US 20160374645A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2016/0374645 A1l

KIM et al. (43) Pub, Date: Dec. 29, 2016
(54) METHOD FOR PERFORMING LOW POWER Publication Classification
MODE IN PORTABLE ULTRASONIC
DIAGNOSTIC APPARATUS AND PORTABLE ~ (51) Int. CL
ULTRASONIC DIAGNOSTIC APPARATUS A61B 8/00 (2006.01)
FOR APPLYING SAME A6IB 8/14 (2006.01)
A61B 8/08 (2006.01)
(71)  Applicants:DONGGUK UNIVERSITY (52) US. CL
INDUSTRY-ACADEMIC, Seoul (KR); CPC ...ccccene. AG6IB 8/4427 (2013.01); A61B 8/54
HEALCERION CO., LTD., Seoul (2013.01); A61B 8/565 (2013.01); A61B
(KR) 8/0866 (2013.01); A61B 8/145 (2013.01);
A61B 8/5207 (2013.01); A61B 8/5223
(72) Inventors: Sung Min KIM, Gyeonggi-do (KR); (2013.01); A61B 8/4444 (2013.01); A61B
Jeong Won RYU, Seoul (KR); Jae 8/4494 (2013.01); A61B 8/465 (2013.01)
Hoon JEONG, Seoul (KR) 57) ABSTRACT
(21) Appl. No.: 15/101,622 Provided are a method of performing a low power mode of
a portable ultrasonic diagnostic apparatus and a portable
(22) PCT Filed: Dec. 5. 2014 ultrasonic diagnostic apparatus for applying the same. The
’ ’ method include stopping a circuit operation related to a
(86) PCT No.: PCT/KR2014/011902 receiving circuit which receives an ultrasonic signal
h reflected by a test subject when the ultrasonic signal is
§ 371 (c)(D), transmitted to obtain an ultrasonic image of the test subject
(2) Date: Jun. 3, 2016 and stopping a circuit operation of a transmitting circuit
which transmits the ultrasonic signal when the ultrasonic
(30) Foreign Application Priority Data signal reflected by the test subject is received. Accordingly,
power consumed by the portable ultrasonic diagnostic appa-
Dec. 5,2013  (KR) .ooeeieiiceiiee 10-2013-0150368 ratus may be minimized.
100 200 L
; £
ULTRASONIC PROBE WA CIECUIY PORTION
COMMLBRCATION
g FORTION
HEHVOLTAGE
PEIsELEaTRD ™ PULSE GENERATOR [*7
ELEMENT | | MURCRCUT | P DU TR I -
APRAY 1 BORTION + TRANSCENTR - h;Z“"' FORMER PROCESEOR
MODLLE ADSIGNAL | 1
o PROUESSOR "‘T
' §
| w1 Jow POVER
mmmmmmeed  NODE | BATTERY
CONTROE BR

100 400



US 2016/0374645 A1

Dec. 29,2016 Sheet 1 of 7

Patent Application Publication

1 'OId

tov
,,,,,,,,,,,, a
| 1 JsEvouNoo
AHILEVE 73 S——
| mwod e | - -

luosszooug

- m HIALOS Lwd ]

E

§ . )

] uDSSE00NHd
m WEAR {0Y

] weas "

| Hoiveangs 357
SELION HEH

ML

WA LR TN NGD

WOLERE . LIPVRID HivW

HIAADENTHL et
HEAITENAL | iaouo 3w

T
NOUHGD | Ay

aEnEs
GHIGTTIOT

%,

FeHe DINDEYHI

P

i
oL U0z

Ol




Patent Application Publication

US 2016/0374645 A1

Dec. 29,2016 Sheet 2 of 7
200
210 280
HiaH VOLTAGE
TRANSCEVER b4 PULSE o
GENERATOS 1 280 i1
REAM | B
230 el FORMER PROCESSOH
AD SIGNAL _I 280 |
PROCESSOR COMMUNGATION ¥
SORTION
FIG. 2
500
B30
_| BCREEN DISPLAY
510 540 r PORTION
DATA
COMMUNICATION b= GONFHULLER |
PORTION - 520
MENU INPUT
FORTION

FIG. 3




Patent Application Publication

Dec. 29,2016 Sheet 3 of 7

T e TX pulse
} i
f s sohg

US 2016/0374645 A1

TIKE

it
|
OPERATION 3
I —— ~t THE
TCCRCUT  RXCIRCUT  TXCIRCUT  RYCIRCUIT
FIG. 4
220 o2
il tiats | Hian voLTaae
fgi {} QQN?E;%A?{}& ?‘m\ Sgwﬁﬁl& H {}R
TRANSCEIVER | 2290
R = 231 232 233
| LOWNOISE | | VARMBLE | |  AD |
"I AMPUFER [™] AMPLFER || CONVERTER |

FIG. 5



Patent Application Publication

OPERATION
TIHE

X
CIRCIAT

R
CIRGUAT

220

Dec. 29,2016 Sheet 4 of 7

US 2016/0374645 A1

iy

TIME

CIRCUT

R
CRCYY

T

CIRCUIT

RE
CIRELT

Lo monser
o
Power off

on

FIG. 7

LW pemeer
o
Fowar oft



Patent Application Publication  Dec. 29,2016 Sheet 5 of 7 US 2016/0374645 Al

OPERATION -
G%%&Eﬁ e S TIME

) CIRGLET CIRCUT CRGUT

R an

L
CIRCUIT

Low powsr
or
Power off

CIngUT / L |
............... L@W nowar

o] o S R o
Ads Afy Power off

FIG. 8



Patent Application Publication  Dec. 29,2016 Sheet 6 of 7 US 2016/0374645 Al

GENERAL LLTRASONIC IMAGE ULTRASOMIC IMAGE BREGENVED
{TOTAL DEPTH 14om} FROM PLACE AT DEPTH OF dom

FIG. 9



Patent Application Publication

Dec. 29,2016 Sheet 7 of 7

RN

( START

US 2016/0374645 A1

TURN POWER OF TX CIRCUIT ON AT
{OPERATION TIME OF TX ~ ATz )

{

TUBRN POWER OF RX CIRCUIT OFF

i

RECEIVE ULTRABONIC PULSE

RO .

w"'yﬂ&t&

S NEGUGIBLE

o "’M

AREA BET BY
- USER?

