US 20160081665A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2016/0081665 A1

PARK et al.

(43) Pub, Date: Mar. 24, 2016

(54)

(71)

(72)

(73)

1)
(22)

(30)

ULTRASONIC PROBE ULTRASONIC
IMAGING APPARATUS AND CONTROLLING
METHOD OF ULTRASONIC IMAGING
APPARATUS

Applicant: SAMSUNG ELECTRONICS CO.,
LTD., Suwon-si (KR)

Inventors: SUNGCHAN PARK, Suwon-si (KR);
JUNGHO KIM, Yongin-si (KR);
Kyuhong KIM, Seoul (KR); Bae hyung
KIM, Yongin-si (KR); Jooyoung
KANG, Yongin-si (KR)

Assignee: SAMSUNG ELECTRONICS CO.,
LTD., Suwon-si (KR)

Appl. No.: 14/805,943
Filed:  Jul. 22,2015

Foreign Application Priority Data

Sep. 23,2014 (KR) v 10-2014-0127008

Publication Classification

(51) Int.Cl
AGIB 8/08 (2006.01)
AGIB 8/14 (2006.01)
AGIB 8/00 (2006.01)
(52) US.CL
CPC o AGIB 8/5269 (2013.01); AGIB 8/4483

(2013.01); A61B 8/14 (2013.01); A61B 8/54
(2013.01); A61B 8/5207 (2013.01)

7) ABSTRACT

An ultrasonic probe includes a transducer circuit configured
to receive ultrasonic waves reflected from an object and out-
put an ultrasonic signal based on the ultrasonic waves; a
simulated circuit having circuit characteristics substantially
the same as the transducer circuit and configured to output a
noise signal; and a differential amplifier circuit configured to
output a voltage difference between the ultrasonic signal and
the noise signal.
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FIG. 5

TEN
TF o ——= ULTRASONIC RECEIVING
, o CONTROLLER

ULTRASONIC GENERATING ~m
GONTROLLER ¢

|

i

i

i

3

H

i
P ek TRANSOUCER
§ - AN ¢ :"\;
N BT
i

{

§

i

-~—-§C!~—-iv

o
¥ Bias

i
PORER SOURCE



Patent Application Publication = Mar. 24,2016 Sheet 6 of 15 US 2016/0081665 A1

312

[ 4
o
&3




Patent Application Publication = Mar. 24,2016 Sheet 7 of 15 US 2016/0081665 A1

FIG. 7

Ry §

THANSDUCER MODULE
G




US 2016/0081665 A1

Mar. 24,2016 Sheet 8 of 15

Patent Application Publication

PRt
i

N\:
ind mwmm DINOSYHLHY

WaH NGT e

30y
iy

L s { s
AYI0ON
HAANCGD
3 YA

WRLIS

éﬁ w.

g

A4

BREES M
} .mﬁ&

e

wd:mm
PR AT
3 T 5 ¥ 20} % 7 e
¥
H i}
}
oy ;

o s v o o o s i 9

—— >

mmz% s

L

8 "DId

Mt Va1 e e e e e e d e e W e W e T e e e Y S e e e e
N

iiiiwmwx

THOHLNGD
u CEIYTRLS

AT ILNGD
PAIONGD SINOOVHE Y




Patent Application Publication = Mar. 24,2016 Sheet 9 of 15 US 2016/0081665 A1

FI1G. 9
Q
A
Ry &
;
. "‘"‘{’ on .
Ls_,..g AT b = /
YARTABLE
al CONTROL MODULE
Cayé |
‘../
0]




Patent Application Publication  Mar. 24,2016 Sheet 100f15  US 2016/0081665 A1

FI1G. 10A
0
S 7000
@ 4 100008 T OUTPUT TERMINAL

ggiﬁmﬁ

O
TRANSDUCER CIRCUIT(T)




Patent Application Publication  Mar. 24,2016 Sheet 11 0f15  US 2016/0081665 A1

FIG. 10B
3
§?{}ogz
Il
L I OUTPUT TERMINAL

g H0mH

]
SIMULATED CIROUITIS)




Patent Application Publication

Mar. 24,2016 Sheet12 0f 15  US 2016/0081665 A1

§35€}§3

§85{’}§3 5

§ 10mH

e H00F =

FIG. 10C
<
=H00uF

SIMULATED CIRCUIT(S

o
}

| QUTPUT TERMINAL



Patent Application Publication = Mar. 24,2016 Sheet 130f15  US 2016/0081665 A1

FIG. 11A

T ToE
R i
CENERATING o |
CONTROLLER 0t TT |
& |
[ S —
}} \\\\\\\\\\ ,§ R?
Viiss b
LLTRASONIG R T
§ [Tt 1 f 3
GRTING el fr |y TS
A k & LS AR
CONTROLLER 3 - 0 (ONTROLLER
i FVin
! e
i
i
]
i
i
§
H
SIMULATED
CIRCUTT

CONTROLLER




Patent Application Publication

UL TRASON T
GENERAT NG
CONTROLLER

SIMUEATED

GHRGUT e

LONTROLLER

LLTRASON G
GENERAT NG
CONTROULER

SINULATED
IR
CORTROULER

Mar. 24,2016 Sheet 14 of 15

FIG. 11B

¥ T
* Ti: B
i et H
3 i H
““““ - i ﬁ H
§ R
§ R
D
3 B
! .
i H N
§ & H !
§ R "
3 i : i
i ﬁ:} ¥
: frersrensen :
i B
3 ¥
N N
i MMH i
§ H
§
o
P N
3 L i
N wnd Qm y i
1 h :
H i HR e 3
3 B
R v v oo e e o e e o e
Jo s
Yitas
§ R
§ §
3 s
N N

VARIABLE
QONTROL |

§
§
i
{
3 i
) Mh H
§ ¢ y
; e :
! L&) i
4 :
o '
FUUENS S :
ol R :
; {
Lae
Yin
Yias
; - :
i s BN ;
§ ! e\\.ti 3
! i N
3 H
,,,,,,,, H R
! E ! i
¥ H
: ! o
i H
N . 4 : ;
i H J
N Vi :
R ocoacel
3 & i
b S Ry
} H
§ MM;: :
3 o i
} 8 i
NS I :
3o :
& f b H
; §
L. b
Ve
¥iias
3
B
N

VARIABLE |
CONTRRL, |

—

i
L ;

US 2016/0081665 A1

ULUTRASONIC
RECE VG
" QONTROLLER

ULTRASONIC
RECE IVING
CONTROLLER



Patent Application Publication  Mar. 24,2016 Sheet 150f15  US 2016/0081665 A1

FIG. 12

{ START

51110
\:

