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(57) ABSTRACT

Disclosed herein are a wireless probe, an ultrasound imaging
apparatus, and a method of controlling the same. The
wireless probe includes a determiner for determining
whether to switch into a low-power mode based on at least
one of a condition of a wireless communication network,
whether an ultrasound image is about an object, position
information between an ultrasonic imaging apparatus and
the wireless probe, and whether a predetermined waiting
time has passed; and a probe controller for controlling
switching into the low-power mode based on the determi-
nation result.

100

12

N T A i e~



Patent Application Publication  Apr. 20,2017 Sheet 1 of 16 US 2017/0105703 A1

FIG. 1
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FIG. 2
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FIG. 3
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FIG. 9A
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FIG. 9B
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FIG. 11
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WIRELESS PROBE, ULTRASONIC IMAGING
APPARATUS, AND METHOD FOR
CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2015-0143477, filed
on Oct. 14, 2015, the disclosure of which is incorporated
herein by reference in its entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] Embodiments of the present disclosure relate to a

wireless probe for acquiring an ultrasound image and ultra-
sonic imaging apparatus for providing the acquired ultra-
sound image.

[0004] 2. Discussion of Related Art

[0005] An ultrasonic imaging system is one of the main
imaging systems applied in various areas, and especially, the
ultrasonic imaging system is widely used in medical areas
due to having non-invasive and non-destructive properties.
The ultrasonic imaging system acquires a diagnostic image
of an internal part of an object with a probe and displays the
diagnostic image on an ultrasonic imaging apparatus as a
two (2D) or three dimensional (3D) image.

[0006] To increase user convenience, the ultrasonic imag-
ing apparatus and the probe are connected wirelessly in
recent years, and the wireless probe has an independent
power unit. Accordingly, studies are underway for power
management of the wireless probe.

SUMMARY OF THE INVENTION

[0007] Embodiments of the present disclosure provide a
wireless probe, an ultrasonic imaging apparatus, and method
for controlling the same that efficiently manages power of
the wireless probe.

[0008] In accordance with one aspect of the present dis-
closure, a wireless probe includes a determiner for deter-
mining whether to switch into a low-power mode based on
at least one of a condition of a wireless communication
network, whether an ultrasound image is about an object,
position information between an ultrasonic imaging appa-
ratus and the wireless probe, and whether a predetermined
waiting time has passed; and a probe controller for control-
ling switching into the low-power mode based on the
determination result.

[0009] Here, the determiner may determine the condition
of the wireless communication network based on at least one
of transfer rate, signal quality, signal to noise ratio (SNR),
and receive signal strength indication (RSSI) of a wireless
signal over the wireless communication network.

[0010] Also, the determiner may determine the condition
of the wireless communication network based on a signal
threshold received by a user or set in advarnce.

[0011] Also, the determiner may determine whether the
ultrasound image corresponds to an air image using image
information obtained through image processing on the ultra-
sound image.

[0012] Also, the determiner may determine whether to
switch into a low-power mode based on at least one of
distance information and directional information between
the wireless probe and the ultrasonic imaging apparatus.
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[0013] Also, the determiner may determine whether to
switch into a low-power mode based on whether the distance
information between the wireless probe and the ultrasonic
imaging apparatus is within a predetermined distance, the
distance information being calculated based on receive
signal strength.

[0014] Also, the determiner may determine whether to
switch into a low-power mode based on the distance infor-
mation and directional information between the wireless
probe and the ultrasonic imaging apparatus calculated using
triangulation or radiation pattern information.

[0015] In accordance with another aspect of the present
disclosure, an ultrasonic imaging apparatus includes: a
determiner for determining whether to switch a wireless
probe into a low-power mode based on at least one of a
condition of a wireless communication network that sup-
ports wireless communication with the wireless probe,
whether an ultrasound image contains an object, position
information between the ultrasonic imaging apparatus and
the wireless probe, and whether waiting time of the wireless
probe has passed; and a main controller to control a com-
munication unit to transmit a command signal to the wireless
probe to be switched into the low-power mode, once it is
determined to switch the wireless probe into the low-power
mode.

[0016] Here, the determiner may determine the condition
of the wireless communication network based on at least one
of transfer rate, signal quality, signal to noise ratio (SNR),
and receive signal strength indication (RSSI) of a wireless
signal over the wireless communication network.

[0017] Also, the determiner may determine the condition
of the wireless communication network based on a signal
threshold received by a user or set in advance.

[0018] Also, the determiner may determine whether the
ultrasound image corresponds to an air image using image
information obtained through image processing on the ultra-
sound image.

[0019] Also, the determiner may determine whether to
switch into a low-power mode based on at least one of
distance information and directional information between
the wireless probe and the ultrasonic imaging apparatus.
[0020] Also, the determiner may determine whether to
switch into a low-power mode based on whether the distance
information between the wireless probe and the ultrasonic
imaging apparatus is within a predetermined distance, the
distance information being calculated based on receive
signal strength.

[0021] Also, the determiner may determine whether to
switch into a low-power mode based on the distance infor-
mation and directional information between the wireless
probe and the ultrasonic imaging apparatus calculated using
triangulation or radiation pattern information.

[0022] In accordance with still another aspect of the
present disclosure, a method for controlling a wireless probe
includes: determining whether to switch into a low-power
mode based on at least one of a condition of a wireless
communication network, whether an ultrasound image is
about an object, position information between an ultrasonic
imaging apparatus and the wireless probe, and whether a
predetermined waiting time has passed; and controlling
switching into the low-power mode based on the determi-
nation result.

[0023] Here, the determining whether to switch into a
low-power mode may include determining the condition of
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the wireless communication network based on at least one of
transfer rate, signal quality, signal to noise ratio (SNR), and
receive signal strength indication (RSST) of a wireless signal
over the wireless communication network.

[0024] Also, the determining whether to switch into a
low-power mode may include determining the condition of
the wireless communication network based on a signal
threshold received by a user or set in advarce.

[0025] Also, the determining whether to switch into a
low-power mode may include determining whether the
ultrasound image corresponds to an air image using image
information obtained through image processing on the ultra-
sound image.

[0026] Also, the determining whether to switch into a
low-power mode may include determining whether to
switch into a low-power mode based on at least one of
distance information and directional information between
the wireless probe and the ultrasonic imaging apparatus.
[0027] Also, the determining whether to switch into a
low-power mode may include determining whether to
switch into a low-power mode based on whether the distance
information between the wireless probe and the ultrasonic
imaging apparatus is within a predetermined distance, the
distance information being calculated based on receive
signal strength.

[0028] Also, the determining whether to switch into a
low-power mode may include determining whether to
switch into a low-power mode based on the distance infor-
mation and directional information between the wireless
probe and the ultrasonic imaging apparatus calculated using
triangulation or radiation pattern information.

[0029] In accordance with still another aspect of the
present disclosure, a method for controlling an ultrasonic
imaging apparatus includes: determining whether to switch
a wireless probe into a low-power mode based on at least
one of a condition of a wireless communication network that
supports wireless communication with the wireless probe,
whether an ultrasound image contains an object, position
information between the ultrasonic imaging apparatus and
the wireless probe, and whether waiting time of the wireless
probe has passed; and controlling a communication unit to
transmit a command signal to the wireless probe to be
switched into the low-power mode, once it is determined to
switch the wireless probe into the low-power mode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other objects, features and advan-
tages of the present disclosure will become more apparent to
those of ordinary skill in the art by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0031] FIGS. 1 and 2 are perspective views of ultrasonic
imaging systems each having a wireless probe and an
ultrasonic imaging apparatus, according to different embodi-
ments of the present disclosure.

[0032] FIG. 3 illustrates an exterior view of a wireless
probe including one dimensional (1D) array transducers,
according to an embodiment of the present disclosure.
[0033] FIG. 4 illustrates an exterior view of a wireless
probe including two dimensional (2D) array transducers,
according to an embodiment of the present disclosure.
[0034] FIG. 5 illustrates relations between a wireless
probe and an ultrasonic imaging apparatus, according to an
embodiment of the present disclosure.
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[0035] FIG. 6 illustrates a control block diagram of a
wireless probe, according to an embodiment of the present
disclosure

[0036] FIG. 7 illustrates a control block diagram of an
ultrasonic imaging apparatus, according to an embodiment
of the present disclosure

[0037] FIG. 8 illustrates a control block diagram of an
ultrasonic imaging system including a wireless probe and an
ultrasonic imaging apparatus, according to an embodiment
of the present disclosure.

