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(7) ABSTRACT

An ultrasonic imaging apparatus and a method for control-
ling the same are disclosed. The ultrasonic imaging appa-
ratus includes: a user interface to receive an input signal of
a user and a power-supply unit. The power-supply umt
includes a plurality of power-supply groups to provide
power-supply signals for respectively driving a plurality of
elements, and a power-supply processor to search for power
data corresponding to the received input signal from among
predetermined power data and to adjust power-supply sig-
nals applied to respective elements corresponding to the
plurality of power-supply groups according to the searched
power data.

11 Claims, 8 Drawing Sheets




U.S. Patent Nov.12,2019  Sheet 1 of 8 US 10,470,747 B2

FIG. 1
4102




US 10,470,747 B2

'

Sheet 2 of 8

Nov. 12, 2019

A/

U.S. Patent

< 'OId

= 2 > HOLYHINGD
01—~ H0SS3008d >_d%w Y3MOd | B IE KL
U~ — — = /
“““““““““““ || voss €095 ¢ 095 | 17096 v 2
dnodd Addns] .. [dnodd A1ddns|[dnods ATddns|[anoes Addns 0 LINN
—43M0d HL-N —H3M0d OdIHL||-43M0d ONC23S ||-43mod LsH13 W AV130 3W1L
7
LINN AlddNS-H3mod w vil oLl
/ L
005 5 YINDOJNY3E XL
Y
| a i \ H35INd H
0l
. ~ )
v — H0S53006d 300H-H < N S <
LIND LNdNT ] i 09¢ ke I
7 : —50SS3009d J00N-0E = W
oo . 5 | —— 103rg0
AYSI0 | LINN 0S¢
7 3 NOI LONHLSNOO3Y H H0SSI00Hd I00N-Q == 3 144} Fe 130HvL
oLy JOWN | 7 W INN
3OVYIIN] ¥3ISN 7 ore v EAER Tl | RECCTR
00 11NN e g |
SISTHINAS H03S3004dd S i
JovNI < 90SS3008d 30088 < vIva-3ud [_LINN ONISN003 1821
OININGILZ0TYd | el | 7 7
7 0le 022 olz 021~{ Y3WHOdnvy3a Xy
ad ABONIW HOLYHINID JOVHI H0SS3008d V.LvQ LINN DN INHOIWY39
/ / /
05€ 00 002



US 10,470,747 B2

Sheet 3 of 8

Nov. 12, 2019

U.S. Patent

FIG. 3

10

~,

NN

AN

////////,///
N /

NN

N
NN

N
DU
///
V77NN




U.S. Patent Nov.12,2019  Sheet 4 of 8 US 10,470,747 B2

FIG. 4
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FIG. 6
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FIG. 7
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FIG. 8
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ULTRASONIC IMAGING APPARATUS AND
METHOD FOR CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0006083, filed on
Jan. 13, 2015 in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein by reference.

BACKGROUND

1. Field

Embodiments of the present invention relate to an ultra-
sonic imaging apparatus for controlling a power-supply
voltage applied to a plurality of elements contained in an
ultrasonic imaging apparatus, and a method for controlling
the same.

2. Description of the Related Art

An ultrasonic imaging apparatus applies an ultrasonic
signal from the surface of an object (for example, a human
body) to a target site of the inside of the body of the object,
and non-invasively acquires tomograms of soft tissues or
images regarding blood flow using information of reflected
ultrasonic signals (reflected ultrasonic echo signals). The
ultrasonic imaging apparatus displays a diagnostic image in
real time, and has compact size and low price, as compared
to other imaging apparatuses, for example, an X-ray probe,
an X-ray computed tomography (CT) scanner, a magnetic
resonance imaging (MRI) apparatus, and a nuclear medical
probe. In addition, since the ultrasonic imaging apparatus
does not cause radiation exposure, the ultrasonic imaging
apparatus is inherently safe. Accordingly, the ultrasonic
imaging apparatus has been widely utilized for cardiac,
abdominal, and urological diagnosis as well as obstetric and
gynecological diagnosis.

Power consumption of the ultrasonic imaging apparatus
continuously increases in proportion to increasing perfor-
mance, such that many developers and companies are con-
ducting intensive research into technology for efficiently
managing a power-supply voltage applied to a plurality of
elements contained in the ultrasonic imaging apparatus. In
addition, since the ultrasonic imaging apparatus has been
miniaturized or implemented as a mobile system, the neces-
sity of driving the ultrasonic imaging apparatus using a
small amount of power is increased, and eflicient power
management is of increasing importance.

SUMMARY

Therefore, it is an aspect of the present invention to
provide an ultrasonic imaging apparatus and a method for
controlling the same, which allow a plurality of power-
supply groups to adjust power-supply voltages respectively
applied to a plurality of elements in response to a user input
signal.

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

In accordance with one aspect of the present invention, an
ultrasonic imaging apparatus includes: a user interface con-
figured to receive an input signal of a user; and a power-
supply unit including a plurality of power-supply groups to
provide power-supply signals for respectively driving a
plurality of elements, and a power-supply processor to
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search for power data corresponding to the received input
signal from among predetermined power data and to adjust
power-supply signals applied to respective elements corre-
sponding to the plurality of power-supply groups according
to the searched power data.

The power-supply processor may adjust the magnitude of
power-supply signals applied to the plurality of elements.

The power-supply processor may turn on or off the
plurality of power-supply groups so as to adjust power
supply.

The input signal may be an operation mode of the
ultrasonic imaging apparatus; and the power-supply proces-
sor may search for power data corresponding to the input
operation mode, and adjust supply time points of power-
supply signals applied to the plurality of elements according
to the searched power data.

The power-supply processor may adjust the order of
power-supply signals applied to the plurality of elements
according to the searched power data.

The input signal may indicate transmission/reception (Tx/
Rx) conditions regarding a frequency and interval of ultra-
sonic waves to be transmitted and received; and the power-
supply processor may search for power data corresponding
to the input transmission/reception (Tx/Rx) conditions, and
adjust a switching frequency of power-supply signals
applied to the plurality of elements according to the searched
power data.

The power-supply groups may include different regula-
tors.

The power-supply processor may adjust the switching
frequency and supply time point of power-supply signals
applied to the plurality of elements according to the searched
power data.

The plurality of power-supply groups may be coupled in
parallel according to the same-magnitude voltages.

