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(57) ABSTRACT

A probe of an ultrasonic diagnostic apparatus and a method of
controlling the same are disclosed. The probe includes a
transducer movably disposed inside a housing of the probe, a
detector detecting movement of the probe, and a drive unit
controlling operation of the transducer in response to an out-
put from the detector. Acceleration of the probe is measured
to adjust intensity of a holding current in order to suppress
operation of the transducer depending on the acceleration of
the probe, so that, if there is no movement of the probe, a low
holding current is output to increase a transmission current by
suppressing heat generation, thereby improving image qual-
ity.
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PROBE OF ULTRASONIC DIAGNOSTIC
APPARATUS AND CONTROL METHOD
THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of Korean Patent
Application No. 10-2009-0100055, filedon Oct. 21, 2009, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a probe of an ultra-
sonic diagnostic apparatus and a control method thereof and,
more particularly, to a probe of an ultrasonic diagnostic appa-
ratus and a control method thereof that can measure accelera-
tion of the probe and adjust intensity of holding current to
suppress operation of a transducer depending on the accel-
eration of the probe.

[0004] 2. Description of the Related Art

[0005] Generally, an ultrasonic diagnostic apparatus refers
to a non-invasive apparatus that irradiates an ultrasound sig-
nal from a surface of a target towards a target internal organ
beneath the surface of the target and obtains an image of a
monolayer or blood flow in soft tissue from information in the
reflected ultrasound signal (ultrasound echo-signal).

[0006] Theultrasonic diagnostic apparatus has been widely
used for diagnosis of the heart, the abdomen, the urinary
organs, and in obstetrics and gynecology due to various mer-
its thereof such as small size, low price, real-time image
display, and high stability through elimination of radiation
exposure, as compared with other image diagnostic systems,
such as X-ray diagnostic systems, computerized tomography
scanners (CT scanners), magnetic resonance imagers (MRIs),
nuclear medicine diagnostic apparatuses, and the like.
[0007] The ultrasonic diagnostic apparatus includes a
probe which transmits an ultrasound signal to a target and
receives an ultrasound echo-signal reflected therefrom to
obtain an ultrasound image of the target.

[0008] The probe includes a transducer, a case with an open
upper end, a cover coupled to the open upper end of the case
to directly contact the surface of a target, and the like. The
transducer includes a piezoelectric layer in which a piezo-
electric material converts electrical signals into sound signals
or vice versa while vibrating, a sound matching layer reduc-
ing a difference in sound impedance between the piezoelec-
tric layer and the target to allow as much of the ultrasound
waves generated from the piezoelectric layer as possible to be
transferred to the target, a lens layer focusing the ultrasound
waves, which travel in front of the piezoelectric layer, onto a
predetermined point, and a backing layer blocking the ultra-
sound waves from traveling in a rearward direction of the
piezoelectric layer to prevent image distortion.

[0009] In order to obtain a desired ultrasound image, the
probe is moved on a body surface of the target or is rotated
thereon while being brought into contact with the body sur-
face of the target.

[0010] It should be noted that the above description is pro-
vided for understanding of the background of the invention
and is not a description of a conventional technique well-
kaown in the art.

[0011] Inanultrasonic diagnostic apparatus capable of pro-
viding a three-dimensional (3D) ultrasound image, a 3D
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probe is provided therein with a transducer which can move
along an arcuate locus centered on a drive unit inside a hous-
ing of the probe to transmit an ultrasound echo-signal to a
main body of the apparatus to generate a 3D ultrasound image
of a target.

[0012] When the 3-D probe is used notina 3-D modebut in
a two-dimensional (2-D) mode, a constant intensity of hold-
ing current is outputted from the drive unit to suppress move-
ment of the transducer in order to prevent a positional change
of the transducer by impact from outside.

