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PORTABLE ULTRASONIC DIAGNOSTIC
APPARATUS AND METHOD OF
CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2015-0075917, filed on May 29, 2015 in
the Korean Intellectual Property Office and U.S. Patent Appli-
cation U.S. 62/088,014, filed on Dec. 5, 2014 in the United
States Patent and Trademark Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to a portable ultrasonic diagnostic
apparatus and a method of controlling the same.

[0004] 2. Description of the Related Art

[0005] Theultrasonic imaging apparatuses are apparatuses
that each apply an ultrasonic wave toward a target area inside
an object from a surface of the object, receive a reflected echo
ultrasonic wave, and obtain a tomogram of a soft tissue or an
image of a blood flow in a non-invasive manner.

[0006] The ultrasonic imaging apparatuses are advanta-
geous in that they are small and cheap, and can display diag-
nostic images inreal time compared to other image diagnostic
apparatuses such as X-ray diagnostic apparatuses, computet-
ized tomography (CT) scanners, magnetic resonance imaging
(MRI) apparatuses, etc. Due to these advantages, the ultra-
sonic imaging apparatuses are being widely used.

[0007] Among the ultrasonic imaging apparatuses, there
are portable ultrasonic diagnostic apparatuses that each
include a probe which transmits and receives an ultrasonic
wave and a main body including a display unit which displays
various contents based on a signal received from the probe
and a controller which controls operations of the display unit
and other components, and have portability and mobility.

SUMMARY

[0008] Oneor more exemplary embodiments provide a por-
table ultrasonic diagnostic apparatus, which changes a layout
of an image displayed on a flexible display, and a method of
controlling the same.

[0009] Additional aspects of the invention will be set forth
in part in the description which follows and, in part, will be
obvious from the description, or may be learned by practice of
the invention.

[0010] In accordance with one aspect of the present inven-
tion, a portable ultrasonic diagnostic apparatus includes a
flexible display and a controller which changes a layout of an
image displayed on the flexible display.

[0011] The flexible display may display at least one of an
ultrasonic image and a control panel which receives a control
command of the portable ultrasonic diagnostic apparatus on
one or more display areas.

[0012] The controller may extend, shrink, move, rotate,
power-on, or power-off one or more display areas of the
flexible display.

[0013] The controller may enlarge, reduce, rotate, or
change the image displayed on the flexible display.

[0014] The portable ultrasonic diagnostic apparatus may
further include a probe which transmits or receives an ultra-
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sonic wave and generates an electrical signal corresponding
to the received ultrasonic wave, and the controller, when the
controller receives the electrical signal, may change the lay-
out of the image.

[0015] The portable ultrasonic diagnostic apparatus may
further include an input unit which receives a layout change
command from a user, and the controller may change the
layout of the image according to the layout change command.
[0016] The input unit may include an emergency mode
button, and the flexible display, when the emergency mode
button is selected, may display an emergency mode image
which provides a guide for emergency situation to the user.
[0017] The emergency mode image may include an image
which indicates a position of a diagnosis portion of an object.
[0018] The flexible display, when the emergency mode but-
ton is selected, may display an image which indicates a posi-
tion of a diagnosis portion of an object based on at least one of
a focused assessment with sonography for trauma (FAST)
pericardial, perihepatic, perisplenic, and pelvic (4Ps) refer-
ence and a FAST airway, breathing, circulation, and disability
(ABCD) reference.

[0019] The input unit may include an emergency mode
button, and the flexible display, when the emergency mode
button is selected, may display a text which provides a guide
for emergency situation to the user.

[0020] The portable ultrasonic diagnostic apparatus may
further include a sensor which detects a physical change of
the flexible display, and the controller may change the layout
of the image according to a detecting signal of the sensor.
[0021] The sensor may include a contact sensor which
detects contact of both ends of the flexible display.

[0022] The controller may power off the flexible display
when the contact sensor detects the contact of the both ends,
and display each of an ultrasonic image and a control panel
which receives a control command of the portable ultrasonic
diagnostic apparatus on each of a plurality of areas of the
flexible display when the contact sensor does not detect the
contact of the both ends.

[0023] The sensor may include an angle sensor which
detects a bending degree of the flexible display.

[0024] Thecontroller may extend or shrink a display area in
which an image of the flexible display is displayed based on
a detection signal of the angle sensor.

[0025] The controller, when the flexible display is bent a
preset angle or more, may control so as to display the same
plane of the same object on a first area and second area of the
flexible display.

[0026] The controller, when the flexible display is bent a
preset angle or more, may control so as to display each of
front and rear surfaces or left and right surfaces of a three-
dimensional image, or a current image and a past image on a
first area and second area of the flexible display.

[0027] Thesensor may include at least one of a gyro sensor,
an acceleration sensor, a pressure sensor, and a temperature
Sensor.

[0028] The flexible display may be implemented using a
touch screen and may display a control panel which receives
a control command from the user through a user interface.
[0029] The control panel may implement at least one of a
keyboard, a mouse, a trackball, a time gain compensation
(TGC) control knob, a lateral gain compensation (LGC) con-
trol knob, and a paddle as the user interface.

[0030] The controller may change the user interface imple-
mented by the control panel.
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[0031] The portable ultrasonic diagnostic apparatus may
further include a freeze button which stops an ultrasonic
image displayed on the flexible display.

[0032] The portable ultrasonic diagnostic apparatus may
further include a wireless probe which transmits or receives
an ultrasonic wave and generates an electrical signal corre-
sponding to the received ultrasonic wave.

[0033] The wireless probe may include a beamformer
which applies a time delay to the ultrasonic wave.

[0034] The portable ultrasonic diagnostic apparatus may
further include an input unit which receives a control com-
mand which simultaneously controls a plurality of display
areas of the flexible display from a user.

[0035] The flexible display and the controller may be
implemented in a portable computer or a portable terminal.
[0036] In accordance with another aspect of the present
invention, a method of controlling a portable ultrasonic diag-
nostic apparatus includes changing a layout of an image dis-
played on a flexible display, and displaying at least one of an
ultrasonic image and a control panel which receives a control
command of the portable ultrasonic diagnostic apparatus on
the flexible display according to the changed layout.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] These and/or other aspects of the invention will
become apparent and more readily appreciated from the fol-
lowing description of the embodiments, taken in conjunction
with the accompanying drawings of which:

[0038] FIGS. 1A and 1B are control block diagrams illus-
trating a portable ultrasonic diagnostic apparatus in accor-
dance with one exemplary embodiment;

[0039] FIGS. 2 and 3 are diagrams illustrating exteriors of
portable ultrasonic diagnostic apparatuses in accordance with
respective other exemplary embodiments;

[0040] FIG. 4 is a diagram illustrating examples of various
forms of a main body;

[0041] FIG.5isa diagram illustrating an example of one or
more display areas which display contents of a flexible dis-
play;

[0042] FIGS. 6 to 12 are diagrams illustrating various

examples of a flexible display of which a layout is changed
according to a control signal of a system controller;

[0043] FIGS.13to 16 are diagrams illustrating examples of
an image displayed on a flexible display which guides diag-
nosis to the user according to a first reference;

[0044] FIGS. 17 and 18 are diagrams illustrating examples
of an image displayed on a flexible display which guides
diagnosis to the user according to a second reference;
[0045] FIG. 19 is a diagram illustrating an exterior of a
main body on which a sensor is mounted in accordance with
another exemplary embodiment;

[0046] FIG. 20 is a diagram for describing examples of
various forms of a flexible display;

[0047] FIGS. 21 to 23 are diagrams for describing
examples of a flexible display of which a layout is changed
according to a control signal;

[0048] FIGS. 24A and 24B are diagrams illustrating exte-
riors of main bodies including flexible displays which are
folded two and three times, respectively;

[0049] FIG. 24C is a diagram for describing another
embodiment of a foldable flexible display; and

[0050] FIG. 25 is a flowchart for describing a method of
controlling a portable ultrasonic diagnostic apparatus in
accordance with one exemplary embodiment.
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DETAILED DESCRIPTION

[0051] Reference will now be made in detail to the exem-
plary embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout.

