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(57) ABSTRACT

Disclosed herein are an ultrasound probe and a method of
controlling the same. Image quality reduction in a 3D image
may be prevented, and blurring of an ultrasound image may
be removed via image correction by independently installing
position detecting sensors on a transducer module and a
motor of the ultrasound probe, detecting a backlash increas-
ing as time, and compensating a variation of the backlash.

The ultrasound probe includes a first sensor to detect a
position of a transducer changed by rotation, a second sensor
to detect rotation of a driving device, and a controlling to
determine a backlash between signals of the first and second
sensors and correcting an ultrasound image.
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ULTRASOUND PROBE AND METHOD OF
CONTROLLING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application claims the benefit of Korean Patent
Application No. 10-2014-0157962, filed on Nov. 13, 2014 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND

1. Field

Embodiments of the present disclosure relate to ultra-
sound probes emitting ultrasound to an object and receiving
echo ultrasound reflected by the object, and methods of
controlling the same.

2. Description of the Related Art

Ultrasound diagnostic apparatuses non-invasively gener-
ate an image of a target region inside an object such as a soft
tissue tomogram or a blood stream tomogram by irradiating
ultrasonic signals generated by transducers of a probe
toward the target region from the surface of the object and
receiving reflected ultrasonic signals (ultrasonic echo sig-
nals). Thus, the ultrasound diagnostic apparatuses have been
used for medical purposes, for example, to examine the
inside of the object, detect impurities, and measure injury.

Since ultrasound diagnostic apparatuses are small and
inexpensive, display an image in real time, and provide high
safety without causing X-ray exposure, as compared to other
diagnostic imaging apparatuses, such as X-ray diagnosis
apparatuses, computed tomography (CT) scanners, magnetic
resonance imaging (MRI) apparatuses, and nuclear medicine
diagnosis apparatuses, the ultrasound diagnostic apparatuses
have been widely used with other diagnostic imaging appa-
ratuses.

Particularly, a three-dimensional (3D) ultrasound imaging
apparatus generates a 3D ultrasound image and visualizes
the generated 3D image on a display apparatus by acquiring
3D data of an object by using a probe, or the like, and
volume-rendering the acquired 3D data.

In order to realize an image by using an ultrasound
diagnostic apparatus, a unit and/or device that perform
interconversion between ultrasound signals and electric sig-
nals are required. In this regard, the unit and/or device are
referred to as an ultrasound probe or ultrasound transducer.

In general, an ultrasound probe includes an ultrasound
module including a piezoelectric layer to perform intercon-
version between electric signals and sound signals while a
piezoelectric material vibrates, a matching layer to reduce a
difference in acoustic impedance between the piezoelectric
layer and a human body thereby efliciently transferring
ultrasound generated by the piezoelectric layer to a target
region of the human body, a lens layer to focus ultrasound
proceeding forward from the piezoelectric layer to a prede-
termined point, a backing layer to block transmission of the
ultrasound proceeding backward from the piezoelectric
layer thereby preventing image distortion. Most medical
ultrasound probes commonly used in the art include a
plurality of ultrasound devices, except or medical ultrasound
probes for special use including a single ultrasound device.

Such medical ultrasound probes are classified according
to various standards such as number of ultrasound devices,
alignment type of ultrasound devices, shape of alignment
axis ultrasound devices, or applications thereof. The medical
ultrasound probes may be classified into a single device-type
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ultrasound probe and a multi device-type ultrasound probe
based on the number of ultrasound devices. In this regard,
the multi device-type ultrasound probes may be classified
into one-dimensional (1D) array-type ultrasound probes in
which ultrasound devices are arranged in one axis and
two-dimensional (2D) array-type ultrasound probes in
which ultrasound devices are arranged in a plurality of axes
to cross each other, based on the alignment type of ultra-
sound devices.

In recent years, an ultrasound probe capable of realizing
a 3D image, particularly, a 3D dynamic image, of the inside
of the human body has been required. 3D images may be
realized by using an ultrasound diagnostic apparatus by
rotating a transducer in addition to using conventional 1D
array-type and 2D array-type ultrasound probes.

Conventionally, when a 3D image is generated based on
signals from a sensor acquired while an ultrasound device of
an ultrasound probe wobbles, there is no separate mechani-
cal device for compensating errors. Accordingly, as a rota-
tion angle of a motor changes with time, a backlash is caused
after a predetermined delay. The backlash is a change in a
swing angle of a swing motion, in which an alignment axis
of an ultrasound device moves in a predetermined angle. The
backlash is a delay occurring when a rotational motion of a
motor is transferred to an alignment axis of an ultrasound
transmitting and receiving device.

In this regard, blurring of an ultrasound image occurs in
some regions due to the backlash of a clockwise CW image
received in the clockwise direction of the ultrasound probe
and a counter clockwise CCW image received in the counter
clockwise direction thereof.

SUMMARY

Therefore, it is an aspect of the present disclosure to
provide an ultrasound probe and a method of controlling the
same, by which image quality reduction in a 3D image is
prevented, and blurring of an ultrasound image is removed
via image correction by independently installing position
detecting sensors on a module and a motor of the ultrasound
probe, detecting a backlash increasing as time, and compen-
sating a variation of the backlash.

Additional aspects of the 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 disclosure.

In accordance with one aspect of the present disclosure,
an ultrasound probe including a first sensor configured to
detect a position of the transducer changed by rotation, a
second sensor configured to detect rotation of the driving
device, and a controller configured to determine a backlash
value between a signal of the first sensor and a signal of the
second sensor and correct an ultrasound image.

The driving device may include a driving motor config-
ured to generate a rotational force to rotate the transducer,
and a driving shaft configured to transfer the rotational force
of the driving motor to the transducer.

The first sensor and the second sensor may be installed in
the ultrasound probe.

The controller may calculate a time difference variation
between a signal of the first sensor and a signal of the second
sensor and determine the backlash value by using the
calculated time difference variation.

The controller may calculate a time difference between a
signal of the first sensor and a signal of the second sensor
when the transducer rotates clockwise or counter clockwise.
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The controller may determine the backlash value by using
avariation based on the detected time difference between the
signal of the first sensor and the signal of the second sensor
and an initial time difference.

The controller may correct a rendered clockwise image
and a rendered counter clockwise image by using the
determined backlash value when a rendered ultrasound
image is generated.