¥

APPLYING VOLTAGE

$1120 $1130
T DRIVING G o ;
TRANSOUCER, C1ACUI T DRIVING SIMULATED GiRELﬁ%;
57125 STT55
N 3 \
RECEIVING CHANGING ELENENT VALUES OF
LLTRASONIC WAVES VARIABLE CONTROL MODULE
SIS T80
TTRUTRUTT NG ; e
ELECTRICAL SIGIALS QUTPUTTING SIGNALS 3
TS 5175
; 3 \
APPLYING OUTPUT APPLYING QUTPUT
SIGNALS TO LOW-NOISE SIGNALS TO LOW-NOISE
AWPLIFIER CIRCUIT AVPLIFIER CIRCUIT

OUTPUTTING VOLTAGE
0 IFFERENCE

3

GENERATING IMAGES ~-51170




US 2016/0081665 A1l

ULTRASONIC PROBE ULTRASONIC
IMAGING APPARATUS AND CONTROLLING
METHOD OF ULTRASONIC IMAGING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2014-0127008, filed on Sep. 23,2014, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Apparatuses and methods consistent with exem-
plary embodiments relate to transmitting and receiving ultra-
sonic waves by using an ultrasonic probe in an ultrasonic
imaging apparatus.

[0004] 2. Description of Related Art

[0005] An ultrasonic imaging apparatus transmits ultra-
sonic waves to a target part in an object through the surface of
the object, detects echo ultrasonic waves reflected from the
object and noninvasively provides images about an examined
part, such as a tomogram of a soft tissue or bloodstream.
[0006] An ultrasonic imaging apparatus is compact, inex-
pensive, and quickly displays a diagnostic image as compared
with other types of diagnostic imaging apparatuses, €.g., an
X-ray apparatus, a computed tomography (CT) scanner, a
magnetic resonance imaging (MRI) apparatus, and a diagnos-
tic nuclear medical apparatus. In addition. the ultrasonic
imaging apparatus is safe because there is no risk of radiation
exposure. Therefore, the ultrasonic imaging apparatus is
widely used in medical examination for maternity, cardiol-
ogy, abdomen, and urology clinics.

[0007] An ultrasonic probe included in an ultrasonic imag-
ing apparatus transmits ultrasonic waves to an object,
receives ultrasonic waves reflected from the object, and con-
verts the received ultrasonic waves into electrical signals.

SUMMARY

[0008] One or more exemplary embodiments provide an
ultrasonic probe capable of outputting ultrasonic signals, in
which noise signals are removed, when receiving ultrasonic
waves reflected from an object.

[0009] One or more exemplary embodiments also provide
an ultrasonic imaging apparatus capable of removing noise
signals caused by power and generating ultrasonic images
based on ultrasonic signals from which the noise signals are
removed, and a method of controlling the same.

[0010] Additional aspects of the present disclosure 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 exemplary embodiments.

[0011] According to an aspect of an exemplary embodi-
ment, an ultrasonic probe includes: a transducer circuit con-
figured to receive ultrasonic waves reflected from an object
and output an ultrasonic signal based on the ultrasonic waves;
asimulated circuit having circuit characteristics substantially
the same as the transducer circuit and configured to output a
noise signal; and a differential amplifier circuit configured to
output a voltage difference between the ultrasonic signal and
the noise signal.
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[0012] Thetransducer circuit and the simulated circuit may
be supplied with a voltage from a same power source.
[0013] The simulated circuit may include one or more elec-
trical elements, and may output the noise signal based on a
variable control configured to control at least one value of the
one or more electrical elements.

[0014] The differential amplifier circuit may amplify the
voltage difference between the ultrasonic signal of the trans-
ducer circuit and the noise signal of the simulated circuit.
[0015] The ultrasonic probe may further include a low-
noise amplifier circuit configured to reduce at least one of
noise included in the ultrasonic signal of the transducer cir-
cuit and the noise signal of the simulated circuit.

[0016] The transducer circuit may include a transducer
module configured to emit the ultrasonic waves to the object
and receive the ultrasonic waves reflected from the object.
[0017] According to an aspect of another exemplary
embodiment, an ultrasonic imaging apparatus includes: a dis-
play; an ultrasonic probe configured to output a voltage dif-
ference between an ultrasonic signal of a transducer circuit
and a noise signal of a simulated circuit, the transducer circuit
receiving ultrasonic waves reflected from an object and out-
putting the ultrasonic signal based on the ultrasonic waves,
and the simulated circuit having circuit characteristics sub-
stantially the same as the transducer circuit and outputting the
noise signal; and a controller configured to control the ultra-
sonic probe, filter noise from the ultrasonic signal based on
the noise signal, generate an ultrasonic image from the fil-
tered ultrasonic signal, and control the display to display the
ultrasonic image.

[0018] The controller may include a simulated circuit con-
troller configured to control the simulated circuit.

[0019] The ultrasonic imaging apparatus may further
include a power source configured to supply a voltage to the
transducer circuit and the simulated circuit.

[0020] The simulated circuit may include one or more elec-
trical elements, and may output the noise signal based on a
variable control configured to control at least one value of the
one or more electrical elements.

[0021] The ultrasonic imaging apparatus may further
include a differential amplifier circuit configured to amplify
the voltage difference.

[0022] The ultrasonic imaging apparatus may further
include a low-noise amplifier circuit configured to reduce at
least one of noise included in the first ultrasonic signal of the
transducer circuit and the noise signal of the simulated circuit.
[0023] Thecontroller may include an ultrasonic generating
controller configured to control the transducer circuit to emit
the ultrasonic waves; and an ultrasonic receiving controller
configured to generate a reconstructed ultrasonic signal based
on the voltage difference.

[0024] The transducer circuit may include a transducer
module configured to emit the ultrasonic waves to the object
and receive the ultrasonic waves from the object.

[0025] The controller may further include an imaging pro-
cessor configured to generate the ultrasonic image based on
the reconstructed ultrasonic signal.

[0026] According to an aspect of still another exemplary
embodiment, a method of controlling an ultrasonic imaging
apparatus includes: supplying a voltage to a transducer circuit
and a simulated circuit, the simulated circuit having circuit
characteristics substantially the same as the transducer cir-
cuit; receiving ultrasonic waves reflected from an object;
outputting, by the transducer circuit, an ultrasonic signal
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based on the ultrasonic waves, and outputting, by the simu-
lated circuit, a noise signal; outputting a voltage difference
between the ultrasonic signal of the transducer circuit and the
noise signal of the simulated circuit; and filtering noise from
the ultrasonic signal based on the noise signal and generating
an ultrasonic image from the filtered ultrasonic signal.
[0027] The control method may further include controlling
at least one value of one or more electrical elements of the
simulated circuit.