[0038] FIG. 9A and FIG. 9B illustrate diagrams for
explaining an instance to set signal thresholds and control
switching to a low-power mode based on the signal thresh-
olds, according to an embodiment of the present disclosure
[0039] FIG. 10 illustrates a diagram for explaining an
instance to derive directional information based on radiation
pattern information and receive signal strength, according to
an embodiment of the present disclosure.

[0040] FIG. 11 illustrates a diagram for explaining an
instance to calculate position information of a wireless probe
using triangulation, according to an embodiment of the
present disclosure

[0041] FIG. 12 illustrates a diagram for explaining a
difference between an air image and an ultrasound image
including an object, according to an embodiment of the
present disclosure.

[0042] FIG. 13 illustrates a flowchart for determining
whether to switch into a low-power mode in various meth-
ods, according to an embodiment of the present disclosure.
[0043] FIG. 14 illustrates a flowchart illustrating operation
of a wireless probe, according to an embodiment of the
present disclosure.

[0044] FIG. 15 illustrates a flowchart illustrating operation
of an ultrasonic imaging apparatus, according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0045] Embodiments of the present disclosure will now be
described in detail with reference to accompanying draw-
ings.

[0046] FIGS. 1 and 2 are perspective views of ultrasonic
imaging systems each having a wireless probe and an
ultrasonic imaging apparatus, according to different embodi-
ments of the present disclosure. FIG. 3 illustrates an exterior
view of a wireless probe including one dimensional (1D)
array transducers, according to an embodiment of the pres-
ent disclosure, and FIG. 4 illustrates an exterior view of a
wireless probe including two dimensional (2D) array trans-
ducers, according to an embodiment of the present disclo-
sure. FIG. 5 illustrates relations between a wireless probe
and an ultrasonic imaging apparatus, according to an
embodiment of the present disclosure. The following
description will refer to the drawings together to prevent
overlapping explanation.

[0047] Referring to FIG. 1, an ultrasonic imaging system
1 may include a wireless probe 100 for acquiring an ultra-
sound image by transmitting an ultrasound signal to an
object, receiving an echo ultrasound signal from the object,
and converting the echo ultrasound signal to an electric
signal, and an ultrasonic imaging apparatus 200 connected
to the wireless probe 100 via a wireless communication
network for displaying the ultrasound image.
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[0048] The wireless probe 100 may be connected to the
ultrasonic imaging apparatus 200 over a wireless commu-
nication network for receiving various signals required to
control the wireless probe 100, or for transmitting an analog
or digital signal corresponding to an echo ultrasound signal
received by the wireless probe 100. Furthermore, the wire-
less probe 100 may transmit e.g., status of operation of the
wireless probe 100 to the ultrasonic imaging apparatus 200.
Wireless signals as will be described below include all the
aforementioned signals and all data to be transmitted/re-
ceived over the wireless network.

[0049] The wireless communication network refers to a
communication network that supports a wireless communi-
cation scheme for enabling wireless signal transmission/
reception. For example, the wireless communication scheme
may include not only a third generation (3G) or fourth
generation (4G) communication scheme enabling wireless
communication via a base station, but also all the commu-
nication schemes enabling wireless communication between
devices located within a certain range, such as Wireless
Local Area Network (WLAN), Wireless Fidelity (Wi-Fi),
Bluetooth, Zigbee, Wi-Fi Direct (WFD), Ultra wideband
(UWB), Infrared Data Association (IrDA), Bluetooth Low
Energy (BLE), Near Field Communication (NFC), etc. The
wireless communication scheme is, however, not limited
thereto, and includes all the communication networks that
support wireless signal communication between the wireless
probe 100 and the ultrasonic imaging apparatus 200.
[0050] The ultrasonic imaging apparatus 200 may be
implemented to be generally used in ultrasonic diagnosis in
e.g., hospitals, as shown in FIG. 1. However, the ultrasonic
imaging apparatus 200 is not limited to what is shown in
FIG. 1.

[0051] For example, the ultrasonic imaging apparatus 200
may be implemented in the form of not only a laptop,
desktop, tablet Personal Computer (tablet PC), but also a
smart phone as shown in FIG. 2. Furthermore, the ultrasonic
imaging apparatus 200 may include a mobile terminal such
as a Personal Digital Assistant (PDA), and a wearable device
in the form of a wearable watch or glasses.

[0052] Theultrasonic imaging apparatus 200 is not limited
thereto, but may include any device implemented to have a
communication unit for exchanging wireless signals with an
external device over a wireless communication network and
to be able to display ultrasound images on its display.
[0053] The ultrasonic imaging apparatus 200 may be
configured to include an input unit 210 and a display 220, as
shown in FIG. 1. The input unit 210 may receive setting
information and various control commands relating to the
wireless probe 100 from the user.

[0054] In an embodiment, the setting information for the
wireless probe 100 may include information about gain,
zoom, focus, Time Gain Compensation (TGC), depth, fre-
quency, power, frame average, dynamic range, etc. The
setting information for the wireless probe 100, however, is
not limited thereto, but may include other various informa-
tion that may be set to capture ultrasound images.

[0055] In another example, the input unit 210 may receive
control commands for the wireless probe 100 or the ultra-
sonic imaging apparatus 200 from the user. The aforemen-
tioned information or commands may be delivered to the
wireless probe 100 over the wired or wireless communica-
tion network, and the wireless probe 100 may then be
configured based on the received information.
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[0056] The input unit 210 may be implemented with a
keyboard, a foot switch, or a foot pedal. For example, the
keyboard may be implemented in hardware. The keyboard
may include at least one of switches, keys, a joy stick, and
a trackball. Alternatively, the keyboard may be implemented
in software, such as a graphic user interface. In this case, the
keyboard may be displayed through the main display 320.
The foot switch or foot pedal may be placed in a lower part
of the ultrasonic imaging apparatus 200, and the user may
use the foot pedal to control operation of the ultrasonic
imaging apparatus 200.

[0057] The display 220 may display an ultrasound image
of a target part inside the object. The ultrasound image
displayed on the display 220 may be a two dimensional (2D)
or three dimensional (3D) ultrasound image, and various
ultrasound images may be displayed depending on operating
modes of the ultrasonic imaging apparatus 200. The display
220 may also display menus or user guides required for
ultrasonic imaging, and information regarding status of
operation of the wireless probe 100.

[0058] The display 220 may be implemented in various
well-known display panels, such as Cathode Ray Tubes
(CRTs), Liquid Crystal Displays (LCDs), Light Emitting
Diodes (LEDs), Plasma Display Panels (PDPs), Organic
Light Emitting Diodes (OLEDs), efc., but is not limited
thereto.

[0059] In a case the display 220 is implemented in a type
of touch screen, the display 220 may serve as the input umt
210 as well. In this case, the user may input various
commands through the display 220 or the input unit 210.
[0060] For example, in the case of the ultrasonic imaging
apparatus 200 shown in FIG. 2, e.g., virtual input buttons
implemented in a graphic user interface (GUI) may be
displayed on the display 220 of the ultrasonic imaging
apparatus 200, and the user may input various commands
with the buttons.

[0061] Features of the wireless probe 100 will be
described below in more detail.

[0062] The wireless probe 100 may make contact with the
surface of an object, and transmit and/or receive ultrasound
signals. Specifically, under the control of the ultrasonic
imaging apparatus 200, the wireless probe 100 may transmit
an ultrasound signal to the inside of an object, and receive
an echo ultrasound signal reflected from a particular part
inside the object and forward it to the ultrasonic imaging
apparatus 200. That is, the wireless probe 100 may transmit
the echo ultrasound signal received from the object to the
ultrasonic imaging apparatus 200 over a wireless commu-
nication network, or acquire an ultrasound image from the
echo ultrasound signal and transmit the ultrasound image,
but is not limited thereto.

[0063] The wireless probe 100 may include a transducer
array for performing conversion between electric and ultra-
sound signals to transmit ultrasounds into the object or
receive an echo ultrasound signal from the object. The
transducer array may include a plurality of transducer ele-
ments.