The controller may shift the clockwise image and the
counter clockwise image by the calculated backlash value of
the clockwise direction and the counter clockwise direction
with respect to a central axis of the transducer.

In accordance with another aspect of the present disclo-
sure, a method of controlling an ultrasound probe includes
determining a backlash value between a signal of a first
sensor and a signal of a second sensor installed in the
ultrasound probe; and correcting an ultrasound image by
using the determined backlash value.

The signal of the first sensor may be a signal output as a
result of detecting a position of the transducer changed by
rotation.

The signal of the second sensor may be a signal output as
a result of detecting rotation of the driving device.

The determining of the backlash value between the signal
of the first sensor and the signal of the second sensor may be
performed by calculating a time difference varation
between the signal of the first sensor and the signal of the
second sensor, and determining the backlash value by using
the calculated time difference variation.

The calculating of the time difference between the signal
of the first sensor and the signal of the second sensor may be
performed by calculating a time difference between the
signal of the first sensor and the signal of the second sensor
when the transducer rotates clockwise or counter clockwise.

The determining of the backlash value may be performed
by using a variation based on the detected time difference
between the signal of the first sensor and the signal of the
second sensor and an initial time difference.

The correcting of the ultrasound image may be performed
by correcting a rendered clockwise image and a rendered
counter clockwise image by using the determined backlash
value when a rendered ultrasound image is generated.

The correcting of the ultrasound image may be performed
by shifting the clockwise image and the counter clockwise
image by the calculated backlash value of the clockwise
direction and the counter clockwise direction with respect to
a central axis of the transducer.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects of the disclosure 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 ultrasound
imaging apparatus according to an exemplary embodiment;

FIG. 2 1s a control block diagram illustrating an ultra-
sound imaging apparatus according to an exemplary
embodiment;

FIG. 3 is a perspective view illustrating a transducer
module of an ultrasound probe;

FIG. 4 is a perspective view illustrating a transducer
module of an ultrasound probe;

FIG. 5 is a diagram illustrating a backlash for describing
causes of the backlash;

FIG. 6 is a diagram illustrating scanning of a face by using
a conventional linear ultrasound probe;
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FIG. 7 is a diagram illustrating blurring of an ultrasound
image caused by a backlash and an ultrasound image in
which the blurring is removed by image correction using an
ultrasound probe and a method of controlling the same
according to an exemplary embodiment;

FIG. 8A is a diagram schematically illustrating operation
of a 3D ultrasound probe according to an exemplary
embodiment;

FIG. 8B is a perspective view illustrating an inner struc-
ture of an ultrasound probe according to an exemplary
embodiment;

FIG. 9 is a diagram 1llustrating that light travels from one
medium to another;

FIG. 10 is a perspective view illustrating an appearance of
a first sensor;

FIG. 11 is a flowchart illustrating a method of controlling
an ultrasound probe according to an exemplary embodiment;

FIG. 12 is a graph illustrating signals output from a first
sensor and signals output from a second sensor with respect
to time according to a method of controlling an ultrasound
probe according to an exemplary embodiment; and

FIGS. 13A and 13B are examples of changing circuit
wirings from a first sensor and a second sensor to a con-
troller to output signals from the first sensor and the second
Sensor.

DETAILED DESCRIPTION

Reference will now be made in detail to the embodiments
of the present disclosure, examples of which are illustrated
in the accompanying drawings, wherein like reference
numerals refer to like elements throughout.

Hereinafter, an ultrasound probe and a method of con-
trolling the same will be described in detail with reference
to the drawings.

A medical imaging apparatus according to an exemplary
embodiment may refer to an X-ray imaging apparatus, a
fluoroscopic X-ray system, a computed tomography (CT)
scanner, a magnetic resonance imaging (MRI) apparatus, a
positron emission tomography apparatus, and an ultrasound
diagnostic apparatus. Hereinafter, an ultrasound imaging
apparatus will be described as a medical imaging apparatus
by way of example. As used herein, the term ‘ultrasound
image’ refers to an image of an object acquired using
ultrasound. As used herein, the term object” refers to human,
animal, metal, non-metal, or a part thereof. For example, the
object may include organs such as liver, heart, uterus, brain,
breast, and abdomen or blood vessels. In addition, the object
may also include phantom. Phantom refers to a material that
has density, effective atomic number, and volume similar to
biological tissues.

As used herein, the term “user” refers to medical profes-
sionals such as doctors, nurses, medical laboratory technolo-
gists, medical imaging professionals, ultrasound examiners,
medical equipment technicians, and the like, without being
limited thereto.

FIG. 1 is a perspective view illustrating an ultrasound
imaging apparatus according to an exemplary embodiment.
Referring to FIG. 1, the ultrasound imaging apparatus
includes a main body 100, an ultrasound probe 500, an input
unit 150, and a display 160.

The main body 100 may be provided with at least one
female connector 145 at one side thereof. A male connector
140 connected to a cable 130 may be physically coupled to
the female connector 145.

Meanwhile, a plurality of casters (not shown) may be
provided at the bottom of the main body 100 to allow the
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ultrasound imaging apparatus to move. The plurality of
casters may fix the ultrasound imaging apparatus at a
predetermined place or allow the ultrasound imaging appa-
ratus to move in a predetermined direction. Such ultrasound
imaging apparatuses are referred to as cart-type ultrasound
imaging apparatuses.

Alternatively, the ultrasound imaging apparatus may be a
portable ultrasound imaging apparatus that may be carried
during a long distance traveling different from that illus-
trated in FIG. 1. In this regard, the portable ultrasound
imaging apparatus may not be provided with casters.
Examples of the portable ultrasound imaging apparatus may
include a picture archiving and communication system
(PACS) viewer, a smart phone, a laptop computer, a personal
digital assistant (PDA), and a tablet PC, without being
limited thereto.

The ultrasound probe 500 that contacts the surface of the
body of an object may transmit and receive ultrasonic
signals. Particularly, the ultrasound probe 500 may transmit
ultrasound into the object in accordance with a transmit
signal received from the main body 100, receive echo
ultrasound reflected by a specific region inside the object,
and transmit the received echo ultrasound to the main body
100.

One end of the cable 130 may be connected to the
ultrasound probe 500, and the other end of the cable 130 may
be connected to the male connector 140. The male connector
140 connected to the other end of the cable 130 may be
physically coupled to the female connector 145 of the main
body 100.