[0052] Hereinafter, a configuration of a portable ultrasonic
diagnostic apparatus in accordance with one exemplary
embodiment will be described with reference to FIGS. 1A to
3

[0053] FIGS. 1A and 1B are control block diagrams illus-
trating the portable ultrasonic diagnostic apparatus in accor-
dance with an exemplary embodiment. FIGS. 2 and 3 are
diagrams illustrating exteriors of portable ultrasonic diagnos-
tic apparatuses in accordance with respective other exem-
plary embodiments.

[0054] Referring to FIG. 1A, the portable ultrasonic diag-
nostic apparatus 10 includes a probe 100 which applies an
ultrasonic wave to an object ob, receives an echo ultrasonic
wave reflected from the object ob, and converts the echo
ultrasonic wave into an electrical signal, and a main body 200
which generates an ultrasonic image based on the electrical
signal.

[0055] Referring to FIG. 1B, the probe 100 in accordance
with one exemplary embodiment includes a transducer mod-
ule 110, a beamformer 120, a transceiving switch 123, an
amplifier 124, and an analog-to-digital converter 125.

[0056] The transducer module 110 generates an ultrasonic
wave according to an applied pulse and applies the ultrasonic
wave to the object ob. The ultrasonic wave applied to the
object ob is reflected from a target area inside the object ob.
The transducer module 110 receives the reflected echo ultra-
sonic wave and converts the received echo ultrasonic wave
into the electrical signal.

[0057] The object ob may also be a body of a human or
animal, or tissue in the body such as blood vessels, bones,
muscles, or the like, but is not limited thereto. Anything of
which an internal structure can be imaged by the portable
ultrasonic diagnostic apparatus 10 may become the object ob.

[0058] The beamformer 120 is a device which applies an
appropriate delay time to the applied ultrasonic wave or the
received echo ultrasonic wave so that the ultrasonic wave
generated from the transducer module 110 is focused on one
target area of the object ob at the same desired time or a
difference between times at which the echo ultrasonic wave
reflected and returned from the target area of the object ob
reaches transducer elements included in the transducer mod-
ule 110 is overcome.

[0059] The beamformer 120 includes a pulser 121, a pulse
delay unit 122, an echo delay unit 126, and an adder 127.

[0060] Thepulser 121 generates an alternating current volt-
age (i.e., a pulse) to drive the transducer module 110 when an
ultrasonic wave is applied.

[0061] Thenumberof pulsers 121 present correspond to the
number of transducer elements included in the transducer
module 110 or the number of channels.

[0062] When the ultrasonic wave is applied, the transceiv-
ing switch 123 operates in a transmission mode, the pulser
121 generates a voltage pulse, for example, in a range of -80
V1o +80V or 0V to 200V as a transmission pulse, and thus,
the voltage pulse may be input to each of the transducer
elements included in the transducer module 110.
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[0063] Thepulse delay unit 122 adds a delay time to a pulse
according to a focus point and steering angle of the ultrasonic
wave to form a transmission signal pattern when the ultra-
sonic wave is applied.

[0064] Further, the number of pulse delay units 122 present
may correspond to the number of transducer elements
included in the transducer module 110 or the number of
channels.

[0065] The pulse delay unit 122 applies the delay time to
each of the transducer elements so that the pulse generated
from the pulser 121 may reach the focus point. In this case, the
focus point is a plurality, and the plurality of focus points may
form one scan line. The time delayed voltage pulse may be
input to each of the transducer elements included in the trans-
ducer module 110 as a transmission pulse.

[0066] The echo delay unit 126 applies a time delay to a
digital signal of each of the transducer elements according to
the focus point and steering angle of the ultrasonic wave when
the ultrasonic wave is received.

[0067] When the transceiving switch 123 operates in a
reception mode after the ultrasonic wave application is com-
pleted and the transducer module 110 receives the echo ultra-
sonic wave, the echo delay unit 126 receives the digital signal
corresponding to the echo ultrasonic wave from the analog-
to-digital converter 125, and applies a time delay to the digital
signal of each of the transducer elements included in the
transducer module 110 based on the focus point and steering
angle of the ultrasonic wave with respect to the target area.
[0068] As anexample, the echo delay unit 126 dynamically
sets a delay frequency based on at least one of whether a
two-dimensional transducer array is included or not, a focus-
ing depth, a steering angle, an aperture size, the number of
activated transducer elements, and the like, and applies a
delay time to the digital signal of each of the transducer
elements included in the transducer module 110 according to
the set delay frequency.

[0069] The adder 127 adds the time delayed digital signals
of each of the transducer elements when the vltrasonic wave
is received.

[0070] The adder 127 adds the digital signals of the trans-
ducer elements included in the transducer module 110 to
which the delay time is applied by the echo delay unit 126 to
focus into one digital signal. The focused digital signal is
output from the probe 100 and transferred to a signal process-
ing unit 220 of the main body 200. After signal processing is
performed on the focused digital signal by the signal process-
ing unit 220, various image processing methods for generat-
ing an ultrasonic image may be performed by an image pro-
cessing unit 230.

[0071] In the portable ultrasonic diagnostic apparatus 10
illustrated in FIG. 1B, the beamformer 120 may be included
in the probe 100 corresponding to a front-end as described
above or the main body 200 corresponding to a back-end.
Since an embodiment of the beamformer 120 is not limited
thereto, all or some components of the beamformer 120 may
be included in any one of the front-end and the back-end.
[0072] The transceiving switch 123 switches a mode to a
transmission mode when the ultrasonic wave is applied or to
a reception mode when the ultrasonic wave is received
according to a control signal of a system controller 240 of the
main body 200.

[0073] Theamplifier 124 amplifies a voltage according to a
current output from the transducer module 110.
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[0074] The amplifier 124 may include a pre-amplifier
which amplifies a fine size of an analog signal and a low noise
amplifier (LNA) may be used as the pre-amplifier.

[0075] Further, the amplifier 124 may include a variable
gain amplifier (VGA) (not shown) which controls a gain value
according to an input signal. In this case, a time gain com-
pensation (TGC) method which compensates a gain value
according to a focus point or a distance to the focus point, or
a lateral gain compensation (LGC) method which compen-
sates a gain value in a lateral direction may be used as the
VGA, however, this is not limited thereto.