[0013] However, when the constant intensity of holding
current is continuously outputted, the probe undergoes an
increase in surface temperature due to heat generated during
the operation in the 2-D) mode, thereby restricting an increase
in transmission voltage while increasing power consumption.
[0014] Further, when the intensity of the holding current is
limited to a certain level or less due to heat generated from the
drive unit, the position of the transducer is liable to be
changed upon application of impact exceeding a certain
degree.

SUMMARY OF THE INVENTION

[0015] Thepresentinvention is conceived to solve the prob-
lems of the related art as described above, and an aspect of the
invention is to provide a probe of an ultrasonic diagnostic
apparatus and a control method thereof that can measure
acceleration of the probe and adjust intensity of holding cur-
rent to suppress operation of a transducer depending on the
acceleration of the probe.

[0016] In accordance with one aspect of the invention, a
probe of an ultrasonic diagnostic apparatus includes: a trans-
ducer movably disposed inside a housing of the probe; a
detector detecting movement of the probe; and a drive unit
controlling operation of the transducer in response to an out-
put from the detector.

[0017] The drive unit may include an operation controller
outputting an operating current to swing the transducer, or
receiving the output from the detector and outputting a hold-
ing current to suppress the operation of the transducer; and a
motor receiving the operating current or the holding current
from the operation controller and operating the transducer.

[0018] The detector may be disposed near the transducer.
[0019] The detector may include an acceleration sensor.
[0020] In accordance with another aspect of the invention,

a method of controlling a probe of an ultrasonic diagnostic
apparatus includes: determining whether the probe is in a
three-dimensional mode; outputting an operating current to
swing a transducer if the probe is in the three-dimensional
mode, or determining whether there is movement of the probe
in response to an output from a detector detecting the move-
ment of the probe if the probe is not in the three-dimensional
mode; and outputting a holding current to suppress operation
of the transducer depending on whether there is movement of
the probe.

[0021] The outputting a holding current may include out-
putting a low holding current if there is no movement of the
probe and outputting a high holding current obtained by
adjusting intensity of the holding current depending on accel-
eration of the probe if there is movement of the probe.
[0022] The method may further include outputting an oper-
ating current to return the transducer to an original position, if
it is determined that the probe moves at a predetermined
acceleration or more.
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[0023] 1In accordance with another aspect of the invention,
aprobe of an ultrasonic diagnostic apparatus includes a trans-
ducer disposed inside a housing of the probe; a detector
configured to detect movement of the probe and generate data
based on the movement; and a drive unit configured to control
movement of the transducer in response to the data generated
by the detector.

[0024] The drive unit may include an operation controller
configured to output an operating current to swing the trans-
ducer; and a motor configured to receive the operating current
from the operation controller and move the transducer based
on the operating current.

[0025] The drive unit may include an operation controller
configured to receive the data generated by the detector and
output a holding current to limit the movement of the trans-
ducer; and a motor configured to receive the holding current
from the operation controller and move the transducer based
on the holding current.

[0026] In accordance with another aspect of the invention,
a method of controlling a probe of an ultrasonic diagnostic
apparatus, the probe including a transducer and a detector
configured to detect movement of the probe and to generate
data based on the movement, includes determining whether
the ultrasonic diagnostic apparatus is in a three-dimensional
mode; if the ultrasonic diagnostic apparatus is in the three-
dimensional mode, outputting an operating current to swing
the transducer; if the ultrasonic diagnostic apparatus is not in
the three-dimensional mode, determining whether there is
movement of the probe in response to the data generated by
the detector; and outputting a holding current to limit move-
ment of the transducer based on the data generated by the
detector.

[0027] Outputting a holding current may include output-
ting a low holding currentif the data generated by the detector
indicates that there is no movement of the probe.