[0028] The method may further include emitting the ultra-
sonic waves to the object through the transducer; and receiv-
ing the ultrasonic waves reflected from the object.

[0029] The outputting the voltage difference may include
amplifying the voltage difference.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and/or other aspects will become more
apparent by describing certain exemplary embodiments with
reference to the accompanying drawings, in which:

[0031] FIG. 1 is a perspective view illustrating an exem-
plary configuration of an ultrasonic imaging apparatus;
[0032] FIG. 21s a block diagram illustrating an exemplary
configuration of an ultrasonic imaging apparatus;

[0033] FIG. 3 is a block diagram illustrating a probe mod-
ule according to an exemplary embodiment;

[0034] FIG.41isaview illustrating a process of transmitting
and receiving ultrasonic waves of a probe module according
to an exemplary embodiment;

[0035] FIG. 5 is a circuit diagram of a transducer circuit
according to an exemplary embodiment;

[0036] FIG. 6 is a view conceptually illustrating a configu-
ration of a transducer array of a transducer module according
to an exemplary embodiment;

[0037] FIG. 7 is an equivalent circuit diagram of a trans-
ducer module of an ultrasonic probe according to an exem-
plary embodiment;

[0038] FIG. 8 is a view illustrating a simulated circuit
according to an exemplary embodiment;

[0039] FIG. 9 is an equivalent circuit diagram of a variable
control module according to an exemplary embodiment;
[0040] FIG. 10A is an example of an equivalent circuit
diagram of a transducer circuit;

[0041] FIGS. 10B and 10C are examples of an equivalent
circuit diagram of a simulated circuit;

[0042] FIGS.11A and 11B are circuit diagrams of a probe
module including a plurality of transducer circuits according
to exemplary embodiments; and

[0043] FIG. 12 is a control flowchart of an ultrasonic imag-
ing apparatus according to an exemplary embodiment.

DETAILED DESCRIPTION

[0044] Exemplary embodiments are described in greater
detail with reference to the accompanying drawings.

[0045] In the following description, the same drawing ref-
erence numerals are used for the same elements even in dif-
ferent drawings. The matters defined in the description, such
as detailed construction and elements, are provided to assist
in a comprehensive understanding of the exemplary embodi-
ments. Thus, it is apparent that the exemplary embodiments
can be carried out without those specifically defined matters.
Also, well-known functions or constructions are not
described in detail since they may obscure the exemplary
embodiments with unnecessary detail. It will be understood
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that, although the terms first, second, third, etc., may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms are only used to distinguish one element, com-
ponent, region, layer or section from another region, layer or
section.

[0046] FIG. 1 is a perspective view illustrating an exem-
plary configuration of an ultrasonic imaging apparatus, and
FIG. 2 is a block diagram illustrating an exemplary configu-
ration of an ultrasonic imaging apparatus.

[0047] As illustrated in FIGS. 1 and 2, an ultrasonic imag-
ing apparatus may include an ultrasonic probe (P) emitting
ultrasonic waves to an object (ob), receiving ultrasonic waves
reflected from the object (ob), and converting received ultra-
sonic waves into electrical signals, and a main body (M)
generating ultrasonic images based on ultrasonic signals. As
illustrated in FIG. 1, the main body (M) may be connected to
the ultrasonic probe (P), and may be a workstation provided
with an input unit (i) and a display (d).

[0048] Asillustrated in FIG. 2, the ultrasonic probe (P) may
include a probe module (PM) collecting information about a
target part of an object (ob) by using ultrasonic waves, and the
probe module (PM) will be described later in detail.

[0049] Themain body (M) may include an image processor
510 generating images based on ultrasonic signals output
from the ultrasonic probe (P), a storage 520 storing ultrasonic
images generated in the image processor 510, and a display
530 displaying the ultrasonic images.

[0050] The main body (M) may include an ultrasonic con-
troller 400 controlling transmission and reception of ultra-
sonic waves of the probe module (PM), a power source 560
applying a certain amount of an alternating current (AC) to
the probe module (PM), an input unit 550 receiving a certain
command from a user to control the ultrasonic imaging appa-
ratus, and a system controller 540 controlling operations of
the ultrasonic imaging apparatus. The ultrasonic controller
400 may include an ultrasonic receiving controller 410, an
ultrasonic generating controller 420, and a simulated circuit
controller 430. Hereinafter, components of the main body
(M) will be described.

[0051] Theimage processor 510 may generate images of an
object (ob) based on reconstructed ultrasonic signals received
from the ultrasonic receiving controller 410 so that a user,
such as a doctor and/or a patient, may visually examine the
object (ob), such as the inside of a human body. The recon-
structed ultrasonic signals may be output from the ultrasonic
receiving controller 410 to the image processor 510 to gen-
erate ultrasonic images. In addition, the image processor 510
may transmit the ultrasonic image generated based on the
reconstructed ultrasonic image of the image processor 510 to
the storage 520 and the display 530.

[0052] The image processor 510 may perform additional
image processing for ultrasonic images. For example, the
image processor 510 may perform post-processing, such as
correcting or adjusting contrast, brightness, and/or sharpness
of ultrasonic images.

[0053] In addition, the image processor 510 may empha-
size a target part by coloring the target part in a particular
color or indicating the target part with a marker to distinguish
the target part from other parts in an ultrasonic image. The
image processor 510 may generate a three dimensional ultra-
sonic image by using a plurality of ultrasonic images after
generating the plurality of ultrasonic images. The additional



US 2016/0081665 A1l

processing of images by the image processor 510 may be
performed according to a predetermined setting or according
to a command from a user input through the input unit 550.
[0054] The storage 520 may store ultrasonic images gener-
ated in the image processor 510 and ultrasonic images upon
which the post-processing is performed. The display 530 may
display the ultrasonic images generated by the image proces-
sor 510 and ultrasonic images stored in the storage 520 so that
a user may visually examine a structure and organization of
the inside of the object (ob).

[0055] The storage 520 may store programs related to func-
tions of the ultrasonic imaging apparatus and information of
patients input to the ultrasonic imaging apparatus, and the
generated ultrasonic images. The storage 520 may include a
program part and a data part.

[0056] The program part may store operating system (OS)
booting programs to control general operations of the ultra-
sonic imaging apparatus. The program part may include pro-
grams related to operations of the system controller 540.
[0057] The data part may store data generated according to
the use of the ultrasonic imaging apparatus. Particularly, the
data part may store ultrasonic images generated by the image
processor 510 and information of patients input through the
input unit 550 by a user.

