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sound transceiver adapted toreceive ultrasonic echo sig-
nals reflected after transmitting unfocused or defocused
ultrasonic signals having a first frame rate; a converter
adapted to convert ultrasonic echo signals received by

the ultrasound transceiver into digital signals; an image

processor adapted to generate a plurality of image data

Ultrasonic probe apparatus and control method thereof
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combine the plurality of image data having a first frame
rate into a plurality of composite image data having a
second frame rate; and a transmitter adapted to transmit
the plurality of composite image data having the second
frame rate.
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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] Thisapplication claims priority from Korean Pat-
ent Application No. 10-2012-0137219 filed November 29,
2012 in the Korean Intellectual Property Office, the dis-
closure of which is incorporated herein by reference in
its entirety.

BACKGROUND
1. Field

[0002] Apparatuses and methods consistent with ex-
emplary embodiments relate to an ultrasonic probe ap-
paratus that can transmit ultrasonic image data, which
are generated by using echo signals reflected in re-
sponse to transmitting unfocused or defocused ultrason-
ic signals, to an external display apparatus and a control
method thereof.

2. Description of the Related Art

[0003] Anultrasound is widely used in the medical field
to obtain the internal information of an object because of
noninvasive and nondestructive characteristics. The ul-
trasonic diagnostic system is able to provide doctors in
real-time with high-resolution images of the object with-
out the need of a surgery, thereby being frequently used
in the medical field.

[0004] The probe of the ultrasonic apparatus includes
a transducer array to transmit ultrasonic signals and re-
ceive reflected ultrasonic signals as echo signals. The
ultrasonic probe transmits the received echo signals to
the external display apparatus as analog signals. How-
ever, the ultrasonic probe needs a heavy multi-conductor
wire for transmitting analog electrical signals, which un-
duly increases the weight of the ultrasonic probe. Also,
the analog signal contains a great amount of a signal
noise, which may result in poor image quality.

[0005] Further, in the ultrasonic apparatus, there is a
method to generate image data by transmitting and re-
flecting focused ultrasonic signals and a method to gen-
erate image data by transmitting and reflecting unfo-
cused or defocused ultrasonic signals. If a method for
generating the focused ultrasonic signals is used, a sep-
arate configuration such as a beamformer is needed to
generate the focused ultrasonic signals and the frame
rate is small, making it difficult to apply in a variety of
applications.

[0006] Accordingly, there is a need for methods and
apparatuses for transmitting digital image data generat-
ed by using unfocused or defocused ultrasonic signals
to the external display apparatus.
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SUMMARY

[0007] Exemplary embodiments may address at least
the above problems and/or disadvantages and other dis-
advantages not described above. Also, the exemplary
embodiments are not required to overcome the disad-
vantages described above, and an exemplary embodi-
ment may not overcome any of the problems described
above.

[0008] According to the present invention there is pro-
vided an apparatus and method as set forth in the ap-
pended claims. Other features of the invention will be
apparent from the dependent claims, and the description
which follows.

[0009] One or more exemplary embodiments provide
an ultrasonic probe apparatus that can transmit digital
image data generated by using unfocused or defocused
ultrasonic signals to an external display apparatus and
a control method thereof.

[0010] In accordance with an aspect of an exemplary
embodiment, there is provided an ultrasonic probe ap-
paratus, which may include an ultrasound transceiver
adapted to receive ultrasonic echo signals reflected by
transmitting (e.g. unfocused and/or defocused and/or fo-
cused) ultrasonic signals having a first frame rate; a con-
verter adapted to convert each of the plurality of ultra-
sonic echo signals received by the ultrasound transceiver
into a digital signal; an image processor adapted to gen-
erate a plurality of image data by processing a plurality
of digital signals converted through the converter; a com-
biner/composer adapted to combine/compose the plu-
rality ofimage data having afirst frame rate into a plurality
of composite image data to output them in or at a second
frame rate; and a transmitter adapted to transmit the plu-
rality of composite image data having the second frame
rate to a (e.g. external) display apparatus.

[0011] "Frame rate" might be a frequency of reception
or generation, or the like, for example a frequency related
to image or signal capture or generation.

[0012] The image processor may include a Doppler
image processor adapted to generate a plurality of Dop-
pler images by performing Doppler processing for each
of the plurality of converted digital signals.

[0013] The Doppler processing may include at least
one of color Doppler processing, B-mode image process-
ing, and spectral Doppler processing.

[0014] If image data having different sizes are gener-
ated by receiving the echo signals that are the defocused
ultrasonic signals reflected and/or changing of a steering
angle of the ultrasonic probe apparatus, the image proc-
essor may edit the image data having different sizes
(which includes shapes and/or areas) into image data
having a (e.g. single) predetermined size (which includes
a shape and/or area).