[0064] A transducer module as will be described below
may include a transducer array that has a plurality of
transducer elements. The transducer array may be 1D array
or 2D array. In an embodiment, the transducer module may
include 1D array transducers T1 as shown in FIG. 3. In
another embodiment, the transducer module may include 2D
array transducers T2 as shown in FIG. 4.
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[0065] For example, the 1D array transducers include
transducer elements, each of which may convert between
ultrasound signals and electric signals. For this, the trans-
ducer elements may be implemented with magnetostrictive
ultrasonic transducers that use magnetostrictive effects of a
magnetic substance, piezoelectric ultrasonic transducers that
use piezoelectric effects of a piezoelectric material, piezo-
electric micromachined ultrasonic transducers (pMUTs), or
the like, or may also be implemented with capacitive micro-
machined ultrasonic transducers (cMUTs) that transmit/
receive ultrasounds using vibration of hundreds or thousands
of micromachined thin films.

[0066] The transducers may also be arrayed linearly, or
convexly. The basic operating principle of the wireless probe
100 may be equally applied to both cases, but in the case of
the wireless probe 100 having transducers convexly arrayed,
ultrasounds irradiated from the transducers are fan-shaped,
thus forming a fan-shaped ultrasound image.

[0067] Referring to FIG. 4, the transducer module may
include 2D array transducers T2 as described above. With
the 2D array transducers T2, the internal part of the object
may be imaged in 3D.

[0068] Each of the transducer elements included in the 2D
transducer array is the same as that of the 1D transducer
array, so the description will be omitted herein. Relations
between the wireless probe 100 and the ultrasonic imaging
apparatus 200 will now be described.

[0069] FIG. 5 illustrates relations between a wireless
probe and an ultrasonic imaging apparatus, according to an
embodiment of the present disclosure.

[0070] An ultrasonic system may include the wireless
probe 100 and the ultrasonic imaging apparatus 200. Refer-
ring to FIG. 5, the ultrasonic system uses the wireless probe
100 to irradiate an ultrasound signal from the surface of an
object (ob) to a target part inside the object, and uses the
reflected ultrasound signal, i.e., echo ultrasound signal to
obtain and provide an image of a cross-section of soft tissue
or blood flow for the user in a non-invasive method.
[0071] In the ultrasonic imaging apparatus 200, there may
be an image processor for converting the received echo
ultrasound signal to an ultrasound image. The image pro-
cessor may be implemented in hardware, such as a micro-
processor, or in software that may be carried out in the
hardware.

[0072] Alternatively, an image processor may be built into
the wireless probe 100 to convert the echo ultrasound signal
to the ultrasound image. The wireless probe 100 may then
send the ultrasound image to the ultrasonic imaging appa-
ratus 200 over a wireless communication network, but is not
limited thereto. The image processor may obtain image
information from the ultrasound image. This will be
described in more detail later.

[0073] In the meantime, the ultrasound image created by
the image processor may be stored in a memory unit in the
ultrasonic imaging apparatus 200. Alternatively, the ultra-
sound image may be stored in a Web storage or cloud server
having a storage function on the Web. Features of the
wireless probe and ultrasonic imaging apparatus will now be
described in more detail.

[0074] FIG. 6 is a control block diagram of a wireless
probe, according to an embodiment of the present disclo-
sure, FIG. 7 is a control block diagram of an ultrasonic
imaging apparatus, according to an embodiment of the
present disclosure, and FIG. 8 is a control block diagram of
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an ultrasonic imaging system including a wireless probe and
an ultrasonic imaging apparatus, according to an embodi-
ment of the present disclosure. FIG. 9A and FIG. 9B
illustrate diagrams for explaining an instance to set signal
thresholds and control switching to a low-power mode based
on the signal thresholds, according to an embodiment of the
present disclosure, and FIG. 10 illustrates a diagram for
explaining an instance to derive directional information
based on radiation pattern information and receive signal
strength, according to an embodiment of the present disclo-
sure. FIG. 11 illustrates a diagram for explaining an instance
to calculate position information of a wireless probe using
triangulation, according to an embodiment of the present
disclosure, and FIG. 12 illustrates a diagram for explaining
a difference between an air image and an ultrasound image
including an object, according to an embodiment of the
present disclosure. The following description will refer to
the drawings together to prevent overlapping explanation.

[0075] FIG. 6 is a block diagram of a wireless probe and
an ultrasonic imaging apparatus, according to an embodi-
ment of the present disclosure.

[0076] Referring to FIG. 6, the wireless probe 100 may
include an ultrasound image acquiring unit 110, a power unit
120, a memory unit 130, a communication unit 140, a
display 150, an input unit 160, a determiner 170, and a probe
controller 180. The ultrasonic image acquiring unit 110 may
include a transducer module 113 and an image processor
115.

[0077] At least one of the image processor 115, the
memory unit 130, the communication unit 140, the deter-
miner 170, and the probe controller 180 may be integrated
in a system on chip (SoC) built into the wireless probe 100.
It is not limited as being integrated in one SoC because the
wireless probe 100 may have more than one SoCs.

[0078] The ultrasound image acquiring unit 110 may
transmit ultrasound signals, and acquire ultrasound images.
Referring to FIG. 6, the ultrasonic image acquiring unit 110
may include the transducer module 113 and the image
processor 115.

[0079] The transducer module 113 may transmit an ultra-
sound signal to an object, and receive an echo ultrasound
signal reflected from the object. The transducer module 113
is the same as what is described above, so the description
will be omitted herein.

[0080] The image processor 115 may acquire an ultra-
sound image from the echo ultrasound signal. For example,
the image processor 115 may acquire ultrasound images in
many different modes, such as amplitude mode (A mode),
brightness mode (B mode), motion mode (M mode), Dop-
pler mode, etc.

[0081] Inthe case the ultrasonic probe 100 includes the 2D
array transducers or 1D array transducers that may be driven
in the elevational direction, the image processor 115 may
even create a 3D ultrasound image with a plurality of 2D
cross-sectional images.

[0082] The image processor 115 may obtain image infor-
mation from the ultrasound image through image processing
as will be described below. The image information may be
information about pictures contained in the respective pixels
in the ultrasound image, including luminosity, brightness,
color, illuminance, chroma, etc. Accordingly, the determiner
170 may determine whether to switch into the low-power
mode by comparing the image information obtained from
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the ultrasound image with an air image in a mode corre-
sponding to the ultrasound image. This will be described in
more detail later.

[0083] The power unit 120 may supply power to the
wireless probe 100. Specifically, the power unit 120 may
convert electric energy to chemical energy, accumulate the
chemical energy, and convert the accumulated chemical
energy to electric energy to supply power. In an embodi-
ment, the power unit 120 may be implemented by a lithium-
ion battery, nickel hydrate battery, polymer battery, etc. The
power unit 120, however, is not limited thereto, but may be
implemented in various types of batteries built into the
wireless probe 100 for supplying power.

[0084] The power unit 120 may be charged wirelessly, or
charged by directly contacting a charging device. That is, the
power unit 120 may be charged in any method known to the
public without limitations.

[0085] The memory unit 130 may store various data. For
example, the memory unit 130 may store data about ultra-
sound images acquired by the image processor 115, image
information obtained from the ultrasound image, etc.
[0086] Furthermore, the memory unit 130 may store data
about air images in respective modes. The air image refers
to an ultrasound image acquired when an ultrasound signal
is reflected from air.

[0087] For example, to acquire an ultrasound image of an
object through the wireless probe 100, a water-soluble gel is
applied onto the transducer array. For example, impedance
of air is about 0.0004Q, and impedance of water is about
1.48Q. Furthermore, reflectivity of air is about 99.9%, and
reflectivity of water is about 0.2326%.

[0088] Specifically, the transducer module 113 may
include a piezoelectric layer that converts between electric
and acoustic signals through vibration of a piezoelectric
material, an acoustic matching layer that reduces a differ-
ence in acoustic impedance between the piezoelectric layer
and an object such that an ultrasound produced in the
piezoelectric layer may be delivered to the object as much as
possible, a lens layer that focuses the ultrasound propagating
forward of the piezoelectric layer onto a particular point, and
a sound-absorption layer that cuts off the ultrasound from
propagating backward of the piezoelectric layer to prevent
image distortion.

[0089] Accordingly, there is a significant difference
between the impedance inside the transducer module 113
and the impedance of air, and thus, the transducer module
113 may not be able to receive echo ultrasound signals due
to the significant difference in impedance between the air
and the inside of the transducer module 113.

[0090] For example, referring to FIG. 12, an ultrasound
image 1200 including an object may differ from an air image
1210. Accordingly, the determiner 170 may determine
whether to switch into the low-power mode by comparing
the air image data and the acquired ultrasound image.