[0028] Outputting a holding current may include output-
ting a high holding current by adjusting an intensity of the
holding current based on the data generated by the detector.
[0029] The method may include determining if the probe is
moving at a predetermined acceleration or greater based on
the data generated by the detector; and outputting an operat-
ing current to return the transducer to an initial position, if the
probe moves at the predetermined acceleration or higher.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other aspects, features and advan-
tages of the invention will become apparent from the follow-
ing description in conjunction with the accompanying draw-
ings, in which:

[0031] FIG. 1 is a perspective view of an ultrasonic diag-
nostic apparatus including a probe in accordance with one
embodiment of the present invention;

[0032] FIG. 2 is a block diagram of the probe of FIG. 1;
[0033] FIG. 3 is a schematic cross-sectional view of the
probe of FIG. 1;

[0034] FIG. 4 is a flowchart of a method of controlling a
probe of an ultrasonic diagnostic apparatus in accordance
with one embodiment of the present invention; and

[0035] FIG. 5 is a graph depicting a holding current
adjusted by the method in accordance with the embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENT

[0036] Exemplary embodiments of the invention will now
be described in detail with reference to the accompanying
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drawings. It should be noted that the drawings are not to
precise scale and may be exaggerated in thickness of lines or
size of components for descriptive convenience and clarity
only. Furthermore, terms used herein are defined by taking
functions of the invention into account and can be changed
according to the custom or intention of users or operators.
Therefore, definition of the terms should be made according
to overall disclosures set forth herein.

[0037] FIG. 1 is a perspective view of an ultrasonic diag-
nostic apparatus including a probe in accordance with one
embodiment of the present invention; FIG. 2 is a block dia-
gram of the probe of FIG. 1; and FIG. 3 is a schematic
cross-sectional view of the probe of FIG. 1.

[0038] Referring to FIG. 1, a probe 100 according to one
embodiment is provided to an ultrasonic diagnostic apparatus
10. The ultrasonic diagnostic apparatus 10 includes a main
body 12 for controlling or manipulating the apparatus 10, and
a display unit 14 for displaying ultrasound images generated
by the main body 12.

[0039] The probe 100 transmits an ultrasound signal to a
target and receives and transmits a reflected ultrasound echo-
signal to the main body 12.

[0040] Referring to FIGS. 2 and 3, the probe 100 includes a
transducer 110, a drive unit 120, and an acceleration sensor
130 acting as a detector for measuring movement of the probe
100.

[0041] The transducer 110 includes a piezoelectric layer
(not shown) in which a piezoelectric material converts elec-
trical signals into sound signals or vice versa while vibrating,
a sound matching layer (not shown) reducing a difference in
sound impedance between the piezoelectric layer and a target
to allow as much of the ultrasound signals generated from the
piezoelectric layer as possible to be transferred to the target,
and a lens layer (not shown) focusing the ultrasound signals,
which travel in front of the piezoelectric layer, onto a prede-
termined point.

[0042] The transducer 110 is movably disposed inside a
housing 140 of the probe 100.

[0043] When thereis movement of the probe 100, the accel-
eration sensor 130 measures the movement of the probe 100
and outputs acceleration of the probe 100 to the drive umt
120.

[0044] The acceleration sensor 130 is located near the
transducer 110 inside the housing 140 of the probe 100 to
sense movement of the transducer 110. The acceleration sen-
sor 130 is a sensor which can sense acceleration of the trans-
ducer 110 so that the acceleration sensor 130 could sense the
movement of the transducer 110.

[0045] The position of the acceleration sensor 130 is not
limited thereto, and the acceleration sensor 130 may be
located at any position so long as it can predict the movement
of the transducer 110 by measuring the acceleration of the
probe 100.

[0046] The drive unit 120 is disposed inside the housing
140 and operates the transducer 110. While the transducer
110 moves along an arcuate locus centered on the drive unit
120, the probe 100 transmits an ultrasound echo-signal to the
main body 12 of the diagnostic apparatus 10 to realize a 3D
ultrasound image.