[0015] Thefirstframe rate may be determined depend-
ing on a measuring depth to be measured by using the
ultrasonic probe apparatus.

[0016] The second frame rate may be determined de-
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pending on a frame rate which the transmitter can trans-
mit.

[0017] The transmitter may transmit wirelessly the plu-
rality of composite image data to the display apparatus.
[0018] The ultrasound transceiver may be detachable
from the ultrasonic probe apparatus.

[0019] The ultrasonic probe apparatus may include a
wireless charger adapted to charge (e.g. provide) power
of the ultrasonic probe apparatus by using one of a mag-
netic induction method and a magnetic resonance meth-
od.

[0020] The ultrasonic probe apparatus may include a
detector adapted to detect a user touch; and/or a power
source adapted to apply power to the ultrasonic probe
apparatus if user touch is detected through the detector.
[0021] Accordingto an aspectofan exemplary embod-
iment, a control method of an ultrasonic probe apparatus
may include receiving a plurality of ultrasonic echo sig-
nals reflected by transmitting (e.g. unfocused and/or de-
focused and/or focused) ultrasonic signals having a first
frame rate; converting each of the plurality of received
ultrasonic echo signals into a digital signal; generating a
plurality of image data by processing the plurality of con-
verted digital signals; composing/combining the plurality
of image data having the first frame into a plurality of
composite image data to output them in a second frame
rate; and transmitting the plurality of composite image
data having the second frame rate to a (e.g. external)
display apparatus.

[0022] The generating a plurality of image data by
processing the plurality of converted digital signals may
include generating a plurality of Doppler images by per-
forming Doppler processing for each of the plurality of
converted digital signals.

[0023] The Doppler processing may include at least
one of color Doppler processing, B-mode image process-
ing, and spectral Doppler processing.

[0024] The generating a plurality of image data by
processing the plurality of converted digital signals may
include, if image data having different sizes are generat-
ed by receiving the echo signals that are the defocused
ultrasonic signals reflected and/or changing of a steering
angle of the ultrasonic probe apparatus, editing the image
data having different sizes (which includes shapes and/or
areas) into image data having a (e.g. single) predeter-
mined size (which includes a shape and/or area).
[0025] Thefirstframe rate may be determined depend-
ing on a measuring depth to be measured by using the
ultrasonic probe apparatus.

[0026] The second frame rate may be determined de-
pending on a frame rate which the transmitter can trans-
mit.

[0027] The transmitting the plurality of composite im-
age data having the second frame rate to an external
display apparatus may include transmitting wirelessly the
plurality of composite image data to the display appara-
tus.

[0028] The control method may include charging (e.g.
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providing) power of the ultrasonic probe apparatus by
using one of a magnetic induction method and a magnetic
resonance method.

[0029] The control method may include detecting a us-
ertouch; and/or applying, if user touch is detected, power
to the ultrasonic probe apparatus.

[0030] With an ultrasonic probe apparatus according
to various exemplary embodiments, image data obtained
by the ultrasonic probe apparatus can be applied to var-
ious applications, and, because configuration such as a
beamformer and a mixer is not needed, a circuit can be
easily integrated within the ultrasonic probe apparatus.
[0031] Also, because the ultrasonic probe apparatus
processes echo signals and transmits image data, an
external apparatus needs to only implement relatively
simple conversion of a

[0032] Uland/orascan, orimage data thereof, thereby
requiring low computational complexity. Accordingly, the
external apparatus may be implemented with various de-
vices such as a personal computer, a smart phone, etc.
in addition to a general ultrasonic display apparatus.
[0033] Inaddition, if and when transmitting image data
wirelessly, the ease of use of the ultrasonic probe appa-
ratus can be increased, and data distortion caused by
analog wired connection can be minimized. Also, no cum-
bersome cable is required, which cable could be at least
a trip hazard in a medical environment.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The above and/or other aspects will become
more apparent by describing certain exemplary embod-
iments, with reference to the accompanying drawings, in
which:

FIG. 1 is a view illustrating an ultrasonic diagnostic
system according to an exemplary embodiment;
FIG. 2 is a block diagram schematically illustrating
a configuration of an ultrasonic probe apparatus ac-
cording to an exemplary embodiment;

FIG. 3 is a block diagram illustrating a configuration
of an ultrasonic probe apparatus according to an ex-
emplary embodiment;

FIG. 4 is a view illustrating an ultrasound transceiver
that can be detached according to an exemplary em-
bodiment;

FIG. 5 is a view explaining an imaging method ac-
cording to an exemplary embodiment;

FIG. 6 is a block diagram schematically illustrating
a configuration of an external display apparatus ac-
cording to an exemplary embodiment;

FIG. 7 is a flowchart for explaining a control method
of an ultrasonic probe apparatus according to an ex-
emplary embodiment; and

FIG. 8 is a block diagram illustrating a configuration
of an ultrasonic probe apparatus according to an ex-
emplary embodiment.
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DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0035] Certain exemplary embodiments are described
in greater detail below with reference to the accompany-
ing drawings.