[0058] The storage 520 may include, but is not limited to, a
nonvolatile memory, such as, a cache memory, a read only
memory (ROM), a programmable ROM (PROM), an erasable
programmable ROM (EPROM), an electrically erasable pro-
grammable ROM (EEPROM), and a flash memory, volatile
memory, such as, a random access memory (RAM), a hard
disk drive (HDD), or compact disc (CD)-ROM.

[0059] The display 530 may display ultrasonic images in
two dimensions or three dimensions, which are generated by
the image processor 510 and stored in the storage 520.
[0060] Thedisplay 530 may include, for example, a plazma
display panel (PDP), a light emitting diode (LED), ora liquid
crystal display (LCD). In addition, the display 530 may
employ a three dimensional display device capable of dis-
playing a three dimensional image. The display 530 may
include a touch screen. When the display 530 includes the
touch screen, the display 530 may perform as the input unit
550. The touchscreen may employ a resistive touchscreen
panel or a capacitive touchscreen panel. Otherwise, the touch
screen may use ultrasonic waves or infrared light.

[0061] The ultrasonic generating controller 420 may gen-
erate pulses according to a command from the system con-
troller 540, and may transmit the pulses to a transducer circuit
(1) in the probe module (PM). The probe module (PM) may
generate ultrasonic waves according to the pulses output from
the ultrasonic generating controller 420 and may irradiate the
ultrasonic waves to the object (ob).

[0062] The ultrasonic generating controller 420 may gen-
erate a control signal for the power source 560 so that the
power source 560 may apply a certain amount of AC or direct
current (DC) to the probe module (PM).

[0063] The simulated circuit controller 430 may generate
variable control signals according to a command from the
system controller 540 described later, or a command input
through the input unit 550 by a user. The simulated circuit
controller 430 may transmit the variable control signals to a
simulated circuit (S) in the probe module (PM). According to
the variable control signals output from the simulated circuit
controller 430 of the probe module (PM), the probe module
(PM) may control (or change) values of elements, such as a
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resistance, an inductance value, or a capacitance value of
elements, such as a resistor, an inductor, or a capacitor, in the
probe module (PM).

[0064] Likewise, the ultrasonic generating controller 420,
the simulated circuit controller 430 may generate an addi-
tional control signal for the power source 560 so that the
power source 560 may apply a certain amount of AC or DC to
the probe module (PM).

[0065] The ultrasonic receiving controller 410 may gener-
ate a reconstructed ultrasonic signal based on an ultrasonic
signal output from the probe module (PM) according to a
command from the system controller 540. The reconstructed
ultrasonic signal may be supplied to the image processor 510
to be used when generating an ultrasonic image of the image
processor 510. In addition, the ultrasonic receiving controller
410 may further output a control signal for determining
whether to receive an ultrasonic signal output from the trans-
ducer circuit (T) in the probe module (PM). The control signal
for determining whether to receive the ultrasonic signal will
be described later with reference to FIG. 5.

[0066] The system controller 540 may control overall
operations of the ultrasonic imaging apparatus, such as the
ultrasonic generating controller 420, the simulated circuit
controller 430, the ultrasonic receiving controller 410, the
image processor 510, the storage 520, and the display 530.
[0067] Forexample, the system controller 540 may control
operations of the ultrasonic imaging apparatus according to a
predetermined setting, or may control operations of the ultra-
sonic imaging apparatus by generating a certain control com-
mand according to an instruction or command through the
input unit 550 from a user.

[0068] The input unit 550 may receive a certain instruction
or command from a user to control the ultrasonic imaging
apparatus. The input unit 550 may include, but is not limited
to, a user interface, such as a keyboard, a mouse, a trackball,
a touch screen, a paddle.

[0069] Thepower source 560 may supply AC or AC voltage
to each element of the main body (M), and may apply AC or
AC voltage to the probe module (PM) according to the control
of the ultrasonic controller 400. For example, the power
source 560 may be commercial AC power, an external power
source, an internal capacitor, or a battery. Hereinafter, the AC
or the AC voltage supplied from the power source 560 may be
referred to as Vi, ..
[0070] As mentioned above, elements ofthe main body (M)
may perform control operations to transmit or receive ultra-
sonic waves to or from the object, such as controlling the
probe module (PM) included in the ultrasonic probe (P),
applying a voltage, or receiving a selection from a user.
[0071] Hereinafter, an ultrasonic probe (P) included in an
ultrasonic imaging apparatus will be described. The ultra-
sonic probe (P) may collect information about a target part of
an object (ob) by using ultrasonic waves. Referring to FIG. 2,
the ultrasonic probe (P) may include the probe module (PM)
to transmit and receive ultrasonic waves, as illustrated in FIG.
1. Hereinafter, a control operation of the probe module (PM)
will be described with reference to FIGS. 3 to 5.

[0072] FIG. 3 is a block diagram illustrating a probe mod-
ule (PM) according to an exemplary embodiment, FIG. 4 is a
view illustrating a process of transmitting and receiving ultra-
sonic waves of a probe module (PM), and FIG. 5 is a circuit
diagram of a transducer circuit (T).

[0073] Referring to FIG. 3, the probe module (PM) may
include a transducer circuit (T) irradiating ultrasonic waves to
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a target part inside an object (ob) by generating ultrasonic
waves, receiving ultrasonic waves reflected from the object
(ob), and converting the ultrasonic waves into an electrical
signal (or an ultrasonic signal), a simulated circuit (S) includ-
ing the same (or substantially the same) circuit characteristic
as the transducer circuit (T), low-noise amplifier circuits
(AMP, and AMP,) removing noise signals output from the
transducer circuit (T) and the simulated circuit (S). respec-
tively and a differential amplifier circuit (D) amplifying a
voltage difference between output signals output from the
low-noise amplifier circuits (AMP .and AMP,s). Hereinafter,
a process of transmitting and receiving ultrasonic waves of a
probe module (PM) will be described with reference to FIGS.
3and 4.

[0074] Referring to FIGS. 3 and 4, the ultrasonic generating
controller 420 may apply pulses to the transducer circuit (T)
in the probe module (PM) (operation a). The transducer cir-
cuit (T) may generate ultrasonic waves based on the pulse
applied from the ultrasonic generating controller 420, and
may irradiate the generated ultrasonic waves to an object (ob)
(operation b). The ultrasonic waves irradiated to the object
(ob) may be reflected from atarget part inside the object (ob).
The transducer circuit (T) may receive ultrasonic waves
reflected from the object (ob) (operation ¢), may convert the
ultrasonic waves into an electrical signal (an ultrasonic sig-
nal), and may output the electrical signal (operation d). Here-
inafter, the transducer circuit (T) will be described in detail
with reference to FIG. 5.