In accordance with another aspect of the present inven-
tion, a method for controlling an ultrasonic imaging appa-
ratus includes: receiving an input signal of a user; searching
for power data corresponding to the received input signal
from among predetermined power data; and adjusting
power-supply signals applied to respective elements corre-
sponding to a plurality of power-supply groups according to
the searched power data.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the invention will become
apparent and more readily appreciated from the following
description of the embodiments, taken in conjunction with
the accompanying drawings of which:

FIG. 1 is a perspective view illustrating an ultrasonic
imaging apparatus according to an embodiment of the
present invention.

FIG. 2 is a block diagram illustrating an ultrasonic imag-
ing apparatus according to an embodiment of the present
invention.

FIG. 3 is a cross-sectional view illustrating a piezoelectric
layer according to an embodiment of the present invention.

FIG. 4 is a block diagram illustrating a power-supply unit
for supplying a power-supply voltage to a plurality of
elements according to an embodiment.

FIG. 5 is a block diagram illustrating a concept of
supplying a power-supply voltage to a plurality of elements
according to another embodiment.

FIG. 6 is a graph illustrating power-supply voltages
supplied from a power-supply unit to a plurality of elements
according to different orders according to an embodiment.
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FIG. 7 is a flowchart illustrating a method for allowing a
power-supply unit to provide a plurality of elements with
power-supply voltages according to an embodiment.

FIG. 8 is a flowchart illustrating a method for allowing a
power-supply unit to provide a plurality of elements with
power-supply voltages according to another embodiment.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments
of the present invention, examples of which are illustrated in
the accompanying drawings, wherein like reference numer-
als refer to like elements throughout. In the following
description of the present invention, a detailed description of
known functions and configurations incorporated herein will
be omitted when it may obscure the subject matter of the
present invention.

The terms used in this specification have been selected in
consideration of functions of corresponding constituents in
the embodiments, and the definitions thereof may vary
depending upon intention of a user or operator or practices.
Therefore, the terms used in the embodiments described
below should be construed as having meanings as com-
monly understood by those skilled in the art if not specifi-
cally defined. Terms specifically defined in this specification
should be understood based on the definitions thereof in the
specification.

In addition, unless specifically mentioned, aspects or
constituents of embodiments selectively disclosed in this
specification should be understood as being combinable with
each other, although they are shown in the drawings as a
single integrated configuration, so long as it is not apparent
to those skilled in the art that they are contradictory to each
other.

An ultrasonic imaging apparatus and a method for con-
trolling the same according to embodiments of the present
invention will hereinafter be described with reference to the
attached drawings.

The ultrasonic imaging apparatus according to an embodi-
ment will hereinafter be described with reference to FIGS.
1 and 2.

FIG. 1 is a perspective view illustrating an ultrasonic
imaging apparatus according to an embodiment of the
present invention.

Referring to FIG. 1, the ultrasonic imaging apparatus 1
may include a main body 11, an ultrasonic probe 10, an input
unit 460, a sub-display 410a, and a main display 4105.

The main body 11 may receive a transmission (Tx) signal
generator 112 of the ultrasonic imaging apparatus 1. Ifa user
inputs an ultrasonic diagnostic command, the Tx signal
generator 112 may generate a transmission (Tx) signal and
transmit the Tx signal to the ultrasonic probe 10.

One or more female connectors 15 may be provided at one
side of the main body 11. A male connector 14 coupled to a
cable 13 may be physically coupled to the female connector
15. The Tx signal generated by the Tx signal generator may
be transmitted to the ultrasonic probe 10 after passing
through not only the male connector 14 coupled to the
female connector 15 of the main body 11 but also the cable
13.

Meanwhile, a plurality of castors 16 for mobility of the
ultrasonic imaging apparatus 1 may be located blow the
main body 11. The plurality of castors 16 may fix the
ultrasonic imaging apparatus 1 to a specific position, or may
allow movement of the ultrasonic imaging apparatus 1 in a
specific direction.
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The ultrasonic probe 10 may contact the surface of a
target object (ob) so as to transmit or receive ultrasonic
waves. In more detail, the ultrasonic probe 10 may convert
a signal received from the main body 11 into an ultrasonic
signal, transmit the converted ultrasonic signal to the inside
of the target object (ob), receive an ultrasonic echo signal
reflected from a specific part contained in the target object
(ob), and transmit the received ultrasonic echo signal to the
main body 11.

For this purpose, a plurality of acoustic modules 7 for
generating ultrasonic waves according to an electric signal
may be provided at one end of the ultrasonic probe 10.

The acoustic module 7 may generate ultrasonic waves
according to received AC (Alternating Current) power. In
more detail, the acoustic module 7 may receive AC power
from an external power-supply or an internal battery. A
transducer of the acoustic module 7 vibrates according to the
received AC power so as to generate ultrasonic waves.

The plurality of acoustic modules 7 may be implemented
as a matrix array, a linear array, or a convex array. In
addition, the plurality of acoustic modules 7 may be imple-
mented as a phased array or a concave array. A cover for
covering the acoustic modules may be arranged over the
acoustic modules 7.

The cable 13 is coupled to the other end of the ultrasonic
probe 10, and the male connector 14 may be coupled to the
end of the cable 13. The male connector 14 may be physi-
cally coupled to the female connector 15 of the main body
11.

The input unit 460 may receive various input signals
associated with the operations of the ultrasonic imaging
apparatus 1 from a user. In addition, the input signals
received through the input unit 460 may be supplied to the
main body 11 by wire or wirelessly.

The input unit 460 may include at least one of a touchpad,
a keyboard, a foot switch, and a foot pedal. The touchpad or
keyboard may be implemented by hardware, and may be
provided at an upper portion of the main body 11. The
keyboard may include at least one of a switch, a key, a
wheel, a joystick, a track ball, and a knob. In another
example, the keyboard may also be implemented by soft-
ware such as a graphical user interface (GUI). In this case,
the keyboard may be displayed through the sub display 410a
or the main display 4105. The foot switch or the foot pedal
may be provided at a lower portion of the main body 11. A
user (operator) may control the operation of the ultrasonic
imaging apparatus 1 using the foot pedal.

The input signal received by the input unit 460 will
hereinafter be described with reference to FIG. 2.