[0076] Theanalog-to-digital converter 125 converts an ana-
log voltage output from the amplifier 124 into a digital signal.
[0077] Although it has been described that the converted
digital signal is input from the analog-to-digital converter 125
to an echo delay unit 126 of the beamformer 120 in FI1G. 1B,
on the other hand, it is possible that the delayed analog signal
is input from the echo delay unit 126 to the analog-to-digital
converter 125, and thus, the order is not limited.

[0078] Although it has been described that the analog-to-
digital converter 125 is included in the probe 100 in FIG. 1B,
this is not limited thereto. It is possible that the analog-to-
digital converter 125 is included in the main body 200. In this
case, the analog-to-digital converter 125 may receive the
analog signal focused by the adder 127 from the probe 100 to
convert into the digital signal.

[0079] The main body 200, which is a device including
components necessary for controlling of the probe 100 or
generating of the ultrasonic image based on the signal
received from the probe 100, may be connected to the probe
100 through a cable or a wireless communication network.
[0080] Hereinafter, the signal processing unit 220, the
image processing unit 230, and the system controller 240
included in the main body 200 will be described, and a flex-
ible display 250 and an input unit 260 will also be described.
[0081] The signal processing unit 220 converts the focused
digital signal received from the probe 100 into a form suitable
for image processing. For example, the signal processing unit
220 may perform filtering for removing a noise signal except
a desired frequency band.

[0082] Further, the signal processing unit 220 may be
implemented using a digital signal processor (DSP), may
generate ultrasonic image data by performing an envelope
detection processing method which detects a size of the echo
ultrasonic wave based on the focused digital signal.

[0083] The image processing unit 230 generates an image
so that the user, for example, a doctor or a patient may visually
determine the object ob, for example, the inside of the human
body based on the ultrasonic image data generated by the
signal processing unit 220.

[0084] The image processing unit 230 transmits the ultra-
sonic image generated using the ultrasonic image data to the
flexible display 250.

[0085] Further, the image processing unit 230 may further
perform additional image processing on the ultrasonic image
according to the exemplary embodiments. For example, the
image processing unit 230 may further perform image post-
processing such as correction or readjustment of contrast,
brightness, or sharpness of the ultrasonic image.

[0086] The additional image processing of the image pro-
cessing unit 230 as described above may be performed
according to a preset procedure, or the user’s instruction or a
command input through the input unit 260.
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[0087] The system controller 240 controls overall opera-
tions of the portable ultrasonic diagnostic apparatus 10. For
example, the system controller 240 controls operations of the
signal processing unit 220, the image processing unit 230, the
probe 100, and the flexible display 250.

[0088] According to the exemplary embodiment, the sys-
tem controller 240 may control the operations of the portable
ultrasonic diagnostic apparatus 10 according to the preset
procedure, or after a predetermined control command is gen-
erated according to the user’s instruction or command input
through the input unit 260.

[0089] The system controller 240 may include a memory
which stores program and data for controlling the probe 100
and the main body 200, and components included in the probe
100 and the main body 200, and a processor which generates
a control signal according to the program and data stored in
the memory.

[0090] The system controller 240 in accordance with one
exemplary embodiment may change a layout of display areas
displayed on the flexible display 250 when the system con-
troller 240 receives an electrical signal from the probe 100.
[0091] The system controller 240 in accordance with
another exemplary embodiment may change a layout of
images displayed on the flexible display 250 when the system
controller 240 receives a layout change command from the
input unit 260.

[0092] When a sensor is attached to the main body 200, the
system controller 240 in accordance with still another exem-
plary embodiment may change the layout of the images dis-
played on the flexible display 250 according to whether a
physical deformation is caused or not or the degree of defor-
mation detected by the attached sensor.

[0093] Detailed description of the change of the layout will
be described below.

[0094] The system controller 240 may include a processor,
a read only memory (ROM) which stores a control program
for controlling the portable ultrasonic diagnostic apparatus
10, and a random access memory (RAM) which stores a
signal input from the probe 100 or the input unit 260 of the
portable ultrasonic diagnostic apparatus 10 or the ultrasonic
image data and is used as a storage area corresponding to
various operations performed in the portable ultrasonic diag-
nostic apparatus 10.

[0095] Further, a graphic processing board including the
processor, the RAM, or the ROM may be included in a sepa-
rate circuit board electrically connected to the system con-
troller 240. The processor, the RAM, and the ROM may be
interconnected through an internal bus.

[0096] Further, the system controller 240 may be used as a
term which refers to components including the processor, the
RAM, and the ROM. Further, the system controller 240 may
be used as a term which refers to components including the
processor, the RAM, the ROM, and the graphic processing
board.

[0097] The flexible display 250, which is a display manu-
factured using a bendable material such as a plastic board, is
referred to as a folding, rolling, or bending display which is
light and unbreakable and has a flexible material compared to
other displays. The flexible display 250 is freely bent and thus
may also be replaced with publications for fashion for cloth-
ing as well as medical diagnosis.

[0098] Referring to FIG. 2, the flexible display 250 has a
bending degree of freedom that allows the user to bend a
screen. For example, the bending degree of freedom indicates
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that the user may hold both edges (e.g., a first end portion and
a second end portion) and convexly or concavely bend back
and forth.

[0099] The flexible display 250 may display various con-
tents in one or more display areas. For example, the flexible
display 250 may display the ultrasonic image generated by
the image processing unit 230 in at least one of the display
areas, and thus, the user may visually determine an internal
structure or tissue of the object ob. Detailed description of the
one or more display areas will be described below.

[0100] Referring again to FIG. 1B, the input unit 260
receives a predetermined instruction or command from the
user in order to control the portable ultrasonic diagnostic
apparatus 10.

[0101] For example, the input unit 260 may include a user
interface such as a keyboard, a mouse, a trackball, a TGC
control knob, a LGC control knob, or a paddle.

[0102] Referring to FIG. 2, the input unit 260 is imple-
mented using a touch screen, allows the above-described
trackball 261 and TGC control knobs 262 to be implemented
on the flexible display 250 as the user interface. In addition,
the input unit 260 allows various buttons, wheels, or knobs
manipulatable by the user such as the keyboard, the mouse,
the LGC control knob, or the paddle to be implemented on the
flexible display 250 as the user interface.

[0103] When the input unit 260 is implemented using the
touch screen, the input unit 260 is integrated with the flexible
display 250 to display the contents or receive the user’s com-
mand.

[0104] The input unit 260 may receive a command for
simultaneously controlling the plurality of display areas as
well as a command for controlling each of the plurality of
display areas included in the flexible display 250.

[0105] Each of components of the probe 100 and the main
body 200 may be interconnected through the bus.

[0106] Further, the probe 100 and the main body 200 may
be connected through various ports and cables such as a
Universal Serial Bus (USB) cable in a wire manner as illus-
trated in FIG. 2, or each include a wireless communication
module, may be connected through a wireless communica-
tion network, and may transmit and receive an electrical
signal as illustrated in FIG. 3.

[0107] Meanwhile, although the main body 200 ofa laptop
form that can be folded once is described in FIGS. 2 and 3, the
main body 200 may be implemented in various forms. FIG. 4
is a diagram illustrating examples of various forms of a main
body.