[0075] Referring to FIG. 5, the transducer circuit (T) may
include a transducer module converting ultrasonic waves into
electrical signals, and other elements R and Cj. The trans-
ducer circuit (T) may be supplied with a voltage (V,,.) from
the power source 560 of the main body (M), and when being
supplied with a voltage (V,,,), a piezoelectric vibrator or a
thin film included in the transducer module in the transducer
circuit (T) may vibrate.

[0076] The transducer module may emit ultrasonic waves
to an object. The ultrasonic waves may be generated by the
piezoelectric vibrator or vibrating thin film according to a
control signal of the ultrasonic generating controller 420.
When the transducer module may receive the reflected ultra-
sonic waves reflected from the object, the piezoelectric vibra-
tor or the thin film constituting the transducer module may
vibrate corresponding to the received ultrasonic waves. The
transducer module may generate DC frequencies correspond-
ing to a vibration frequency of'the piezoelectric vibrator or the
thin film, and may convert the ultrasonic waves into electrical
signals (or ultrasonic signals). The ultrasonic signals may be
output to the ultrasonic receiving controller 410 depending on
a control signal (T_EN) of the transducer circuit (T).

[0077] Hereinafter, a transducer module may be described
in greater detail with reference to FIGS. 6 and 7. FIG. 6 is a
view conceptually illustrating a configuration of a transducer
array of a transducer module according to an exemplary
embodiment, and FIG. 7 is an equivalent circuit diagram of a
transducer module of an ultrasonic probe according to an
exemplary embodiment.

[0078] Referring to FIG. 6, a transducer may include a
transducer array 300 sending and/or receiving ultrasonic
waves, and an integrated circuit 200 in which the transducer
array 300 is mounted.

[0079] The transducer array 300 may include a plurality of
transducer elements 312 sending and/or receiving ultrasonic
waves. The transducer element 312 may include, but is not
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limited to, magnetostrictive ultrasonic transducers that con-
vert wave energy into electricity energy using the magneto-
strictive effect of a magnetic material, piezoelectric ultra-
sonic transducers using the piezoelectric effect of a
piezoelectric material, piezoelectric micromachined ultra-
sonic transducers (pMUTSs), or capacitive micromachined
ultrasonic transducers (¢cMUTs) that transmit and/or receive
ultrasonic waves using vibration of several hundreds or thou-
sands of micromachined thin films. In an exemplary embodi-
ment, cMUTs may be described as an example of the trans-
ducer element 312.

[0080] Asillustrated in FIG. 6, the cMUT array 300 may be
formed in a two dimensional array in which a plurality of tiles
310 are arranged in columns and rows. The tile 310 may be a
basic unit forming the cMUT array 300. The tile 310 may be
formed with the transducer element 312 arranged in the two
dimensional array. The transducer element 312 may include a
plurality of thin films arranged in the two dimensional array,
and the thin film may vibrate when electrical signals are
applied.

[0081] For example, the cMUT array 300 may have a size
of 4 by 8, which contains 32 tiles 310. In addition, a single tile
310 may be formed in an array having a size of 16 by 16,
which contains 256 of the transducer element 312. A single
transducer element 312 may include approximately 20 to 25
of thin films 313. In this case, the cMUT array 300 may
include approximately 163,840 to 204,800 of the thin films
313 in total.

[0082] As mentioned above, when the cMUT array 300 of
the ultrasonic probe (P) is formed in a two dimensional array
having a size of 4 by 8, which contains 32 of tiles 310, the
c¢MUT array 300 may be mounted to integrated circuits 200 to
control electrical signals applied to two tiles 310 disposed on
an upper portion of each column of the cMUT array 300, and
to two tiles 310 disposed on a lower portion of each column of
the cMUT array 300, respectively.

[0083] When a transmit signal is applied, the integrated
circuit 200 may adjust generation of ultrasonic waves by
controlling the transmit signal applied to the cMUT array 300
according to logic. The applied signal may be transmit pulses
output from the ultrasonic generating controller 420 of the
main body (M).

[0084] The configuration of the transducer module may be
an equivalent circuit diagram, as illustrated in FIG. 7. The
transducer module may correspond to an equivalent circuit
diagram including a resistor (R,), an inductor (L;), and
capacitors (C, and C;,). When receiving ultrasonic waves,
an ultrasonic signal (V) output from the transducer module
may be applied to the low-noise amplifier circuit (AMP), as
illustrated in FIG. 3.

[0085] Because the transducer circuit (T) may include a
transducer module supplied with a voltage (Vg,,,) from the
power source 560 of the main body (M) and other elements
(R and Cp), the transducer circuit (T) may further output
noise signals produced by elements of the transducer module
(e.g., the resistor (R;), the inductor (L), and the capacitors
(C4, and Cpy)) and other elements (R and Cp), hereinafter
collectively referred to as “power terminal.” The noise signal
may be applied to the low-noise amplifier circuit (AMP;).

[0086] Therefore, when receiving ultrasonic waves, the
transducer circuit (T) may output both an ultrasonic signal
from the transducer module and a noise signal from the power
terminal of the transducer circuit (T).
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[0087] In accordance with an exemplary embodiment, the
probe module (PM) may include a simulated circuit (S) to
remove or reduce the noise signal output from the transducer
circuit (T). The simulated circuit (S) may be a circuit having
the circuit characteristics the same as the transducer circuit
(1) and will be described later with reference to F1G. 8.
[0088] Referring to FIG. 3 again, the simulated circuit con-
troller 430 may apply a pulse (hereinafter referred to as a
variable control signal) to the simulated circuit (S) in the
probe module (PM). The simulated circuit (S) may control an
element value of a variable control module in the simulated
circuit (S), which will be described later, based on the variable
control signal applied from the simulated circuit controller
430.

[0089] FIG. 8 is a view illustrating a simulated circuit (S)
according to an exemplary embodiment.

[0090] Referring to FI1G. 8, the simulated circuit (S) may
include a variable control module and other elements (R ; and
Cjp). The simulated circuit (S) may be supplied with a voltage
(Vgs) from the power source 560 of the main body (M),
similar to the transducer circuit (T). The voltage (V,,.) sup-
plied to the simulated circuit (S) may be the same as that of the
transducer circuit (T). Hereinafter, the variable control mod-
ule and the simulated circuit (S) will be described in greater
detail with reference to FIGS. 8 and 9. FIG. 9 is an equivalent
circuit diagram of a variable control module according to an
exemplary embodiment.