A probe holder 12 for holding the ultrasonic probe 10 may
be disposed around the input unit 460. Therefore, a user may
stow the ultrasonic probe 10 on the probe holder 12 when the
ultrasonic imaging apparatus 1 is not used.

Although one probe holder 12 is disposed around the
input unit 460 as shown in FIG. 1, the scope or spirit of the
present invention is not limited thereto, the position or
number of probe holders 12 may be modified in various
ways according to the overall design of the ultrasonic
imaging apparatus 1 or the design or position of some
constituent elements of the ultrasonic imaging apparatus 1.

The display 410 may display images requisite for the user
who manipulates the ultrasonic imaging apparatus 1 or the
acquired ultrasonic images. In addition, the display 410 may
include a sub display 410q and a main display 4105.

The sub display 410a may be provided in the main body
11. FIG. 1 exemplarily illustrates that the sub display 410a
is disposed over the input unit 460. The sub display 410a
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may be implemented as a Cathode Ray Tube (CRT), a
Liquid Crystal Display (LCD), etc. The sub display 410a
may display a menu or information needed for ultrasonic
diagnosis.

The main display 4105 may be provided in the main body
11. FIG. 1 exemplarily illustrates that the main display 4105
is disposed over the sub display 410a. The main display
4105 may be implemented as a CRT or LCD. The main
display 4105 may display ultrasonic images acquired from
an ultrasonic diagnostic process.

Although FIG. 1 exemplarily illustrates that both the sub
display 410a and the main display 4105 are contained in the
ultrasonic imaging apparatus 1, it should be noted that the
sub display 410a may be omitted as necessary. In this case,
the application or menu displayed through the sub display
410a may also be displayed through the main display 4105
as necessary.

In addition, at least one of the sub display 410a and the
main display 4105 may also be separated from the main
body 11 as necessary.

FIG. 2 is a block diagram illustrating an ultrasonic imag-
ing apparatus according to an embodiment of the present
invention.

Referring to FIG. 2, the ultrasonic imaging apparatus 1
may include a probe 10, a beamforming unit 100, a data
processor 200, an image generator 300, a memory 350, a
user interface 400, and a power-supply unit 500.

The ultrasonic imaging apparatus 1 may be implemented
as a cart-type or portable-type ultrasonic imaging apparatus.
For example, the portable-type ultrasonic imaging apparatus
may be implemented as any one of a picture archiving
communication system (PACS) viewer, a smartphone, a
laptop computer, a personal digital assistant (PDA), a tablet,
a laptop computer, etc., without being limited thereto.

The probe 10 may output an ultrasonic signal to the target
object (ob) upon receiving a drive signal from the beam-
forming unit 100, and receive an echo signal reflected from
the target object (ob). The probe 10 may include a trans-
ducer, and the transducer may vibrate in response to the
received electric signal, and generate ultrasonic waves cor-
responding to acoustic energy. In addition, the probe 10 may
be coupled to the main body of the ultrasonic imaging
apparatus 1 by wire or wirelessly, and the ultrasonic imaging
apparatus 1 may include a plurality of probes 10 according
to an implementation shape.

The beamforming unit 100 may transmit an ultrasonic
signal to the target object (ob), and receive an echo ultra-
sonic signal reflected from the target object (ob). In more
detail, the beamforming unit 100 may include a transmission
(Tx) beamformer 110, a pulser 130, a reception (Rx) beam-
former, and a beamforming processor 105.

The Tx beamformer 110 may output a drive signal to the
probe 10, and may include a transmission (Tx) signal
generator 112, and a time delay unit 114.

The Tx signal generator 112 may generate a pulse for
forming a Tx ultrasonic signal according to a predetermined
pulse repetition frequency (PRF). The time delay unit 114
may apply a delay time for deciding transmission direction-
ality to the pulse. Individual pulses to which the delay time
is applied may respectively correspond to a plurality of
piezoelectric vibrators contained in the probe 10.

The pulser 130 may apply the drive signal (or driving
pulse) to the probe 10 at different time points corresponding
to respective pulses to which the delay time is applied.

The Rx beamformer 120 may process the echo signal
received from the probe 10 so as to generate ultrasonic data,

10

20

25

40

45

55

60

65

6

and may include an amplifier 122, an analog-to-digital
converter (ADC) 124, a time-difference correction unit 126,
and a focusing unit 128.

The amplifier 122 may amplify the echo signal per
channel. The ADC 124 may perform analog-to-digital con-
version (ADC) of the amplified echo signal, and thus output
the digital echo signal. The time-difference correction unit
126 may apply the delay time for deciding reception direc-
tionality to the digital echo signal. The focusing unit 128
may sum echo signals processed by a reception (Rx) delay
unit, and thus generate ultrasonic data.

Meanwhile, the Rx beamformer 120 may not include the
amplifier 122 according to implementation format. That is,
if sensitivity of the probe 10 increases or the number of
processed bits increases, the amplifier 122 may be omitted
as necessary.

The beamforming processor 105 may control the opera-
tion of the beamforming unit 100. In more detail, the
beamforming processor 105 may control the Tx beamformer
110 so as to adjust a frequency, a magnitude, an irradiation
direction, and depth of an ultrasonic signal to be generated
from the probe 10. In addition, the beamforming processor
105 may arrange the position of the target object (ob) of a
diagnostic part from which the corresponding signal is
reflected according to the frequency, magnitude and Rx
position of the received ultrasonic signal, and thus output the
arranged result to the data processor 200.

The data processor 200 may analyze ultrasonic data
received from the beamforming unit 100, and process the
analyzed ultrasonic data in the form of a user-desired image.

In more detail, the data processor 200 may include a
pre-data processor 210, a B-mode processor 220, a C-mode
processor 230, a D-mode processor 240, a 3D-mode pro-
cessor 250, and an M-mode processor 260.

The pre-data processor 210 may perform data processing
before converting ultrasonic data into an ultrasonic image.
In more detail, the pre-data processor 210 may perform
sampling of ultrasonic data at intervals of a specific sam-
pling time period. In addition, the pre-data processor 210
may detect the motion of a target part to be diagnosed by
analyzing ultrasonic data, and may calculate a motion vector
on the basis of the analyzed ultrasonic data.