[0091] The memory unit 130 may be implemented with at
least one type of storage media, such as flash memories, hard
disks, multimedia card micro type memories, card type
memories (e.g., SD or XD memories), Random Access
Memories (RAMs), Static Random Access Memories
(SRAMs), Read-Only Memories (ROMs), Electrically Eras-
able Programmable Read-Only Memories (EEPROMs),
Programmable Read-Only Memories (PROMs), magnetic
memories, magnetic disks, and optical disks. However, the

Apr. 20,2017

memory unit 130 is not limited thereto, but may be imple-
mented in any other form known in the art.

[0092] The communication unit 140 may exchange vari-
ous data with the ultrasonic imaging apparatus 200 over a
wireless communication network. The communication unit
140 may transmit and/or receive an ultrasound image of an
object, data relating to diagnosis of the object, such as echo
ultrasounds, Doppler data, etc., over the wireless commu-
nication network. Furthermore, the communication unit 140
may receive various control command signals from the
ultrasonic imaging apparatus 200. There are not limitations
on types of data or commands that the communication unit
140 may exchange in radio signals.

[0093] The communication unit 140 may include one or
more components enabling wireless communication with
other external electronic devices. For example, the commu-
nication unit 140 may perform wireless communication with
the ultrasonic imaging apparatus 200 through at least one of
a short-range communication module and a mobile commu-
nication module.

[0094] The short-range communication module refers to a
module for near distance communication within a predeter-
mined range. For example, the short-range communication
may include Wireless Local Area Network (WLAN), Wi-Fi,
Bluetooth, Zigbee, Wi-Fi Direct (WFD), Ultra Wideband
(UWB), Infrared Data Association (IrDA), Bluetooth Low
Energy (BLE), Near Field Communication (NFC), etc., but
is not limited thereto.

[0095] The mobile communication module may transmit
and receive Radio Frequency (RF) signals to and from one
of base stations, external terminals, and servers in the mobile
communication network. For example, the mobile commu-
nication module may exchange various types of data with
the ultrasonic imaging apparatus 200 via a base station over
3G or 4G communication networks. Hereinafter, the short
range communication module and the mobile communica-
tion module are collectively called a communication mod-
ule.

[0096] For example, the communication unit 140 may
include a plurality of communication modules. The plurality
of communication modules may be located at different
positions. Accordingly, the determiner 170 may determine
whether to switch into the low-power mode by obtaining
position information between the wireless probe 100 and the
ultrasonic imaging apparatus 200 based on signals received
through the communication modules located at different
positions. This will be described in more detail later.

[0097] The wireless probe 100 may include the display
150. The display 150 may be implemented by various
display panels known to the public, such as a CRT, an LCD,
LEDs, a PDP, OLEDs, etc., as described above, but is not
limited thereto. the display 150 may display information
relating to status of operation of the wireless probe 100, such
as power status of the wireless probe 100.

[0098] Furthermore, the wireless probe 100 may include
the input unit 160. The input unit 160 may be implemented
in the form of switch(es), key(s), etc., as described above,
but is not limited thereto. The input unit 160 may receive
power on/off commands, control commands for operation
mode changes, etc., for the wireless probe 100 from the user
without limitations.

[0099] In the meantime, the wireless probe 100 may
include the determiner 170 as shown in FIG. 6.
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[0100] The determiner 170 may determine whether to
switch into the low-power mode based on at least one of a
condition of a wireless communication network, whether an
ultrasound image contains an object, position information
between the ultrasonic imaging apparatus 200 and the wire-
less probe 100, and whether waiting time has passed.
[0101] The condition of a wireless communication net-
work refers to a condition of connection between the wire-
less prove 100 and the ultrasonic imaging apparatus 200
over the wireless communication network. The condition of
the wireless communication network may be determined
based on various parameters.

[0102] For example, the condition of the wireless com-
munication network may be determined based on various
parameters used as references for connection condition, such
as transfer rate, signal quality, signal to noise ratio (SNR),
and receive signal strength indication (RSSI), etc., of wire-
less signals over the wireless communication network, and
based on various other parameters known to the public.
[0103] The signal quality may be determined based on
whether waveform, amplitude, distortion, etc., of the
received signal is within acceptable limits of fluctuation, or
based on an amount of fluctuation of the received signal. The
SNR may be determined based on the magnitude of the
signal to noise ratio.

[0104] The determiner 170 may determine whether the
wireless communication network is in an appropriate con-
dition for acquiring and providing an ultrasound image for
the user, based on the condition of the wireless communi-
cation network.

[0105] The determiner 170 may determine whether to
switch into the low-power mode by comparing the condition
of the wireless communication network with a predeter-
mined condition. For example, the determiner 170 may
compare the condition of the wireless communication net-
work with a predetermined signal threshold, and determine
to switch into the low-power mode if receive sensitivity over
the wireless communication network is lower than the
predetermined signal threshold.

[0106] The signal threshold refers to a threshold of the
condition of the wireless communication network. The sig-
nal threshold may include a threshold of receive sensitivity,
a threshold of receive signal strength, a threshold of transfer
rate, and any other thresholds set for various parameters.
Accordingly, whether to switch into the low-power mode
may be determined based on whether the condition of the
wireless communication network is above the signal thresh-
old.

[0107] The information about the signal threshold may be
set and stored in advance. In an embodiment, information
about the signal threshold may be set in advance in a design
stage and stored in the memory 130. Alternatively, the
information about the signal threshold may be received from
the user and stored in the memory 130.

[0108] The user may input information about the signal
threshold through the input unit 220 of the ultrasonic imag-
ing apparatus 200 or the input unit 160 of the wireless probe
100. For example, if the wireless communication corre-
sponds to Wi-Fi communication, a Wi-Fi status bar S may be
displayed on the display 210 of the ultrasonic imaging
apparatus 200, as shown in FIG. 9A.

[0109] It may be interpreted that the more the status bar is
filled, the higher the receive sensitivity is. For example,
referring to FIG. 9B, if a first status bar S1 is lighted, it
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means that the receive sensitivity is about 25%. Further, if
the first and second status bars S1 and S2 are lighted, it
means that the receive sensitivity is about 50%. Moreover,
if the first to third status bars S1, S2, and S3 are lighted, it
means that the receive sensitivity is about 75%. Further-
more, if the first to fourth status bars S1, S2, S3, and S4 are
lighted, it means that the receive sensitivity is about 100%.
[0110] For example, if the transfer rate of the wireless
signal is lower than a predetermined transfer rate, the
determiner 170 may determine that it is difficult to transmit
an ultrasound image or echo ultrasound signal to the ultra-
sonic imaging apparatus 200 over the wireless communica-
tion network to provide it to the user in real time, and
determine to switch to the low-power mode from a scanning
mode.

[0111] In another example, if the signal quality of the
wireless signal is lower than a predetermined signal quality,
the determiner 170 may determine that it is difficult to
transmit an ultrasound image or echo ultrasound signal to
the ultrasonic imaging apparatus 200 over the wireless
communication network to provide it to the user in real time,
and determine to switch to the low-power mode from a
scanning mode.

[0112] Furthermore, the determiner 170 may determine
whether to switch into the low-power mode by determining
whether the ultrasound image includes the object using
image information obtained through image processing on
the ultrasound image.

[0113] As described above, the memory unit 130 may
store information about air images in respective modes.
Accordingly, the determiner 170 may determine whether the
ultrasound image includes the object by comparing the
ultrasound image and an air image in a mode corresponding
to the ultrasound image.

[0114] For example, the determiner 170 may determine
similarity between the ultrasound image and an air image in
the same mode as for the ultrasound image using image
information, and determine to switch into the low-power
mode if the images are similar to each other more than a
predetermined range, which means that the object is not
included in the ultrasound image.

[0115] Furthermore, the determiner 170 may determine
whether to switch into the low-power mode according to
whether air images are acquired continuously for a prede-
termined waiting time. For example, the determiner 170 may
determine whether the user has an intent to use the wireless
probe 100 according to whether the air image has been
created for a certain period of time, thereby preventing the
wireless probe 100 from being switched into the low-power
mode even if the user wants to scan the object to acquire its
ultrasound image. The information about the waiting time
may be set by the user or set in a design stage, and stored in
the memory 130.

[0116] In addition, the determiner 170 may determine
whether to switch into the low-power mode using position
information between the wireless probe 100 and the ultra-
sonic imaging apparatus 200. The position information may
include at least one of directional information and distance
information between the wireless probe 100 and the ultra-
sonic imaging apparatus 200.