[0091] Referring to FIGS. 8 and 9, the simulated circuit (S)
may be supplied with a voltage (V3,,,) from the power source
560 of the main body (M), and may be realized as a circuit
diagram having the circuit characteristics the same as the
transducer circuit (T). The simulated circuit (S) may output
noise signals generated by a variable control module includ-
ing a resistor (Ry), an inductor (L), and capacitors (Cy; and
Cs,))and other elements (R ; and Cj), hereinafter collectively
referred to as “power terminal,” 10 a low-noise amplifier cir-
cuit (AMPy). The simulated circuit (S) and the transducer
circuit (T) may have the same circuit characteristics, and may
be supplied with a voltage (V,,,) from the same power
source 560. Therefore, the noise signal output from the simu-
lated circuit (S) may be the same as that of the transducer
circuit (T).

[0092] For example, when the transducer circuit (T)
includes the resistor (R ;) and the capacitor (Cp), in which the
resistor (Rz) is connected between the transducer module and
the voltage (V,,,), and the capacitor (Cj) is connected to a
node between the transducer module and the resistor (Ry),
and ground, the simulated circuit (S) may include the resistor
(Rp) and the capacitor (Cj) in the power terminal, in which
the resistor (Rz) may be connected between the variable
control module and the voltage (V g, ,.) and the capacitor (Cg)
may be connected to a node between the variable control
module and the resistor (Rz), and ground, as illustrated in
FIG. 8.

[0093] Because the simulated circuit (S) may not include a
transducer module, unlike the transducer circuit (T), the
simulated circuit (S) may not receive ultrasonic waves, and
may output only noise signals. That is, the simulated circuit
(S) may be realized by an equivalent circuit diagram of the
transducer circuit (T) applied with a current or a voltage
(Vgs) from the power 560 in a state in which ultrasonic
waves are not received.

[0094] Referring to F1G. 9, the simulated circuit controller
430 may control element values (e.g., resistance, inductance,
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and capacitance) of elements (a resistor (Ry), an inductor
(L), and capacitors (Cs, and Cg,)) included in the variable
control module by applying a variable control signal to the
variable control module so that the simulated circuit (S) may
be realized as the equivalent circuit diagram of the transducer
circuit (T).

[0095] By controlling the element values of the variable
control module, the simulated circuit (S) having circuit char-
acteristic the same as the transducer circuit (T) may be real-
ized.

[0096] That is, the element values (e.g., resistance, induc-
tance, and capacitance) of the elements (e.g., Rg, L5, Cs1, Cs,)
of the variable control module may be controlled to be iden-
tical to element values of elements (R, L, C, Cp,) of the
transducer module in FIG. 7 so that the simulated circuit (S)
having circuit characteristic the same as the transducer circuit
(T) may be realized.

[0097] The variable control module may be realized in a
configuration of FIG. 9, but is not limited thereto. The vari-
able control module may be realized in various configurations
having circuit characteristics the same as the transducer mod-
ule. Likewise, the simulated circuit (S) containing the vari-
able control module may be provided with elements arranged
to be in an identical configuration to that of the transducer
circuit (T) of FIG. 8, as well as provided with a circuit having
circuit characteristics the same as the transducer circuit (T).
FIG. 10A is an example of an equivalent circuit diagram of a
transducer circuit (T), and FIGS. 10B and 10C are examples
of an equivalent circuit diagram of a simulated circuit (S).
[0098] Referring to FIG. 10A, the transducer circuit (T)
may have circuit characteristics of resistance of 7002, induc-
tance of 10 mH, and capacitance of 1000 uF measured from
an output terminal, the simulated circuit (S) may be realized
by of a resistor of 700€2, an inductor of 10 mH, and a capacitor
of 1000 uF, as illustrated in FIG. 10B, or by two resistors of
35082 connected in series, an inductor of 10 mH, and two
capacitors of 500 uF connected in parallel, as illustrated in
FIG. 10C. In addition, a simulated circuit (S) may be realized
in various configurations having circuit characteristics the
same as a transducer circuit (T). A circuit in FIG. 10B and a
circuit in FIG. 10C may be equivalent with each other.
[0099] Referring to FIG. 8 again, the simulated circuit (S)
may include the variable control module supplied with a
voltage (V,,. and Cy in FIG. 8) so that the simulated circuit
(S) may output noise signals generated by the variable control
module including the resistor (Ry), the inductor (L), and the
capacitors (Cg, and Cg,) and other elements (R and Cy),
hereinafter referred to as “power terminal.” The noise signals
may be the same as noise signals output from the transducer
circuit (T), and may be applied to the low-noise amplifier
circuit (AMPy).

[0100] The simulated circuit (S) may not output ultrasonic
signals because the simulated circuit (S) may not include a
transducer module receiving ultrasonic waves, unlike the
transducer circuit (T).

[0101] Referring to FIG. 3 again, the probe module (PM)
may include the low-noise amplifier circuits (AMP,. and
AMPy), and the low-noise amplifier circuits (AMP; and
AMP;) may reduce a noise included in output signals of the
transducer circuit (T) and the simulated circuit (S) and may
include an esaki diode amplifier, a parametric amplifier, a
maser amplifier, etc.

[0102] The low-noise amplifier circuit (AMP;) connected
to the transducer circuit (T) may output an ultrasonic signal
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(U" and a noise signal (N'), obtained by performing a prede-
termined noise signal reduction process on an ultrasonic sig-
nal (U) and a noise signal (N) output from the transducer
circuit (T).

[0103] The low-noise amplifier circuit (AMP) connected
to the simulated circuit (S) may output a noise signal (N'),
obtained by performing a predetermined noise signal reduc-
tion process on the noise signal (N) output from the simulated
circuit (S).

[0104] However, the low-noise amplifier circuits (AMP,.
and AMP,) may be omitted depending on an embodiment.
[0105] The differential amplifier circuit (D) may amplify a
voltage difference between two input signals provided
thereto. Output signals of the differential amplifier circuit (D)
may be proportional to a difference between two input sig-
nals. When the low-noise amplifier circuits (AMP,. and
AMP,) are connected to output terminals of the transducer
circuit (T) and the simulated circuit (S), respectively, the
differential amplifier circuit (D) may amplify a voltage dif-
ference (U") between output signals (U' and N') output from
the low-noise amplifier circuit (AMP,) and output signals
(N") output from the low-noise amplifier circuit (AMPy), and
may output the voltage difference (U").

[0106] When the low-noise amplifier circuits (AMP, and
AMP,) are omitted, the differential amplifier circuit (D) may
amplify a voltage difference (U) between the ultrasonic signal
(U)and the noise signal (N) output from the transducer circuit
(1), and the noise signal (N) output from the simulated circuit
(S), may output the voltage difference (U), and may apply the
voltage difference (U) to the ultrasonic receiving controller
410.

[0107] Output of the differential amplifier circuit (D) may
be expressed as Equation 1.