Alternatively, differently from FIG. 1, the ultrasound
probe 500 may be wirelessly connected to the main body
100. In this case, the ultrasound probe 500 may transmit the
echo ultrasound received from the object to the main body
100 in a wireless manner. In addition, a plurality of ultra-
sound probes may be connected to one main body.

Meanwhile, an image processor 350 that converts echo
ultrasound received by the ultrasound probe 500 into an
ultrasound image may be installed in the main body 100. The
image processor 350 may be implemented as a hardware
processor such as a microprocessor or a software processor
executed on a hardware platform.

The image processor may generate an ultrasound image
through scan conversion of echo ultrasound. In this regard,
the ultrasound image may include not only a gray scale
image acquired by scanning the object in an amplitude mode
(A mode), a brightness mode (B mode), and a motion mode
(M mode), but also a Doppler image representing an image
of a moving object by using the Doppler Effect. The Doppler
image may include a blood stream Doppler image indicating
a flow of blood (color Doppler image), a tissue Doppler
image showing movement of tissues, and a spectrum Dop-
pler image illustrating a speed of a moving object as
waveforms.

The image processor may extract B mode components
from the echo ultrasound received by the ultrasound probe
500 to generate a B mode image.

The image processor may extract Doppler components
from the echo ultrasound to generate a Doppler image in
which motion of the object is expressed as color or wave-
forms based on the extracted Doppler components.

Furthermore, the image processor may generate a 3D
ultrasound image by performing volume rendering of vol-
ume data acquired by the echo ultrasound or may generate
an elastic image in which the degree of deformation of the
object by pressure is imaged. In addition, the image proces-
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sor may express additional information on the ultrasound
image by using texts and graphics.

Meanwhile, the generated ultrasound image may be
stored in an internal memory of the main body or an external
memory. Alternatively, the ultrasound image may also be
stored in a web storage or a cloud server.

The input unit 150 may receive an instruction related to
operation of the ultrasound imaging apparatus. For example,
the input unit 150 may receive an instruction to select a
mode such as the A mode, the B mode, the M mode, or the
Doppler image mode. The input unit 150 may also receive
an instruction to initiate an ultrasound diagnosis.

The instruction input through the input unit 150 may be
transmitted to the main body 100 via a wireless or wired
communication network.

The input unit 150 may include at least one of a keyboard,
a foot switch, and a foot pedal. The keyboard may be a
hardware element located at an upper portion of the main
body 100. The keyboard may include at least one of a
switch, a key, a joystick, and a trackball. As another
example, the keyboard may be a software element such as a
graphic user interface. In this case, the keyboard may be
displayed on display 160 or a sub display 170. The foot
switch or foot pedal may be provided at a lower portion of
the main body 100, and a user may control operation of the
ultrasound imaging apparatus using the foot pedal.

The sub display 170 may be provided at the main body
100. FIG. 1 illustrates that the sub display 170 is provided
on the input unit 150. The sub display 170 may display an
application related to operation of the ultrasound imaging
apparatus. For example, the sub display 170 may display
menus, guidelines, or the like for ultrasound diagnosis.
Examples of the sub display 170 may include cathode ray
tubes (CRTs) and liquid crystal displays (LCDs).

The main display 160 may be provided at the main body
100. FIG. 1 illustrates that the main display 160 is provided
above the sub display 170. The main display 160 may
display an ultrasound image acquired during the ultrasound
diagnosis in accordance with an input applied to the input
unit. The main display 160 may also be a CRT or a LCD
similarly to the sub display 170. Although FIG. 1 illustrates
that the main display 160 is coupled to the main body 100,
the main display 160 may also be separately formed from the
main body 100.

FIG. 1 illustrates that the ultrasound imaging apparatus
includes both the main display 160 and the sub display 170.
However, the sub display 170 may not be used. In this case,
applications or menus displayed on the sub display 170 may
be displayed on the main display 160.

Meanwhile, the ultrasound imaging apparatus may further
include a communication unit. The communication unit
communicates with an external device or a server in a state
of being connected in a wired or wireless network. The
communication unit may transmit/receive data to/from a
server of a hospital or a medical apparatus in the hospital
connected via a picture archiving and communication sys-
tem (PACS). In addition, the communication unit may
perform data communication via the Digital Imaging and
Communications in Medicine (DICOM).

The comnunication unit may perform transmission and
reception of data related to diagnosis of the object such as an
ultrasound image, echo ultrasound, and Doppler data via a
network, and may also perform transmission and reception
of medical images acquired by another medical apparatus
such as a CT scanner, an MRI apparatus, and an X-ray
apparatus. Moreover, the communication unit may receive
information related to medical history or treatment schedule
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of a patient from the server to diagnose a disease of the
object. Furthermore, the communication unit may perform
data communication with a portable terminal of a doctor or
a patient, in addition to the server or medical apparatus of the
hospital.

The communication unit may transmit/receive data
to/from a server, a medical apparatus, or a portable terminal
in a wired or wireless network. The communication unit may
include one or more elements enabling communications
with external devices, for example, a short distance com-
munication module, a wired communication module, and a
wireless communication module.

The short distance communication module is a module for
communicating with a device located within a predeter-
mined distance. A short distance communication technology
according to an exemplary embodiment may be wireless
local area network (LAN), Wi-Fi, Bluetooth, Zigbee, Wi-Fi
Direct (WFD), ultra wideband (UWD), infrared data asso-
ciation (IrDA), Bluetooth low energy (BLE), near field
communication (NFC), or the like, without being limited
thereto.

The wired communication module is a module for com-
municating by using an electric signal or an optical signal,
and a wired communication technology according to an
exemplary embodiment may be wired communication tech-
nology using a pair cable, a coaxial cable, an optical fiber
cable, and an Ethernet cable.

The mobile communication module may transmit/receive
a wireless signal to/from at least one of a base, an external
terminal, and a server in a mobile communication network.
Here, the wireless signal may be a voice call signal, a video
call signal, or various types of data according to text/
multimedia messages transmission.

FIG. 2 is a control block diagram illustrating the ultra-
sound imaging apparatus.

The ultrasound probe 500 includes a plurality of trans-
ducer elements to perform interconversion between electri-
cal signals and ultrasonic signals and may transmit ultra-
sonic signals to an object and receive echo signals reflected
by the object. Since ultrasound reflectivity varies according
to medium, the ultrasound probe 500 may acquire informa-
tion regarding the inside of the object by collecting echo
ultrasound.