[0047] In response to operation control of the diagnostic
apparatus 10, the drive unit 120 allows the transducer 110 to
swing in a 3D mode and suppresses operation of the trans-
ducer 110 in a 2D (two dimensional) mode depending on the
acceleration output from the acceleration sensor 130.
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[0048] The drive unit 120 includes an operation controller
122 and a motor 124.

[0049] The operation controller 122 outputs an operating
current to the motor 124 to allow the transducer 110 to swing,
or receives the acceleration output from the acceleration sen-
sor 130 and outputs a holding current to the motor 124 to
suppress the operation of the transducer 110. The motor 124
operates the transducer 110 according to the operating current
or the holding current output from the operation controller
122.

[0050] FIG. 4 is a flowchart of a method of controlling a
probe of an ultrasonic diagnostic apparatus in accordance
with one embodiment of the present invention, and FIG. 5 is
a graph depicting a holding current adjusted by the method in
accordance with the embodiment of the present invention.

[0051] Referringto FIGS. 1105, in the method according to
this embodiment, first, the operation controller 122 deter-
mines whether a diagnostic mode of the ultrasonic diagnostic
apparatus 10 is a three-dimensional mode, in S10.

[0052] If the diagnostic apparatus is in the 3D mode, the
operation controller outputs an operating current to the motor
124 to swing the transducer 110, in S20.

[0053] Ifthe diagnostic apparatus 10 is not in the 3D mode
butin a 2D mode, the operation controller receives an output
from the acceleration sensor 130 detecting movement of the
probe 100 in order to adjust and output a holding current for
suppressing operation of the transducer 110, in S30.

[0054] In response to the output from the acceleration sen-
sor 130, the operation controller determines whether there is
movement of the probe 100, in S40.

[0055] Ifthere is no movement of the probe 100, the opera-
tion controller outputs a low holding current to the motor 124
since the operation of the transducer 110 can be suppressed
with a low force, in S60.

[0056] As such, if there is no movement of the probe 100, a
low holding current is outputted to the motor 124 so that the
surface temperature of the probe 100 is not increased by heat
from the motor 124.

[0057] If the movement of the probe 100 is detected, the
operation controller adjusts and outputs a holding current
depending on the acceleration measured by the acceleration
sensor 130 to suppress the operation of the transducer 110, in
S50.

[0058] Here, when outputting the holding current, the
operation controller adjusts the holding current in proportion
to acceleration of the probe until the acceleration of the probe
reaches a preset acceleration “A”, as shown in FIG. 5.

[0059] Then, it is determined whether the acceleration of
the probe measured by the acceleration sensor 130 exceeds
the preset acceleration “A”, in S70.

[0060] Here, when there is strong impact from outside or
when there is an abrupt movement of the probe 100, the
acceleration of the probe exceeds the preset acceleration “A”.
In this case, the operation controller outputs a high holding
current to suppress the operation of the transducer 110 and an
operation current to return the transducer 110 to its original
position, in S80.

[0061] As such, according to the embodiment of the inven-
tion, acceleration of the probe may be measured to control the
intensity of a holding current, which is used for suppressing
operation of the transducer, depending on the acceleration of
the probe, so that, if there is no movement of the probe, a low
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holding current is outputted to increase a transmission current
by suppressing heat generation, thereby improving image
quality.

[0062] Further, according to the embodiment, the probe
may be operated at a low holding current, so that a battery
used in an ultrasonic diagnostic apparatus has a long lifespan.
[0063] Further, according to the embodiment, when strong
impact is applied from outside to the transducer or when the
probe is abruptly moved, a high holding current may be
outputted to prevent movement of the transducer.

[0064] Further, according to the embodiment, when the
transducer is moved by a certain level of impact or more, the
transducer may be returned to an original position.

[0065] Although some embodiments have been provided to
illustrate the invention in conjunction with the drawings, it
will be apparent to those skilled in the art that the embodi-
ments are given by way of illustration only, and that various
modifications and equivalent embodiments can be made
without departing from the spirit and scope of the invention.
The scope of the invention should be limited only by the
accompanying claims.