Vour4d Vi =Vir')

[0108] Herein, V, , may represent an output signal of the
differential amplifier circuit (D), Ad may represent a differ-
ential gain, V, * may represent an input signal provided out-
put from the low-noise amplifier circuit (AMP) connected to
an output terminal of the transducer circuit (T), and V,,~ may
represent an input signal provided output from the low-noise
amplifier circuit (AMPg) connected to an output terminal of
the simulated circuit (S).

[0109] A signal output from the differential amplifier cit-
cuit (D) may be applied to the ultrasonic receiving controller
410. The ultrasonic receiving controller 410 may produce an
ultrasonic signal reconstructed based on a signal output from
the probe module (PM) according to a command of the sys-
tem controller 540. The reconstructed ultrasonic signal may
be supplied to the image processor 510 and may be used to
produce an ultrasonic image by the image processor 510. In
this case, the ultrasonic receiving controller 410 may detet-
mine whether to receive an ultrasonic signal output from the
transducer circuit (T) in the probe module (PM) according to
the control signal (T_EN).

[0110] A plurality of transducer circuits (T) may be con-
nected to each other. Each of transducer circuits (T, and T,)
may emit ultrasonic waves according to a control signal of the
ultrasonic generating controller 420, and may output a plu-
rality of ultrasonic signals and noise signals by receiving the
ultrasonic waves according to a control signal of the ultra-
sonic receiving controller 410. FIGS. 11A and 11B are circuit
diagrams of a probe module including a plurality of trans-
ducer circuits (T, and T,).

[Equation 1]
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[0111] In accordance with an exemplary embodiment, as
illustrated in FIG. 11A, a single simulated circuit controller
430 may allow the simulated circuit (S) to have circuit char-
acteristics the same as the plurality of transducer circuits (T,
and T,) by controlling element values of a variable control
module in the simulated circuit (S).

[0112] TInaccordancewith another exemplary embodiment,
as illustrated in FIG. 11B, a plurality of simulated circuits (S,
and S,) may be connected to a plurality of transducer circuits
(T, and T,), respectively. In this case, the simulated circuit
controller 430 may allow the simulated circuit (S) to have
circuit characteristic the same as the plurality of transducer
circuits (T, and T,) by controlling element values of a vari-
able control module in the simulated circuits (S, and S,).

[0113] In the above-described exemplary embodiments,
several components among components constituting the
transducer circuit (T), the simulated circuit (S), the low-noise
amplifier circuits (AMP, and AMPy), and the differential
amplifier circuit (D) may be implemented by a type of mod-
ule. The term “module” may represent software, or hardware,
such as a field programmable gate array (FPGA), or an appli-
cation specific integrated circuit (ASIC). The module may
perform predetermined functions. However, the module is not
limited to software or hardware. Further, the module may be
constructed to exist in an addressable storage module, or to
operate one or More Processors.

[0114] For instance, the module may include elements
(e.g., software elements, object-oriented software elements,
class elements, and task elements), processors, functions,
properties, procedures, subroutines, segments of a program
code, drivers, firmware, a microcode, a circuit, data, a data-
base, data structures, tables, arrays, and variables. Herein,
functions provided by components and modules may be pro-
vided by a smaller number of combined larger components
and modules, or by a larger number of divided smaller com-
ponents and modules. In addition, the components and mod-
ules may be realized to operate one or more central processing
units (CPUs) in a device.

[0115] Hereinafter, acontrol method of an ultrasonic imag-
ing apparatus will be described with reference to FIG. 12.
FIG. 12 is a control flowchart of an ultrasonic imaging appa-
ratus according to an exemplary embodiment. The control
method of the ultrasonic imaging apparatus may be per-
formed independently by the ultrasonic probe (P) or may be
performed by the system controller 540 of the main body (M).

[0116] The ultrasonic imaging apparatus according to an
exemplary embodiment may apply a voltage (Vy,,.) to the
probe module (PM) of the ultrasonic probe (P) in operation
S1110. The probe module (PM) may include the transducer
circuit (T), the simulated circuit (S), the low-noise amplifier
circuits (AMP, and AMP;), and the differential amplifier
circuit (D) so that the voltage (Vy,,.) may applied to the
transducer circuit (1), the simulated circuit (S), the low-noise
amplifier circuits (AMP, and AMPy), and the differential
amplifier circuit (D), respectively.

[0117] When applying the voltage, the transducer circuit
(T) and the simulated circuit (S) may be driven in operations
S1120 and S1130. When the transducer circuit (T) is driven in
operation S1120, the ultrasonic imaging apparatus may con-
trol the ultrasonic probe (P) so that the transducer circuit (T)
may receive ultrasonic waves reflected from an object (ob) in
operation S1125. The ultrasonic waves reflected from the
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object (ob) may be a signal reflected by ultrasonic waves
emitted from the ultrasonic probe (P) of the ultrasonic imag-
ing apparatus.

[0118] When the ultrasonic probe (P) receives the ultra-
sonic waves in operation S1125, the ultrasonic waves
received in the transducer circuit (T) may be converted into
electrical signals and output in operation S1140.

[0119] When the simulated circuit (S)1is driven in operation
S1130, the ultrasonic imaging apparatus may control element
values of the variable control module by applying a variable
control signal to the simulated circuit (S) in operation S1135.
In this case, the simulated circuit (S) may include elements
(e.g., resistor, inductor, capacitor) having circuit characteris-
tics the same as the transducer circuit (T). For example, when
the transducer circuit (T) may include resistor (R;) and
capacitor (Cg), in which the resistor (R;) may be connected
between the transducer module and the power (V,,.), and the
capacitor (Cz) may be connected to a node between the trans-
ducer module and the resistor (R), and ground, the simulated
circuit (S) may include resistor (Rz) and capacitor (Cz), in
which the resistor (R;) may be connected between the vari-
able control module and a power (V,,.), and the capacitor
(Cz) may be connected to a node between the variable control
module, and ground.

[0120] The simulated circuit (S) may be provided with
elements arranged in an identical configuration to that of the
transducer circuit (1), as well as provided with a circuit hav-
ing circuit characteristic the same as the transducer circuit
(D.

[0121] Output signals (i.e., an ultrasonic signal and a noise
signal) of the transducer circuit (T) and an output signal (i.e.,
a noise signal) of the simulated circuit (S) may be applied to
the low-noise amplifier circuits (AMP, and AMPy), respec-
tively, and may pass through the low-noise amplifier circuits
(AMP yand AMP,) in operations S1145 and S1155. The ultra-
sonic imaging apparatus may calculate a voltage difference
between a signal output from the low-noise amplifier circuit
(AMP ) connected to the transducer circuit (T) and a signal
output from the low-noise amplifier circuit (AMP,) con-
nected to the simulated circuit (S), and may output the voltage
difference in operation S1160. In this case, the ultrasonic
imaging apparatus may generate a reconstructed ultrasonic
signal based on the voltage difference, and may produce an
ultrasonic image based on the reconstructed ultrasonic signal
in operation S1170. As mentioned above, by implementing
the simulated circuit (S) having circuit characteristic the same
as the transducer circuit (T) and by controlling the transducer
circuit (T) and the simulated circuit (S), a noise signal, which
may be generated by a power terminal of the transducer
circuit (T) and included in a signal output from the transducer
circuit (T), may be removed.

