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(57) ABSTRACT

An ultrasound diagnostic apparatus and a method of control-
ling the same are provided herein. The ultrasound diagnostic
apparatus includes a probe having a connector, provided with
a shaft, and a probing part, the probing part being connected
to the connector through a cable so as to irradiate ultrasound
waves to an object to be examined and receive the ultrasound
waves reflected from the object, a main body connected with
the probe so as to create an image of the object, which corre-
sponds to the ultrasound waves received to the probing part of
the probe, a coupling assembly to detect contact between the
main body and the connector and to fix the connector to the
mainbody by automatically driving the shaft of the probe, and
a controller to control driving of the coupling assembly when
the contact between the main body and the connector is
detected.
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ULTRASOUND DIAGNOSTIC APPARATUS
AND METHOD OF CONTROLLING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Patent
Application No. P2011-142451 filed on Dec. 26, 2011 in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] Embodiments of the present disclosure relate to an
ultrasound diagnostic apparatus to facilitate fastening
between a main body and a probe, and a method for control-
ling the same.

BACKGROUND

[0003] In general, an ultrasound diagnostic apparatus gen-
erates an image of an object to be examined from a reflected
ultrasound signal, which has been irradiated into the object
using probes. Such an ultrasound diagnostic apparatus has
been particularly useful for various medical diagnostic pro-
cedures including, for example, the detection of foreign mat-
ter in living things, measurement of lesions, observation of
tumors, examination of fetuses, etc.

[0004] An ultrasound diagnostic apparatus typically
includes a main body equipped with an input device to receive
input from a user, a display device to generate an image of an
object to be examined, and various types of probes to irradiate
an ultrasound signal into the object and to receive an ultra-
sound echo signal therefrom. For example, three or four
probes may be coupled to the main body. Each probe may be
locked into the main body of the ultrasound diagnostic appa-
ratus using a specialized locking mechanism according to the
characteristics of the particular probe. Furthermore, each of
the probes may be assigned an intrinsic identification number
or identifier (ID), which can be used by a medical doctor to
identify and select a probe to be used. A user such as a medical
doctor can manipulate an input device of the ultrasound diag-
nostic apparatus to identify and select a particular probe for
use based on its corresponding identification number or ID.
[0005] Each probe typically includes a probing part having
an array of ultrasound elements, a connector to electrically
connect each of the ultrasound elements of the probe to the
main body ofthe apparatus, and a cable to connect the probing
part to the connector. The number of ultrasound elements of
the probing part typically varies from 64 to 256 elements, and
each probe includes the same number of connectors as the
number of ultrasound elements.

[0006] The connector of each probe includes a housing, a
terminal having a plurality of pins aligned within the housing,
a shaft formed to outwardly protrude from an inner portion of
the housing so as to mechanically connect the connector to the
main body, and a locking member formed to protrude from an
outer peripheral surface of the shaft so as to mechanically
lock the connector into the main body. The connector further
includes a locking handle arranged at an outer portion of the
housing and mechanically connected to the shaft so as to
rotate the shaft for locking between the connector and the
main body.

[0007] In order to connect each probe to the main body, a
user inserts the terminal of the connector of the probe into a
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socket of the main body, and couples the locking member of
the shaft to a locking groove within the main body by manu-
ally turning the locking handle, thereby locking the probe in
the main body. In addition, the rotation of the locking handle
causes the pins of the terminal of the connector to be moved
from their present positions and come into contact with cor-
responding pins of the socket of the main body, thereby elec-
trically connecting the terminal to the main body.

[0008] When desiring to utilize a different type of probe
from the probe which is presently in use, a user separates the
connector of the present probe from the main body and then
mounts the connector of a desired probe to the main body. The
user removes the present probe from the main body by manu-
ally turning the locking handle of the present probe. The user
can then mount another probe at the main body by manually
turning the locking handle to lock the probe in place after
connecting it to the main body.