[0036] In the following description, the same drawing
reference numerals are used for the same elements even
in different drawings. The matters defined in the descrip-
tion, such as detailed construction and elements, are pro-
vided to assist in a comprehensive understanding of ex-
emplary embodiments. Thus, it is apparent that exem-
plary embodiments can be carried out without those spe-
cifically defined matters. Also, well-known functions or
constructions are not described in detail since they would
obscure exemplary embodiments with unnecessary de-
tail

[0037] FIG. 1 is a view illustrating an ultrasonic diag-
nostic system according to an exemplary embodiment.
An ultrasonic diagnostic system 10 includes an ultrasonic
probe apparatus 100 and a display apparatus 200 which
may be physically detached from the main body 408 of
the ultrasonic probe apparatus 100.

[0038] The ultrasonic probe apparatus 100 generates
unfocused or defocused ultrasonic signals, and transmits
the generated ultrasonic signals to a diagnostic object
(e.g. an object to be diagnosed). For example, the ultra-
sonic probe apparatus 100 may transmit the ultrasonic
signals to generate image data with a first frame rate.
For example, the ultrasonic probe apparatus 100 may
transmit the ultrasonic signals so that three thousand
sheets (e.g. frames) of image data are acquired per sec-
ond.

[0039] The ultrasonic probe apparatus 100 obtains ul-
trasonic data by receiving echo signals reflected by the
diagnostic object, and converts the analog ultrasonic da-
ta into digital signals.

[0040] The ultrasonic probe apparatus 100 generates
a plurality of image data by performing image processes
(e.g., demodulation, decimation) for the ultrasonic data
converted into digital signals.

[0041] The ultrasonic probe apparatus 100 generates
a plurality of composite image data by composing or oth-
erwise combining the plurality of image data to have a
second frame rate in order to transmit the plurality of im-
age data to the display apparatus 200. For example, if
three thousand sheets of image data are generated per
second, the ultrasonic probe apparatus 100 may gener-
ate a hundred composite image data by composing thirty
image data in each composite. For example, the ultra-
sonic probe apparatus 100 may generate a plurality of
composite image data by composing the plurality of im-
age data by considering the resolution of the image data
and/or the frame rate with which it can communicate with
the display apparatus 200.

[0042] The ultrasonic probe apparatus 100 may trans-
mit the generated composite image data to the display
apparatus 200. For example, because the ultrasonic
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probe apparatus 100 transmits the composite image data
as the digital data to the display apparatus 200, the image
datamay be transmitted wirelessly viaa network 96. Also,
even though the ultrasonic probe apparatus 100 may use
wires for transmitting and receiving signals, amount and
weight of the wires may be substantially reduced as com-
pared to that ofthe related artultrasound apparatus which
transmits the image data as analog signals.

[0043] Thedisplay apparatus 200 outputs audio and/or
video signals by processing the composite image data
received from the ultrasonic probe apparatus 100. For
example, the display apparatus 200 may control the size
of the composite image data by considering the resolu-
tion of the display apparatus 200.

[0044] As illustrated in FIG. 1, the display apparatus
200 according to an exemplary embodiment may be im-
plemented as atleast one of an ultrasonic diagnostic sys-
tem 200-1, a personal computer (PC) 200-2, a tablet com-
puter 200-3, and a smart phone 200-4. However, this is
only an exemplary embodiment, and the display appa-
ratus 200 may be implemented with different devices.
[0045] The ultrasonic probe apparatus 100 can trans-
mit the composite image data to a single display appa-
ratus 200 or to multiple display apparatuses.

[0046] By the ultrasonic diagnostic system as de-
scribed above, users will be able to receive more easily
diagnostic services using ultrasonic waves.

[0047] The ultrasonic probe apparatus 100 is de-
scribed below in detail with reference to FIGS. 2 to 5, and
the display apparatus 200 is described below in detail
with reference to FIG. 6.

[0048] FIG. 2 is a block diagram schematically illus-
trating a configuration of the ultrasonic probe apparatus
100 according to an exemplary embodiment. As illustrat-
ed in FIG. 2, the ultrasonic probe apparatus 100 includes
an ultrasound transceiver 110, a converter 120, animage
processor 130, a composer/combiner 140, and a trans-
mitter 150.