[0117] The distance information between the wireless
probe 100 and the ultrasonic imaging apparatus 200 may be
determined based on receive signal strength. For example,
the strength of a wireless signal received from the ultrasonic
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imaging apparatus 200 is inversely proportional to the
distance between the wireless probe 100 and the ultrasonic
imaging apparatus 200. Specifically, the longer the distance
between the wireless probe 100 and the ultrasonic imaging
apparatus 200, the weaker the strength of the received
wireless signal. On the other hand, the shorter the distance
between the wireless probe 100 and the ultrasonic imaging
apparatus 200, the stronger the strength of the received
wireless signal. There are no limitations on the signal used
in calculating the receive signal strength.

[0118] In addition, the determiner 170 may calculate the
directional information between the wireless probe 100 and
the ultrasonic imaging apparatus 200 using radiation pattern
information. Referring to FIG. 10, shown is a radiation
pattern of radiation power being radiated from an antenna of
the ultrasonic imaging apparatus 200 as signals are trans-
mitted/received over a wireless communication network.
Specifically, the radiation power refers to power radiated as
the antenna radiates the signals, and the radiation pattern is
represented as a directional function of the radiation power
from the antenna of the ultrasonic imaging apparatus 200,
which is produced as the wireless signals are exchanged
between the wireless probe 100 and the ultrasonic imaging
apparatus 200.

[0119] The determiner 170 may determine a direction in
which the ultrasonic imaging apparatus 200 is located, using
the radiation pattern information. As shown in FIG. 10,
signal strength may be strong in the direction in which the
wireless probe 100 and the ultrasonic imaging apparatus 200
exchange signals. For example, the ultrasonic imaging appa-
ratus 200 may be situated at the center of the radiation
pattern while the wireless probe 100 is located in the
direction having the highest signal strength in the radiation
pattern.

[0120] In another example, the determiner 170 may derive
the directional information between the wireless probe 100
and the ultrasonic imaging apparatus 200 using triangula-
tion. The triangulation is a method for estimating position
information between devices on a 2D plane, and requires at
least three or more reference points. For this, the wireless
probe 100 may have three communication modules located
at different positions.

[0121] Accordingly, the determiner 170 may figure out
information about distances between the respective commu-
nication modules and the ultrasonic imaging apparatus 200
based on receive signal strengths with respect to the respec-
tive communication modules, and determine that the ultra-
sonic imaging apparatus 200 is located at a point of contact
on the coordinate system based on the distance information,
thereby deriving directional information of the ultrasonic
imaging apparatus 200 as well.

[0122] In another example, the wireless probe 100 may
include at least one position measurement sensor. The posi-
tion measurement sensor refers to a sensor for measuring a
position of the wireless probe 100.

[0123] Forexample, the position measurement sensor may
include, but not exclusively, a Global Positioning System
(GPS) for measuring the position with satellites, and a
Differential Global Positioning System (DGPS) that is
capable of measuring a position with high precision by
supplementing the GPS.

[0124] Position information (or location information)
transmitted to a terrestrial GPS from a satellite often has an
error. For example, if there are N GPSs, where N22, located
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close to one another, the N GPSs may have similar errors. In
this regard, DGPS may obtain more accurate data by off-
setting common errors that the N GPSs have to each other.
[0125] The position measurement sensor may figure out a
position of the wireless probe 100. Furthermore, as will be
described later, the ultrasonic imaging device 200 may also
include a position measurement sensor to measure a position
of the ultrasonic imaging apparatus 200. In this case, the
determiner 170 may determine whether to switch into the
low-power mode by comparing the position information of
the ultrasonic imaging apparatus 200 received from the
ultrasonic imaging apparatus 200 with the position informa-
tion of the wireless probe 100.

[0126] For example, if a distance between the wireless
probe 100 and the ultrasonic imaging apparatus 200 is not
greater than a predetermined distance, the determiner 170
may determine that ultrasound scanning is underway, thus
determining not to switch into the low-power mode. In other
words, if it is determined that the user is currently perform-
ing ultrasound scanning on an object because the distance
between the ultrasonic imaging apparatus 200 and the wire-
less probe 100 is close, the determiner 170 may determine
to remain in the current scanning mode. The predetermined
distance may be set in advance in a design stage, or set by
the user.

[0127] On the other hand, if the distance between the
wireless probe 100 and the ultrasonic imaging apparatus 200
is greater than the predetermined distance and a direction
between the wireless probe 100 and the ultrasonic imaging
apparatus 200 is typically determined to hardly appear in
ultrasound image scanning, the determiner 170 may deter-
mine that ultrasound scanning is not underway, thus deter-
mining to switch into the low-power mode.

[0128] For example, in ultrasound image scanning on an
object, the user performs the scanning while checking the
ultrasound image in real time. Accordingly, if the wireless
probe 100 is located opposite to the frontal direction of the
ultrasonic imaging apparatus 200, it is determined that the
ultrasound image scanning is not underway. The determiner
170 may then determine that the ultrasound image scanning
is not underway, thus determining to switch into the low-
power mode.

[0129] Switching into the low-power mode may be deter-
mined not only when the wireless probe 100 is located
opposite to the frontal direction of the display 220 of the
ultrasonic imaging apparatus 200.

[0130] For example, even if the wireless probe 100 is
located in front of the display 220 of the ultrasonic imaging
apparatus 200, if an angle between the wireless probe 100
and the display 220 of the ultrasonic imaging apparatus 200
is out of a predetermined range, it is difficult for the user to
perform ultrasound scanning while watching the display
220. Accordingly, the determiner 170 may determine
whether to switch into the low-power mode according to
whether the angle between the wireless probe 100 and the
display 220 of the ultrasonic imaging apparatus 200 is out of
the predetermined range.

[0131] The probe controller 180 may control general
operation of the wireless probe 100. The probe controller
180 may be implemented by a processor built into the
ultrasonic probe 100, and generate control signals to control
respective operation of the aforementioned components.
[0132] For example, the probe controller 180 may control
the ultrasound image acquiring unit 110 with a control signal
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to control transmission of an ultrasound signal and reception
of an echo ultrasound signal. In another example, the probe
controller 180 may control the communication unit 140 with
a control signal to perform communication with an external
device.

[0133] In yet another example, once it is determined to
switch into the low-power mode, the probe controller 180
may control the power unit 120 with a control signal to
control supply of power. Specifically, if it is determined that
ultrasound image scanning is not under way or that it is not
in a normal condition to provide the ultrasound image to the
user, the probe controller 180 may control the power unit
120 to prevent unnecessary power consumption.

[0134] In another embodiment, the probe controller 180
may control switching into the low-power mode according
to a determination result based on at least one of a condition
of a wireless communication network, whether an ultra-
sound image includes an object, position information
between the ultrasonic imaging apparatus 200 and the wire-
less probe 100, and whether the waiting time has passed.
Even while an ultrasound scanning mode remains, if the user
has no intent to perform the ultrasound image scanning, i.e.,
if ultrasound scanning is not currently underway, unneces-
sary power is consumed to maintain the scanning mode.
[0135] Inanembodiment, ifitis determined that the object
is not contained in the ultrasound image that has been
obtained until the waiting time has passed even in the
scanning mode of the wireless probe 100, the probe con-
troller 180 may control the wireless probe 100 to be
switched into the low-power mode.

[0136] Furthermore, if the user may not normally check
the ultrasound image through the ultrasonic imaging appa-
ratus 200 due to poor conditions of the wireless communi-
cation network, even if scanning is being actually per-
formed, it has no meaning.

[0137] Accordingly, in an embodiment, the wireless probe
100 may collect various information to determine whether
the user actually has an intent to perform ultrasound image
scanning, and combine them to determine whether to switch
into the low-power mode. In other words, the wireless probe
100 may provide both user convenience and power man-
agement efficiency by more precisely figuring out a need to
switch into the low-power mode.

[0138] The ultrasonic imaging apparatus 200 will now be
described in more detail.

[0139] Referring to FIG. 7, the ultrasonic imaging appa-
ratus 200 may include a display 210, an input unit 220, a
communication unit 230, an image processor 240, a memory
unit 250, a determiner 260, and a main controller 270. At
least one of the communication unit 230, the image proces-
sor 240, the memory unit 250, the determiner 260, and the
main controller 270 may be integrated in an SoC built into
the ultrasonic imaging apparatus 200. It is not limited as
being integrated in one SoC because the ultrasonic imaging
apparatus 200 may have more than one SoCs.

