of the object 105.
[0133] As shown in FIG. 6, the ultrasound system accord-
ing to an embodiment of the present invention may include
the ultrasound probe 200 and the diagnostic apparatus 30.
[0134] The ultrasound probe 200 may generate transmis-
sion data corresponding to a type of data configured to be
processed by the diagnostic apparatus 30, and transmit the
generated transmission data to the diagnostic apparatus 30.
[0135] The diagnostic apparatus 30 may display an ultra-
sound image with respect to an object on a screen by using
the transmission data received from the ultrasound probe
200.

[0136] In this regard, the ultrasound probe 200 may select
at least one image processing operation based on the deter-
mined type of data from among a plurality of sequential
image processing operations that are to be processed to
generate a displayable ultrasound image from a response
signal. The ultrasound probe 200 may generate the trans-
mission data corresponding to the determined type of data
by performing the selected image processing operation.
[0137] The diagnostic apparatus 30 may generate the
ultrasound image from the transmission data by performing
the remaining image processing operations, other than the
selected image processing operation, among the plurality of
image processing operations.

[0138] The ultrasound probe 200 may obtain information
regarding the diagnostic apparatus 30 from the diagnostic
apparatus 30. The ultrasound probe 200 may determine a
type of data configured to be processed by the diagnostic
apparatus 30 based on the information regarding the diag-
nostic apparatus 30 and determine a communication method
used by the diagnostic apparatus 30. The ultrasound probe
200 may transmit the transmission data to the diagnostic
apparatus 30 by using the determined communication
method.

[0139] FIG. 71s a detailed block diagram of the ultrasound
probe 200 according to another embodiment of the present
invention.

[0140] The ultrasound probe 200 according to an embodi-
ment of the present invention may further include a storage
unit 260, a display unit 270, an input unit 280, and a battery
290.

[0141] Referring to FIG. 7, the transmission data gener-
ating unit 240 may include a plurality of image processors
241, 242, and 243. The communication unit 250 may include
a plurality of communication units 251, 252, and 253 that
may use different wireless communication methods.

[0142] The control unit 230 of FIG. 7 may select at least
one image processor necessary for generating transmission
data corresponding to a type of data that may be processed
by the diagnostic apparatus 30 from the image processors
241, 242, and 243. The control unit 230 may control the
transmission data generating unit 240 to generate the trans-
mission data by using the selected at least one image
processor.
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[0143] The control unit 230 may disable the image pro-
cessors 241, 242, and 243 excluding the selected at least one
image processor. That is, the control unit 230 may control a
battery 280 to receive a power supply from the selected at
least one image processor.

[0144] The control unit 230 may determine a communi-
cation method used by the diagnostic apparatus 30 based on
information regarding the diagnostic apparatus 30. The
control unit 230 may control the communication unit 250 to
transmit the transmission data by using the determined
communication method. The control unit 230 may deter-
mine at least one of wireless LAN, Wi-Fi, Bluetooth, Zig-
bee, WFD, UWB, ItDA, BLE, NFC, Wibro, WiMAX,
SWAP, WiGig, and RF communication as the wireless
communication method used by the diagnostic apparatus 30.
It is noted here that in an alternative wired embodiment, the
communication unit 250 may perform control of connecting
the probe and the diagnostic system by using a wired
communication method such as USB2.0, USB3.0,
IEEE1394, SATA, LVDS, etc.

[0145] The control unit 230 may select at least one com-
munication unit corresponding to the wireless communica-
tion method used by the diagnostic apparatus 30 from the
communication units 251, 252, and 253 based on the infor-
mation regarding the diagnostic apparatus 30. The control
unit 230 may control the selected at least one communica-
tion unit to transmit the transmission data.

[0146] Forexample, a case where the diagnostic apparatus
30 may communicate with the ultrasound probe 200 by
using a plurality of wireless communication methods will
now be described. In this case, the control unit 230 may
determine a first wireless communication method and a
second wireless communication method that are used by the
diagnostic apparatus 30 based on the information regarding
the diagnostic apparatus 30. The control unit 230 may select
the first communication unit 251 corresponding to the first
wireless communication method and the second communi-
cation unit 252 corresponding to the second wireless com-
munication method from the communication units 251, 252,
and 253. The control unit 230 may control the first commu-
nication unit 251 to transmit the transmission data to the
diagnostic apparatus 30 and control the second communi-
cation unit 252 to transmit at least one of state information
data of the ultrasound probe 200 and control data of the
diagnostic apparatus 30 to the diagnostic apparatus 30.
[0147] The storage unit 260 may map and store an iden-
tifier of each of a plurality of diagnostic apparatuses that
may be connected to the ultrasound probe 200 and infor-
mation regarding each of the diagnostic apparatuses. The
information regarding the diagnostic apparatuses that may
be stored by being mapped to the identifiers of the diagnostic
apparatuses may include, for example, at least one type of
data that may be processed by the diagnostic apparatuses
and wireless communication methods used by the diagnostic
apparatuses.