In addition, the pre-data processor 210 may generate an
ultrasonic image through scan conversion of the generated
ultrasonic data, and display the generated ultrasonic image.
Meanwhile, the ultrasonic image may include not only a
gray-scale image and a three-dimensional (3D) image, that
are obtained by scanning the target object (ob) in an ampli-
tude (A) mode, a brightness (B) mode, and a motion (M)
mode, but also a Doppler image for indicating a moving
object (ob) using the Doppler effect. The Doppler image
may include a blood-flow Doppler image (also called a color
Doppler image) indicating blood flow, a tissue Doppler
image indicating the movement of tissues, and a spectrum
Doppler image for displaying the moving speed of the target
object (ob) in a waveform format.

The B-mode processor may extract a B-mode component
from ultrasonic data, and process the extracted B-mode
component. The image generator 300 may generate an
ultrasonic image in which signal strength is represented by
brightness on the basis of the B-mode component extracted
by the B-mode processor.

The C-mode processor may extract a C-mode component
from ultrasonic data, and process the extracted C-mode
component. The image processor 300 may generate ultra-
sonic images having different RGB ratios on the basis of the
B-mode component extracted by the C-mode processor.
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The D-mode processor may extract the Doppler compo-
nent from ultrasonic data, and the image generator 300 may
generate a Doppler image in which movement of the target
object (ob) is represented by colors or waveforms on the
basis of the extracted Doppler component.

The 3D-mode processor 250 may receive the output
signals having different depths and different heights from the
beamforming unit, analyze the received output signals to
generate 3D volumes, and perform rendering of the 3D
volumes by combining the 3D volumes.

The M-mode processor may analyze the time-variant
movement of a specific diagnostic part of ultrasonic data,
and generate an ultrasonic image on the basis of the analyzed
result in such a manner that an ultrasonic image and a time
axis can be simultaneously displayed.

The image generator 300 may temporally or spatially
combine data processed by the data processor 200, and thus
generate an ultrasonic image. In addition, the image gen-
erator 300 may include an image synthesis unit 310 and an
image reconstruction unit 320.

The image synthesis unit 310 performs image registration
of the sampled beamforming output signal that is temporally
and spatially divided, temporally and spatially re-synthe-
sizes the image registration result, and represents an ultra-
sonic image on the basis of the re-synthesized result.

In addition, the image reconstruction unit 320 may recon-
struct the distorted ultrasonic image signal caused by a data
processing step, a diagnostic step, or other reasons using an
estimation function or an interpolation function.

In addition, the image generator 300 may also generate an
elastic image for displaying the modification degree of the
target object (ob) in response to pressure. Furthermore, the
image generator 300 may also display various additional
information (e.g., text or graphics) on the ultrasonic image.
Meanwhile, the generated ultrasonic image may be stored in
the memory 350.

The memory 350 may store various kinds of information
processed by the ultrasonic imaging apparatus 1. For
example, the memory 350 may store medical data associated
with diagnosis of the target object (ob), for example, input/
output ultrasonic data, an ultrasonic image, etc. The memory
350 may also store an algorithm or program executed by the
ultrasonic imaging apparatus 1.

In addition, the memory 350 may store predetermined
power data (PD) therein. In this case, the predetermined
power data (PD) may be established when the ultrasonic
imaging apparatus 1 is manufactured or designed according
to a user input signal applied to the input unit 460. In more
detail, the predetermined power data (PD) may be estab-
lished in a manner that several power-supply groups 560 can
adjust the magnitude and order of power-supply voltages to
be applied to a plurality of elements contained in the
ultrasonic imaging apparatus 1 according to a user-selected
operation mode of the ultrasonic imaging apparatus 1. In
addition, the predetermined power data (PD) may be estab-
lished in a manner that several power-supply groups 560 can
adjust the switching frequency and supply time of power-
supply voltages to be applied to a plurality of elements
contained in the ultrasonic imaging apparatus 1 according to
a user-input transmission/reception (Tx/Rx) condition. The
predetermined power data (PD) may include regulator infor-
mation contained in the plurality of power-supply groups
560 so as to adjust the switching frequency.

The memory 350 may be implemented as various kinds of
storage media, such as a flash memory 350, a hard disk drive
(HDD), an EEPROM, etc. In addition, the ultrasonic imag-
ing apparatus 1 may operate a web-based storage or cloud
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server configured to perform a storage function of the
memory 350 over the Internet.

The user interface 400 may display a screen image
through which the user can recognize the operation state of
the ultrasonic imaging apparatus 1 and can input a desired
command, and may receive a user input signal. In addition,
the user interface 400 may include the input unit 460 and the
display 410.

The input unit 460 may receive an input signal for the
operation of the ultrasonic imaging apparatus 1 from the
user.

In more detail, the input unit 460 may receive input
signals associated with various operation modes, for
example, an amplitude (A) mode, a brightness (B) mode, a
color (C) mode, a Doppler (D) mode, a motion (M) mode,
a 3D mode, etc. In addition, the input unit 460 may receive
input signals associated with Tx/Rx information regarding
the frequency and interval of transmission (Tx) ultrasonic
signals, and may also receive input signals associated with
Tx/Rx information regarding the frequency and intervals of
reception (Rx) ultrasonic signals. In addition, the input unit
460 may receive an input signal associated with the begin-
ning of ultrasonic diagnosis, and the like.

Categories of the input unit 460 may be identical to or
different from those of the input unit 460 shown in FIG. 1.
That is, although the input unit 460 may include hardware
configurations, for example, a keypad, a mouse, a touch
panel, a touchscreen, a track ball, a jog switch, etc., the
scope or spirit of the present invention is not limited thereto,
and the input unit 460 may further include various input
units, for example, an electrocardiogram (ECG) measure-
ment module, a respiratory measurement module, a voice
recognition sensor, a gesture recognition sensor, a finger-
print recognition sensor, an iris recognition sensor, a depth
sensor, a distance sensor, etc.

The display 410 may display and output the generated
ultrasonic image. The display 410 may display not only the
ultrasonic image but also various kinds of information
processed by the ultrasonic imaging apparatus 1 on the
screen through a Graphical User Interface (GUI). Mean-
while, the ultrasonic imaging apparatus 1 may include two
or more displays 410 according to implementation formats.

The display 410 may include the sub display 410a and the
main display 4106. The display 410, the sub display 410q,
and the main display 4105 may be identical to or different
from those of FIG. 1.