[0140] The display 210 may display various information.
For example, the display 210 may display an ultrasound
image acquired through image processing on an echo ultra-
sound signal. If the display 210 is implemented in a type of
touch screen, the display 210 may display a GUI for the user
to input various control commands for the ultrasonic imag-
ing apparatus 200 and the wireless probe 100. The display
210 implemented in the type of touch screen may also serve
as the input unit 220.
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[0141] The communication unit 230 may exchange data
with an external device over a communication network. The
communication network includes a wired communication
network in addition to the aforementioned wireless commu-
nication network. The wireless communication network will
not be described because it was already described above.
[0142] The wired communication network refers to a
commuuication network that enables wired communication
of signals including data. For example, the wired network
may include Peripheral Component Interconnect (PCI), PCI-
express, Universe Serial Bus (USB), etc., but is not limited
thereto. That is, the communication unit 230 may exchange
wireless signals including various data with the communi-
cation unit 140 of the wireless probe 100 over a wireless
communication network, and also exchange signals includ-
ing various data with an external device via a wired com-
munication network.

[0143] The image processor 240 may acquire an ultra-
sound image from an echo ultrasound signal, or obtain
image information by performing image processing on the
ultrasound image. For example, the image processor 240
may acquire an ultrasound image from an echo ultrasound
signal received from the wireless probe 100 through the
communication unit 230. The image information is the same
as what is described above, so the description will be
omitted.

[0144] The ultrasonic imaging apparatus 200 may include
a memory unit 250.

[0145] The memory unit 250 may store various data. For
example, the memory unit 250 may store data about ultra-
sound images, image information obtained from the ultra-
sound image, etc. Furthermore, the memory unit 250 may
store data about air images in respective modes.

[0146] The memory unit 250 may be implemented in the
type of flash memory, hard disk, multimedia card, micro
memory, card memory (e.g., SD or XD memory), etc., but
is not limited thereto.

[0147] The ultrasonic imaging apparatus 200 may further
include a determiner 260.

[0148] The determiner 260 may determine whether to
switch the wireless probe 100 into the low-power mode
based on at least one of a condition of a wireless commu-
nication network supporting wireless communication with
the wireless probe 100, whether the ultrasound image
includes an object, position information between the ultra-
sonic imaging apparatus 200 and the wireless probe 100, and
whether the waiting time of the wireless probe 100 has
passed.

[0149] As described above, the communication unit 230
may exchange wireless signals including various data with
the communication unit 140 of the wireless probe 100 over
a wireless communication network. Accordingly, the com-
munication unit 230 may deliver a control command for the
wireless probe 100, and in response, the communication unit
140 of the wireless probe 100 may deliver various data, such
as data about processing results in response to the control
command, data about status of operation of the wireless
probe 100, etc.

[0150] For example, the determiner 260 may check status
of connectivity of the wireless communication network that
supports connection with the wireless probe 100, and deter-
mine whether to switch into the low-power mode based on
the checking result. The determiner 260 may determine
whether to switch into the low-power mode by checking the



US 2017/0105703 A1

condition in which wireless signals are exchanged with the
wireless probe 100 through the communication network
230.

[0151] In this regard, the determiner may determine the
condition of the network communication network based on
transfer rate, signal quality, SNR, receive signal strength,
etc., of the wireless signals over the wireless communication
network, and in addition, using various parameters known to
the public.

[0152] The determiner 250 may determine whether it is
appropriate to provide the ultrasound image to the user
based on the condition of the wireless communication
network supporting wireless communication with the wire-
less probe 100. How to determine whether to switch into the
low-power mode based on the condition of the wireless
communication network is the same as what is described in
connection with the wireless probe 100, so the detailed
description will be omitted herein.

[0153] Furthermore, the determiner 260 may determine
whether to switch into the low-power mode by determining
whether the ultrasound image includes an object using
image information obtained through image processing on
the echo ultrasound image.

[0154] The ultrasound image may be acquired by the
image processor 240 of the ultrasonic imaging apparatus
200. Alternatively, the ultrasound image may be acquired by
the image processor 115 of the wireless probe 100 and
transmitted over the wireless communication network. The
image information may be obtained by the image processor
240 of the ultrasonic imaging apparatus 200 or obtained and
transmitted by the image processor 115 of the wireless probe
100.

[0155] For example, the determiner 260 may determine
similarity between the ultrasound image and an air image in
the same mode as for the ultrasound image by pixel-by-pixel
comparison of image information, and determine whether
the ultrasound image includes an object based on the deter-
mination of similarity. In an embodiment, if the similarity
determined by pixel-by-pixel comparison of image informa-
tion between the ultrasound image and the air mode in the
same mode as for the ultrasound image is higher than a
predetermined level, the determiner 260 may determine to
switch the wireless probe 100 into the low-power mode.
[0156] Furthermore, the determiner 250 may determine
whether to switch into the low-power mode according to
whether air images are acquired continuously for a prede-
termined waiting time. For example, the determiner 250 may
determine whether the user has an intent to use the wireless
probe 100 according to whether air images have been
created for a certain period of time, thereby preventing the
wireless probe 100 from being switched into the low-power
mode even if the user wants to scan the object to acquire its
ultrasound images.

[0157] In addition, the determiner 250 may determine
whether to switch into the low-power mode using position
information between the wireless probe 100 and the ultra-
sonic imaging apparatus 200. In this case, the determiner
250 may determine whether to switch into the low-power
mode using position information of the ultrasonic imaging
apparatus 200 measured through the position measurement
sensor and position information of the wireless probe 100
received from the wireless probe 100.

[0158] In addition, the determiner 250 may determine
whether to switch into the low-power mode by measuring
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position information between the wireless probe 100 and the
ultrasonic imaging apparatus 200 using receive signal
strength and radiation pattern information. The receive sig-
nal strength and radiation pattern information are the same
as what are described above in connection with the wireless
probe 100, so the description will be omitted. That is, details
of the receive signal strength and radiation pattern informa-
tion are the same as described above except that an entity to
calculate the receive signal strength and radiation pattern
information is changed to the ultrasonic imaging apparatus
200 from the wireless probe 100. In this case, the wireless
probe 100 may be situated at the center of the radiation
pattern while the ultrasonic imaging apparatus 200 is located
in the direction having the highest signal strength in the
radiation pattern.

[0159] Furthermore, the ultrasonic imaging apparatus 100
may have three communication modules located at different
positions. Accordingly, the determiner 260 may figure out
information about distances between the respective commu-
nication modules and the wireless probe 100 based on
receive signal strengths with respect to the respective com-
munication modules, and determine that the wireless probe
100 is located at a point of contact on the coordinate system
based on the distance information.

[0160] For example, referring to FIG. 11, the communi-
cation unit 230 of the ultrasonic imaging apparatus 100 may
include three communication modules 231, 232, and 233.
The three communication modules 231, 232, and 233 may
be located distant to one another, as shown in FIG, 11,

[0161] The determiner 260 may figure out information
about distances between the respective communication
modules 231, 232, and 233 and the wireless probe 100 based
on receive signal strengths calculated by the respective
communication modules 231, 232, and 233, and determine
that the wireless probe 100 is located at a point of contact on
the coordinate system based on the distance information,
thereby deriving directional information between the wire-
less probe 100 and the ultrasonic imaging apparatus 200 as
well.

[0162] For example, if a distance between the wireless
probe 100 and the ultrasonic imaging apparatus 200 is not
greater than a predetermined distance, the determiner 260
may determine that ultrasound scanning is underway, thus
determining not to switch into the low-power mode. In other
words, if it is determined that the user is currently perform-
ing ultrasound scanning on an object because the distance
between the ultrasonic imaging apparatus 200 and the wire-
less probe 100 is close, the determiner 260 may determine
to remain in the current scanning mode. A distance used as
a threshold to switch into the low-power mode may be set in
advance in a design stage or set by the user, and stored in the
memory unit 250.

[0163] On the other hand, if the distance between the
wireless probe 100 and the ultrasonic imaging apparatus 200
is greater than the predetermined distance and a direction
between the wireless probe 100 and the ultrasonic imaging
apparatus 200 is typically determined to hardly appear in
ultrasound image scanning, the determiner 260 may deter-
mine that ultrasound scanning is not underway or that the
user has no intent to use the wireless probe 100, thereby
determining to switch the wireless probe 100 into the
low-power mode.
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[0164] The ultrasonic imaging apparatus 200 may include
a main controller 260. The main controller 260 may be
implemented by a device capable of doing various opera-
tions, such as a processor.