[0049] The ultrasound transceiver 110 generates un-
focused or defocused ultrasonic signals, and transmits
the generated ultrasonic signals to a diagnostic object
(e.g., a human body). For example, the unfocused ultra-
sonic signal may be a plane wave, and the defocused
ultrasonic signal may be a fan-shaped spherical wave.
[0050] The ultrasound transceiver 110 obtains ultra-
sonic data by receiving echo signals reflected by the di-
agnostic object, in an analog form.

[0051] The converter 120 converts the analog ultra-
sonic data into a digital data. For example, the converter
120 may include an analog to digital converter (ADC).
[0052] The image processor 130 obtains image data
by image-processing the digital ultrasonic data. In detail,
the image processor 130 may perform the image
processing of the ultrasonic data by performing at least
one of demodulation and decimation, thereby generating
the plurality of image data.

[0053] Ifimage data having different sizes are gener-
ated due to receiving echo signals that are the reflected
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in response to transmitting the defocused ultrasonic sig-
nals and/or changing of a steering angle of the ultrasonic
probe apparatus, the image processor 130 may edit the
image data having different sizes into image data of a
predetermined size. In detail, when the combiner 140
combines the plurality of image data, if the plurality of
image data is to take different areas, noise may occur.
Therefore, the image processor 130 may edit the plurality
ofimage data so that the plurality ofimage data becomes
images for the same area and output the edited image
data to the combiner 140.

[0054] The combiner 140 combines the plurality of im-
age data into a plurality of composite image data in order
to output the plurality of image data received with a first
frame rate in a second frame rate.

[0055] In order to increase the resolution of images
that will be displayed and to decrease signal-to-noise ra-
tio, the combiner 140 may generate a plurality of com-
posite image data by composing image data more than
a predetermined number of frames. For example, the
combiner 140 may generate composite image data by
composing image data of more than 100 frames.
[0056] Also, the combiner 140 may combine the plu-
rality of image data by considering a frame rate by which
the ultrasonic probe apparatus 100 can communicate
with the display apparatus 200. For example, if the ultra-
sonic probe apparatus 100 transmits image data of less
than 100 frames per second to the display apparatus
200, the ultrasonic probe apparatus 100 may configure
and combine the image data so that composite image
data have a frame rate of less than 100 frames per sec-
ond.

[0057] Thetransmitter 150 transmits the composite im-
age data combined by the combiner 140 to the display
apparatus 200 via a network 96, by using a wireless com-
munication module such as WiFi, Bluetooth, UWB, Wi-
Gig, Zigbee, etc. As another example, the transmitter 150
may transmit the composite image data by using a wired
communication module such as IEEE 1394, USB, etc.
[0058] By using the ultrasonic probe apparatus 100 as
described above, the users may easily receive the port-
able ultrasonic diagnostic service.

[0059] FIG. 3is a block diagram illustrating a configu-
ration of an ultrasonic probe apparatus 100 according to
an exemplary embodiment. As illustrated in FIG. 3, the
ultrasonic probe apparatus 100 may include an ultra-
sound transceiver 110, a converter 120, a processor 125,
atransmitter 150, awireless charger 170, a power source
180, and a detector 190. The processor 125 may include
an image processor 130, a combiner 140, and a Doppler
image processor 160.

[0060] The ultrasound transceiver 110 generates un-
focused ultrasonic signals as a plane wave or defocused
ultrasonic signals as a spherical wave, transmits the gen-
erated ultrasonic signals to the object, and obtains ultra-
sonic data by receiving echo signals.

[0061] For example, the ultrasound transceiver 110
may transmit the ultrasonic signals so that image data
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having a first frame rate are generated. For example, the
first frame rate may be determined depending on a meas-
uring depth h to be measured by using the ultrasonic
probe apparatus 100. For example, if the depth to be
measured is 15 cm and a velocity of ultrasound in the
abdomen of a person is about 1500 m/s, it takes 1/5000
seconds for the ultrasonic signal to be transmitted and
reflected and, thus, the ultrasound transceiver 110 may
transmit the ultrasonic signals to acquire 5000 sheets of
image data per second.

[0062] With reference to FIG. 4, the ultrasound trans-
ceiver 110 according to an exemplary embodiment may
be detachably connected to a main body 408 of the ul-
trasonic probe apparatus 100 and may include a trans-
ducer 410 to generate unfocused ultrasonic signals as a
plane wave and a transducer 420 to generate defocused
ultrasonic signals as a spherical wave. Because the ul-
trasound transceiver 110 is detachable, a transducer410
and a transducer 420 may be fitted alternately into the
ultrasonic probe apparatus 100. Accordingly, the user
may alternately insert different types of transducers de-
pending on the diagnostic part, i.e., application.