[0108] Referring to FIG. 4, the main body 200 may be
implemented using a portable computer or a portable terminal
including a flexible display 250. Here, the portable computer,
for example, may include a notebook computer, a laptop
personal computer (PC), a tablet PC, or a slate PC, in which a
web browser is installed, and the portable terminal, which is
a wireless communication device that can be gripped by one
hand and ensures the portability and mobility thereof, for
example, may include any type of a hand-held based wireless
communication device such as a personal communication
system (PCS) terminal, global system for mobile communi-
cations (GSM) terminal, a personal digital cellular (PDC)
terminal, a personal handy-phone system (PHS) terminal, a
personal digital assistant (PDA), an international mobile tele-
communication (IMT)-2000 terminal, a code division mul-
tiple access (CDMA)-2000 terminal, a wideband code divi-
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sion multiple access (WCDMA) terminal, a wireless
broadband Internet (WiBro) terminal, a smart phone, a weat-
able device, etc.

[0109] The flexible display 250 included in the main body
200 may include one or more planes according to a form of
the mainbody 200 or different from the form of'the main body
200, or may include one or more concave or convex surfaces.

[0110] Hereinafter, a wireless probe which transfers digital
signals to the main body 200 through a wireless communica-
tion network will be described as an example of the probe
100, and the main body 200, which includes the input unit 260
implemented on the flexible display 250 using a touch screen
and is implemented in a laptop form that can be folded once,
will be described as an example, but forms of the probe 100
and the main body 200 are not limited thereto.

[0111] Theflexible display 250 may display contents in one
or more display areas. FIG. 5 is a diagram illustrating an
example of one or more display areas which display contents
of a flexible display.

[0112] Here, the one or more display areas refer to unit
areas of the flexible display 250 which display at least one
image, and first to fourth areas to be described below refer to
display areas distinct from each other.

[0113] Referring to FIG. 5, the flexible display 250 may
display an ultrasonic image in a first area D1 at an upper
portion thereof, and a control panel in a second area D2 at a
lower portion thereof. Here, the first area D1 and the second
area D2 may be implemented using a touch screen.

[0114] The ultrasonic image refers to an ultrasonic image
generated by the image processing unit 230 based on the
digital signals received from the probe 100, and the control
panel refers to a touch screen image which receives a control
command of the user.

[0115] The flexible display 250 may display the control
panel in the first area D1 and the ultrasonic image in the
second area D2, or the ultrasonic image or the control panel in
both the first area D1 and the second area D2, and thus, the
displayed image may be different from that illustrated in FIG.
5.

[0116] An example of the ultrasonic image includes an
amplitude mode (A-mode) image, a brightness mode
(B-mode) image, a Doppler mode (D-mode) image, an elas-
tography mode (E-mode) image, and a motion mode
(M-mode) image, or the like. Here, the D-mode image
includes a color Doppler image and a spectral Doppler image.

[0117] The flexible display 250 in accordance with one
exemplary embodiment may change a layout of the image
displayed according to a control signal of the system control-
ler 240.

[0118] “The change of the layout” may include extension,
shrinkage, movement, rotation, or power on/off of at least one
of the display areas D1 and D2, and enlargement, reduction,
rotation, or change of the image displayed in at least one of the
display areas D1 and D2.

[0119] FIGS. 6 to 12 are diagrams illustrating various
examples of a flexible display of which a layout is changed
according to a control signal of a system controller.

[0120] Referring to FIG. 6, the flexible display 250 may
extend the first area D1 according to the control signal. In this
case, an area of the firstarea D1 in which the ultrasonic image
is displayed may extend to an area of the second area D2, and
the second area D2 may be shrunk by the extension of the first
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area D1. On the other hand, the flexible display 250 may
shrink the first area D1 and extend the second area D2 accord-
ing to the control signal.

[0121] Here, the extension includes at least one of exten-
sion in a longitudinal direction, a horizontal direction, and a
diagonal direction.

[0122] When the first area D1 is extended, a range of the
ultrasonic image of the object ob displayed in the first area D1
may be widened, and when the second area D2 is shrunk, a
command which the control panel displayed in the second
area D2 may receive may be changed.

[0123] For example, when the main body 200 receives the
digital signal from the probe 100, the first area D1 may be
extended in a longitudinal direction, the second area D2 may
be shrunk in a longitudinal direction, the control panel dis-
played in the second area D2 may be changed from a state in
which the TGC control knobs 262 and the trackball 261 are
displayed to a state in which only the trackball 261 is dis-
played.

[0124] Further, referring to FIG. 7, the flexible display 250
may extend the first area D1 and rotate the image displayed in
the first area D1 according to the control signal. In this case,
the area of the first area D1 in which the ultrasonic image is
displayed may extend into the area of the second area D2, the
ultrasonic image may be rotated by a predetermined angle,
and the second area D2 may be removed by the extension of
the first area D1. On the other hand, the flexible display 250
may remove the first area D1, extend the second area D2, and
rotate the image displayed in the second area D2 according to
the control signal.

[0125] Whenthe firstarea D1 extends and rotates, the range
of the ultrasonic image of the object ob displayed in the first
area D1 may be increased.

[0126] For example, when the main body 200 receives the
digital signal from the probe 100, the first area D1 may rotate
by 90° and simultaneously extend in a horizontal direction,
and the second area D2 may be removed.

[0127] Anangleofrotation or a degree of extension may be
arbitrarily changed by the user through operations of the
control panel or a separate input device.

[0128] Further, referring to FIG. 8, the flexible display 250
may move each of areas in which the ultrasonic image and the
control panel are displayed according to the control signal.
[0129] In this case, the flexible display 250 may move the
ultrasonic image displayed in the first area D1 to the second
area D2, and the control panel displayed in the second area D2
to the first area D1 according to the control signal.

[0130] For example, when the main body 200 receives the
digital signal from the probe 100, the ultrasonic image dis-
played in the first area D1 may be displayed in the second area
D2 and the control panel displayed in the second area D2 may
be displayed in the first area D1.

[0131] Further, referring to FIG. 9, the flexible display 250
may enlarge or reduce the image displayed in the first area D1
or the second area D2 according to the control signal.
[0132] For example, when the main body 200 receives the
digital signal from the probe 100, the flexible display 250 may
increase the scale of the ultrasonic image displayed in the first
area D1 to enlarge the ultrasonic image. In this case, an
enlargement center point of the enlarged ultrasonic image
may be a predetermined point, the scale of enlargement or a
movement of the enlargement center point may be operated
by the user through the control panel or a separate input
device.
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[0133] Further, referring to FIGS. 10 to 12, the flexible
display 250 may change the image displayed in the first area
D1 or the second area D2 according to the control signal.

[0134] Forexample, referring to FIG. 10, in a state in which
the flexible display 250 displays a B-mode image in the first
area D1 and the B-mode image and a TGC control knob are
simultaneously displayed in the second area D2, when the
main body 200 receives a digital signal related to a D-mode
image from the probe 100, the flexible display 250 displays a
color Doppler image in the first area D1, and a spectral Dop-
pler image in the second area D2.