The power-supply unit 500 can provide power-supply
voltages for driving a plurality of elements contained in the
ultrasonic imaging apparatus 1 on the basis of the input
signal of the input unit 460. In addition, the power-supply
unit 500 may convert DC power into AC power, and may
also convert AC power into DC power. In addition, the
power-supply unit 500 may include a plurality of power-
supply groups 560 for respectively providing a plurality of
elements with power-supply voltages, and a power-supply
processor 510 for adjusting the power-supply voltages sup-
plied from the plurality of power-supply groups 560.

The power-supply unit 500 will hereinafter be described
with reference to FIGS. 4 and 5.

FIG. 3 is a cross-sectional view illustrating a piezoelectric
layer according to an embodiment of the present invention.

Referring to FIG. 3, the ultrasonic probe 10 may include
an acoustic module 7, a protective layer 5, and a lens layer
6. The acoustic module 7 may include a piezoelectric layer
3, a backing layer 4 (serving as a sound absorption layer)
provided at the bottom surface of the piezoelectric layer, and
a matching layer 3 provided at the top surface of the
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piezoelectric layer 3. The protective layer 5 may cover the
top surface of the acoustic module 7, and may partially cover
a lateral surface of the acoustic module 7. The lens layer 6
may cover the top surface and lateral surface of the protec-
tive layer 5.

The acoustic module 100 may also be referred to as an
ultrasonic transducer. Examples of the ultrasonic transducers
may include a magnetostrictive ultrasonic transducer using
magnetostrictive effects of a magnetic material, a capacitive
micromachined ultrasonic transducer (¢cMUT) to transmit
and receive ultrasonic waves using vibration of several
hundred or thousand micromachined thin films, and a piezo-
electric ultrasonic transducer using piezoelectric effects of a
piezoelectric material. Hereinafter, a piezoelectric ultrasonic
transducer will be described as one embodiment of the
transducer.

When mechanical pressure is applied to a certain material,
voltage is generated, and when voltage is applied, mechani-
cal deformation occurs. Such an effect is referred to as the
piezoelectric effect or the inverse piezoelectric effect, and a
material having such an effect is referred to as a piezoelectric
material. That is, a piezoelectric material is a material which
converts electric energy into mechanical vibration energy
and vice versa.

The ultrasonic probe 10 may include the piezoelectric
layer 3 which receives electrical signals and converts the
electrical signals into mechanical vibration so as to generate
ultrasonic waves.

The piezoelectric material constructing the piezoelectric
layer 3 may include a PZT (lead zirconate titanate) ceramic,
a PZMT single crystal made of a solid solution of lead
magnesium niobate and lead titanate, a PZNT single crystal
made of a solid solution of lead zinc niobate and lead
titanate, or the like. In addition, various other materials for
converting electric signals into mechanical vibration may
also be used as an example of the piezoelectric material
constructing the piezoelectric layer 3.

In addition, the piezoelectric layer 3 may be arranged in
a single-layer or in a stack of multiple layers. Generally, the
piezoelectric layer 3 in the form of a stack may be more
advantageous in terms of impedance and voltage adjust-
ment, thus achieving high energy conversion efficiency and
tender spectrums. In addition, various other structures in
consideration of the performance of the piezoelectric layer 3
may be used as one example of the structure of the piezo-
electric layer 3.

The backing layer (serving as a sound absorption layer) 4
may be installed to the lower surface of the piezoelectric
layer 3 to absorb ultrasonic waves generated in and moving
rearward of the piezoelectric layer 3, thereby preventing
ultrasonic waves from moving rearward of the piezoelectric
layer 3. Consequently, the backing layer 4 may prevent
image distortion. The backing layer 4 may be formed in
multiple layers to increase attenuation or prevention of
ultrasonic waves. In addition, various structures to increase
attenuation or prevention of ultrasonic waves may be used as
one example of the structure of the backing layer 4.

The matching layer 2 may be installed at the upper surface
of the piezoelectric layer 3. The matching layer 2 may
reduce a difference in acoustic impedances between the
piezoelectric layer 3 and a target object (ob) to match the
acoustic impedances of the piezoelectric layer 3 and the
target object (ob) with each other, thereby allowing ultra-
sonic waves generated in the piezoelectric layer 3 to be
efficiently transmitted to the target object (ob). To this end,
the impedance of the matching layer 2 may have a median
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value between the acoustic impedance of the piezoelectric
layer 3 and the acoustic impedance of the target object (ob).

The matching layer 2 may be formed of glass or a resin.
In addition, various other materials to match the acoustic
impedances of the piezoelectric layer 3 and the target object
(ob) with each other may be used as one example of a
constituent material of the matching layer 2.

In addition, the matching layer 2 may include a plurality
of matching layers 2 to ensure stepwise variation of acoustic
impedance from the piezoelectric layer 3 to the target object
(ob), and the matching layers 2 may be formed of different
materials. Additionally, various other structures to ensure
stepwise variation of acoustic impedance may be used as
one example of the structure of the matching layer 2.

The piezoelectric layer 3 and the matching layer 2 may be
processed into a 2-dimensional (2D) matrix array by dicing,
or may be processed into a 1D matrix array.

The protective layer 5 may be installed to cover an upper
surface of the matching layer 2 and a portion of the side
surface of the acoustic module 7. The protective layer 5 may
include a chemical shield to protect internal elements from
water and medicines used for disinfection. The chemical
shield may be formed by coating or depositing a conductive
material on a surface of a moisture-proof and chemical-
resistant film. For example, the chemical shield may be
formed by implementing Parylene coating of a polymer film
on the upper surface of the matching layer 2 and a portion
of the side surface of the acoustic module 7. In another
example, the chemical shield may be formed by sputtering
a surface of a polymer film.

In addition, the protective layer 5 may include a Radio
Frequency (RF) shield to prevent leakage of RF waves from
the piezoelectric layer 3 as well as introduction of an
external RF signal. Naturally, various other configurations to
prevent introduction/leakage of RF components may be used
as one example of a constituent configuration of the protec-
tive layer 5.

The lens layer 6 may be installed to cover the upper
surface and the side surface of the protective layer 5. The
lens layer 6 may be formed of a low-attenuation material to
prevent attenuation of an ultrasonic signal generated in the
piezoelectric layer 3. For example, the lens layer 6 may be
formed of a low viscosity epoxy resin, such as DER322 or
DEH24. In addition, various other materials to prevent
attenuation of an ultrasonic signal may be used as one
example of a constituent material of the lens layer 6. As a
result of forming the lens layer 6 of a low-attenuation
material, it may be possible to enhance ultrasonic signal
sensitivity.