[0148] The storage unit 260 stores various types of infor-
mation processed by the ultrasound probe 200. For example,
the storage unit 260 may store medical data associated with
a diagnosis of the object 105 such as input and output
ultrasound data, and an ultrasound image, and may also store
an algorithm or a program performed in the ultrasound probe
200.

[0149] The storage unit 260 may be configured as various
types of storage media such as flash memory, hard disk,
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electrically erasable programmable read-only memory (EE-
PROM), etc. The ultrasound probe 200 may operate web
storage or a cloud server that performs a storage function of
the storage unit 260 on the web.

[0150] The display unit 270 may display various types of
information processed by the ultrasound probe 200 on a
screen. Alternatively, the display unit 270 may display a user
interface (UI) or a graphic user interface (GUI) associated
with a function setting of the ultrasound probe 200.

[0151] The input unit 280 is used to receive an input of
data for controlling the ultrasound probe 200. The input unit
280 may receive an input of selecting a diagnostic apparatus
that is to be connected to the ultrasound probe 200 from a
plurality of diagnostic apparatuses. The input unit 270 may
include a hardware element such as a key pad, a mouse, a
touch panel, a touch screen, a trackball, and a jog switch but
is not limited thereto. The input unit 270 may further include
various input units such as an electrocardiogram (ECG)
measurement module, a respiration measurement module, a
voice recognition sensor, a gesture recognition sensor, a
finger print recognition sensor, an iris recognition sensor, a
depth sensor, a distance sensor, and the like. An operator,
user or physician may thereby input specific commands to
the probe from the diagnostic apparatus, including active
commands with respect to the mode of communication
and/or intermediate results of processing steps which up to
an indicated commanded level should be performed by the
probe, and sent in, with or by the transmission data from the
probe to the diagnostic apparatus for further processing
thereof towards an end result in the form of displayable
images, which can be visualised on the diagnostic apparatus
or an associated display device.

[0152] The battery 290 may be included in the ultrasound
probe 200 and may supply power necessary for operating the
ultrasound probe 200.

[0153] The ultrasound transceiving unit 210, the informa-
tion acquiring unit 220, the control unit 230, the transmis-
sion data generation unit 240, the communication unit 250,
the storage unit 260, the display unit 270, the input unit 280,
and the battery 290 may wholly or partly operate by using
a software module but are not limited thereto, and may
partly operate by using hardware. At least one of the
information acquiring unit 220 and the transmission data
generation unit 240 may be included in the control unit 230
but is not limited thereto.

[0154] In addition, other embodiments of the present
invention can also be implemented through computer read-
able code/instructions in/on a medium, e.g., a computer
readable medium, to control at least one processing element
to implement any above described embodiment. The
medium can correspond to any medium/media permitting
the storage and/or transmission of the computer readable
code.

[0155] The computer readable code can be recorded/trans-
ferred on a medium in a variety of ways, with examples of
the medium including recording media, such as magnetic
storage media (e.g., ROM, floppy disks, hard disks, etc.) and
optical recording media (e.g., CD-ROMs, or DVDs), and
transmission media such as Internet transmission media.
Thus, the medium may be such a defined and measurable
structure including or carrying a signal or information, such
as a device carrying a bitstream according to one or more
embodiments of the present invention. The media may also
be a distributed network, so that the computer readable code
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is stored/transferred and executed in a distributed fashion.
Furthermore, the processing element could include a pro-
cessor or a computer processor, and processing elements
may be distributed and/or included in a single device.

[0156] Itshould be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions
of features or aspects within each embodiment should typi-
cally be considered as available for other similar features or
aspects in other embodiments.

[0157] While one or more embodiments of the present
invention have been described with reference to the figures,
it will be understood by those of ordinary skill in the art that
various changes in form and details may be made therein
without departing from the spirit and scope of the present
invention as defined by the following claims.

1. An ultrasound probe comprising:

an ultrasound transceiver configured to transmit an ultra-
sound signal to or into an object, and obtain response
signal data corresponding to a response signal reflected
from the object or from within the object;

a communicator configured to communicate with a diag-
nostic apparatus;

an image processor; and
a controller configured to:

determine at least one type of data that the diagnostic
apparatus is configured to process based on an iden-
tifier of the diagnostic apparatus,

control the image processor to partially process the
response signal data based on the at least one type of
data that the diagnostic apparatus is configured to
process, such that the diagnostic apparatus is con-
figured to process response signal data not processed
by the image processor, and

control the communicator to transmit the partially
processed response signal data to the diagnostic
apparatus.