The ultrasound probe 500 includes a transducer module T
that generates ultrasound, emits the ultrasound toward a
target region of the object, and receives echo ultrasound.

The transducer module T generates ultrasound in accor-
dance with a pulse signal or alternating signal applied
thereto and emits the ultrasound toward the object. The
ultrasound emitted to the object is reflected by the target
region of the object. The transducer module T receives
reflected echo ultrasound and converts the received echo
ultrasound into electric signals thereby generating ultrasonic
signals.

The transducer module T receives power from an external
power supply device or an internal charge storage device,
such as a battery. When power is supplied, a piezoelectric
vibrator or a thin film constituting the transducer module T
vibrates. The transducer module T emits the ultrasound
generated by vibration of the piezoelectric vibrator or the
thin film to the object. When the echo ultrasound reflected by
the object are received, the piezoelectric vibrator or the thin
film constituting the transducer module T vibrates in accor-
dance with the echo ultrasound. The transducer module T
generates alternating current having a frequency corre-
sponding to a vibration frequency of the piezoelectric vibra-
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tor or the thin film, thereby converting ultrasound into
electric signals (hereinafter, referred to as ultrasonic sig-
nals).

Hereinafter, the transducer module T will be described in
more detail with reference 1o FIGS. 3 and 4. FIGS. 3 and 4
are perspective views illustrating examples of the transducer
module of the ultrasound probe.

Referring to FIG. 3, the transducer module T includes: a
transducer array 400 transmitting and receiving ultrasound;
a pad bridge 410 including wiring blocks for electrical
connection between integrated circuits 430 and a printed
circuit board 420; the integrated circuits 430 to which the
transducer array 400 is bonded; the printed circuit board 420
and a flexible printed circuit board 440 connecting the
integrated circuits 430 with a control board 450 to output a
transmit signal output from the control board 450 to the
integrated circuits 430, and the control board 450 outputting
the transmit signal for generating ultrasound to the inte-
grated circuits 430.

The transducer array 400 includes a plurality of trans-
ducer elements (not shown) that transmit and receive ultra-
sound. Various transducer elements such as a magnetostric-
tive ultrasound transducer using a magnetostrictive effect of
a magnetic material widely used in ultrasound probes, a
piezoelectric ultrasound transducer using a piezoelectric
effect of a piezoelectric material, and a piezoelectric micro-
machined ultrasound transducer (pMUT) may be used. Fur-
thermore, a capacitive micromachined ultrasound transducer
(¢cMUT), which transmit and receive ultrasound by using
vibration of hundreds or thousands of micromachined thin
films may also be used.

The ultrasound probe 500 may be implemented in various
ways within the technical concept of acquiring volume data
of the object. For example, when the ultrasound probe 500
has one-dimensional arrangement of elements, the ultra-
sound probe 500 may acquire volume data in accordance
with a Freehand method. Alternatively, the ultrasound probe
500 may acquire volume data by a mechanical method
without having a user manipulation. When the ultrasound
probe 500 has a two-dimensional arrangement of elements,
the ultrasound probe 500 may acquire volume data by
controlling the elements.

Particularly, when the ultrasound probe 500 receives AC
power from an external power supply device or an internal
power storage device such as a battery, the plurality of
transducer elements vibrate to generate ultrasonic signals.
The ultrasonic signals are irradiated to the object and echo
signals reflected by the object are received by the plurality
of transducer elements. The plurality of transducer elements
vibrate in accordance with the received echo signals, thereby
generating current having a frequency corresponding to
vibration frequency.

Referring to FIG. 2, the main body 100 may include a
transmit signal generator 210, a beamforming unit 200, a
volume data generator 310, a backlash computation unit
320, a controller 330, a storage unit 340, an image processor
350.

The transmit signal generator 210 may generate a transmit
signal in accordance with a control instruction from the
controller 330 and transmit the generated transmit signal to
the ultrasound probe 500. In this regard, the transmit signal
refers to a high-voltage electric signal to vibrate the plurality
of transducer elements of the ultrasound probe 500.

The beamforming unit 200, which may perform intercon-
version between analog signals and digital signals, converts
the transmit signals (digital signals) generated by the trans-
mit signal generator 210 into analog signals or converts echo
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signals (analog signals) received from the ultrasound probe
500 into digital signals allowing communication between
the ultrasound probe 500 and the main body 100.

In addition, the beamforming unit 200 may apply time
delays to the digital signals in consideration of positions of
vibrators and a focus point to overcome time difference of
arrival at the focus point among ultrasonic signals or time
difference of arrival at the transducer elements from the
focus point among echo signals.

That is, under an assumption that a process of concen-
trating ultrasonic signals, which are simultaneously emitted
by the plurality of transducer elements, into a focus point is
referred to as focusing, the beamforming unit 200 may
perform transmit focusing, by which the ultrasonic signals
respectively generated by the transducer elements are
sequentially emitted in a predetermined order to remove
time difference of arrival at the focus point among the
ultrasonic signals, and receive focusing, by which the echo
signals are simultaneously aligned at respective transducer
elements by using a predetermined time difference to
remove time difference of arrival at the transducer elements
among the echo signals.

The beamforming unit 200 may be disposed in the main
body 100 as illustrated in FIG. 2 or may be installed in the
ultrasound probe 500 performing functions thereof.

The volume data generator 310 may generate a plurality
of volume data before or while an external stress is applied
to the object in response to a plurality of echo signals
received in accordance with a plurality of ultrasonic signals
transmitted by the ultrasound probe 500. In this regard, the
echo signals indicate signals that are processed by various
processes by a signal processing unit 332.

For example, when an echo signal received in accordance
with an ultrasonic signal transmitted by the ultrasound probe
500 toward the object before an external stress is applied to
the object is referred to as a first echo signal, and an echo
signal received in accordance with an ultrasonic signal
transmitted by the ultrasound probe 500 toward the object
while the external stress is applied to the object is referred
to as a second echo signal, the volume data generator 310
may generate first volume data corresponding to the first
echo signal and second volume data corresponding to the
second echo signal.

In this regard, the external stress may be applied to the
object using a method of applying stress in a proceeding
direction of ultrasound, such as a method of applying static
pressure by using a hand of an examiner or the ultrasound
probe 500, a method of applying high-pressure ultrasound
pulse, and a method of applying mechanical vibration, or a
method of applying stress in a direction perpendicular to the
proceeding direction of ultrasound, such as a shearwave
method using a transverse wave, without being limited
thereto.