[0063] The converter 120 converts the analog ultra-
sonic data acquired in the ultrasound transceiver 110 into
a digital form by using an ADC.

[0064] The processor 125 may control overall opera-
tion of the ultrasonic probe apparatus 100. Particularly,
the processor 125 may control ultrasonic signal trans-
mission timing of the ultrasound transceiver 110 in order
to change the first frame rate depending on the measur-
ing depth which the user wants to measure or simply for
image capture rates, e.g. in particular for moving objects
or changing objects.

[0065] Also, the processor 125 may perform various
image processing operations in order to transmit the
composite image data to the display apparatus 200. Par-
ticularly, the processor 125 may include the image proc-
essor 130, the combiner 140, and the Doppler image
processor 160 for the image processing operation.
[0066] The image processor 130 may generate a plu-
rality of image data by image-processing the digital ul-
trasonic data, as for example, performing the demodu-
lation and /or decimation.

[0067] The image processor 130 may edit the digital
image data as image data for the same area in order to
combine the entered image data. In detail, image data
for different areas may be obtained depending on the
type and/or steering angle of the ultrasound transceiver
110.

[0068] WithreferencetoFIG.5, ifunfocused ultrasonic
signals are transmitted and received and the steering
angle is perpendicular to the target (reference numeral
502), the image processor 130 may obtain an image da-
tum as illustrated by reference numeral 504. If the unfo-
cused ultrasonic signals are transmitted and received
and the steering angle is bent to the right (reference nu-
meral 506), the image processor 130 may obtain an im-
age datum as illustrated by reference numeral 508. If the



9 EP 2 737 857 A1 10

unfocused ultrasonic signals are transmitted and re-
ceived and the steering angle is bentto the left (reference
numeral 510), the image processor 130 may obtain an
image datum as illustrated by reference numeral 512. If
defocused ultrasonic signals are transmitted and re-
ceived (reference numeral 514), the image processor
130 may obtain an image datum as illustrated by refer-
ence numeral 516.

[0069] However, if the image data for the different ar-
eas determined by the type of the ultrasonic signal and
the steering angle are combined as obtained, the com-
posite image data may contain a great amount of noise.
[0070] Accordingly, in order to combine image data for
the same area, the image processor 130 may edit the
image data so that only the respective dotted area of FIG.
5 is left and the remaining area is cut off.

[0071] On the other hand, in FIG. 5, the image data
are edited based on when the steering angle is a right
angle, but this is only an exemplary embodiment. The
rest of the image data may be edited based on a first
image datum for generating a composite image datum.
For example, if a first composite image datum is gener-
ated by composing from firstimage datum to 100thimage
datum and a second composite image datum is gener-
ated by composing from 101stimage datum to 200th im-
age datum, the image processor 130 may edit from sec-
ond image datum to the 100t image datum based on the
firstimage datum, and may edit from 102"d image datum
to the 200th image datum based on the 101stimage da-
tum.

[0072] The combiner 140 may generate a plurality of
composite image data by composing the plurality of im-
age data generated in the image processor 130.

[0073] For example, the combiner 140 may combine
the image data by considering the resolution of the com-
posite image data. In detail, if the image data may be
generated by using the defocused or unfocused ultra-
sounds, image data having a lot of frames may be ob-
tained, but the resolution thereof may be lower than that
of image data that are generated by using focused ultra-
sonic signals. Accordingly, the plurality of image data is
combined so that the resolution of the image data may
be increased and the signal-to-noise ratio thereof may
be lowered. Accordingly, the combiner 140 may generate
composite image data by composing image data of more
than a predetermined number of frames. For example,
the combiner 140 may generate the composite image
data by composing image data of more than 100 frames.
For example, the combiner 140 may determine the
number of frames of the image data to be combined ac-
cording to the user input.

[0074] Also, the combiner 140 may combine the image
data by considering a frame rate that can be transmitted
to the display apparatus 200. For example, if the trans-
mitter 150 can transmit less than 100 frames per second
to the display apparatus 200, the combiner 140 may com-
bine the image data so that composite image data have
a frame rate of less than 100 frames per second.
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[0075] For example, the number of composite frames
considering the resolution and the frame rate that can be
transmitted to the display apparatus 200 may be deter-
mined independently. For example, if 5000 sheets of im-
age data can be generated per second and 100 sheets
of composite image data per second can be transmitted
to the display apparatus 200, the combiner 140 does not
need to combine 50 sheets of image data into a single
composite image datum. In other words, the combiner
140 may generate 50 sheets of composite image data in
a way of composing from firstimage datum to 50th image
datum into a first composite image datum and composing
from 51st image datum to 100th image datum into a sec-
ond composite image datum. However, this is only an
exemplary embodiment. Alternatively, the combiner 140
may generate 50 sheets of composite image data in a
way of composing from the first image datum to 100th
image datum into a first composite image datum and
composing from 518t image datum to 150th image datum
into a second composite image datum.