[0135] Further, referring to FIG. 11, in a state in which the
flexible display 250 displays a B-mode image in the first area
D1 and afirst control panel which displays a trackball 261 and
TGC control knobs 262 are displayed in the second area D2,
when the flexible display 250 receives a command (e.g.,
pressing separate touch buttons 263) which changes the
image displayed in the first area D1 to a second control panel
due to the first control panel, the flexible display 250 may
display LGC control knobs 264 and a sub display area 265 in
the first area D1, and the first control panel in the second area
D2.

[0136] Further, referring to FIG. 12, in a state in which the
flexible display 250 displays a B-mode image in the first area
D1 and the first control panel which displays the trackball 261
and the TGC control knobs 262 are displayed in the second
area D2, when the flexible display 250 receives a command
(e.g., pressing separate touch buttons 266) which changes the
image displayed in the second area D2 to a third control panel
due to the first control panel, the flexible display 250 may
display the ultrasonic image in the first area D1, and the third
control panel which receives a user input through a keyboard
in the second area D2.

[0137] In addition, the flexible display 250 may display
various images in the first area D1 or the second area D2
according to the control signal, and thus, it is not limited to the
change to the color Doppler image and the spectral Doppler
image illustrated in FIG. 10, to the change from the ultrasonic
image in the first area D1 to the control panel illustrated in
FIG. 11, and to the change to a mode of the control panel in the
second area D2 illustrated in FIG. 12.

[0138] Meanwhile, the flexible display 250 displays the
image in at least one of the display areas according to the
control signal of the system controller 240 and changes a
layout of the image, and thus, the control signal may be
differently generated according to the transmitting of the
electrical signal of the probe 100, the user input, or a detection
signal of a separately mounted sensor.

[0139] According to one exemplary embodiment, when the
system controller 240 receives the electrical signals from the
probe 100, the system controller 240 may generate the control
signal which changes the layout of the image displayed in at
least one of the display areas.

[0140] Forexample, when the probe 100 and the main body
200 are connected through a USB cable, the USB cable is
connected to a USB port of the main body 200, and when the
USB cableis connected to the USB port of the main body 200,
the system controller 240 may generate the control signal
which extends the first area D1.

[0141] Further, in the case in which the probe 100 and the
main body 200 are connected through a wireless communi-
cation network, when it is determined that the main body 200
and the probe 100 are connectable within a distance through
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the wireless communication network, the system controller
240 may generate the control signal which extends the first
area D1.

[0142] According to another exemplary embodiment,
when the system controller 240 receives a preset command
from the user, the system controller 240 may generate the
control signal which changes the layout of the image dis-
played in at least one of the display areas.

[0143] For example, when a separate “emergency mode”
button is provided in the main body 200 and the emergency
mode button is pressed, the system controller 240 enters in the
“emergency mode,” and may generate the control signal so
that the flexible display 250 which displays the ultrasonic
image in one area displays the ultrasonic image and the con-
trol panel in the first area D1 and the second area D2, respec-
tively, in multiple areas.

[0144] Further, when the user presses the emergency mode
button, the system controller 240 enters in the emergency
mode, and may generate the control signal so that the flexible
display 250 displays an emergency mode image in the first
area D1 and the ultrasonic image in the second area D2. Here,
the entry to the emergency mode refers to executing a pro-
gram which guides a portion necessary for ultrasonic diag-
nosis using at least one of an image, a sound, and a text when
an emergency occurs.

[0145] Hereinafter, a portable ultrasonic diagnostic appa-
ratus which guides a portion necessary for the ultrasonic
diagnosis to the user through an image will be described with
reference to FIGS. 13 to 18.

[0146] FIGS. 131016 are diagrams illustrating examples of
an image displayed on a flexible display which guides diag-
nosis to the user according to a first reference. FIGS. 17 and
18 are diagrams illustrating examples of an image displayed
on a flexible display which guides diagnosis to the user
according to a second reference.

[0147] The first reference, for example, may be a focused
assessment with sonography for trauma (FAST) pericardial,
perihepatic, perisplenic, and pelvic (4Ps) reference as an
international reference, and the second reference, for
example, may be a FAST airway, breathing, circulation, and
disability (ABCD) reference as an international reference.
Hereinafter, the first reference will be described as the FAST
4Ps reference, and the second reference will be described as
the FAST ABCD reference.

[0148] Referring to FIG. 13, when an emergency mode
button or an emergency mode icon 251 is selected by the user,
afirst reference icon 252 and a second reference icon 253 may
be displayed in a first area D1 of the flexible display.

[0149] When the user selects any one of the first and second
reference icons 252 and 253, one or more diagnosis portions
which can be diagnosed may be displayed in a diagnosis
portion display area 254 of the first area D1 according to the
selected reference, and when the user selects any one of the
diagnosis portions, the selected diagnosis portion may be
displayed in a guide area 255 of the first area D1.

[0150] Furthermore, a position of each of the diagnosis
portions may be briefly displayed as a thumbnail in a thumb-
nail display area 256.

[0151] For example, referring to FIG. 14, when the first
reference icon 252 is selected, an icon for selecting any one of
perihepatic, pericardial, perisplenic, and pelvic portions may
be displayed in a diagnosis portion display area 254.

[0152] When the user selects the pericardial portion, a posi-
tion and direction of a virtual probe 257 for obtaining an
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image of the pericardial portion may be displayed in the guide
area 255. In this case, the user may actually locate the probe
100 at the pericardial portion of the object ob with reference
to the guide area 255, and an ultrasonic image of the pericar-
dial portion may be displayed in the second area D2 by
transmission and reception of an ultrasonic wave. The ultra-
sonic image of the pericardial portion may be stored in a
memory.

[0153] Further, referring to FIG. 15, when an ultrasonic
image of the pericardial portion is obtained, a thumbnail of a
position of a diagnosis portion displayed in a thumbnail dis-
play area 256 may be changed to a thumbnail of the obtained
ultrasonic image.

[0154] Thus, the user may determine that the ultrasonic
image is already obtained for any diagnosis portion.

[0155] Further, referring to FIG. 16, when an ultrasonic
image ofeach ofthe diagnosis portions is obtained, thumbnail
indicators of the ultrasonic image displayed in the thumbnail
display area 256 may be further displayed in the guide area
255.

[0156] For example, when an ultrasonic image of the peri-
hepatic portion is obtained and a thumbnail of the ultrasonic
imageis displayed as a first thumbnail, a first indicator may be
displayed at a point at which the perihepatic portion is located
in the guide area 255.

[0157] Further, when any ultrasonic image of two pericar-
dial portions is obtained and a thumbnail of each ultrasonic
image is displayed as a fourth thumbnail and a 4.1 thumbnail,
a fourth indicator and a 4.1 indicator may be displayed at
points at which the pericardial portions are located in the
guide area 255.

[0158] Further, when an ultrasonic image of the perisplenic
portion is obtained and a thumbnail of the ultrasonic image of
the perisplenic portion is displayed as a second thumbnail, a
second indicator may be displayed at a point at which the
perisplenic portion is located in the guide area 255.

[0159] When an ultrasonic image of the pelvic portion is
obtained and a thumbnail of the ultrasonic image of the pelvic
portion is displayed as a third thumbnail, a third indicator may
be displayed at a point at which the pelvic portion is located
in the guide area 255.