In addition, in order to three-dimensionally visualize the
object, 2D cross-sectional images of the object are acquired
in accordance with the echo signals received by the ultra-
sound probe 500, and the 2D cross-sectional images are
sequentially stacked in the corresponding order thereof to
generate a set of discrete 3D alignments. The set of the 3D
alignments is volume data.

The main body 100 may include a sensor signal time
difference detection unit 315, a backlash computation umit
320, and an image correction unit 325. These constituent
elements are interlocked with the controller 330 to realize
the technical concept of the present disclosure, and detailed
descriptions thereof will be given later.
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FIG. 5 is a diagram illustrating a backlash for describing
causes of the backlash.

Referring to FIG. 5, the backlash refers to a gap between
a pair of gears required to smoothly rotate the gears. For
smooth rotation of a gear train in an engaged state, an upper
gear and a lower gear need to be engaged with each other
with a predetermined gap as illustrated in FIG. 5. In this
case, when the backlash is too small, a gap between the gears
is insufficient for smooth rotation of the gears in the engaged
state, and thus friction between the gears increases due to
insufficient lubrication, causing a breakdown or malfunc-
tioning of the gears. On the other hand, as the backlash is too
large, teeth of the gears cannot be sequentially engaged with
each other and the gears may deviate from the original
operating state thereof. Thus, although an appropriate back-
lash is required for smooth rotation of the gears, an operation
error of the gears occurs when the backlash changes from an
initial state. Thus, this phenomenon needs to be prevented.
The backlash and burring of an image will be described in
detail later with reference to (¢) of FIG. 7.

FIG. 6 is a diagram illustrating scanning of a face by using
a conventional linear ultrasound probe.

As illustrated in FIG. 6, when a conventional linear
ultrasound probe is used, a clockwise image is different from
a counter clockwise image. More particularly, while one
image (thin solid line 5 or 11) is acquired for each eye
marked by diagonal lines as the clockwise image, two
images (thick solid lines 4 and 5 or 10 and 11) are acquired
for each eye as the counter clockwise image. Thus, a
mismatch occurring between the two images while com-
pounding the images may cause blurring of an ultrasound
image.

FIG. 7 illustrates blurring of an ultrasound image caused
by a backlash and an ultrasound image in which the blurring
is removed by image correction using an ultrasound probe
and a method of controlling the same according to an
exemplary embodiment.

(A) of FIG. 7 is a diagram for describing blurring of an
image caused by an ultrasound probe, and (¢) of FIG. 7 is a
diagram for describing a backlash as a cause of blurring of
the image.

As illustrated in (a) of FIG. 7, when a transducer array of
an ultrasound probe laterally wobbles, an initial ultrasound
image is acquired by compounding a clockwise image CW
received clockwise and a counter clockwise image CCW
received counter clockwise. In this regard, velocity of ultra-
sound transmitted clockwise or counter clockwise is
delayed, and the received two images cannot overlap each
other appropriately, causing blurring of the image. That is, in
(a) of FIG. 7, a left circle is an image received clockwise,
and a right circle is an image received counter clockwise.
The two images cannot overlap each other, thereby causing
blurring of the ultrasound image.

Such blurring of the image is caused by a backlash which
will be described in more detail with reference to FIG. 5.
Backlash occurring in the ultrasound probe refers to a delay
of rotational motion of a motor, which is a driving device,
when the rotational motion is transferred to a transducer, and
the backlash is a parameter moving the motor prior to an
effective zone signal. The backlash is calculated as an error
between a theoretical change in an angle of an alignment
axis of an ultrasound transmitting and receiving device in
accordance with a change in an angle of the motor (driving
shaft) and an actual change in the angle of the alignment
axis. The backlash is used to evaluate the degree of main-
taining an initial error as the number of driving increases.
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The backlash may be classified into backlash caused by a
processing tolerance and assembly tolerance of an apparatus
and backlash caused by abrasion, or the like, as the number
of driving increase. The former is referred to as constant
backlash, and the latter is referred to as delta backlash. The
constant backlash is constantly maintained as compared with
backlash measured during the early stage even when the
number of driving increases. The backlash used in the
ultrasound probe and the method of controlling the same
according to an exemplary embodiment is delta backlash.

Graph @ of (c) of FIG. 7 is a velocity-time graph of the
transducer module with respect to rotation, and graph @ of
(c) of FIG. 7 is a velocity-time graph of the motor of the
driving device with respect to rotation.

A driving device 520 of the ultrasound probe 500, which
will be described later with reference to FIG. 8B, may
include a driving motor 521 to generate a rotational force
therein and a driving shaft 522 to receive a power from the
driving motor 521 to rotate a transducer 510.

As the driving motor 521 rotates, the transducer 510
rotates in the same direction. In this case, when the trans-
ducer 510 does not rotate in accordance with the rotation of
the driving motor 521, a delay occurs. Upon comparison
between graph @ and graph @, when rotation of the
driving motor 521 is changed from clockwise CW to counter
clockwise CCW, the transducer 510 cannot rotate in accor-
dance therewith causing a delay as illustrated in graph @
Accordingly, backlash occurs by a delayed gap. As illus-
trated in a portion marked by dashed lines, alignment axes
(central axes) of the driving motor 521 and the transducer
510 are not the same as initial axes thereof, and thus the
clockwise image and the counter clockwise image do not
match with each other, thereby causing blurring of the
image.

As illustrated in (b) of FIG. 7, the blurring of the image
is corrected via image correction according to an exemplary
embodiment by shifting the mismatched clockwise image
CW and the counter clockwise image CCW by the delay
caused by the backlash with respect to the central axis. That
is, the blurring is removed by matching the clockwise image
CW and the counter clockwise image CCW. The ultrasound
probe and correction of the blurring of the image according
to the method of controlling the ultrasound probe according
to an exemplary embodiment will be described in more
detail.

FIG. 8A is a diagram schematically illustrating operation
of a 3D ultrasound probe.

Among ultrasound probes, a 3D ultrasound probe will be
exemplarily described according to an exemplary embodi-
ment.