[0009] Due to the manual nature of this task, the replace-
ment of different probes may be cumbersome and may lead to
a breakdown of the locking member and locking handle over
time. Furthermore, since each probe has a structure in which
a shaft of each of its connectors outwardly passes through an
inner portion of the housing, the installation of printed circuit
boards (PCBs) within the housing of the connector of the
probe may be difficult and thus lead to problems in manufac-
turing the PCBs.

SUMMARY

[0010] Therefore, it is an aspect of the present disclosure to
provide an ultrasound diagnostic apparatus and method for
detecting contact between a probe and a main body of the
ultrasound diagnostic apparatus and automatically locking
the probe into the main body when the contact between the
probe and the main body is detected.

[0011] It is another aspect of the present disclosure to pro-
vide an ultrasound diagnostic apparatus having probe and
main body components that are connected to one another
primarily through a mechanical connection and secondarily,
through an electrical connection, and a method of controlling
the same.

[0012] Tt is a further aspect of the present disclosure to
provide an ultrasound diagnostic apparatus to automatically
release a lock between a probe and a main body of the appa-
ratus in response to a release command input by a user.
[0013] Additional aspects of the present disclosure will be
set forth in the detailed description that follows or will
become readily apparent given this description.

[0014] Inaccordance with one aspect of the present disclo-
sure, an ultrasound diagnostic apparatus includes a probe
having a connector, provided with a shaft, and a probing part
connected to the connector through a cable. The probing part
is used to irradiate ultrasound waves through an object to be
examined and to receive the ultrasound waves reflected from
the object. The ultrasound diagnostic apparatus also includes
a main body connected to the probe. The main body is con-
figured to generate an image of the object, e.g., on a display
coupled to the main body, based on the ultrasound waves
received from the probing part of the probe. The ultrasound
diagnostic apparatus further includes a coupling assembly
configured to detect contact between the main body and the
connector of the probe and to fix the connector to the main
body by automatically driving the shaft of the probe. A con-
troller of the ultrasound diagnostic apparatus is used to con-
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trol driving of the coupling assembly when the contact
between the main body and the connector is detected.
[0015] The coupling assembly may include a coupling
member coupled to the shaft, a motor to rotate the coupling
member, a locking groove to seat a locking member arranged
at the shaft during rotation of the shaft, and a detection part to
detect the contact between the main body and the connector.
[0016] The detection part may include at least one of an
infrared detection part, a radio frequency (RF) detection part,
a switch part, and a pressure detection part.

[0017] The controller may control rotation of the motor in a
normal direction so that the locking member is seated at the
locking groove, when the contact between the main body and
the connector is detected.

[0018] The ultrasound diagnostic apparatus may further
include an input part used to input a command by a user,
wherein the controller may be configured to control rotation
ofthe motor in a reverse direction so that the locking member
is separated from the locking groove based on the command
input by the user via the input part.

[0019] The ultrasound diagnostic apparatus may further
include a fixing member to mechanically fix the probe to the
main body.

[0020] The fixing member may be an electromagnet.
[0021] The controller, when the contact between the main
body and the connector is detected, may be configured to
allow the current to be applied to the electromagnet. In
response to the comment input by the user via the input part,
the controller may be further configured to block the current
applied to the electromagnet so that the probe is separated
from the main body.

[0022] The fixing member may be a mechanical hook, and
responsive to the command input by the user via the input
part, the controller of the ultrasound diagnostic apparatus
may be further configured to control movement of the hook so
that the probe is separated from the main body.

[0023] The cross section of the shaft of the probe may have
a polygonal shape or an oval shape, and the coupling member
may have a coupling groove formed in a corresponding shape
within the shaft.

[0024] The connector may include a housing, a printed
circuit board arranged within the housing to drive the probing
part, a terminal having a plurality of pins electrically con-
nected to the printed circuit board, and the shaft formed to
outwardly protrude from an inner portion of the housing so as
to move positions of the pins in the terminal.

[0025] The controller may control driving of the shaft so
that the positions of the pins in the connector are moved to
establish an electrical connection between the main body and
the probe.