2. The ultrasound probe of claim 1, wherein the controller
is further configured to control the communicator to transmit
the non processed response signal data to the diagnostic
apparatus.

3. The ultrasound probe of claim 1, wherein the controller
is further configured to control the communicator to transmit
the processed response signal data to the diagnostic appa-
ratus.

4. The ultrasound probe of claim 1, wherein the controller
is further configured to determine a wireless communication
method that the diagnostic apparatus is configured commu-
nicate with, and control the communicator to transmit data
via the determined wireless communication method.

5. The ultrasound probe of claim 1, further comprising a
storage for storing identifiers of a plurality of diagnostic
apparatuses that are communicatively connectable to the
ultrasound probe, wherein the storage includes a mapping of
the stored identifiers with respect to at least one type of data
that each of the plurality of diagnostic apparatuses is con-
figured to process.

6. The ultrasound probe of claim 1, wherein the ultra-
sound probe comprises a plurality of communicators, and
each communicator is configured to transmit data by a
different method, and
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wherein the controller is further configured to:

determine a first communication method and a second
communication method that are used by the diag-
nostic apparatus,

select a first communicator corresponding to the first
communication method and a second communicator
corresponding to the second communication method
from the plurality of communicators, and

control the first communicator to transmit the partially
processed response signal data to the diagnostic
apparatus and control the second communicator to
transmit at least one of state information data of the
ultrasound probe and control data of the diagnostic
apparatus to the diagnostic apparatus.

7. The ultrasound probe of claim 1, wherein the ultra-
sound probe comprises a battery, and the controller is
configured to determine a remaining battery charge, and
wherein the controller is further configured to control the
image processor to generate transmission data based on the
remaining battery charge.

8. An ultrasound system comprising:

a diagnostic apparatus including a processor and a display

for displaying an ultrasound image; and

an ultrasound probe, the ultrasound probe further com-

prising:

an ultrasound transceiver configured to transmit an ultra-

sound signal to or into an object and obtain response
signal data corresponding to a response signal reflected
from the object or from within the object;

a communicator configured to communicate with the

diagnostic apparatus;

an image processor; and

a controller configured to:

determine at least one type of data that the diagnostic
apparatus is configured to process, based on an
identifier of the diagnostic apparatus,

control the image processor to partially process the
response signal data based on the at least one type of
data that the diagnostic apparatus is configured to
process, such that the diagnostic apparatus is con-
figured to process response signal data not processed
by the image processor, and

control the communicator to transmit the partially
processed response signal data to the diagnostic
apparatus.

9. The ultrasound system of claim 8, wherein the con-
troller is further configured to control the communicator to
transmit non processed response signal data to the diagnostic
apparatus.

10. The ultrasound system of claim 8, wherein the con-
troller is further configured to control the communicator to
transmit the processed response signal data to the diagnostic
apparatus.

11. The ultrasound system of claim 8, wherein the con-
troller is further configured to determine a wireless commu-
nication method that the diagnostic apparatus is configured
to communicate with, and control the communicator to
transmit data via the determined wireless communication
method.

12. The ultrasound system of claim 8, wherein the ultra-
sound probe further comprises a storage for storing identi-
fiers of a plurality of diagnostic apparatuses that are com-
municatively connectable to the ultrasound probe, wherein
the storage includes a mapping of the stored identifiers with
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respect to at least one type of data that each of the plurality
of diagnostic apparatuses is configured to process.

13. The ultrasound system of claim 8, wherein the ultra-
sound probe comprises a plurality of communicators, and
each communicator is configured to transmit data by a
different method, and

wherein the controller is further configured to:

determine a first communication method and a second
communication method that are used by the diag-
nostic apparatus,

select a first communicator corresponding to the first
communication method and a second communicator
corresponding to the second communication method
from the plurality of communicators, and

control the first communicator to transmit the partially
processed response signal data to the diagnostic
apparatus and control the second communicator to
transmit at least one of state information data of the
ultrasound probe and control data of the diagnostic
apparatus to the diagnostic apparatus.

14. The ultrasound system of claim 8, wherein the ultra-
sound probe comprises a battery, and the controller is
configured to determine a remaining battery charge, and
Wherein the controller is further configured to control the
image processor to generate transmission data based on the
remaining battery charge.

15. The ultrasound system of claim 8, wherein the diag-
nostic apparatus comprises a plurality of processors.
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