[0122] Thesimulated circuit (S) may be electrically equiva-
lent to the transducer circuit (T) in a steady state of not
receiving ultrasonic signals, and may be applied with a volt-
age (V) identical to that of the transducer circuit (T).
Therefore, the simulated circuit (S) may control so that the
differential amplifier circuit (D) may calculate a difference
between an output signal of the transducer circuit (T) and an
output signal of the simulated circuit (S), and thus may output
an ultrasonic signal from which a noise signal is removed.
[0123] The control method of the ultrasonic imaging appa-
ratus may be implemented in a computer-readable medium
storing computer-readable codes. The computer-readable
medium may be any medium that can store data readable by
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a computer system. For example, the computer-readable
medium may bea read only memory (ROM), a random access
memory (RAM), a magnetic tape, a magnetic disk, a flash
memory, and an optical data storage medium. In addition, the
medium may be distributed to computer systems over a net-
work, in which computer-readable codes may be stored and
executed in a distributed manner.

[0124] As described above, according to the ultrasonic
imaging apparatus, the ultrasonic probe (P), and the control
method of the ultrasonic imaging apparatus according to the
exemplary embodiments, an ultrasonic signal having
improved quality may be output without performing an addi-
tional signal processing on a noise signal, and a clearer ultra-
sonic image may be obtained based on the output ultrasonic
signal.

[0125] The foregoing exemplary embodiments and advan-
tages are merely exemplary and are not to be construed as
limiting. The present teaching can be readily applied to other
types of apparatuses. The description of the exemplary
embodiments is intended to be illustrative, and not to limit the
scopeof'the claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.

What is claimed is:

1. An ultrasonic probe comprising:

a transducer circuit configured to receive ultrasonic waves
reflected from an object and output an ultrasonic signal
based on the ultrasonic waves;

a simulated circuit having circuit characteristics substan-
tially the same as the transducer circuit and configured to
output a noise signal; and

a differential amplifier circuit configured to output a volt-
age difference between the ultrasonic signal and the
noise signal.

2. The ultrasonic probe of claim 1, wherein

the transducer circuit and the simulated circuit are supplied
with a voltage from a same power source.

3. The ultrasonic probe of claim 1, wherein

the simulated circuit comprises one or more electrical ele-
ments, and is configured to output the noise signal based
on a variable control configured to control at least one
value of the one or more electrical elements.

4. The ultrasonic probe of claim 1, wherein

the differential amplifier circuit is configured to amplify
the voltage difference between the ultrasonic signal of
the transducer circuit and the noise signal of the simu-
lated circuit.

5. The ultrasonic probe of claim 1, further comprising;

a low-noise amplifier circuit configured to reduce at least
one of noise included in the ultrasonic signal of the
transducer circuit and the noise signal of the simulated
circuit.

6. The ultrasonic probe of claim 1, wherein

the transducer circuit comprises a transducer module con-
figured to emit the ultrasonic waves to the object and
receive the ultrasonic waves reflected from the object.

7. An ultrasonic imaging apparatus comprising;

a display;

an ultrasonic probe configured to output a voltage differ-
ence between an ultrasonic signal of a transducer circuit
and a noise signal of a simulated circuit, the transducer
circuit receiving ultrasonic waves reflected from an
object and outputting the ultrasonic signal based on the
ultrasonic waves, and the simulated circuit having cir-
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cuit characteristics substantially the same as the trans-
ducer circuit and outputting the noise signal; and

acontroller configured to control the ultrasonic probe, filter
noise from the ultrasonic signal based on the noise sig-
nal, generate an ultrasonic image from the filtered ultra-
sonic signal, and control the display to display the ultra-
sonic image.

8. The ultrasonic imaging apparatus of claim 7, wherein

the controller comprises a simulated circuit controller con-
figured to control the simulated circuit.

9. The ultrasonic imaging apparatus of claim 7, further

comptrising:

a power source configured to supply a voltage to the trans-
ducer circuit and the simulated circuit.

10. The ultrasonic imaging apparatus of claim 7, wherein

the simulated circuit comprises one or more electrical ele-
ments, and is configured to output the noise signal based
on a variable control configured to control at least one
value of the one or more electrical elements.

11. The ultrasonic imaging apparatus of claim 7, further

comprising:

a differential amplifier circuit configured to amplify the
voltage difference.

12. The ultrasonic imaging apparatus of claim 7, further

comprising:

a low-noise amplifier circuit configured to reduce at least
one of noise included in the first ultrasonic signal of the
transducer circuit and the noise signal of the simulated
circuit.

13. The ultrasonic imaging apparatus of claim 7, wherein

the controller comprises:

an ultrasonic generating controller configured to control
the transducer circuit to emit the ultrasonic waves; and

an ultrasonic receiving controller configured to generate a
reconstructed ultrasonic signal based on the voltage dif-
ference.
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14. The ultrasonic imaging apparatus of claim 7, wherein

the transducer circuit comprises a transducer module con-
figured to emit the ultrasonic waves to the object and
receive the ultrasonic waves from the object.

15. The ultrasonic imaging apparatus of claim 13, wherein

the controller further comprises:

an imaging processor configured to generate the ultrasonic
image based on the reconstructed ultrasonic signal.

16. A method of controlling an ultrasonic imaging appara-

tus, the method comprising:

supplying a voltage to a transducer circuit and a simulated
circuit, the simulated circuit having circuit characteris-
tics substantially the same as the transducer circuit;

receiving ultrasonic waves reflected from an object;

outputting, by the transducer circuit, an ultrasonic signal
based on the ultrasonic waves, and outputting, by the
simulated circuit, a noise signal;

outputting a voltage difference between the ultrasonic sig-
nal of the transducer circuit and the noise signal of the
simulated circuit; and

filtering noise from the ultrasonic signal based on the noise
signal and generating an ultrasonic image from the fil-
tered ultrasonic signal.

17. The method of claim 16, further comprising:

controlling at least one value of one or more electrical
elements of the simulated circuit.

18. The method of claim 16, further comprising:

emitting the ultrasonic waves to the object through the
transducer; and

receiving the ultrasonic waves reflected from the object.

19. The method of claim 16, wherein

the outputting the voltage difference comprises amplifying
the voltage difference.
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