TURN PCWER OF A TURN POWER OF TX CIRCUT OFF
CIRCUIT ON AT {OPERATION
TIME OF A~ AT, ) f
* STAND BY FOR (0T - 272}
TURN POWER OF TX CIRCUIT OFF }

REGENVE ULTRASONIG RGHO

}

FIG. 10



US 2016/0374645 Al

METHOD FOR PERFORMING LOW POWER
MODE IN PORTABLE ULTRASONIC
DIAGNOSTIC APPARATUS AND PORTABLE
ULTRASONIC DIAGNOSTIC APPARATUS
FOR APPLYING SAME

FIELD

[0001] The present invention relates to a method of per-
forming a low power mode of a portable ultrasonic diag-
nostic apparatus and a portable ultrasonic diagnostic appa-
ratus for using the same, and more particularly, to a method
of performing a low power mode of a portable ultrasonic
diagnostic apparatus using a battery with limited power as a
power source and a potable ultrasonic diagnostic apparatus
for using the same.

BACKGROUND

[0002] With noninvasive and nondestructive properties,
ultrasonic diagnostic apparatuses are generally used in the
medical field to obtain information of the inside of an object.
Since a high-resolution image of internal organizations of
the object may be provided to a doctor with no surgical
operations of directly incising and observing the object,
ultrasonic diagnostic systems are very importantly used in
the medical field.

[0003] Ultrasonic diagnostic apparatuses are systems
which emit an ultrasonic signal from a body surface of a test
subject toward a target portion inside the test subject, extract
information from a reflected ultrasonic signal, and obtain an
image of a section of soft tissue or a blood flow in a
noninvasive mode.

[0004] Compared with other imaging diagnostic appara-
tuses such as X-ray inspection apparatuses, computerized
tomography (CT) scanners, magnetic resonance image
(MRI) scanners, and nuclear medicine inspection appara-
tuses, ultrasonic diagnostic systems described above have a
small size, are cheap, may display in real time, and have
excellent safety without being exposed to X-rays, thereby
being generally used to diagnose hearts, internal organs in an
abdominal cavity, urinary systems, and genital organs.
[0005] Ultrasonic diagnostic apparatuses each include a
switching portion which forms transmitting and receiving
paths for transmitting an ultrasonic signal to the test subject
and receiving the ultrasonic signal reflected by the test
subject to obtain an ultrasonic image of the test subject.
[0006] Since conventional ultrasonic diagnostic appara-
tuses use an alternating current (AC) power source which
supplies power constantly, a lack of power does not occur.
Recently, as portable ultrasonic diagnostic apparatuses using
a battery with limited power as a power source have been
used, interest in a technology of providing a maximal use
time with minimal power has increased.

[0007] As a prior art document related to the present
invention, there is Korean Patent Publication No. 10-2010-
0050845 (published on May 14, 2010).

DISCLOSURE

Technical Problem

[0008] An aspect of the present invention is to provide a
method of performing a low power mode of a portable
ultrasonic diagnostic apparatus using a battery with limited
power as a power source to minimize power consumed by

Dec. 29, 2016

the portable ultrasonic diagnostic apparatus and a portable
ultrasonic diagnostic apparatus for using the same.

Technical Solution

[0009] One aspect of the present invention provides a
method of performing a low power mode of a portable
ultrasonic diagnostic apparatus which includes a TX circuit
for applying power to a high voltage pulse generator gen-
erating an electric pulse to generate an ultrasonic wave to be
transmitted to a test subject, an RX circuit for applying
power to an analog-digital (AD) signal processor amplifying
an ultrasonic echo signal returning from the test subject and
then converting the amplified ultrasonic echo signal into a
digital signal, and an external input terminal for controlling
low power modes of the power applied to the TX circuit and
the RX circuit. The method includes applying operating
power to the TX circuit before a wake-up time AT1 neces-
sary for driving the TX circuit to transmit an ultrasonic
signal, entering, by the RX circuit for receiving the ultra-
sonic echo signal, a low power mode (or a power-off state);
applying, by an ultrasonic probe, the electric pulse to a
piezoelectric element array module to generate the ultra-
sonic wave to obtain an ultrasonic image of the test subject,
receiving, by a menu input portion, whether to set a standby
time oT of the RX circuit for receiving the ultrasonic echo
signal corresponding to an area at a particular depth accord-
ing to a user selection, applying operating power to the RX
circuit and then allowing the TX circuit to be in a low power
mode (or a power-off state) when the standby time oT of the
RX circuit is not set and allowing the TX circuit to be in the
low power mode (or the power-off state) and then applying
the operating power to the RX circuit when the standby time
oT is set, and receiving and analyzing, by a main circuit
portion of the ultrasonic diagnostic apparatus, the echo
signal to generate and transmit the ultrasonic image to a user
screetl.

[0010] The applying operating power to the RX circuit and
then allowing the TX circuit to be in the low power mode (or
the power-off state) when the standby time oT of the RX
circuit is not set and allowing the TX circuit to be in the low
power mode (or the power-off state) and then applying the
operating power to the RX circuit when the standby time oT
is set may include applying the operation power to the RX
circuit before a wake-up time AT2 necessary for driving the
RX circuit to receive the ultrasonic echo signal and allowing
the TX circuit for transmitting the ultrasonic signal to be in
the low power mode (or the power-off state) when the
standby time oT is not set (0T=0) and allowing the TX
circuit for transmitting the ultrasonic signal to be in the low
power mode (or the power-off state), standing by while
additionally applying the standby time oT to the wake-up
time AT2 necessary for driving the RX circuit to receive the
ultrasonic echo signal, and applying the operating power to
the RX circuit when the standby time oT is set.