[0160] Meanwhile, referring to FIG. 17, when the second
reference icon 253 is selected, icons for respectively selecting
any one diagnosis portion of an airway, lung, cardiovascular,
trauma, and orbital portions may be displayed in the diagnosis
portion display area 254.

[0161] Similar to the first reference, when the user selects
the airway portion, a position and direction of the virtual
probe for obtaining an image of the airway portion may be
displayed in the guide area 255. In this case, the user may
actually locate the probe 100 at the airway portion of the
object ob with reference to the guide area 255, and an ultra-
sonic image of the airway portion may be displayed in the
second area D2 by transmission and reception of the ultra-
sonic wave. The ultrasonic image of the airway portion may
be stored in a memory.

[0162] Further, in the same manner as the first reference,
when the ultrasonic image of the airway portion is obtained,
a thumbnail of a position of a diagnosis portion displayed in
the thumbnail display area 256 may be changed to a thumb-
nail of the obtained ultrasonic image.

[0163] Thus, the user may determine that the ultrasonic
image is already obtained for any diagnosis portion.
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[0164] Further, referring to FIG. 18, in the same manner as
the first reference. when the ultrasonic image of each of the
diagnosis portions is obtained, a thumbnail indicator of the
ultrasonic image displayed in the thumbnail display area 256
may be further displayed in the guide area 255.

[0165] For example, when the ultrasonic image of the air-
way portion is obtained and the thumbnail of the ultrasonic
imageis displayed as a first thumbnail, a first indicator may be
displayed at a point at which the airway portion is located in
the guide area 255.

[0166] Further, when an ultrasonic image of the lung por-
tion is obtained and a thumbnail of the ultrasonic image of the
lung portion is displayed as a second thumbnail, a second
indicator may be displayed at a point at which the lung portion
is located in the guide area 255.

[0167] Further, when an ultrasonic image of the cardiovas-
cular portion is obtained and thumbnails of ultrasonic images
of the cardiovascular portion are displayed as a third thumb-
nail and a 3.1 thumbnail, a third indicator and a 3.1 indicator
may be displayed at points at which the cardiovascular por-
tion is located in the guide area 255.

[0168] When ultrasonic images of the trauma portions are
obtained and thumbnails of the ultrasonic images of the
trauma portions are displayed as a fourth thumbnail and a 4.1
thumbnail, a fourth indicator and a 4.1 indicator may be
displayed at points at which the trauma portions are located in
the guide area 255.

[0169] Although it has been described that the emergency
mode image is displayed in the first area D1 and the ultrasonic
image is displayed in the second area D2 in the above
described example, the display areas of the emergency mode
image and the ultrasonic image are not limited thereto, and
disposition thereof may be interchanged or the display areas
may also be displayed in the other area. Further, the control
panel may be displayed in the second area D2 in addition to
the ultrasonic image, however, it is not limited to that the
ultrasonic image is displayed.

[0170] Further, although it has been described that each
reference, diagnosis portion, or the like is selected by icon
selection of the user in the above described example, a next
reference or diagnosis portion may be automatically selected
by the system controller 240 when the ultrasonic image of
each reference or diagnosis portion is obtained.

[0171] Further, a selectable diagnosis portion may be
changed or added according to the user input. Further, when
the control panel displayed in the second area D2 of the
flexible display 250 includes a freeze button which stops the
ultrasonic image and the user touches and inputs the freeze
button, the system controller 240 may generate a control
signal so that the flexible display 250, which displays the
image in the plurality of display areas in multiple areas,
displays only in the first area D1 and removes the second area
D2. In this case, the ultrasonic image displayed in the first
area D1 of the flexible display 250 may be stopped by the
input of the freeze button even when the electrical signal is
continuously transmitted from the probe 100.

[0172] According to still another exemplary embodiment,
the system controller 240 may generate a control signal which
changes a layout of at least one of the display areas according
to a detection signal of a separately mounted sensor. Herein-
after, a process of generating the control signal of the main
body 200 on which the sensor is mounted will be described
with reference to FIGS. 19 to 23.
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[0173] FIG. 19 is a diagram illustrating an exterior of a
main body on which a sensor is mounted in accordance with
another exemplary embodiment. FIG. 20 is a diagram for
describing examples of various forms of a flexible display.
FIGS. 21 to 23 are diagrams for describing examples of a
flexible display of which a layout is changed according to a
control signal

[0174] The flexible display 250 included in a main body
200 uses a bendable material as described above and has a
folding, rolling, or bending property.

[0175] In order to determine a degree to which the flexible
display 250 is folded or curled, the main body 200 may
further include separate sensors 271 and 272.

[0176] Forexample, when the flexible display 250 having a
first end portion E1 and a second end portion E2 is bent in any
one direction as illustrated in FIG. 19, a contact sensor 271 of
the main body 200 detects whether the first end portion E1
and the second end portion E2 are in contact with each other
or not, and thus may determine whether the flexible display
250 is folded or not.

[0177] When the contact sensor 271 detects the contact of
the first end portion E1 and the second end portion E2, the
system controller 240 may change a layout of the flexible
display 250 based on a detection signal of the contact sensor
271.

[0178] Further, when the flexible display 250 is bent in any
one direction, the other (angle) sensor 272 of the main body
200 detects a separating or facing degree of the first end
portion E1 and the second end portion E2, and thus may
determine a bending degree of the flexible display 250.
[0179] When the angle sensor 272 detects the bending
degree of the flexible display 250, the system controller 240
may change the layout of the flexible display 250 based on a
detection signal of the angle sensor 272,

[0180] Referring to FIG. 20, when the contact sensor 271
detects the contact of the first end portion E1 and the second
end portion E2 and the angle sensor 272 determines an angle
between the first end portion E1 and the second end portion
E2 to be less than 30°, the system controller 240 may control
so that the image is not displayed in each area of the flexible
display 250.

[0181] Next, when the contact sensor 271 detects the non-
contact between the first end portion E1 and the second end
portion E2 and the angle sensor 272 determines the angle
between the first end portion E1 and the second end portion
E2 to be 30° or more and less than 130°, the system controller
240 may control so thata predetermined image is displayed in
each area of the flexible display 250.

[0182] Next, when the contact sensor 271 detects the non-
contact between the first end portion E1 and the second end
portion E2 and the angle sensor 272 determines the angle
between the first end portion E1 and the second end portion
E2 to be 130° or more and less than 190°, the system control-
ler 240 may control so that any one area of the flexible display
250 is extended and the other areas are shrunk.

[0183] Forexample, referring to FIG. 21, when the flexible
display 250 is changed from a folding state to a unfolded state
by the manipulation of the user, the contact sensor 271 detects
the non-contact between the first end portion E1 and the
second end portion E2, and the angle sensor 272 determines
the angle between the first end portion E1 and the second end
portion E2 to be 130° or more, the system controller 240 may
extend an area of the first area D1 and shrink an area of the

Jun. 9, 2016

second area D2 so as to be in proportional to the angle
between the first end portion E1 and the second end portion
B2.