[0076] As described above, because composite image
data having a variety of resolution and frame rates can
be generated by composing the image data in various
ways, it can be applied to various applications.

[0077] The Dopplerimage processor 160 generates a
plurality of Doppler images by performing Doppler
processing for each of ultrasonic data of a plurality of
digital signals. For example, the Doppler processing may
include at least one of color Doppler processing, B-mode
image processing, and spectral Doppler processing.
[0078] For example, the Dopplerimage processor 160
may generate dynamic images by using a Doppler filter.
[0079] The Doppler image processor 160 may output
the processed Doppler image data to the combiner 140
which may compose the Doppler image data to have a
predetermined frame, and transmit the image data to the
display apparatus 200.

[0080] As described above, the Doppler image data
are generated, and then the generated Doppler image
data may be combined and transmitted to the display
apparatus 200. However, this is only an exemplary em-
bodiment. The Doppler image data may be generated by
using the composite image data.

[0081] The transmitter 150 transmits at least one of the
composite image data and the Doppler image data to the
display apparatus 200. For example, the transmitter 150
may transmit the composite image data or the Doppler
image data in a wired or wireless manner. For example,
the transmitter 150 may transmit the composite image
data by using a wireless communication module such as
WiFi, Bluetooth, UWB, WiGig, Zigbee, etc., and/or by us-
ing a wired communication module such as IEEE 1394,
USB, etc.

[0082] Also, the transmitter 150 may transmit the com-
posite image data or the Doppler image data to an ex-
ternal cloud server or a hospital server as well as the
display apparatus 200.

[0083] As described above, the combiner 140 gener-
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ates the plurality of composite image data by composing
the plurality of image data generated in the image proc-
essor 130. However, this is only an exemplary embodi-
ment. The image processor 130 may generate a plurality
of composite image data by directly composing the plu-
rality of image data without configuration of the combiner
140. In other words, the image processor 130 and the
combiner 140 may be implemented as a single hardware
device.

[0084] Also, as described above, the combiner 140
combines the Dopplerimages outputted from the Doppler
image processor 160. However, this is only an exemplary
embodiment.

[0085] Asillustrated in FIG. 8, a separate Doppler im-
age combiner 165 may combine the Doppler images. In
detail, the Doppler image processor 160 generates the
Doppler images by using the Doppler filter, and then out-
puts them to the Doppler image combiner 165. The Dop-
pler image combiner 165 may generate the composite
Doppler images by composing the Doppler image data
to have a predetermined frame, and may output the com-
posite Doppler images to the transmitter 150.

[0086] The wireless charger 170 charges (i.e. pro-
vides) the power of the ultrasonic probe apparatus 100
by using one of a magnetic induction method and a mag-
netic resonance method, and supplies the electric power
to the power source 180. For example, the magnetic in-
duction method is technology in which a magnetic field
generated inthe primary coil of a charging pad by causing
current to flow through electromagnetic induction is in-
duced to the secondary coil disposed on an object to be
charged, thereby supplying current. The magnetic reso-
nance method is technology in that the charging pad and
the object to be charged are equipped with resonance
coils having the same frequency and the power is sent
with the frequency by using the resonance. For example,
the wireless charger 170 may include a coil for wireless
charging in the main body of the ultrasonic probe appa-
ratus 100.

[0087] The power source 180 supplies the electric
power to each component of the ultrasonic probe appa-
ratus 100 by using the power charged (i.e. provided) by
the wireless charger 170.

[0088] The detector 190 detects the user touch. For
example, the detector 190 may include a sensor that can
detect the user touch, as for example, at least one of an
electromagnetic sensor, a gyro sensor, a pressure-sen-
sitive sensor, etc. For example, the power source 180
may supply power to the ultrasonic probe apparatus 100
only if a user touch is detected by the detector 190.
[0089] In addition, the ultrasonic probe apparatus 100
may include a motion processor (not illustrated), a voice
processor (notillustrated), a self-charger (notillustrated),
etc., to increase ease-of-use.

[0090] In detail, the motion processor may detect a us-
er's motion and match a detected motion pattern to one
of pre-stored motion patterns by comparing a detected
motion with the pre-stored motion patterns. The motion

10

15

20

25

30

35

40

45

50

55

processor may perform a function corresponding to the
detected and matched motion pattern. For example,
when the user shakes the ultrasonic probe apparatus a
pre-determined number of times, e.g. 100 multiple times,
the motion processor may perform a function corre-
sponding to the shaking motion by detecting the user’s
motion.