[0011] Another aspect of the present invention provides a
portable ultrasonic diagnostic apparatus, to which the
method of performing the low power mode according to
claims 1 and 2 is to be applied, including an ultrasonic probe
which includes a piezoelectric element array module and a
multiplexer (MUX) circuit portion to generate an ultrasonic
wave and receive an echo signal, a main circuit portion
which receives and analyzes the echo signal received from
the ultrasonic probe to generate and transmit an ultrasonic
image to a user screen, a portable battery which supplies
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power necessary for the ultrasonic probe and the main
circuit portion, and a low power mode controller which
receives power from the portable battery to have a high
voltage which drives the ultrasonic probe and generates and
distributes a voltage necessary for the entire system.
[0012] Here, the low power mode controller may allow the
high voltage pulse generator to operate on a preset frequency
in an operation time of the TX circuit for receiving the
voltage from the battery and transmitting an ultrasonic pulse
and allows the AD signal processor provided in the main
circuit portion to amplify and then convert the ultrasonic
echo signal into the digital signal in an operation time of the
RX circuit which receives the ultrasonic echo.

[0013] Here, the main circuit portion may include a trans-
ceiver which performs as a switch connecting one of a TX
circuit for transmitting the ultrasonic wave and an RX circuit
for receiving an ultrasonic echo to the ultrasonic probe
depending on a transmitting and receiving state, and the low
power mode controller, by controlling the transceiver, may
minimize a power consumption amount by stopping an
operation of the RX circuit which receives an ultrasonic
echo signal reflected by a test subject when the ultrasonic
signal is transmitted and stopping an operation of the TX
circuit which transmits the ultrasonic signal when the ultra-
sonic echo signal is received.

[0014] Also, the main circuit portion may include a high
voltage generator which generates an electric pulse applied
to the piezoelectric element array module to generate the
ultrasonic wave, an AD signal processor which amplifies a
level of the ultrasonic echo signal returning from the test
subject and converts the amplified ultrasonic echo signal
into a digital signal, the transceiver which transmits a high
voltage pulse generated by the high voltage pulse generator
to the ultrasonic probe and transmits an analog signal
received from the ultrasonic probe to the AD signal proces-
sor, a beam former which allows the high voltage pulse
generator to generate an adequate high voltage pulse using
a parameter adequate to the ultrasonic probe and receives the
digital signal from the AD signal processor to perform data
conversion to be appropriate for the ultrasonic probe, a
processor which allows the beam former to perform beam
forming adequate to the ultrasonic probe, generates the
ultrasonic image using data received from the beam former,
transmits the ultrasonic image to a display portion and an
external display apparatus using ultrasonic scan data, and
controls the entire system, and a communication portion
which transmits and receives data with the external display
apparatus.

[0015] Also, the communication portion may use any one
of a local area network (LAN) using a cable, Bluetooth, a
wireless universal serial bus (USB), a wireless LAN, wire-
less fidelity (Wi-Fi), Zigbee, and infrared data association
(IrDA).

[0016] In addition, the external display apparatus may
include a data communication portion which transmits and
receives data with the communication portion, a menu input
portion which receives a menu signal from a user, a screen
display portion which displays the ultrasonic image and a
menu, and a controller which transmits and receives a
control signal with the processor.

[0017] Meanwhile, the data communication portion may
receive scan data from the portable ultrasonic diagnostic
apparatus and may transmit the scan data to the controller,
the controller may perform a scan conversion process of
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forming the ultrasonic image using the scan data and then
may perform post processing necessary for improving image
quality, the controller may perform a decompression process
when the scan data sent from the portable ultrasonic diag-
nostic apparatus is compressed, the screen display portion
may display the ultrasonic image formed by the controller
on a screen to allow the user to see it, the menu input portion
may receive and transmit a user input to the controller, and
the controller may directly process the user input or may
transmit the user input to the portable ultrasonic diagnostic
apparatus using the data communication portion.

Advantageous Effects

[0018] As described above, a method of performing a low
power mode in which a circuit operation related to a
receiving circuit which receives an ultrasonic echo signal
reflected by a test subject is stopped when an ultrasonic
signal is transmitted to obtain an ultrasonic image of the test
subject and a circuit operation related to a transmitting
circuit which transmits the ultrasonic signal is stopped when
the ultrasonic echo signal reflected by the test subject is
received is provided, thereby reducing power consumed by
a portable ultrasonic diagnostic apparatus to be minimized.

[0019] Also, according to the present invention, the power
consumed by the portable ultrasonic diagnostic apparatus
which operates in the low power mode may be additionally
reduced using a wake-up time AT1 related to the transmit-
ting circuit which transmits the ultrasonic signal to obtain
the ultrasonic image of the test subject, a wake-up time AT2
related to the receiving circuit which receives the ultrasonic
echo signal reflected by the test subject, and a standby time
oT of standing by to obtain a necessary area of the ultrasonic
image of the test subject except an unnecessary particular
area.

[0020] In addition, according to the present invention, it is
possible to provide a portable ultrasonic diagnostic appara-
tus which includes a low power mode controller allowing
the portable ultrasonic diagnostic apparatus to operate in a
low power mode using minimal power by controlling a
switching portion forming transmitting and receiving paths
to perform operations of transmitting an ultrasonic signal to
a test subject to obtain an ultrasonic image of the test subject
and receiving an ultrasonic echo signal reflected by the test
subject and operates in a low power mode.

BRIEF DESCRIPTION OF DRAWINGS

[0021] FIG. 1 is a configuration diagram of an ultrasonic
diagnostic apparatus for using a method of performing a low
power mode of a portable ultrasonic diagnostic apparatus
according to one embodiment of the present invention.

[0022] FIG. 2 is a view illustrating a detailed configuration
of a main circuit portion of FIG. 1.

[0023] FIG. 3 is a schematic configuration diagram of an
external display apparatus connected to the portable ultra-
sonic diagnostic apparatus according to one embodiment of
the present invention.

[0024] FIG. 4is a view illustrating operation times of a TX
circuit and an RX circuit which operate when the portable
ultrasonic diagnostic apparatus to which the embodiment of
the present invention is applied transmits an ultrasonic pulse
and receives an ultrasonic echo.
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[0025] FIGS. 5 and 6 are views illustrating detailed con-
figurations related to the operation times of the TX circuit
and the RX circuit shown in FIG. 4.