[0184] Referring again to FIG. 20, when the contact sensor
271 detects the non-contact between the first end portion E1
and the second end portion E2 and the angle sensor 272
determines the angle between the first end portion E1 and the
second end portion E2 to be 190° or more and less than 360°,
the system controller 240 may control so that the same plane
ofthe same image is displayed or a front/rear ultrasonic image
of the three dimensional object ob, a left/right ultrasonic
image, or a current/past ultrasonic image is displayed in each
area of the flexible display 250.

[0185] Forexample, referring to FIG. 22, when the flexible
display 250 is unfolded in a different direction from the
folded direction by the operation of the user and the angle
sensor 272 determines the angle between the first end portion
E1 and the second end portion E2 to be 200°, the system
controller 240 may control the flexible display 250 so that the
same ultrasonic image is displayed in the first area D1 and the
second area D2. In this case, a user which observes the first
area D1 and a user which observes the second area D2 may
observe the same ultrasonic image.

[0186] Further, referring to FIG. 23, when the flexible dis-
play 250 is unfolded in a different direction from the folded
direction by the operation of the user and the angle sensor 272
determines the angle between the first end portion E1 and the
second end portion E2 to be 200°, the system controller 240
may control the flexible display 250 so that the front of the
three-dimensional image is displayed in the first area D1 and
the rear of the three-dimensional image is displayed in the
second area D2. In this case, the user may simultaneously
observe the front and rear of the three-dimensional image on
one flexible display 250.

[0187] As described above, although the system controller
240 may change the layout of the flexible display 250 based
on the detection signals of the contact sensor 271 and the
angle sensor 272, the sensors included in the main body 200
are not limited to the contact sensor 271 and the angle sensor
272 and include various sensors capable of detecting a physi-
cal change of the flexible display 250 such as a gyro sensor, an
acceleration sensor, a pressure sensor, a temperature sensor, a
deformation sensor, etc.

[0188] Further, the layout of the flexible display 250
changed by the detection signals of the sensors is not limited
to the above described.

[0189] Meanwhile, although the flexible display 250 which
is folded once and displays one image in each area and the
main body 200 including the same have been described in the
above-described embodiment, the flexible display 250 may
be folded multiple times and may display the plurality of
images in each area.

[0190] FIGS. 24A and 24B are diagrams illustrating exte-
riors of main bodies including flexible displays which are
folded twice and three times, respectively. FIG. 24C is a
diagram for describing another embodiment of a foldable
flexible display.

[0191] Referring to FIG. 24A, when the flexible display
250 is folded twice, the flexible display 250 configured of one
plane may display animage in three display areas D1, D2, and
D3. A layout of the display areas D1, D2, and D3 may be
changed according to the control signal of the system con-
troller 240.
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[0192] Referring to FIG. 24B, when the flexible display
250 is folded three times, the flexible display 250 configured
of one plane may display an image in four display areas D1,
D2,D3, and D4. A layout of the display areas D1, D2,D3, and
D4 may be changed according to the control signal of the
system controller 240.

[0193] For example, as illustrated in FIG. 24C, the flexible
display 250 may power on or off the second area D2 and the
fourth display area D4 according to the control signal of the
system controller 240. The power on or off of each display
area may be controlled according to a user input.

[0194] Meanwhile, although it has been described that the
flexible display 250 is folded multiple times and the plurality
of images are displayed in respective areas in the above-
described embodiment, the flexible display 250 may form one
or more curved surfaces by performing only bending without
folding, the system controller 240 may change the layout
according to a bending degree of the flexible display 250, and
thus, the physical change of the flexible display 250 is not
limited to the above-described example.

[0195] In the above-described embodiment, some of the
components included in the portable ultrasonic diagnostic
apparatus 10 may be implemented using a type of a ‘module.’
Here, the ‘module’ refers to software or a hardware compo-
nent such as a field programmable gate array (FPGA) or an
application specific integrated circuit (ASIC) and the module
performs any function. However, the module is not limited to
the software or the hardware component. The module may be
configured to be stored in an addressable storage and to
execute one or more processors.

[0196] Therefore, as anexample, the module includes com-
ponents such as software components, object-oriented soft-
ware components, class components, and task components,
and processes, functions, attributes, procedures, subroutines,
segments of program code, drivers, firmware, microcode,
circuits, data, databases, data structures, tables, arrays, and
variables. Functions provided in the components and mod-
ules may be coupled to a smaller number of components and
modules or may be further separated into additional compo-
nents and modules. In addition, the above-described compo-
nents and modules may execute one or more CPUs in the
device.

[0197] Hereinafter, a method of controlling the portable
ultrasonic diagnostic apparatus will be described with refer-
ence to FIG. 25. FIG. 25 is a flowchart for describing a
method of controlling a portable ultrasonic diagnostic appa-
ratus in accordance with one exemplary embodiment.
[0198] The portable ultrasonic diagnostic apparatus 10 in
accordance with one exemplary embodiment changes a lay-
out of an image displayed in the flexible display 250 accord-
ing to a situation.

[0199] According to one exemplary embodiment, when a
main body 200 of the portable ultrasonic diagnostic apparatus
10 receives an electrical signal related to an echo ultrasonic
wave from a probe 100 (“yes” in S1100), a flexible display
250 may change a layout of the displayed image (S1400).
[0200] Here, the change of the layout may include exten-
sion, shrinkage, movement, rotation, or power on/off of at
least one display area of the flexible display 250, and enlarge-
ment, reduction, or change of the image displayed in the at
least one display area.

[0201] For example, in the case in which the probe 100 is
implemented as a wireless probe and a beamformer 120 and
an analog-to-digital converter 125 are included in the probe
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100, when the flexible display 250 receives an electrical sig-
nal related to an echo ultrasonic wave from the probe 100, the
flexible display 250 may change the layout of the image
displayed in the flexible display 250.

[0202] According to another exemplary embodiment, the
user of the portable ultrasonic diagnostic apparatus 10 inputs
a control command which changes the layout through the
input unit 260 (“yes” in S1200), the flexible display 250 may
change the layout of the displayed image (S1400).

[0203] For example, when an “emergency mode” hard key
is provided in the main body 200 and the user presses the
emergency mode hard key, the flexible display 250 may dis-
pose a first area of the flexible display 250 on a front thereof
to be suitable for the emergency situation and may display the
ultrasonic image in a horizontal direction in the first area.
[0204] As another example, when the user inputs a control
command for changing the layout through the control panel
displayed by the flexible display 250 of the main body 200,
the flexible display 250 may change the layout according to
the control panel of the user.

[0205] According to still another exemplary embodiment,
when a sensor is provided in the portable ultrasonic diagnos-
tic apparatus 10 and the sensor generates a detection signal
(“yes” in S1300), the flexible display 250 may change the
layout of the displayed image corresponding to the detection
signal.

[0206] For example, when a contact sensor is provided in
the main body 200 of the portable ultrasonic diagnostic appa-
ratus 10, the system controller 240 may determine a current
state of the flexible display 250 (e.g., contact or non-contact,
or folded or not) corresponding to the detection signal of the
contact sensor, and may generate a control signal which con-
trols the flexible display 250 according to the determined state
of the flexible display 250. The flexible display 250 may
change the layout of the displayed image according to the
control signal of the system controller 240.