Moreover, as a result of installing the lens layer 6 to cover
a portion of the side surface of the acoustic module 7, i.e. a
portion of the outer surface of the acoustic module 7, it may
be possible to reduce crosstalk.

The power-supply unit, a plurality of internal components
of the power-supply unit, and a user interface contained in
the ultrasonic imaging apparatus according to embodiments
of the present invention will hereinafter be described with
reference to FIGS. 4 and 5.

FIG. 4 is a block diagram illustrating a power-supply unit
for supplying a power-supply voltage to a plurality of
elements according to an embodiment.

Referring to FIG. 4, the ultrasonic imaging apparatus 1
may include a beamforming processor 105, a transmission
(Tx) beamformer 110, a pulser 130, a reception (Rx) beam-
former 12, a data processor 200, an image generator 300, a
user interface 400, and a power-supply unit 500.
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The beamforming processor 105, the Tx beamformer 100,
the pulser 130, the Rx beamformer 120, the data processor
200, the image generator 300, and the memory 350 shown
in FIG. 4 may be identical to or different from the beam-
forming processor 105, the Tx beamformer 110, the pulser
130, the Rx beamformer 120, the data processor 200, the
image generator 300, and the memory 350 shown in FIG. 2.

The user interface 400 may include the input unit 360 for
receiving an input signal regarding a user-desired operation.
The user may input the operation mode of the ultrasonic
imaging apparatus 1 through the input unit 460.

In more detail, the user who uses the input unit 460 may
select whether an ultrasonic image to be obtained or dis-
played through the ultrasonic imaging apparatus 1 is a
brightness (B) mode, a color Doppler (CD) mode, or a
spectral Doppler mode image. If the user selects the spectral
Doppler mode, the user may also select whether the spectral
Doppler mode is a pulsed wave (PW) mode or a continuous
wave (CW) mode using the input unit 460.

The power-supply unit 500 may output power-supply
voltages to a plurality of elements contained in the ultrasonic
imaging apparatus 1.

In more detail, the power-supply unit 500 may select a
power-supply group 560 scheduled to power on a plurality
of elements on the basis of a user input signal received by
the input unit 460, and may supply or adjust power-supply
voltages to be applied to the plurality of elements.

In addition, the power-supply unit 500 may include a
power-supply processor 510 and a power-supply group 560.

The power-supply processor 510 may receive the input
signal entered through the input unit 460, and may retrieve
predetermined power data (PD) stored in the memory 350.
In addition, the power-supply processor 510 may search for
power data (PD) corresponding to the received input signal
from among predetermined power data (PD) retrieved from
the memory 350, and may determine a power-supply signal
to be adjusted according to the searched power data (PD). In
addition, the power-supply processor 510 may output a
control signal to a plurality of power-supply groups 560
configured to adjust power-supply voltages.

For example, the power-supply processor 510 may search
for predetermined power data (PD) according to the CD
mode from among the predetermined power data (PD) when
the input signal received from the input unit 460 is a Color
Doppler (CD) mode signal. A control signal is applied to a
plurality of power-supply groups 560 according to the
searched PD, such that power-supply voltages to be applied
to the plurality of elements can be adjusted. That is, the
magnitude and power of voltages applied to the plurality of
elements and the power applied to the plurality of elements
can be adjusted.

As a result, different power levels may be required for the
plurality of elements contained in the ultrasonic imaging
apparatus 1 according to individual modes, such that power
can be optimized for respective user-selected modes.

The power-supply group 560 may include a plurality of
power-supply groups 560 capable of being distinguished and
driven independently of each other.

The plurality of power-supply groups 560 may output
different voltages. For example, the power-supply group 560
may include a first power-supply group (560_1), a second
power-supply group (560_2), a third power-supply group
(560_3), a fourth power-supply group (560_4), a fifth
power-supply group (560_5), a sixth power-supply group
(560_6), and a seventh power-supply group (560_7). In
addition, the first power-supply group (560_1) may output a
voltage of 1.8V, and the first power-supply group (560_1)
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may include a plurality of power-supply groups (560_1_1 to
560_1_#»). In addition, the second power-supply group
(560_2) may output a voltage of 3.3V, and the second
power-supply group (560_2) may include a plurality of
power-supply groups (560_2_1 to 560_2_r). A third power-
supply group (560_3) may output a voltage of 5V, and the
third power-supply group (560_3) may include a plurality of
power-supply groups (560_3_1 to 560_3_n). A fourth
power-supply group (560_4) may output a voltage of 12V,
and the fourth power-supply group (560_4) may include a
plurality of power-supply groups (560_4_1 to 560_4_»). In
addition, a fifth power-supply group (560_5) may output
power-supply voltages of 1V to 100V so as to generate the
operation signal.

In addition, the beamforming processor 105 may receive
power-supply signals from the 1_1-th power-supply unit
(560_1_1), the 2_1-th power-supply unit (560_2_1), and the
3_1-th power-supply unit (560_3_1). The Tx beamformer
110 may receive power-supply signals from the 2_2-th
power-supply unit (560_2_2), the 3_2-th power-supply unit
(560_3_2), and the 4_1-th power-supply unit (560_4_1).
The pulser 130 may receive a power-supply signal from the
fifth power-supply group (560_5), and the Rx beamformer
120 may receive power-supply signals from the 2_3-th
power-supply unit (560_2_3), the 3_3-th power-supply unit
(560_3_3), and the 4_2-th power-supply unit (560_4_2). In
addition, the data processor 200 may receive a power-supply
signal from the 6™ power-supply group (560_6), the user
interface 400 may receive a power-supply signal from the 7%
power-supply group (560_7), and the image generator 300
and the memory 350 may receive a power-supply signal
from the 8% power-supply group (560_8).

FIG. 5 is a block diagram illustrating a concept of
supplying a power-supply voltage to a plurality of elements
according to another embodiment.

Referring to FIG. 5, the ultrasonic imaging apparatus 1
may include a beamforming processor 105, a Tx beam-
former 110, a pulser 130, an Rx beamformer 120, a data
processor 200, an image generator 300, a memory 350, a
user interface 400, and a power-supply unit 500.