As illustrated in FIG. 8A, in a 3D ultrasound probe, a
transducer (module) rotates by rotation of a driving motor.
A rotational force of the driving motor may be transferred to
the transducer via a separate rotation shaft or rotation gear
disposed between a rotation shaft of the driving motor and
a rotation shaft of the transducer as illustrated in (a) of FIG.
8A. Alternatively, the rotational force of the driving motor
may be transferred to the transducer by directly engaging a
gear of the driving motor with a rotation shaft of the
transducer as illustrated in (b) of FIG. 8A. When the
transducer does not rotate in accordance with the rotation of
the driving motor. a delay is caused due to backlash. Thus,
blurring of the image may be caused by the backlash
between rotation of the driving motor and rotation of the
transducer. The 3D ultrasound probe will be described in
more detail with reference to FIG. 8B.
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FIG. 8B is a perspective view illustrating an inner struc-
ture of the ultrasound probe 500.

The ultrasound probe 500 includes a transducer 510
rotatably installed, a driving device 520 generating power to
rotate the transducer 510, a handle case 530 accommodating
the driving device 520 therein and gripped by a user for use
of the ultrasound probe 500, and a cap 540 accommodating
the transducer 510 therein.

The transducer 510 includes ultrasound vibrators that
transmit and receive ultrasound and is rotatably installed
inside the cap 540 as described above to acquire a 3D image
of an object to be diagnosed. The transducer 510 includes a
shaft 511 constituting the rotation center thereof, and both
ends of the shaft 511 may be rotatably installed and may be
rotate about the shaft 511.

The driving device 520 is fixed to an inner portion of the
handle case 530.

The driving device 520 may include the driving motor
521 to generate an inner rotational force, and the driving
shaft 522 to receive power from the driving motor 521 and
rotate the transducer 510.

The cap 540 may have a cross-section with an arc-shaped
portion corresponding to a rotating portion of the transducer
510 such that a distance between an inner surface of the cap
540 and an outer surface of the transducer 510 is constantly
maintained even when the transducer 510 installed therein
rotates.

An inner space of the cap 540 may be filled with an oil
serving as a medium for transmitting ultrasound generated
by the transducer 510. Functions and characteristics of the
cap 540 will be described later.

Hereinafter, an aqueous solution substituting for the oil
filled in the inner space of the cap 540 will be described with
reference to FIG. 9.

FIG. 9 is a diagram illustrating that light travels from one
medium to another.

A refers to medium A, B refers to medium B, and X refers
to a contact surface between the medium A and B. In
addition, a refers to an incident ultrasound, b refers to a
reflected ultrasound, and ¢ refers to a refracted ultrasound. A
dashed line is perpendicular to X.

Ultrasound diagnosis is a process of examining a contour
or shape of an object by measuring intensity of ultrasound
reflected by the object. Ultrasound is reflected by a boundary
between medium, i.e., a boundary where an acoustic imped-
ance is changed. Thus, since intensity of ultrasound is
changed according to acoustic impedance, which is an
intrinsic value of a material, a change of the medium in the
object may be identified by the ultrasound diagnosis by
using these properties.

Referring to FIG. 9, an ultrasound is reflected by the
contact surface X between the medium A and the medium B.
In order to examine inner tissues, an amount of the reflected
ultrasound needs to be minimized. Thus, a difference of
acoustic impedance between the medium A and B needs to
be minimized.

To this end, impedance matching is required. That is,
reflection of ultrasound may be reduced by decreasing the
difference of acoustic impedance with skin tissues. In this
case, an oil for ultrasound diagnosis having an acoustic
impedance similar to that of the human body, ie., 1.63
MRayl, is used. When the oil having the acoustic impedance
similar to the human body is applied between the ultrasound
probe and the skin filling an air layer therebetween, reflec-
tion of ultrasound by the air layer may be reduced. Since the
amount of ultrasound reaching the target region in the object
increases, more accurate information may be acquired.
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The oil needs to have high transmissivity in addition to the
acoustic impedance condition. Also, the oil needs to have
very low absorptivity, high viscosity sufficient for continu-
ously staying on the skin during the treatment, and high
lubricating quality such that the ultrasound probe smoothly
moves in a contact with the skin, without causing skin
irritation.

As illustrated in FIG. 8B, the ultrasound probe 500
according to an exemplary embodiment is provided with a
first sensor 550 configured to detect a position of the
transducer 510 changed by rotation, and a second sensor 551
configured to detect rotation of the driving device 520.
Appearances of the first sensor 550 and the second sensor
551 are illustrated in FIG. 10.

FIG. 10 is a perspective view of the first sensor 550, and
the second sensor 551 has the same appearance as the first
sensor 550.

As illustrated in FIG. 10, each of the first sensor 550 and
the second sensor 551 includes a position recognition unit
552 configured to detect a position of the transducer 510
changed by rotation and rotation of the driving device 520.
The first sensor 550 or second sensor 551 may be connected
to the controller 330 of the ultrasound imaging apparatus by
circuit wiring.

More particularly, the first sensor 550 may be mounted on
a position adjacent to the transducer 510 disposed in the
transducer module including the transducer 510 of the
ultrasound probe or may directly be mounted on the trans-
ducer 510. Since the first sensor 550 detects the position of
the transducer 510 changed by rotation, the mounting posi-
tion thereof is not limited.

The second sensor 551 may be mounted on the driving
device 520 disposed in the ultrasound probe. More particu-
larly, the driving device 520 includes a driving motor 521
generating a rotational force to rotate the transducer 510 and
a driving shaft 522 transferring the rotational force of the
driving motor 521 to the transducer 510. As the driving
motor 521 operates, the driving shaft 522 rotates, and the
transducer 510 rotates to operate the ultrasound probe 500
such that a rotation direction of the driving motor 521 is
identical to a rotation direction of the transducer 510. The
second sensor 551 senses the rotation of the driving device
520, i.e., the driving motor 521, detects a signal, and
compares the detected signal with a signal detected by the
first sensor 550. Thus, the second sensor 551 may be
mounted on the driving shaft 522 or may be implemented as
a device sensing the rotation of the driving motor 521 and
outputting a signal in the driving motor 521. Since the
second sensor 551 detects rotation of the driving motor 521
included in the driving device 520, the position thereof is not
limited. Operations of the first sensor 550 and the second
sensor 551, a process of calculating backlash based on
signals output as a result of the position detection, and a
process of correcting an ultrasound image based on the
backlash will be described in detail later with reference to
FIGS. 11 and 12.

FIG. 11 is a flowchart illustrating a method of controlling
an ultrasound probe according to an exemplary embodiment.