[0026] FIG. 7 is a view illustrating a time of actually
applying power obtained by applying a wake-up time AT1
necessary for driving the TX circuit and a wake-up time AT2
necessary for driving the RX circuit to the operation times
of the TX circuit and the RX circuit shown in FIG. 4.
[0027] FIG. 8 is a view illustrating an application of a
standby time oT to the operation time of the TX circuit
shown in FIG. 7.

[0028] FIG. 9 is a view illustrating a schematic compari-
son between a general ultrasonic image of a fetus and an
ultrasonic image of the fetus received by the portable
ultrasonic diagnostic apparatus, to which the standby time
oT shown in FIG. 8 is applied.

[0029] FIG. 10 is a flowchart illustrating the method of
performing the low power mode of the portable ultrasonic
diagnostic apparatus according to one embodiment of the
present invention.

MODE FOR INVENTION

[0030] Hereinafter, exemplary embodiments of'the present
invention will be described in detail with reference to the
attached drawings.

[0031] The embodiments of the present invention are
provided to more completely explain the present invention
to one of ordinary skill in the art. The following embodi-
ments may be modified into various other forms, and the
scope of the present invention will not be limited thereto.
The embodiments are provided to allow the present disclo-
sure to be more substantial and complete and to fully transfer
the inventive concept to those skilled in the art.

[0032] The terms are used herein to describe particular
embodiments but will not limit the present invention. As
used herein, singular expressions, unless defined otherwise
in contexts, include plural expressions. Also, it will be
understood that the terms “comprises” and/or “comprising”
used herein specify the presence of stated shapes, numbers,
operations, members, elements, and/or groups thereof, but
do not preclude the presence or addition of one or more other
shapes, numbers, operations, members, elements, and/or
groups thereof. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0033] Throughout the specification, although the terms
“first”, “second”, etc. may be used herein to describe various
members, components, areas, layers, and/or portions, these
members, components, areas, layers and/or portions should
not be limited by these terms. The terms do not mean a
particular order, top and bottom, or merits and demerits but
are used only to distinguish one member, area, or portion
from others. Accordingly, a first member, area, or portion
which will be described below may indicate a second
member, area, or portion without deviating from teachings
of the present invention.

[0034] Hereinafter, the embodiments of the present inven-
tion will be described with reference to schematic drawings
thereof. Throughout the drawings, for example, according to
manufacturing technologies and/or tolerances, modifications
of illustrated shapes may be conceived. Accordingly, the
embodiments of the present invention will not be understood
to be limited to particular shapes of illustrated areas but will
include changes in shape caused while being manufactured.
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[0035] FIG. 1 is a configuration diagram of an ultrasonic
diagnostic apparatus for using a method of performing a low
power mode of a portable ultrasonic diagnostic apparatus
according to one embodiment of the present invention.
[0036] Referring to FIG. 1, an ultrasonic diagnostic appa-
ratus 10 according to one embodiment of the present inven-
tion includes an ultrasonic probe 100, a main circuit portion
200, a low power mode controller 300, and a battery 400.
[0037] First, the ultrasonic probe 100 includes a piezo-
electric element array module 110 and a multiplexer (MUX)
circuit portion 120. Here, the piezoelectric element array
module 110 includes a piezoelectric element and generates
an ultrasonic wave and the MUX circuit portion 120
receives an echo signal. The main circuit portion 200 forms
an ultrasonic image by receiving and analyzing the echo
signal and transmits the ultrasonic image to an external
portable display apparatus 500 which has a user screen.
Also, the low power mode controller 300 includes a high
voltage which drives the ultrasonic probe 100 to generate
and distribute a voltage necessary for the entire system and
minimizes a power consumption amount during an operation
to provide a maximal use time with the battery 400 with
limited power as a power source.

[0038] In detail, the piezoelectric element array module
110 is formed of a piezoelectric material. The piezoelectric
material may perform two functions of oscillating to gen-
erate and transmit a pulse of a sound wave into a human
body or receiving and transducing a reflected echo into an
electrical signal. Recently, as the piezoelectric material,
piezoelectric ceramic such as lead zirconatetitanate (PZT)
having highest electro-acoustic conversion efficiency is gen-
erally used. The piezoelectric element array module 110 is
generally configured to arrange a large number of, such as
64, 128, 192, etc., piezoelectric elements in an array. Here,
a range of an electric pulse which drives a piezoelectric
element corresponds to a high voltage from +100V to
-100V. The piezoelectric element array module 110 is also
referred to as an ultrasound transducer.

[0039] The MUX circuit portion 120 reduces the number
of signal pins. The MUX circuit portion 120 matches signal
lines between the piezoelectric element array module 110
and a transceiver 210.

[0040] That is, in transmitting of an ultrasonic wave and
receiving an echo, since all the elements in the piezoelectric
element array module 110 are not used at the same time and
only some elements at a position for collecting ultrasonic
echo data are used, the elements are selectively electrically
connected to the transceiver 210.

[0041] As described above, generally, the number of the
piezoelectric elements of the piezoelectric element array
module 110 may be large such as 64, 128, 192, etc. When the
MUX circuit portion 120 is used as described above, the
number of signal lines becomes notably reduced.

[0042] Meanwhile, the main circuit portion 200 may con-
trol to generate an ultrasonic wave to the test subject, may
receive an echo signal received from the piezoelectric ele-
ment array module 110, may analyze a difference in intensity
of the echo signals, and process the difference into the
brightness of a dot, thereby generating an ultrasonic image.
[0043] FIG. 2 is a view illustrating a detailed configuration
of the main circuit portion of FIG. 1.

[0044] As shown in the drawing, the main circuit portion
200 includes the transceiver 210, a high voltage pulse
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generator 220, an analog digital (AD) signal processor 230,
a beam former 240, a processor 250, and a communication
portion 260.

[0045] The transceiver 210 transmits a high voltage pulse
generated by the high voltage pulse generator 220 to the
ultrasonic probe 100 or transmits an analog signal received
from the ultrasonic probe 100 to the AD signal processor
230. That 1s, the transceiver 210 is a switch which connects
a TX circuit with the piezoelectric element array module 110
to transmit an ultrasonic wave and connects an RX circuit
with the piezoelectric element array module 110 to receive
an ultrasonic echo.