[0165] The main controller 260 may generate control
signals to control the respective components of the ultra-
sonic imaging apparatus 200. For example, upon reception
of a control command from the user through the input umt
220, the main controller 260 may generate a control signal
corresponding to the control command to control at least one
of the components of the ultrasonic imaging apparatus 200.
[0166] In an embodiment, the main controller 260 may
control the communication unit 230 with a control signal to
transmit a switching command signal to the wireless probe
100. The switching command signal refers to a signal
including a command to switch the wireless probe 100 into
the low-power mode.

[0167] Specifically, if the determiner 250 determines that
switching into the low-power mode is required, based on the
status of the wireless probe 100, the main controller 260 may
control the communication unit 230 to send the switching
command signal to control operation of the wireless probe
100. Accordingly, the ultrasonic imaging apparatus 200 may
prevent unnecessary power consumption of the wireless
probe 100.

[0168] FIG. 13 is a flowchart for determining whether to
switch into a low-power mode in various methods, accord-
ing to an embodiment of the present disclosure. An ultra-
sonic imaging system may capture an ultrasound image
through the wireless probe, and provide the ultrasound
image to the user through the ultrasonic imaging apparatus.
In this case, it is important to manage power consumption of
the wireless probe due to miniaturization of the wireless
probe. Accordingly, even when the user has turned on the
wireless probe, if scanning is not underway, ie., if it is
determined that the user is not currently using the wireless
probe, it is important to reduce power consumption of the
wireless probe by switching the wireless probe into the
low-power mode. A method for determining whether to
switch to the low-power mode from the scanning mode will
now be described.

[0169] An entity to determine whether to switch into the
low-power mode may be one of the ultrasonic imaging
apparatus and the wireless probe, which constitute the
ultrasonic imaging system.

[0170] The ultrasonic imaging system may determine a
condition of a wireless communication network between the
ultrasonic imaging apparatus and the wireless probe, in
operation 1300. The condition of the wireless communica-
tion network refers to connection status of the wireless
communication network, which may be determined based
on transfer rate, signal quality, SNR, and receive signal
strength of the wireless signal.

[0171] If the condition of the wireless communication
network is determined to be appropriate for the wireless
probe to transmit ultrasound images or echo ultrasound
signals for the ultrasonic imaging apparatus to provide them
to the user in real time, the ultrasonic imaging system may
determine that the condition of the wireless communication
network is appropriate for use, thereby remaining in the
scanning mode.

[0172] If the condition is poorer than a predetermined
condition in operation 1310, the ultrasonic imaging system
may determine that the wireless probe is not able to provide
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the scanned ultrasound image to the user in real time,
thereby leading the wireless probe to be switched into the
low-power mode.

[0173] Forexample, if the ultrasonic imaging apparatus is
a determining entity, it may transmit a command signal to
switch into the low-power mode to the wireless probe based
on the determination result, thereby leading the wireless
probe to be switched into the low-power mode. In another
example, if the wireless probe is the determining entity, it
may be switched into the low-power mode by itself, based
on the determination result.

[0174] Otherwise, if the condition is better than the pre-
determined condition in operation 1330, the ultrasonic imag-
ing system may determine that the wireless probe is able to
normally capture ultrasound images and provide them to the
user, thereby remaining in the scanning mode. The prede-
termined condition may be set for each of various param-
eters as described above, and stored in the memory unit of
the ultrasonic imaging apparatus or wireless probe.

[0175] The ultrasonic imaging system may figure out
position information between the wireless probe and the
ultrasonic imaging apparatus, and determine whether an
ultrasound image is currently being acquired, based on the
position information, in operation 1340. In other words, in
light of the position information between the wireless probe
and the ultrasonic imaging apparatus, e.g., the position
information indicating that the wireless probe and the ultra-
sonic imaging apparatus are far away from each other, if it
is determined that diagnosis of an object is not being
currently made by acquiring an ultrasound image, the ultra-
sonic imaging system may determine to switch the wireless
probe into the low-power mode, in operation 1320.

[0176] Furthermore, the ultrasonic imaging system may
determine whether the ultrasound image includes an object,
and determine whether to switch into the low-power mode
based on the determination result of whether the ultrasound
image includes an object, in operation 1350. For example,
data about air images for the respective modes may be stored
in the memory unit of the ultrasonic imaging apparatus or
the wireless probe. Accordingly, the ultrasonic imaging
system may determine whether it is in the scanning mode by
comparing the data stored in the memory unit with an
ultrasound image acquired in real time.

[0177] For example, if it is determined that an object is
currently being scanned due to the significant difference
between the air image and the ultrasound image, the ultra-
sonic imaging system may remain in the scanning mode of
the wireless probe, in operation 1370. Otherwise, if it is
determined that an object is not currently being scanned due
to close similarity to the air image, the ultrasonic imaging
system may calculate non-scanning time, i.e., calculate
whether the waiting time has passed, in operation 1360. The
waiting time refers to a period of time for acquiring or
capturing an ultrasound image determined as the air image.
Accordingly, if the waiting time has passed, the ultrasonic
imaging system may determine to switch the wireless probe
into the low-power mode, in operation 1320.

[0178] As described above, the ultrasonic imaging system
may collect various information to determine whether to
switch into the low-power mode. Determination of whether
to switch into the low-power mode is not limited to what are
described in connection with the drawings, and may be made
by combining a condition of the wireless communication
network, position information, a result determined from
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image information, and whether the waiting time has passed
and determining based on the combination whether it is
difficult to normally provide the ultrasound image or that
ultrasound image scanning is not underway.

[0179] As described above, at least one of the ultrasonic
imaging apparatus and the wireless probe, which constitute
the ultrasonic imaging system, may determine whether to
switch into the low-power mode. Operations performed by
each of the wireless probe and ultrasonic imaging apparatus
will now be described.

[0180] FIG. 14 is a flowchart illustrating operation of a
wireless probe, according to an embodiment of the present
disclosure.

[0181] In an embodiment, a wireless probe may be
switched into the low-power mode if it is determined that the
user is not actually performing scanning even while in the
scanning mode. Whether to switch into the low-power mode
may be determined based on various criteria.

[0182] For example, whether to switch the wireless probe
into the low-power mode may be determined based on
various operating status of the wireless probe. In an embodi-
ment, the wireless probe may determine whether to switch
into the low-power mode based on at least one of a condition
of a wireless communication network, whether an ultra-
sound image includes an object, position information
between the ultrasonic imaging apparatus and the wireless
probe, and whether the waiting time has passed, in operation
1400.

[0183] The condition of a wireless communication net-
work refers to connection status of the wireless communi-
cation network that connects the wireless probe and the
ultrasonic imaging apparatus, which may be determined
based on various parameters that may be set as references to
determine the condition of the wireless communication
network.

[0184] Whether the ultrasound image is about an object
may be determined by obtaining image information from the
ultrasound image through image processing and determining
whether the ultrasound image includes an object based on
the obtained image information.

[0185] The position information may be figured out by
deriving distance information and directional information
based on receive signal strength and radiation pattern infor-
mation. The wireless probe may include three communica-
tion modules at different positions. Accordingly, the position
information may be figured out by triangulation.

[0186] Alternatively, with position measurement sensors
built into the wireless probe and the ultrasonic imaging
apparatus, the wireless probe may receive position informa-
tion of the ultrasonic imaging apparatus from the ultrasonic
imaging apparatus over a wireless communication network
and thus determine position information between both
devices.

[0187] The waiting time is set in advance in the wireless
probe, and if the waiting time has passed, the wireless probe
may determine that the user has no intent to perform
ultrasound image scanning, thereby determining to switch
into the low-power mode.

[0188] IfatleastN cases are met, where N=1, among cases
that a condition of the wireless communication network is
unable to normally deliver an ultrasound image or echo
ultrasound signal, that the ultrasound image contains no
object, that it is not determined that normal ultrasound image
scanning is underway in light of the position information
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between the ultrasonic imaging apparatus and the wireless
probe, that the waiting time has passed, the wireless probe
may be switched into the low-power mode. Accordingly, if
the user is not actually performing scanning even while in
the scanning mode, the wireless probe may be switched into
the low-power mode, thereby preventing unnecessary power
consumption.

[0189] FIG. 15 is a flowchart illustrating operation of an
ultrasonic imaging apparatus, according to an embodiment
of the present disclosure.