The beamforming processor 105, the Tx beamformer 110,
the pulser 130, the Rx beamformer 120, the data processor
200, the image generator 300, and the memory 350 shown
in FIG. 5 may be identical to or different from the beam-
forming processor 105, the Tx beamformer 110, the pulser
130, the Rx beamformer 120, the data processor 200, the
image generator 300, and the memory 350 shown in FIG. 2.

The user interface 400 may include the input unit 460 for
receiving an input signal regarding a user-desired operation.
The user may input Tx/Rx conditions of the ultrasonic
imaging apparatus 1 through the input unit 460.

In more detail, the user who uses the input unit 460 may
select the frequency and interval of ultrasonic waves to be
transmitted through the ultrasonic probe 10, and may select
the frequency and interval of echo ultrasonic waves to be
reflected from the target object (ob). For example, the user
may select that the frequency of Tx/Rx ultrasonic waves is
2 MHz.

The power-supply unit 500 may provide power-supply
signals to a plurality of elements contained in the ultrasonic
imaging apparatus 1.

In more detail, the power-supply unit 500 may select a
power-supply group 560 scheduled to power on the plurality
of elements on the basis of the user input signal received by
the input unit 460, and may provide and adjust power-supply
signals to be applied to the plurality of elements.
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In addition, the power-supply unit 500 may include a
power-supply processor 510 and a power-supply group 560.

The power-supply processor 510 may receive the input
signal entered through the input unit 460, and may retrieve
predetermined power data (PD) stored in the memory 350.
In addition, the power-supply processor 510 may search for
power data (PD) corresponding to the received input signal
from among the predetermined power data (PD) retrieved
from the memory 350, and may determine a power-supply
signal to be adjusted according to the searched power data
(PD). In addition, the power-supply processor 510 may
transmit a control signal to a plurality of power-supply
groups 560 so as to perform power adjustment.

For example, the power-supply processor 510 may be
greatly affected by noise if the input signal received from the
input unit 460 is a continuous wave (CW) mode signal, so
that a power-supply signal is supplied to a power-supply
group 560 less affected by noise, resulting in reduction of
noise. Therefore, the power-supply processor 510 may
search for predetermined power data (PD) according to the
CW mode from among the predetermined power data (PD),
transmit a control signal to a plurality of power groups 560
according to the searched PD, and thus adjust a power-
supply signal to be applied to a plurality of elements. That
is, the switching frequency and the supply time point of
voltage signals supplied to individual elements can be
adjusted.

As a result, deterioration in the image quality of the
ultrasonic image is prevented because the switching fre-
quency of the power-supply unit 500 affects Tx/Rx ultra-
sonic waves through compensation interference or destruc-
tive interference.

The power-supply group 560 may include a plurality of
power-supply groups 560 capable of being distinguished and
driven independently of each other.

The plurality of power-supply groups 560 may output
different voltages. For example, the power-supply group 560
may include a first power-supply group (560_1) and a
second power-supply group (560_2). In addition, the first
power-supply group (560_1) may include a switching regu-
lator that is greatly affected by noise and has high efficiency.
The first power-supply group (560_1) may include a plural-
ity of power-supply groups (560_1_1 to 560_1_r). In addi-
tion, the second power-supply group (560_2) may include a
linear regulator less affected by noise but having low effi-
ciency, and the second power-supply group (560_2) may
include a plurality of power-supply units (560_2_1 to
560_2_n).

FIG. 6 is a graph illustrating power-supply voltages
supplied from a power-supply unit to a plurality of elements
according to different orders according to an embodiment.

If the user inputs a desired operation mode through the
input unit 460, the ultrasonic imaging apparatus 1 may be
time-serially driven in the order of a start section T1, a stop
section T2, an other-construction start section T3, a driving
section T4, and a termination section T5.

In this case, the power-supply unit 500 may retrieve
predetermined power data (PD) stored in the memory 350,
search for PD corresponding to the operation mode received
by the input unit 460 from among the predetermined PD,
determine the searched PD, provide a power-supply signal to
each element contained in the ultrasonic imaging apparatus
1 according to the PD, and adjust the power-supply signal.

In more detail, the power-supply unit 500 may provide a
power-supply signal to the data processor during the start
section T1, and then power on the beamforming processor
105, the pulser 130, and the Tx beamformer 110. Thereafter,
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the power-supply unit 500 may sequentially power on the Rx
beamformer 120 and the user interface 400 during the start
section T1, and then power on the image generator 300 and
the memory 350.

In addition, during the stop section T2, the power-supply
unit 500 may continuously power on the data processor, the
image generator 300, and the memory 350, may power off
the beamforming processor 105, the pulser 130, and the Tx
beamformer 110, and may finally power off the Rx beam-
former 120. Thereafter, the power-supply unit 500 may
power off the user interface 400 during the stop section T2.

During the other-construction start section T3, the power-
supply unit 500 may continuously power on the data pro-
cessor, and may continuously power off the beamforming
processor 105, the pulser 130, the Tx beamformer 110, the
Rx beamformer 120, and the user interface 400. In addition,
during the other-construction start section T3, the power-
supply unit 500 may power off the image generator 300 and
the memory 350, and may then power on the image gen-
erator 300 and the memory 350.

During the driving section T4, the power-supply unit 500
may continuously power on the data processor, the image
generator 300, and the memory 350, and may power on the
beamforming processor 105, the pulser 130, and the Tx
beamformer 110. Thereafter, the power-supply unit 500 may
sequentially power on the Rx beamformer 120 and the user
interface 400 during the driving section T4.

During the termination section T5, the power-supply unit
500 may power off the beamforming processor 105, the
pulser 130, the Tx beamformer 110, the image generator
300, and the memory 350, and may then power off the Rx
beamformer 120. Thereafter, during the termination section
T5, the power-supply unit 500 may power off the user
interface 400, and may then power off the data processor.

Constituent elements of the ultrasonic imaging apparatus
have been described above. A method for allowing the
power-supply unit to power on a plurality of elements
according to the embodiments will hereinafter be described
with reference to FIGS. 7 and 8.

FIG. 7 is a flowchart illustrating a method for allowing a
power-supply unit to provide a plurality of elements with
power-supply voltages according to an embodiment.