[0046] The high voltage pulse generator 220 generates an
electric pulse to be applied to the piezoelectric element array
module 110 to generate the ultrasonic wave. The AD signal
processor 230 amplifies an ultrasonic echo signal which
returns from the test subject with a very small level and
coverts the ultrasonic echo signal into a digital signal.
[0047] The beam former 240 allows the high voltage pulse
generator 220 to generate an adequate high voltage pulse
using a parameter adequate to the ultrasonic probe 100,
which is referred to as TX beam forming. Here, an electric
pulse is delayed with a time according to a position of a
piezoelectric element to concentrate energy of an ultrasonic
wave on a focus at a particular distance when the ultrasonic
wave is transmitted. A digital signal converted by the AD
signal processor 230 is received and data-converted accord-
ing to the ultrasonic probe 100 and then transmitted to the
processor 250, which is referred to as RX beam forming.
Here, an electrical signal output by each piezoelectric ele-
ment is delayed with a time according to a position and
receiving time of the piezoelectric element when an ultra-
sonic echo is received and the time-delayed signals are
added to generate ultrasonic data (scan data).

[0048] Also, the beam former 240 generates and transmits
an adequate digital signal to the AD signal processor 230
under the control of the processor 250.

[0049] The processor 250 controls the beam former 240 to
perform beam forming adequate to the ultrasonic probe 100,
generates an ultrasonic image using data received from the
beam former 240, transmits ultrasonic scan data to the
external display apparatus 500 using the communication
portion 260, and controls the entire system. Also, the pro-
cessor 250 compresses scan data as necessary to reduce a
bandwidth of a transmission line used for comnmnication.
[0050] The communication portion 260 is a communica-
tion module which transmits and receives data with an
external electric device. The communication module may
use a wired or wireless communication method and may be
a module using one of a wired cable such as a universal
serial bus (USB) cable, etc., as the wired communication
method, Bluetooth, a wireless USB, a wireless local area
network (LAN), wireless fidelity (Wi-Fi), Zigbee, and infra-
red data association (IrDA), as the wireless communication
method.

[0051] The communication portion 260 may display the
generated ultrasonic image on a display portion of the
external display apparatus 500 under the control of the
processor 250. Here, the external display apparatus 500 may
be a personal computer (PC), a tablet type device, a pad type
device, personal digital assistants (PDA), etc. As shown in
FIG. 3, the external display apparatus 500 may include a
data communication portion 510 which transmits and
receives data with the communication portion 260, a menu
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input portion 520 which receives a menu signal input from
a user, a screen display portion 530 which displays an
ultrasonic image and a menu, and a controller 540 which
transmits and receives a control signal with the processor
250. Here, the data communication portion 510 of the
external display apparatus 500 receives scan data from the
portable ultrasonic diagnostic apparatus and transmits the
scan data to the controller 540. The controller 540 performs
a scan conversion process of forming an ultrasonic image
using the scan data and then performs post processing
necessary for improving image quality. The controller 540
performs a decompressing process when the scan data sent
from the portable ultrasonic diagnostic apparatus are com-
pressed. Also, the screen display portion 530 displays the
ultrasonic image formed by the controller 540 on a screen to
allow the user to see it. The menu input portion 520 receives
and transmits a user input to the controller 540. The con-
troller 540 directly process the user input or transmits the
user input to the portable ultrasonic diagnostic apparatus
using the data communication portion 510.

[0052] Also, the ultrasonic diagnostic apparatus 10
according to the embodiment of the present invention may
include a display portion (not shown) autonomously. That is,
the ultrasonic diagnostic apparatus 10 may transmit the
generated ultrasonic image to another electronic device
through the communication module to display or may be
configured to directly display on the display portion thereof.
[0053] FIG. 4is a view illustrating operation times of a TX
circuit and an RX circuit which operate when the portable
ultrasonic diagnostic apparatus to which the embodiment of
the present invention is applied transmits an ultrasonic pulse
and receives an ultrasonic echo. FIGS. 5 and 6 are views
illustrating detailed configurations related to the operation
times of the TX circuit and the RX circuit shown in FIG. 4.
[0054] In the portable ultrasonic diagnostic apparatus
according to the embodiment of the present invention, due
to the low power mode controller 300, during an operation
time of the TX circuit which transmits an ultrasonic pulse,
the high voltage pulse generator 220 receives a voltage from
the battery 400 and operates on a preset frequency. During
an operation time of the RX circuit which receives an
ultrasonic echo, the AD signal processor 230 amplifies and
converts an ultrasonic echo signal which returns from an
object into a digital signal.

[0055] That is, while the ultrasonic pulse is transmitted,
due to the low power mode controller 300, the high voltage
pulse generator 220, a high voltage generator 221 which
applies a high voltage to the high voltage pulse generator
220, and the AD signal processor 230, which relate to the TX
circuit, operate and the RX circuit does not operate.
[0056] Also, while the ultrasonic echo is received, due to
the low power mode controller 300, an analog front end (not
shown) and the AD signal processor 230 including a low
noise amplifier 231 which amplifies an RX echo signal with
alow power level, a variable amplifier 232 for compensating
a decreased signal which returns from a place deep inside a
human body, a continuous wave Doppler (CWD: not
shown), and an AD converter 233 which converts an analog
signal into a digital signal to allow the beam former 240 to
process a digital signal, which relate to the RX circuit,
operate and the TX circuit does not operate.

[0057] Meanwhile, components related to the TX circuit
and the RX circuit may be provided as single semiconductor
chips or an integrated chip. An external input terminal for
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controlling a low power mode function according to the
embodiment of the present invention may be included. It is
possible to allow the low power mode controller 300 to
control a low power mode and a normal mode using the
external input terminal.

[0058] FIG. 7 is a view illustrating a time of actually
applying power obtained by applying a wake-up time AT1
necessary for driving the TX circuit and a wake-up time AT2
necessary for driving the RX circuit to the operation times
of the TX circuit and the RX circuit shown in FIG. 4.
[0059] As shown in the drawing, the ultrasonic diagnostic
apparatus 10 according to the embodiment of the present
invention stops a circuit operation related to a receiving
circuit which receives an ultrasonic signal reflected by the
test subject when an ultrasonic signal is transmitted to obtain
an ultrasonic image of the test subject and stops a circuit
operation related to a transmitting circuit which transmits an
ultrasonic signal when the ultrasonic signal reflected by the
test subject is received.