What is claimed is:
1. A probe of an ultrasonic diagnostic apparatus compris-
ing:
a transducer movably disposed inside a housing of the
probe;
a detector detecting movement of the probe; and
a drive unit controlling operation of the transducer in
response to an output from the detector.
2. The probe according to claim 1, wherein the drive unit
comprises:
an operation controller outputting an operating current to
swing the transducer, or receiving the output from the
detector and outputting a holding current to suppress the
operation of the transducer; and
a motor receiving the operating current or the holding
current from the operation controller and operating the
transducer.
3. The probe according to claim 1, wherein the detector is
disposed near the transducer.
4. The probe according to claim 1, wherein the detector
comprises an acceleration sensor.
5. A method of controlling a probe of an ultrasonic diag-
nostic apparatus, comprising:
determining whether the ultrasonic diagnostic apparatus is
in a three-dimensional mode;
outputting an operating current to swing a transducer if the
ultrasonic diagnostic apparatus is in the three-dimen-
sional mode, or determining whether there is movement
of the probe in response to an output from a detector
detecting the movement of the probe if the ultrasonic
diagnostic apparatus is not in the three-dimensional
mode; and
outputting a holding current to suppress operation of the
transducer depending on whether there is movement of
the probe.
6. The method according to claim 5, wherein the outputting
a holding current comprises:
outputting a low holding current if there is no movement of
the probe, and outputting a high holding current
obtained by adjusting intensity of the holding current
depending on acceleration of the probe if there is the
movement of the probe.
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7. The method according to claim 5, further comprising:
outputting an operating current to return the transducer to
an initial position, if it is determined that the probe
moves at a predetermined acceleration or more.
8. A probe of an ultrasonic diagnostic apparatus compris-
ing:
a transducer disposed inside a housing of the probe;
a detector configured to detect movement of the probe and
generate data based on the movement; and
a drive unit configured to control movement of the trans-
ducer in response to the data generated by the detector.
9. The probe according to claim 8, wherein the drive unmit
comprises:
an operation controller configured to output an operating
current to swing the transducer; and
a motor configured to receive the operating current from
the operation controller and move the transducer based
on the operating current.
10. The probe according to claim 8, wherein the drive unit
comprises:
an operation controller configured to receive the data gen-
erated by the detector and output a holding current to
limit the movement of the transducer; and
amotor configured to receive the holding current from the
operation controller and move the transducer based on
the holding current.
11. The probe according to claim 8, wherein the detector is
disposed near the transducer.
12. The probe according claim 8, wherein the detector
comprises an acceleration sensor.
13. A method of controlling a probe of an ultrasonic diag-
nostic apparatus, the probe including a transducer and a

Apr. 21,2011

detector configured to detect movement of the probe and to
generate data based on the movement, the method compris-
ing:
gdetermining whether the ultrasonic diagnostic apparatus is
in a three-dimensional mode;
if'the ultrasonic diagnostic apparatus is in the three-dimen-
sional mode, outputting an operating current to swing
the transducer;
if the ultrasonic diagnostic apparatus is not in the three-
dimensional mode, determining whether there is move-
ment of the probe in response to the data generated by
the detector; and
outputting a holding current to limit movement of the trans-
ducer based on the data generated by the detector.
14. The method according to claim 13, wherein the output-
ting a holding current comprises:
outputting a low holding current if the data generated by
the detector indicates that there is no movement of the
probe.
15. The method according to claim 13, wherein the output-
ting a holding current comprises:
outputting a high holding current by adjusting an intensity
of the holding current based on the data generated by the
detector.
16. The method according to claim 13, further comprising:
determining if the probe is moving at a predetermined
acceleration or greater based on the data generated by
the detector;
outputting an operating current to return the transducer to
an initial position, if the probe moves at the predeter-
mined acceleration or higher.
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