[0190] An ultrasonic imaging apparatus may determine
whether to switch the wireless probe into the low-power
mode by determining status of operation of the wireless
probe. If the user is not actually performing scanning or the
ultrasound image may not be provided to the user in real
time even while the wireless probe is in the normal power
mode, such as normal scanning mode, the wireless probe
may be switched into the low-power mode.

[0191] Forexample, the ultrasonic imaging apparatus may
determine whether to switch the wireless probe into the
low-power mode by receiving status of operation of the
wireless probe over the wireless communication network or
determining connection status of the wireless communica-
tion network.

[0192] In an embodiment, the ultrasonic imaging appara-
tus may determine whether to switch the wireless probe into
the low-power mode based on at least one of a condition of
the wireless communication network, whether the ultra-
sound image contains an object, position information
between the ultrasonic imaging apparatus and the wireless
probe, and whether the waiting time has passed, in operation
1500. This will not be described any further because it was
already described above.

[0193] Once it is determined to switch into the low-power
mode, the ultrasonic imaging apparatus may transmit a
switching command signal to request the wireless probe to
be switched into the low-power mode over the wireless
communication network, in operation 1510. In response to
reception of the switching command signal, the wireless
probe may be switched into the low-power mode, thereby
preventing unnecessary power consumption.

[0194] According to embodiments of the present disclo-
sure of a wireless probe and ultrasonic imaging apparatus,
whether to switch into a low-power mode may be more
accurately determined, thereby enabling more efficient
power management.

[0195] The method according to the embodiments of the
present disclosure may be implemented in program instruc-
tions which are executable by various computing means and
recorded in computer-readable media. The computer-read-
able media may include program instructions, data files, data
structures, etc., separately or in combination. The program
instructions recorded on the computer-readable media may
be designed and configured specially for the present disclo-
sure, or may be well-known to people having ordinary skill
in the art of computer software. Examples of the computer
readable recording medium include read-only memories
(ROMs), random-access memories (RAMs), Compact Disc
(CD)-ROMs, magnetic tapes, floppy disks, optical data
storage devices, etc. The computer readable recording
medium can also be distributed over network-coupled com-
puter systems so that the computer readable code 1s stored
and executed in a distributed fashion. Examples of the
program instructions include not only machine language
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codes but also high-level language codes which are execut-
able by various computing means using an interpreter. The
aforementioned hardware devices may be configured to
operate as one or more software modules to carry out
exemplary embodiments of the present disclosure, and vice
versa.

[0196] Although the present disclosure is described with
reference to some embodiments as described above and
accompanying drawings, it will be apparent to those ordi-
nary skilled in the art that various modifications and changes
can be made to the embodiments. For example, the afore-
mentioned method may be performed in different order,
and/or the aforementioned systems, structures, devices, cir-
cuits, etc., may be combined in different combinations from
what is described above, and/or replaced or substituted by
other components or equivalents thereof, to obtain appro-
priate results.

[0197] Therefore, other implementations, other embodi-
ments, and equivalents thereof may fall within the following
claims.

What is claimed is:
1. A wireless probe comprising:
a determiner for determining whether to switch into a
low-power mode based on at least one of a condition of
a wireless communication network, whether an ultra-
sound image is about an object, position information
between an ultrasonic imaging apparatus and the wire-
less probe, and whether a predetermined waiting time
has passed; and
a probe controller for controlling switching into the
low-power mode based on the determination result.
2. The wireless probe of claim 1, wherein the determiner
is configured to
determine the condition of the wireless communication
network based on at least one of transfer rate, signal
quality, signal to noise ratio (SNR), and receive signal
strength indication (RSSI) of a wireless signal over the
wireless communication network.
3. The wireless probe of claim 1, wherein the determiner
is configured to
determine the condition of the wireless communication
network based on a signal threshold received by a user
or set in advance.
4. The wireless probe of claim 1, wherein the determiner
is configured to
determine whether the ultrasound image corresponds to
an air image using image information obtained through
image processing on the ultrasound image.
5. The wireless probe of claim 1, wherein the determiner
is configured to
determine whether to switch into a low-power mode
based on at least one of distance information and
directional information between the wireless probe and
the ultrasonic imaging apparatus.
6. The wireless probe of claim 5, wherein the determiner
is configured to
determine whether to switch into a low-power mode
based on whether the distance information between the
wireless probe and the ultrasonic imaging apparatus is
within a predetermined distance, the distance informa-
tion being calculated based on receive signal strength.
7. The wireless probe of claim 5, wherein the determiner
is configured to
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determine whether to switch into a low-power mode
based on the distance information and directional infor-
mation between the wireless probe and the ultrasonic
imaging apparatus calculated using triangulation or
radiation pattern information.
8. An ultrasonic imaging apparatus comprising:
a determiner for determining whether to switch a wireless
probe into a low-power mode based on at least one of
a condition of a wireless communication network that
supports wireless communication with the wireless
probe, whether an ultrasound image contains an object,
position information between the ultrasonic imaging
apparatus and the wireless probe, and whether waiting
time of the wireless probe has passed; and
a main controller to control a communication unit to
transmit a command signal to the wireless probe to be
switched into the low-power mode, once it is deter-
mined to switch the wireless probe into the low-power
mode.
9. The ultrasonic imaging apparatus of claim 8, wherein
the determiner is configured to
determine the condition of the wireless communication
network based on at least one of transfer rate, signal
quality, signal to noise ratio (SNR), and receive signal
strength indication (RSSI) of a wireless signal over the
wireless communication network.
10. The ultrasonic imaging apparatus of claim 8, wherein
the determiner is configured to
determine the condition of the wireless communication
network based on a signal threshold received by a user
or set in advance.
11. The ultrasonic imaging apparatus of claim 8, wherein
the determiner is configured to
determine whether the ultrasound image corresponds to
an air image using image information obtained through
image processing on the ultrasound image.
12. The ultrasonic imaging apparatus of claim 8, wherein
the determiner is configured to
determine whether to switch into a low-power mode
based on at least one of distance information and
directional information between the wireless probe and
the ultrasonic imaging apparatus.
13. The ultrasonic imaging apparatus of claim 12, wherein
the determiner is configured to
determine whether to switch into a low-power mode
based on whether the distance information between the
wireless probe and the ultrasonic imaging apparatus is
within a predetermined distance, the distance informa-
tion being calculated based on receive signal strength.
14. The ultrasonic imaging apparatus of claim 12, wherein
the determiner is configured to
determine whether to switch into a low-power mode
based on the distance information and directional infor-
mation between the wireless probe and the ultrasonic
imaging apparatus calculated using triangulation or
radiation pattern information.
15. A method for controlling a wireless probe, the method
comprising:
determining whether to switch into a low-power mode
based on at least one of a condition of a wireless
communication network, whether an ultrasound image
is about an object, position information between an
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ultrasonic imaging apparatus and the wireless probe,
and whether a predetermined waiting time has passed;
and
controlling switching into the low-power mode based on
the determination result.
16. The method of claim 15, wherein determining whether
to switch into a low-power mode comprises,
determining the condition of the wireless communication
network based on at least one of transfer rate, signal
quality, signal to noise ratio (SNR), and receive signal
strength indication (RSSI) of a wireless signal over the
wireless communication network.
17. The method of claim 15, wherein determining whether
to switch into a low-power mode comprises,
determining whether to switch into a low-power mode
based on at least one of distance information and
directional information between the wireless probe and
the ultrasonic imaging apparatus.
18. The method of claim 17, wherein determining whether
to switch into a low-power mode comprises,
determining whether to switch into a low-power mode
based on whether the distance information between the
wireless probe and the ultrasonic imaging apparatus is
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within a predetermined distance, the distance informa-
tion being calculated based on receive signal strength.

19. The method of claim 17, wherein determining whether

to switch into a low-power mode comprises,

determining whether to switch into a low-power mode
based on the distance information and directional infor-
mation between the wireless probe and the ultrasonic
imaging apparatus calculated using triangulation or
radiation pattern information.

20. A method for controlling an ultrasonic imaging appa-

ratus, the method comprising:

determining whether to switch a wireless probe into a
low-power mode based on at least one of a condition of
a wireless communication network that supports wire-
less communication with the wireless probe, whether
an ultrasound image contains an object, position infor-
mation between the ultrasonic imaging apparatus and
the wireless probe, and whether waiting time of the
wireless probe has passed; and

controlling a communication unit to transmit a command
signal to the wireless probe to be switched into the
low-power mode, once it is determined to switch the
wireless probe into the low-power mode.
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