[0060] That is, the TX circuit of the ultrasonic diagnostic
apparatus 10 stands by in a low power mode (or a power-off
state) due to the low power mode controller 300 when the
ultrasonic diagnostic apparatus 10 operates to receive an
ultrasonic echo signal. Here, a wake-up time for entering a
normal operation state to transmit an ultrasonic signal from
the power-off state or the low power mode is necessary. In
this case, a wake-up time necessary for driving the TX
circuit is referred to as AT1. Since power is applied at the
wake-up time AT1 before a normal operation time, the TX
circuit is allowed to operate a normal operation. After that,
the operation time is finished, the TX circuit immediately
enters the low power mode or the power-off state.

[0061] Also, the RX circuit of the ultrasonic diagnostic
apparatus 10 stands by in a low power mode (or a power off
state) due to the low power mode controller 300 when the
ultrasonic diagnostic apparatus 10 operates to transmit an
ultrasonic signal. Here, a wake-up time for entering a normal
operation state to receive an ultrasonic echo signal from the
power-off state or the low power mode is necessary. In this
case, a wake-up time necessary for driving the RX circuit is
referred to as AT2. Since power is applied at the wake-up
time AT2 before a normal operation time, the RX circuit is
allowed to operate a normal operation. After that, the
operation time is finished, the RX circuit immediately enters
the low power mode or the power-off state.

[0062] FIG. 8 is a view illustrating an application of a
standby time oT to the operation time of the TX circuit
shown in FIG. 7.

[0063] An area of an ultrasonic image measured by the
ultrasonic diagnostic apparatus, in which a medical exam-
iner is interested, is a place positioned of 3 cm or more under
a skin of a human body. Particularly, an area present 1-2 cm
under the skin of the human body is formed of mostly
subcutaneous fat and generally does not have basic and
significant information necessary for giving a clinical diag-
nosis.

[0064] Considering the described above, since the portable
ultrasonic diagnostic apparatus according to the embodi-
ment of the present invention additionally removes a time
for applying power for measuring information of a mean-
ingless area, that is, does not receive an ultrasonic echo
signal for a time of reaching an area of a particular depth
from the skin of the human body, an unnecessary particular
area 1s excluded from ultrasonic waves of the test subject,

Dec. 29, 2016

thereby additionally reducing power consumed in an opera-
tion time corresponding thereto.

[0065] As shown in the drawing, the portable ultrasonic
diagnostic apparatus according to the embodiment of the
present invention receives the ultrasonic echo signal exclud-
ing an area of a particular depth input by the user.

[0066] Here, the standby time oT refers to a standby time
for standing by to obtain a necessary area in the ultrasonic
image of the test subject except the unnecessary particular
area. Since a transmission speed of ultrasonic waves in a
human body is determined to be 1540 m/s, The standby time
oT may be accurately calculated by the low power mode
controller 300 according to the embodiment of the present
invention.

[0067] As described above, in the portable ultrasonic
diagnostic apparatus according to the embodiment of the
present invention, since the RX circuit additionally stands
by in the low power mode or the power-off state for the
standby time 0T and enters a mode for performing a normal
operation, power consumed for operating for the standby
time 0T may be additionally reduced.

[0068] FIG. 9 is a view illustrating a schematic compari-
son between a general ultrasonic image of a fetus and an
ultrasonic image of the fetus received by the portable
ultrasonic diagnostic apparatus, to which the standby time
oT shown in FIG. 8 is applied.

[0069] As shown in the drawing, it may be known that a
total depth of the ultrasonic image is 14 cm considering the
general ultrasonic image. When it is determined not to
receive an ultrasonic echo signal from an area at a depth of
4 cm among them, it is possible to save a part of power
necessary for operating the RX circuit to receive the ultra-
sonic echo signal.

[0070] FIG. 10 is a flowchart illustrating the method of
performing the low power mode of the portable ultrasonic
diagnostic apparatus according to one embodiment of the
present invention.

[0071] As shown in the drawing, the ultrasonic diagnostic
apparatus according to one embodiment of the present
embodiment, first, applies operating power to the TX circuit
before the wake-up time AT1 necessary for driving the TX
circuit to transmit an ultrasonic signal (S1). Here, the RX
circuit for receiving an ultrasonic echo signal becomes a low
power mode (or a power-off state) (S2).

[0072] Next, to obtain an ultrasonic image of a test sub-
ject, the ultrasonic probe 100 generates an ultrasonic wave
by applying an electric pulse to the piezoelectric elements
(S3).

[0073] Also, the menu input portion 520 receives whether
to set the standby time oT of the RX circuit corresponding
to an area at a particular depth according to a user selection
(S4).

[0074] Here, when the standby time oT of the RX circuit
is not set (0T=0), operation power is applied to the RX
circuit before the wake-up time AT2 necessary for driving
the RX circuit to receive an ultrasonic echo signal (S5), the
TX circuit for transmitting the ultrasonic signal becomes a
low power mode (or a power-off state) (S6), and the main
circuit portion 200 generates an ultrasonic image by receiv-
ing and analyzing the echo signal and transmits the ultra-
sonic image to a user screen (S10).
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[0075] On the other hand, when the standby time oT of the
RX circuit is set, first, the TX circuit for transmitting the
ultrasonic signal becomes the low power mode (a power-off
state) (87).

[0076] Next, the standby time o'l is additionally applied to
the wake-up time AT2 necessary for driving the RX circuit
to receive the ultrasonic echo signal to stand by (S8), and
after that, the operating power is applied to the RX circuit
(89).

[0077] Finally, and the main circuit portion 200 generates
an ultrasonic image by receiving and analyzing the echo
signal and transmits the ultrasonic image to a user screen
(S10).