Referring to FIG. 11, the method of controlling an ultra-
sound probe according to an exemplary embodiment
includes detecting a position of a transducer changed by
rotation at a first sensor and detecting a rotation of a driving
device at a second sensor (S100), outputting a signal based
on the detected position (S110), detecting a time difference
between signals from the first sensor and the second sensor
(8120), calculating a backlash (S130), and removing blur-
ring of an image by correcting the image (S140).
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More particularly, the first sensor 550 mounted on a
position adjacent to the transducer 510 detects a position of
the transducer 510 changed by rotation when the transducer
510 rotates clockwise and counter clockwise and outputs the
detected position as a signal. As illustrated in FIG. 10, the
position recognition unit 552 of the first sensor 550 detects
the position of the transducer 510 in real time and outputs
the signal. The signal is output in the form as illustrated in
FIG. 12.

The driving motor 521 of the driving device 520 of the
ultrasound probe 500 is set to rotate at a constant velocity v
when a driving command is received from the controller
330. The rotation velocity of the driving motor 521 may vary
according to a setting value input to a motor board (not
shown) disposed in the driving motor 521, and the signal is
output in accordance with velocity v, distance s, and time t
of the driving motor 521. That is, as the driving motor 521,
the velocity of which is set, rotates, a power is transferred
via the driving shaft 522 to rotate the transducer 510. A time
period t during which the transducer 510 rotates at a pre-
determined velocity v by a predetermined distance s is
detected, and the detected time period t is illustrated as a
waveform with respect to the signal as illustrated in FIG. 12.

The second sensor 551 is mounted on the driving shaft
522 of the driving device 520. Since a rotational power
generated as the driving motor 521 of the driving device 520
rotates is transferred to the transducer 510 via the driving
shaft 522, the second sensor 551 may be mounted on the
driving shaft 522 of the driving device 520 to detect a delay
caused by rotation of the driving motor 521 and the trans-
ducer 510 and to detect a backlash. Since the driving motor
521 may directly detect rotation of the driving motor 521,
the position of the second sensor 551 or sensing of the
rotation of the driving motor 521 is not limited. The process
of sensing rotation of the driving device 520 and outputting
the detection as a signal performed at the second sensor 551
is the same as that performed at the first sensor 550, and thus
detailed descriptions thereof will not be given.

As described above, the first sensor 550 detects a position
of the transducer 510 changed by rotation (S100), the second
sensor 551 detects rotation of the driving device 520 (S100),
and a signal with regard to the time period t as described
above is output (S110).

FIG. 12 is a graph illustrating signals from a first sensor
and signals from a second sensor with respect to time
according to a method of controlling an ultrasound probe
according to an exemplary embodiment.

When the first sensor 550 and the second sensor 551
output signals as illustrated in FIG. 12, circuit wiring from
the first sensor 550 and the second sensor 551 to the
controller 330 may vary. Since a conventional ultrasound
probe does not include a plurality of sensors to detect a
position of the ultrasound probe, 3 circuit wirings are used.
However, since the ultrasound probe 500 according to an
exemplary embodiment includes a plurality of sensors
mounted on the transducer 510 and the driving motor 521 to
detect signals, 4 circuit wirings including circuit wirings
connected from each of the first sensor 550 and the second
sensor 551 may be used. In this case, a time difference
between a signal from the first sensor 550 and a signal from
the second sensor 551 may be directly calculated.

In addition, in the circuit wiring, a signal acquired by
directly calculating a difference between the signal from the
first sensor 550 and the signal from the second sensor 551 by
using a logic circuit such as an AND gate may be output. In
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this case, 3 circuit wirings may be used in the same manner
as the conventional method. That is, various circuit wirings
may be used.

Referring to FIG. 12, graph (a) shows a signal output from
the second sensor 551 and acquired by detecting the rotation
of the driving motor 521, graph (b) shows a signal output
from the first sensor 550 and acquired by detecting the
position of the transducer 510 changed by rotation. The
signals illustrated in FIG. 12 may be referred to as Null
signals, without being limited thereto.

Referring to FIG. 12, the transducer 510 and the driving
motor 521 repeat clockwise CW rotation about the central
axis and counter clockwise CCW rotation. In graph (b), a
time when the signal is 0 [V] is a time when the rotation of
the transducer 510 temporarily stops, and a position where
graph (a) and graph (b) overlap each other at 0 [V] corre-
sponds to the central axis of the transducer 510. That is,
referring to graph (b), a switchover time from the clockwise
CW rotation to the counter clockwise CCW rotation after the
transducer 510 initiates the clockwise CW rotation about the
central axis corresponds to the central line of the graph.
Thus, after the switchover time, the transducer 510 is located
at the central axis after the counter clockwise CCW rotation.
Here, the signal output from the transducer 510 overlaps the
signal from the driving motor 521 at 0 [V].

As illustrated in FIG. 12, an Initial (CW) value indicates
a difference between a position of the driving motor 521 and
a position of the transducer 510 by the clockwise rotation
during the early stage as time, and an Initial (CCW) value
indicates a difference between a position of the driving
motor 521 and a position of the transducer 510 by the
counter clockwise rotation during the early stage as time.
The Initial (CW) value and the Initial (CCW) value are
defaults of the ultrasound probe 500.

Graph (c) of FIG. 12 illustrates signals output to calculate
a backlash caused as the ultrasound probe 500 is used.
At(CW) is a time difference variation between signals from
the first sensor 550 and the second sensor 551, as a value
indicating a delay of rotation of the transducer 510 in
comparison with the Initial (CW) value. That is, in case of
the CW rotation, since the rotation of the transducer 510
cannot catch up the rotation of the driving motor 521, a delay
occurs from the Initial(CW) value by At(CW). In case of the
CWW rotation, a delay further occurs in the CCW direction,
AY(CCW) is greater than At(rCW).

The flowchart of FIG. 11 will be described with reference
to FIGS. 2 and 12. When the first sensor 550 and the second
sensor 551 detect positions of the transducer 510 and the
driving device 520 changed by rotation and output signals
(S110), the sensor signal time difference detection unit 315
detects a time difference between the signal from the first
sensor 550 and the signal from the second sensor 551
(8120). As illustrated in FIG. 12, under controlling by the
controller 330, an interval between the signal from the first
sensor 550 and the signal from the second sensor 551 is
detected, and a delayed time of the transducer 510 with
respect to the rotation of the driving motor 521 is deter-
mined.