[0091] The voice processor may detect a user’s voice
and search for a voice that matches the recognized voice
among the pre-stored voices by comparing the recog-
nized voice with the pre-stored voices. The voice proc-
essor may perform a function corresponding to the de-
tected and matched voice. For example, when the user
utters a voice command of "power-on," the voice proc-
essor may perform a function to turn on the power the
ultrasonic probe apparatus 100 by recognizing the user’s
voice command.

[0092] The self-charger may charge or provide the
power by using super-capacitors for self-generation in
the form of fiber and/or the related generation of static
electricity. For example, the super-capacitors may be
provided with or be in connection with, or be clothing,
gloves, aprons, etc.

[0093] By using the ultrasonic probe apparatus 100 as
described above, the user will be able to receive the ul-
trasonic diagnostic service easier.

[0094] FIG. 6 is a block diagram schematically illus-
trating a configuration of a display apparatus 200 accord-
ing to an exemplary embodiment. As illustrated in FIG.
6, a display apparatus 200 includes a transceiver 210,
an image processor 220, a display 230, an audio proc-
essor 240, an audio output unit 250, a controller 260, and
a user input unit 270.

[0095] Thetransceiver 210 receives the composite im-
age data or the Doppler image data from the ultrasonic
probe apparatus 100. Also, the transceiver 210 may
transmit setting information (e.g., the resolution of image
data, etc.) inputted by the user input unit 270 to the ul-
trasonic probe apparatus 100.

[0096] The image processor 220 may perform signal
processing to display the composite image data or the
Doppler image data. Particularly, if the resolution of the
input composite image data does not match the resolu-
tion of the display 230, the image processor 220 may
perform a scan conversion function to adjust the size of
the composite image data.

[0097] The display 230 displays the composite image
data or Dopplerimage data processed in the image proc-
essor 220.

[0098] The audio processor 240 performs signal
processing so that signals can be output through the au-
dio output unit 250 based on the audio data received from
the ultrasonic probe apparatus 100. For example, the
audio processor 240 may perform the signal processing
by using Hilbert transform, etc.

[0099] The audio output unit 250 outputs audio data
that is signal-processed in the audio processor 240. For
example, the audio output unit 250 may include a speak-
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er.
[0100] The controller 260 controls overall operation of
the display apparatus 200. Particularly, the controller 260
may control the image processor 220 and the display 230
to process and display the composite image data by the
user setting inputted through the user input unit 270.
[0101] A control method of the ultrasonic probe appa-
ratus 100 is described below in detail with reference to
FIG. 7.

[0102] The ultrasonic probe apparatus 100 transmits
unfocused or defocused (or focused) ultrasonic signals
to a diagnostic object (operation S710).

[0103] The ultrasonic probe apparatus 100 receives
echo signals that are reflected by the diagnostic object
(operation S720).

[0104] The ultrasonic probe apparatus 100 converts
the echo signals from an analog form into digital signals
(operation S730).

[0105] The ultrasonic probe apparatus 100 generates
a plurality of image data by performing signal processing
of the digital signals (operation S740).

[0106] The ultrasonic probe apparatus 100 generates
composite image data by composing the plurality of im-
age data (operation S750).

[0107] The ultrasonic probe apparatus 100 transmits
the composite image data to the display apparatus 200
(operation S760).

[0108] By the control method of the ultrasonic probe
apparatus as described above, the user will be able to
receive the ultrasonic diagnostic service easier.

[0109] Program codes for performing a control method
according to various exemplary embodiments as de-
scribed above may be stored in a non-transitory compu-
ter-readable medium. The non-transitory computer-
readable medium may be a medium that can store data
in a semi-permanent manner and that can be read by
devices. In detail, the various applications or programs
may be stored in and provided with the non-transitory
computer readable medium such as a CD,aDVD, ahard
disc, aBlu-ray disc, an USB, a memory card, a ROM, etc.
[0110] Although a few preferred embodiments have
been shown and described, it willbe appreciated by those
skilled in the art that various changes and modifications
might be made without departing from the scope of the
invention, as defined in the appended claims.

[0111] Attention is directed to all papers and docu-
ments which are filed concurrently with or previous to this
specification in connection with this application and which
are open to public inspection with this specification, and
the contents of all such papers and documents are in-
corporated herein by reference.

[0112] All of the features disclosed in this specification
(including any accompanying claims, abstract and draw-
ings), and/or all of the steps of any method or process
so disclosed, may be combined in any combination, ex-
cept combinations where at least some of such features
and/or steps are mutually exclusive.