[0078] As described above, a method of performing a low
power mode in which a circuit operation related to a
receiving circuit which receives an ultrasonic echo signal
reflected by a test subject is stopped when an ultrasonic
signal is transmitted to obtain an ultrasonic image of the test
subject and a circuit operation related to transmitting circuit
which transmits the ultrasonic signal is stopped when the
ultrasonic echo signal reflected by the test subject is received
is provided, thereby reducing power consumed by a portable
ultrasonic diagnostic apparatus to be minimized.

[0079] Also, according to the present invention, the power
consumed by the portable ultrasonic diagnostic apparatus
which operates in the low power mode may be additionally
reduced using a wake-up time AT1 related to the transmit-
ting circuit which transmits the ultrasonic signal to obtain
the ultrasonic image of the test subject, a wake-up time AT2
related to the receiving circuit which receives the ultrasonic
echo signal reflected by the test subject, and a standby time
oT of standing by to obtain a necessary area of the ultrasonic
image of the test subject except an unnecessary particular
area.

[0080] In addition, according to the present invention, it is
possible to provide a portable ultrasonic diagnostic appara-
tus which includes a low power mode controller allowing
the portable ultrasonic diagnostic apparatus to operate in a
low power mode using minimal power by controlling a
switching portion forming transmitting and receiving paths
to perform operations of transmitting an ultrasonic signal to
atest subject to obtain an ultrasonic image of the test subject
and receiving an ultrasonic echo signal reflected by the test
subject and operates in a low power mode.

[0081] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may
be made therein without departing from the spirit and scope
of the present invention as defined by the following claims.

INDUSTRIAL APPLICABILITY

[0082] The present invention will be applied to the field of
manufacturing portable ultrasonic diagnostic apparatuses.

1. A method of performing a low power mode of a
portable ultrasonic diagnostic apparatus which comprises a
TX circuit for applying power to a high voltage pulse
generator generating an electric pulse to generate an ultra-
sonic wave to be transmitted to a test subject, an RX circuit
for applying power to an analog-digital (AD) signal proces-
sor amplifying an ultrasonic echo signal returning from the
test subject and then converting the amplified ultrasonic
echo signal into a digital signal, and an external input
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terminal for controlling low power modes of the power
applied to the TX circuit and the RX circuit, the method
comprising:

applying operating power to the TX circuit before a
wake-up time AT1 necessary for driving the TX circuit
to transmit an ultrasonic signal;

entering, by the RX circuit for receiving the ultrasonic
echo signal, a low power mode (or a power-off state);
applying, by an ultrasonic probe, the electric pulse to a
piezoelectric element array module to generate the
ultrasonic wave to obtain an ultrasonic image of the test
subject;

receiving, by a menu input portion, whether to set a
standby time oT of the RX circuit for receiving the
ultrasonic echo signal corresponding to an area at a
particular depth according to a user selection;

applying operating power to the RX circuit and then
allowing the TX circuit to be in a low power mode (or
a power-off state) when the standby time oT of the RX
circuit is not set and allowing the TX circuit to be in the
low power mode (or the power-off state) and then
applying the operating power to the RX circuit when
the standby time oT is set; and

receiving and analyzing, by a main circuit portion of the
ultrasonic diagnostic apparatus, the echo signal to
generate and transmit the ultrasonic image to a user
screen.

2. The method of claim 1, wherein the applying operating
power to the RX circuit and then allowing the TX circuit to
be in the low power mode (or the power-off state) when the
standby time oT of the RX circuit is not set and allowing the
TX circuit to be in the low power mode (or the power-off
state) and then applying the operating power to the RX
circuit when the standby time oT is set comprises:

applying the operation power to the RX circuit before a
wake-up time AT?2 necessary for driving the RX circuit
to receive the ultrasonic echo signal and allowing the
TX circuit for transmitting the ultrasonic signal to be in
the low power mode (or the power-off state) when the
standby time oT is not set (0T=0); and

allowing the TX circuit for transmitting the ultrasonic
signal to be in the low power mode (or the power-off
state), standing by while additionally applying the
standby time oT to the wake-up time AT2 necessary for
driving the RX circuit to receive the ultrasonic echo
signal, and applying the operating power to the RX
circuit when the standby time oT is set.

3. A portable ultrasonic diagnostic apparatus, to which the
method of performing the low power mode according to
claim 1 is to be applied, comprising:

an ultrasonic probe which comprises a piezoelectric ele-
ment array module and a multiplexer (MUX) circuit
portion to generate an ultrasonic wave and receive an
echo signal;

a main circuit portion which receives and analyzes the
echo signal received from the ultrasonic probe to
generate and transmit an ultrasonic image to a user
screen;

a portable battery which supplies power necessary for the
ultrasonic probe and the main circuit portion; and

a low power mode controller which receives power from
the portable battery to have a high voltage which drives
the ultrasonic probe and generates and distributes a
voltage necessary for the entire system,
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wherein the main circuit portion comprises a transceiver
which performs as a switch connecting one of a TX
circuit for transmitting the ultrasonic wave and an RX
circuit for receiving an ultrasonic echo to the ultrasonic
probe depending on a transmitting and receiving state,
and

wherein the low power mode controller, by controlling the
transceiver, minimizes a power consumption amount
by stopping an operation of the RX circuit which
receives an ultrasonic echo signal reflected by a test
subject when the ultrasonic signal is transmitted and
stopping an operation of the TX circuit which transmits
the ultrasonic signal when the ultrasonic echo signal is
received.

4. The portable ultrasonic diagnostic apparatus of claim 3,

wherein the main circuit portion comprises:

a high voltage generator which generates an electric pulse
applied to the piezoelectric element array module to
generate the ultrasonic wave;

an AD signal processor which amplifies a level of the
ultrasonic echo signal returning from the test subject
and converts the amplified ultrasonic echo signal into a
digital signal;

the transceiver which transmits a high voltage pulse
generated by the high voltage pulse generator to the
ultrasonic probe and transmits an analog signal
received from the ultrasonic probe to the AD signal
processor;

a beam former which allows the high voltage pulse
generator to generate an adequate high voltage pulse
using a parameter adequate to the ultrasonic probe and
receives the digital signal from the AD signal processor
to perform data conversion to be appropriate for the
ultrasonic probe;

a processor which allows the beam former to perform
beam forming adequate to the ultrasonic probe, gener-
ates the ultrasonic image using data received from the
beam former, transmits the ultrasonic image to a dis-
play portion and an external display apparatus using
ultrasonic scan data, and controls the entire system; and

a communication portion which transmits and receives
data with the external display apparatus.