The backlash computation unit 320 calculates a backlash
between the transducer 510 and the driving motor 521 in an
interlocked manner with the controller 330 (S130). The
backlash is calculated by calculating variations At(CW) and
AY(CCW) by using a time difference between signals
detected by the sensor signal time difference detection unit
315 and initial time differences Initial(CW) and Initial
(CCW).
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The image correction unit 325 corrects the ultrasound
image by using the calculated backlash to remove the
blurring of the ultrasound image (S140). Particularly, since
the calculated backlash is represented by a unit of time t, a
delayed distance of the transducer 510 by the backlash, i.e.,
an increased angle, may be determined by using the backlash
and velocity v of the driving motor 521. The controller 330
controls the image correction unit 325 to correct the ultra-
sound image at a time when the ultrasound image is rendered
by the delayed value.

A method of rendering an image by using a clockwise
ultrasound image and a counter clockwise ultrasound image
will be briefly described. For example, one 3D image is
generated by aligning 50 pieces of clockwise cross-sectional
images, and one 3D image is generated by aligning 50 pieces
of counter clockwise cross-sectional images. Then, the two
3D images are compounded into one image.

In this case, the image correction unit 325 may output an
image from which blurring is removed, by shifting a clock-
wise image and the counter clockwise image delayed by the
backlash by the delay ((b) of FIG. 7). That is, the image is
corrected by offsetting the amount of blurring caused by the
backlash. The correction of the image may be performed at
any time by using the backlash calculated in real time or at
regular periods or time intervals. By correcting the clock-
wise and counter clockwise images by the backlash, an
ultrasound image from which blurring is removed may be
output.

FIGS. 13A and 13B are examples of changing circuit
wirings from the first sensor 550 and the second sensor 551
to the controller 330 to output signals from the first sensor
550 and the second sensor 551.

As illustrated in FIG. 13A, the ultrasound probe 500
according to an exemplary embodiment detects signals by
mounting the first sensor 550 and the second sensor 551 on
the driving motor 521 and the transducer 510 and may use
4 circuit wirings including wirings from each other first
sensor 550 and the second sensor 551. In this case, the
backlash may be calculated by calculating the difference
between the signals output from the first sensor 550 and the
second sensor 551.

In addition, as illustrated in FIG. 13B, the ultrasound
probe 500 may output a backlash calculated by directly
calculating a difference between the signal output from the
first sensor 550 and the signal output from the second sensor
551 by passing the circuit wirings from the first sensor 550
and the second sensor 551 through a separate logic circuit.
FIG. 13B illustrates a logic circuit @, and a lower graph
illustrates a method of directly expressing the backlash by
using the logic circuit (1).

The ultrasound probe capable of correcting blurring of an
ultrasound image by calculating a backlash and a method of
controlling the same are described above.

Although a few embodiments of the present disclosure
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 disclosure, the scope of which is defined in the
claims and their equivalents.

What is claimed is:

1. An ultrasound probe comprising a transducer array
configured to generate ultrasound and a driving device
configured to rotate the transducer, the ultrasound probe
comprising:

a first sensor configured to detect a position of the

transducer changed by rotation;
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a second sensor configured to detect rotation of the

driving device; and

a controller configured to determine a backlash value

between a signal of the first sensor and a signal of the
second sensor and correct an ultrasound image.

2. The ultrasound probe according to claim 1, wherein the
driving device comprises:

a driving motor configured to generate a rotational force

to rotate the transducer; and

a driving shaft configured to transfer the rotational force

of the driving motor to the transducer.

3. The ultrasound probe according to claim 1, wherein the
first sensor and the second sensor are installed in the
ultrasound probe.

4. The ultrasound probe according to claim 1, wherein the
controller calculates a time difference variation between a
signal of the first sensor and a signal of the second sensor
and determines the backlash value by using the calculated
time difference variation.

5. The ultrasound probe according to claim 4, wherein the
controller calculates a time difference between a signal of
the first sensor and a signal of the second sensor when the
transducer rotates clockwise or counter clockwise.

6. The ultrasound probe according to claim 4, wherein the
controller determines the backlash value by using a variation
based on the detected time difference between the signal of
the first sensor and the signal of the second sensor and an
initial time difference.

7. The ultrasound probe according to claim 1, wherein the
controller corrects a rendered clockwise image and a ren-
dered counter clockwise image by using the determined
backlash value when a rendered ultrasound image is gener-
ated.

8. The ultrasound probe according to claim 7, wherein the
controller shifts the clockwise image and the counter clock-
wise image by the calculated backlash value of the clock-
wise direction and the counter clockwise direction with
respect to a central axis of the transducer.

9. A method of controlling an ultrasound probe compris-
ing a transducer array configured to generate ultrasound and
a driving device configured to rotate the transducer array, the
method comprising:
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determining a backlash value between a signal of a first
sensor and a signal of a second sensor installed in the
ultrasound probe; and

correcting an ultrasound image by using the determined

backlash value.

10. The method according to claim 9, wherein the signal
of the first sensor is a signal output as a result of detecting
a position of the transducer changed by rotation.

11. The method according to claim 9, wherein the signal
of the second sensor is a signal output as a result of detecting
rotation of the driving device.

12. The method according to claim 9, wherein the deter-
mining of the backlash value between the signal of the first
sensor and the signal of the second sensor is performed by
calculating a time difference variation between the signal of
the first sensor and the signal of the second sensor, and
determining the backlash value by using the calculated time
difference variation.

13. The method according to claim 12, wherein the
calculating of the time difference between the signal of the
first sensor and the signal of the second sensor is performed
by calculating a time difference between the signal of the
first sensor and the signal of the second sensor when the
transducer rotates clockwise or counter clockwise.

14. The method according to claim 12, wherein the
determining of the backlash value is performed by using a
variation based on the detected time difference between the
signal of the first sensor and the signal of the second sensor
and an initial time difference.

15. The method according to claim 9, wherein the cor-
recting of the ultrasound image is performed by correcting
a rendered clockwise image and a rendered counter clock-
wise image by using the determined backlash value when a
rendered ultrasound image is generated.

16. The method according to claim 15, wherein the
correcting of the ultrasound image is performed by shifting
the clockwise image and the counter clockwise image by the
calculated backlash value of the clockwise direction and the
counter clockwise direction with respect to a central axis of
the transducer.
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