Referring to FIG. 7, the input unit may recognize an input
signal entered by the user, and transmit the recognized input
signal to the power-supply processor in operation S10. The
power-supply processor may determine which operation
mode of the ultrasonic imaging apparatus is selected by the
input signal recognized on the basis of the input signal of the
input unit in operation S20.

In addition, the power-supply processor may search for
power data (PD) corresponding to the input operation mode
from among predetermined power data (PD) on the basis of
the operation mode applied to the ultrasonic imaging appa-
ratus, and may power on a plurality of elements correspond-
ing to a plurality of power-supply groups according to the
retrieved power data (PD) in operation S30.

FIG. 8 is a flowchart illustrating a method for allowing a
power-supply unit to provide a plurality of elements with
power-supply voltages according to another embodiment.

Referring to FIG. 8, the input unit may recognize the input
signal entered by the user, and may transmit the user input
signal to the power-supply processor in operation S110. The
power-supply processor may determine Tx/Rx conditions
associated with the frequency and interval of ultrasonic
waves to be transmitted and received in the ultrasonic
imaging apparatus on the basis of the input signal recog-
nized by the input signal in operation S120.
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In addition, the power-supply processor may search for
power data (PD) corresponding to input Tx/Rx conditions
from among predetermined power data (PD) on the basis of
Tx/Rx conditions applied to the ultrasonic imaging appara-
tus, and may power on a plurality of elements corresponding
to a plurality of power-supply groups according to the
searched power data (PD) in operation S130.

As is apparent from the above description, the ultrasonic
imaging apparatus and the method for controlling the same
according to the embodiments can allow a plurality of
power-supply groups to adjust power-supply voltages
respectively applied to a plurality of elements, resulting in
increased power efficiency and reduced signal distortion.

The above-mentioned embodiments are disclosed only for
illustrative purposes. The above-mentioned disclosures are
used only to indicate the embodiments, and the present
invention can also be used in various combinations, modi-
fications and environments without departing from the scope
or spirit of the present invention. That is, the present
invention can be readily modified or changed within the
scope of the present invention, within the scope equivalent
to the disclosed content, and/or within the scope of technol-
ogy or knowledge well known to those skilled in the art. The
above-mentioned embodiments have exemplarily described
the best mode for implementing a technical idea of the
present invention, and various modifications needed for
detailed application fields and utilities can also be made
available. Therefore, the above-mentioned embodiments are
exemplary and explanatory and are not intended to limit the
scope of the present invention. In addition, the appended
claims may conceptually include other embodiments or
examples without departing from the scope or spirit of the
present invention as necessary.

Although a few embodiments of the present invention
have been shown and described, it would be appreciated by
those skilled in the art that changes may be made in these
embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
claims and their equivalents.

What is claimed is:

1. An ultrasonic imaging apparatus comprising:

a user interface configured to receive an input signal of a

user; and

a power-supply unit including:

a first power-supply group including a first regulator
and configured to provide first power-supply signals
for respectively driving first and second elements;
and

a second power-supply group including a second regu-
lator and configured to provide second power-supply
signals for respectively driving the first and second
elements,

wherein the power-supply unit searches for first power

data corresponding to the received input signal from

among predetermined power data and adjusts the first
and second power-supply signals applied to respective
first and second elements corresponding to the first and
second power-supply groups according to the first
power data by turning on or off at least one of the first
power-supply group or the second power-supply group,
wherein the input signal indicates transmission/reception

(Tx/Rx) conditions determining a frequency and an

interval of ultrasonic waves to be transmitted and

received,

wherein the power-supply unit searches for second power

data corresponding to the transmission/reception (Tx/

Rx) conditions from among the predetermined power
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data, and adjusts a switching frequency and a supply
time point of the first and second power-supply signals
respectively applied to the first and second elements
according to the second power data; and

wherein the predetermined power data includes informa-

tion of the first and second regulators contained in the
first and second power-supply groups, respectively, to
adjust the switching frequency.

2. The ultrasonic imaging apparatus according to claim 1,
wherein the power-supply unit adjusts magnitudes of the
first and second power-supply signals respectively applied to
the first and second elements.

3. The ultrasonic imaging apparatus according to claim 1,
wherein the input signal is an operation mode of the ultra-
sonic imaging apparatus, and

wherein the power-supply unit searches for third power

data corresponding to the input operation mode, and
adjusts supply time points of the first and second
power-supply signals respectively applied to the first
and second elements according to the third power data.

4. The ultrasonic imaging apparatus according to claim 1,
wherein the first and second regulators are different from
each other.

5. The ultrasonic imaging apparatus according to claim 1,
wherein the first and second power-supply groups are
coupled in parallel according to the same-magnitude volt-
ages.

6. A method for controlling an ultrasonic imaging appa-
ratus, comprising:

receiving an input signal of a user;

searching for power data corresponding to the input signal

from among predetermined power data; and
adjusting power-supply signals applied to first and second
elements corresponding to first and second power-
supply groups, respectively, according to the power
data by turning on or off at least one of the first
power-supply group or the second power-supply group,

wherein the input signal indicates transmission/reception
(Tx/Rx) conditions determining a frequency and an
interval of ultrasonic waves to be transmitted and
received,

wherein the adjusting of the power-supply signals

includes adjusting a switching frequency and a supply
time point of the power-supply signals respectively
applied to the first and second elements according to
the power data, and

wherein the predetermined power data includes informa-

tion of regulators contained in the first and second
power-supply groups, respectively, to adjust the switch-
ing frequency.

7. The method according to claim 6, wherein the adjusting
of the power-supply signals includes adjusting magnitudes
of the power-supply signals applied to the first and second
elements, respectively.

8. The method according to claim 6, wherein the input
signal is an operation mode of the ultrasonic imaging
apparatus, and

wherein the adjusting of the power-supply signals

includes adjusting supply time points of the power-
supply signals respectively applied to the first and
second elements.

9. The method according to claim 8, wherein the adjusting
of the supply time points of the power-supply signals
includes adjusting orders of power-supply signals applied to
the first and second elements, respectively.

10. The method according to claim 6, wherein the adjust-
ing of the switching frequency includes turning on or off at
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least one of the first power-supply group or the second
power-supply group respectively having different regulators.
11. The method according to claim 6, wherein the first and
second power-supply groups are coupled in parallel accord-
ing to the same-magnitude voltages. 5
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