[0207] For another example, when an angle sensor is pro-
vided in the portable ultrasonic diagnostic apparatus 10, the
system controller 240 may determine a current state of the
flexible display 250 (e.g., a bending angle of the flexible
display 250) corresponding to the detection signal of the
angle sensor, and may generate a control signal which con-
trols the flexible display 250 according to the determined state
of the flexible display 250. The flexible display 250 may
change the layout of the displayed image according to the
control signal of the system controller 240.

[0208] As described above, although the layout of the flex-
ible display 250 may be changed based on the detection
signals of the contact sensor and the angle sensor, the sensor
is not limited to the contact sensor and the angle sensor and
includes various sensors capable of detecting a physical
change of the flexible display 250 such as a gyro sensor, an
acceleration sensor, a pressure sensor, a temperature sensor, a
deformation sensor, etc.

[0209] According to the portable ultrasonic diagnostic
apparatuses according to various exemplary embodiments, an
image necessary for diagnosing an object is appropriately
disposed on a flexible display according to a situation, and
thus, the user can intuitively determine an ultrasonic image.
[0210] Meanwhile, the above-described method of control-
ling the portable ultrasonic diagnostic apparatus 10 may be
implemented as computer-readable codes in a computer-
readable recording medium. The computer-readable record-
ing medium includes all types of recording media in which
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computer-readable data is stored. Examples of the computer-
readable recording medium include a ROM, a RAM, a com-
pact disk ROM (CD-ROM), a magnetic tape, a floppy disk, a
flash memory, and an optical data storage. Further, the com-
puter-readable recording medium may be distributed in com-
puter systems connected to a computer communication net-
work, and may be stored and executed as a readable code in a
distributed mannet.

[0211] As is apparent from the above description, the por-
table ultrasonic diagnostic apparatus in accordance with one
exemplary embodiment can appropriately dispose an image
necessary for diagnosing an object on a flexible display
according to a situation, and thus the user can intuitively
determine an ultrasonic image.

[0212] Theabove description of the invention is only exem-
plary, and it will be understood by those skilled in the art that
various modifications can be made without departing from
the scope of the present invention and without changing
essential features. Therefore, the above-described embodi-
ments should be considered in a descriptive sense only and
not for purposes of limitation. For example, each component
that is described as a single type may be implemented in a
distributed form, and on the other hand, the components that
are described as distributed may be implemented in a com-
bined form.

What is claimed is:

1. A portable ultrasonic diagnostic apparatus comprising;

a flexible display; and

a controller configured to change a layout of an image

displayed on the flexible display.

2. The apparatus according to claim 1, wherein the flexible
display displays at least one of an ultrasonic image and a
control panel configured to receive a control command of the
portable ultrasonic diagnostic apparatus on one or more dis-
play areas.

3. The apparatus according to claim 1, wherein the control-
ler extends, shrinks, moves, rotates, powers-on, or powers-off
one or more display areas of the flexible display.

4. The apparatus according to claim 1, wherein the control-
ler enlarges, reduces, rotates, or changes the image displayed
on the flexible display.

5. The apparatus according to claim 1, further comprising
a probe configured to transmit or receive an ultrasonic wave
and generate an electrical signal corresponding to the
received ultrasonic wave,

wherein the controller changes the layout of the image

when the controller receives the electrical signal.

6. The apparatus according to claim 1, further comprising
an input unit configured to receive a layout change command
from a user,

wherein the controller changes the layout of the image

according to the layout change command.

7. The apparatus according to claim 6, wherein the input
unit includes an emergency mode button, and

the flexible display displays an emergency mode image

configured to provide a guide for an emergency situation
to the user when the emergency mode button is selected.

8. The apparatus according to claim 7, wherein the emer-
gency mode image includes an image configured to indicate a
position of a diagnosis portion of an object.

9. The apparatus according to claim 7, wherein the flexible
display displays an image configured to indicate a position of
a diagnosis portion of an object based on at least one of a
focused assessment with sonography for trauma (FAST) peri-
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cardial, perihepatic, perisplenic, and pelvic (4Ps) reference
and a FAST airway, breathing, circulation, and disability
(ABCD) reference when the emergency mode button is
selected.

10. The apparatus according to claim 6, wherein the input
unit includes an emergency mode button, and

the flexible display displays a text configured to provide a

guide for an emergency situation to the user when the
emergency mode button is selected.

11. The apparatus according to claim 1, further comprising
a sensor configured to detect a physical change of the flexible
display,

wherein the controller changes the layout of the image

according to a detecting signal of the sensor.

12. The apparatus according to claim 11, wherein the sen-
sor includes a contact sensor configured to detect contact of
both ends of the flexible display.

13. The apparatus according to claim 12, wherein the con-
troller powers off the flexible display when the contact sensor
detects the contact of the both ends, and displays each of an
ultrasonic image and a control panel configured to receive a
control command of the portable ultrasonic diagnostic appa-
ratus on each of a plurality of areas of the flexible display
when the contact sensor does not detect the contact of the both
ends.

14. The apparatus according to claim 11, wherein the sen-
sor includes an angle sensor configured to detect a bending
degree of the flexible display.

15. The apparatus according to claim 14, wherein the con-
troller extends or shrinks a display area in which an image of
the flexible display is displayed based on a detection signal of
the angle sensor.

16. The apparatus according to claim 14, wherein the con-
troller controls so as to display the same plane of the same
object on a first area and second area of the flexible display
when the flexible display is bent a preset angle or more.

17. The apparatus according to claim 14, wherein the con-
troller controls so as to display each of front and rear surfaces
or left and right surfaces of a three-dimensional image, or a
current image and a past image on a first area and second area
of the flexible display when the flexible display is bent a
preset angle or more.

18. The apparatus according to claim 11, wherein the sen-
sor includes at least one of a gyro sensor, an acceleration
sensor, a pressure sensor, and a temperature sensor.

19. The apparatus according to claim 1, wherein the flex-
ible display is implemented using a touch screen and displays
acontrol panel configured to receive a control command from
the user through a user interface.

20. The apparatus according to claim 19, wherein the con-
trol panel implements at least one of a keyboard, a mouse, a
trackball, a time gain compensation (TGC) control knob, a
lateral gain compensation (LGC) control knob, and a paddle
as the user interface.

21. The apparatus according to claim 19, wherein the con-
troller changes the user interface implemented by the control
panel.

22. The apparatus according to claim 1, further comprising
a freeze button configured to stop an ultrasonic image dis-
played on the flexible display.

23. The apparatus according to claim 1, further comprising
a wireless probe configured to transmit or receive an ultra-
sonic wave and generate an electrical signal corresponding to
the received ultrasonic wave.
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24. The apparatus according to claim 23, wherein the wire-
less probe includes a beamformer configured to apply a time
delay to the ultrasonic wave.

25. The apparatus according to claim 1, further comprising
an input unit configured to receive a control command which
simultaneously controls a plurality of display areas of the
flexible display from a user.

26. The apparatus according to claim 1, wherein the flex-
ible display and the controller are implemented in a portable
computer or a portable terminal.

27. A method of controlling a portable ultrasonic diagnos-
tic apparatus, comprising;

changing a layout of an image displayed on a flexible

display; and

displaying at least one of an ultrasonic image and a control

panel configured to receive a control command of the
portable ultrasonic diagnostic apparatus on the flexible
display according to the changed layout.
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