5. The portable ultrasonic diagnostic apparatus of claim 4,
wherein the communication portion uses any one of a local
area network (LAN) using a cable, Bluetooth, a wireless
universal serial bus (USB), a wireless LAN, wireless fidelity
(Wi-Fi), Zigbee, and infrared data association (IrDA).

6. The portable ultrasonic diagnostic apparatus of claim 4,
wherein the external display apparatus comprises a data
communication portion which transmits and receives data
with the communication portion, a menu input portion
which receives a menu signal from a user, a screen display
portion which displays the ultrasonic image and a menu, and
a controller which transmits and receives a control signal
with the processor.

7. The portable ultrasonic diagnostic apparatus of claim 6,
wherein the data communication portion receives scan data
from the portable ultrasonic diagnostic apparatus and trans-
mits the scan data to the controller, the controller performs
a scan conversion process of forming the ultrasonic image
using the scan data and then performs post processing
necessary for improving image quality, the controller per-
forms a decompression process when the scan data sent from
the portable ultrasonic diagnostic apparatus is compressed,
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the screen display portion displays the ultrasonic image
formed by the controller on a screen to allow the user to see
it, the menu input portion receives and transmits a user input
to the controller, and the controller directly processes the
user input or transmits the user input to the portable ultra-
sonic diagnostic apparatus using the data communication
portion.

8. The portable ultrasonic diagnostic apparatus of claim 3,
wherein the low power mode controller allows the high
voltage pulse generator to operate on a preset frequency in
an operation time of the TX circuit for receiving the voltage
from the battery and transmitting an ultrasonic pulse and
allows the AD signal processor provided in the main circuit
portion to amplify and then convert the ultrasonic echo
signal into the digital signal in an operation time of the RX
circuit which receives the ultrasonic echo.

9. A portable ultrasonic diagnostic apparatus, to which the
method of performing the low power mode according to
claim 2 is to be applied, comprising:

an ultrasonic probe which comprises a piezoelectric ele-
ment array module and a multiplexer (MUX) circuit
portion to generate an ultrasonic wave and receive an
echo signal,

a main circuit portion which receives and analyzes the
echo signal received from the ultrasonic probe to
generate and transmit an ultrasonic image to a user
screen;

a portable battery which supplies power necessary for the
ultrasonic probe and the main circuit portion; and

a low power mode controller which receives power from
the portable battery to have a high voltage which drives
the ultrasonic probe and generates and distributes a
voltage necessary for the entire system,

wherein the main circuit portion comprises a transceiver
which performs as a switch connecting one of a TX
circuit for transmitting the ultrasonic wave and an RX
circuit for receiving an ultrasonic echo to the ultrasonic
probe depending on a transmitting and receiving state,
and

wherein the low power mode controller, by controlling the
transceiver, minimizes a power consumption amount
by stopping an operation of the RX circuit which
receives an ultrasonic echo signal reflected by a test
subject when the ultrasonic signal is transmitted and
stopping an operation of the TX circuit which transmits
the ultrasonic signal when the ultrasonic echo signal is
received.

10. The portable ultrasonic diagnostic apparatus of claim

10, wherein the main circuit portion comprises:

a high voltage generator which generates an electric pulse
applied to the piezoelectric element array module to
generate the ultrasonic wave;

an AD signal processor which amplifies a level of the
ultrasonic echo signal returning from the test subject
and converts the amplified ultrasonic echo signal into a
digital signal;

the transceiver which transmits a high voltage pulse
generated by the high voltage pulse generator to the
ultrasonic probe and transmits an analog signal
received from the ultrasonic probe to the AD signal
processor;

a beam former which allows the high voltage pulse
generator to generate an adequate high voltage pulse
using a parameter adequate to the ultrasonic probe and
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receives the digital signal from the AD signal processor
to perform data conversion to be appropriate for the
ultrasonic probe;

a processor which allows the beam former to perform
beam forming adequate to the ultrasonic probe, gener-
ates the ultrasonic image using data received from the
beam former, transmits the ultrasonic image to a dis-
play portion and an external display apparatus using
ultrasonic scan data, and controls the entire system; and

a communication portion which transmits and receives
data with the external display apparatus.

11. The portable ultrasonic diagnostic apparatus of claim
11, wherein the communication portion uses any one of a
local area network (LAN) using a cable, Bluetooth, a
wireless universal serial bus (USB), a wireless LAN, wire-
less fidelity (Wi-Fi), Zigbee, and infrared data association
(IDA).

12. The portable ultrasonic diagnostic apparatus of claim
11, wherein the external display apparatus comprises a data
communication portion which transmits and receives data
with the communication portion, a menu input portion
which receives a menu signal from a user, a screen display
portion which displays the ultrasonic image and a menu, and
a controller which transmits and receives a control signal
with the processor.
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13. The portable ultrasonic diagnostic apparatus of claim
12, wherein the data communication portion receives scan
data from the portable ultrasonic diagnostic apparatus and
transmits the scan data to the controller, the controller
performs a scan conversion process of forming the ultra-
sonic image using the scan data and then performs post
processing necessary for improving image quality, the con-
troller performs a decompression process when the scan data
sent from the portable ultrasonic diagnostic apparatus is
compressed, the screen display portion displays the ultra-
sonic image formed by the controller on a screen to allow the
user to see it, the menu input portion receives and transmits
a user input to the controller, and the controller directly
processes the user input or transmits the user input to the
portable ultrasonic diagnostic apparatus using the data com-
munication portion.

14. The portable ultrasonic diagnostic apparatus of claim
3, wherein the low power mode controller allows the high
voltage pulse generator to operate on a preset frequency in
an operation time of the TX circuit for receiving the voltage
from the battery and transmitting an ultrasonic pulse and
allows the AD signal processor provided in the main circuit
portion to amplify and then convert the ultrasonic echo
signal into the digital signal in an operation time of the RX
circuit which receives the ultrasonic echo.
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