[0113] Each feature disclosed in this specification (in-
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cluding any accompanying claims, abstract and draw-
ings) may be replaced by alternative features serving the
same, equivalent or similar purpose, unless expressly
stated otherwise. Thus, unless expressly stated other-
wise, each feature disclosed is one example only of a
generic series of equivalent or similar features.

[0114] The invention is not restricted to the details of
the foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the features
disclosed in this specification (including any accompa-
nying claims, abstract and drawings), or to any novel one,
or any novel combination, of the steps of any method or
process so disclosed.

Claims
1. An ultrasonic probe apparatus (100) comprising:

an ultrasound transmitting/receiving unit (110)
adapted to transmit unfocused or defocused ul-
trasonic signals to an object and receive reflect-
ed ultrasonic echo signals having a first frame
rate;

a conversion unit (120) adapted to convert the
plurality of ultrasonic echo signals received by
the ultrasound transmitting/receiving unit into
digital signals;

an image processing unit (130) adapted to gen-
erate a plurality of image data by processing the
digital signals converted by the conversion unit;
a composing unit (140) adapted to compose the
plurality ofimage data having the first frame rate
into a plurality of composite image data having
a second frame rate; and

a transmitting unit (150) adapted to transmit the
plurality of composite image data having the
second frame rate to an external display appa-
ratus (200).

2. The ultrasonic probe apparatus of claim 1, wherein
the image processing unit comprises a Doppler im-
age processing unit adapted to generate a plurality
of Doppler images by performing Doppler process-
ing for each of the digital signals.

3. The ultrasonic probe apparatus of claim 2, wherein
the Doppler processing comprises at least one of
color Doppler processing, B-mode image process-
ing, and spectral Doppler processing.

4. The ultrasonic probe apparatus of any of claims 1 to
3, wherein,
ifthe image data having different sizes are generated
due to receiving the ultrasonic echo signals that are
reflected in response to transmitting the defocused
ultrasonic signals or changing a steering angle of the
ultrasonic probe apparatus, the image processing
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unit edits the image data having the different sizes
into the image data having a predetermined size.

The ultrasonic probe apparatus of any of claims 1 to
4, wherein

the first frame rate is determined depending on a
measuring depth to be measured by using the ultra-
sonic probe apparatus.

The ultrasonic probe apparatus of any of claims 1 to
5, wherein

the second frame rate is determined depending on
aframe rate which the transmitting unit can transmit.

The ultrasonic probe apparatus of any of claims 1 to
6, wherein
the transmitting unit transmits the plurality of com-
posite image data wirelessly to the external display
apparatus.

The ultrasonic probe apparatus of any of claims 1 to
7, wherein

the ultrasound transmitting/receiving unit is detach-
able from the ultrasonic probe apparatus.

The ultrasonic probe apparatus of any of claims 1 to
8 further comprising:

a wireless charging unit adapted to charge pow-
er of the ultrasonic probe apparatus by using
one of a magnetic induction method and a mag-
netic resonance method.

The ultrasonic probe apparatus of any of claims 1 to
9 further comprising:

a detection unit adapted to detect a user touch;
and

a power supply unit adapted to apply power to
the ultrasonic probe apparatus when the user
touch is detected by the detection unit.

A control method of an ultrasonic probe apparatus
comprising:

transmitting unfocused or defocused ultrasonic
signals to an object (S710);

receiving a plurality of ultrasonic echo signals
that are reflected from the object and have a first
frame rate (S720);

converting the plurality of received ultrasonic
echo signals into digital signals (S730);
generating a plurality of image data by process-
ing the converted digital signals (S740);
composing the plurality ofimage data having the
first frame into a plurality of composite image
data having a second frame rate (S750); and
transmitting the plurality of composite image da-
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12.

13.

14.

15.

ta having the second frame rate to an external
display apparatus (S760).

The control method of claim 11, wherein

the generating the plurality ofimage data by process-
ing the digital signals comprises generating a plural-
ity of Doppler images by performing Doppler
processing for each of the converted digital signals.

The control method of claim 12, wherein

the Doppler processing comprises at least one of
color Doppler processing, B-mode image process-
ing, and spectral Doppler processing.

The control method of any of claims 11 to 13, wherein
the generating the plurality ofimage data by process-
ing the digital signals comprises generating the im-
age data having different sizes due to receiving the
ultrasound echo signals that are reflected in re-
sponse to transmitting the defocused ultrasonic sig-
nals reflected or changing a steering angle of the
ultrasonic probe apparatus, and

editing the image data having the different sizes into
the image data having a predetermined size.

The control method of any of claims 11 to 14, wherein
the first frame rate is determined depending on a
measuring depth to be measured by using the ultra-
sonic probe apparatus.
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FIG. 7
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