[0026] In accordance with another aspect of the present
disclosure, a method for controlling an ultrasound diagnostic
apparatus enables a probe to be connected to and separated
from a main body of the apparatus through a connector of the
probe. The method includes detecting contact between the
main body and the connector through a detection part, auto-
matically rotating a shaft arranged at the probe using a motor
when the contact is detected, determining locking between
the main body and the connector, and stopping the motor
when the locking between the main body and the connector is
completed.

[0027] A method for controlling the ultrasound diagnostic
apparatus may further include electrically connecting the
connector to the main body through the locking after
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mechanically fixing the connector to the main body through a
fixing member, when the contact between the main body and
the connector is detected.

[0028] A method for controlling the ultrasound diagnostic
apparatus may further include determining whether or not a
command is input via an input part, and when the command is
input via the input part, controlling driving of the motor to
release the locking between the main body and the connector.

[0029] A method for controlling the ultrasound diagnostic
apparatus may further include determining whether or not a
command is input via an input part, and when the command is
input via the input part, controlling the fixing member to
mechanically separate the connector from the main body.

[0030] The determination of whether or not the main body
is locked to the connector may include detecting a current of
the motor, and determining that the connector is locked to the
main body when the current of the motor is at least a prede-
termined current.

[0031] Additionally or alternatively, the determination of
whether or not the main body is locked to the connector may
include detecting a number of rotations of the motor, and
determining that the connector is locked into the main body
when the number of rotations of the motor is equal to a
predetermined minimum number of rotations.

[0032] In accordance with a further aspect of the present
disclosure, an ultrasound diagnostic apparatus includes a
probe having a connector, provided with a shaft, and a prob-
ing part. The probing part is connected to the connector
through a cable so as to irradiate ultrasound waves to an object
to be examined and receive the ultrasound waves reflected
from the object. A main body is connected with the probe so
as to create an image of the object, which corresponds to the
ultrasound waves received by the probing part of the probe. A
coupling assembly is used to input a command by a user and
to fix the connector to the main body by automatically driving
the shaft of the probe. A controller controls the driving of the
coupling assembly based on the command that is input by the
user.

[0033] The coupling assembly may include a coupling
member coupled to the shaft, a motor to rotate the coupling
member, a locking groove to seat a locking member arranged
at the shaft during rotation of the shaft, and an input part used
to input a command by a user. When a command is input by
the user, the controller may control rotation of the motor in a
normal direction so that the locking member is seated at the
locking groove to lock the connector into the main body.
However, when the command is input in a locked state, the
controller may control rotation of the motor in a reverse
direction to release the locking between the connector and the
main body.

[0034] Inaccordance with yet another aspect of the present
disclosure, an ultrasound diagnostic apparatus includes a
probe having a connector, provided with a shaft, and a prob-
ing part. The probing part is connected to the connector
through a cable and is used to irradiate ultrasound waves into
an object to be examined and also, to receive the ultrasound
waves reflected from the object. A main body is connected to
the probe, which creates an image of the object based on the
ultrasound waves received by the probing part of the probe. A
fixing member mechanically fixes the connector to the main
body. A coupling assembly locks the connector to the main
body by automatically driving the shaft of the probe. A con-
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troller controls the driving of the coupling assembly when the
mechanical contact between the connector and the main body
is detected.

[0035] The fixing member may include an electromagnet,
the controller may determine magnetic field change of the
electromagnet, and when the magnetic field is changed, the
controller may control rotation of the motor in a normal
direction so as to electrically connect the connector to the
main body.

[0036] The fixing member may include a hook. The con-
troller may detect movement of the hook, and when move-
ment of the hook is detected, rotate the motor in a normal
direction so as to electrically connect the connector to the
main body.

[0037] The ultrasound diagnostic apparatus may further
include an input part used to receive a command input by a
user. The controller may control the fixing member so that the
connector is separated from the main body, based on the
command input by the user. The controller may also control
the rotation of the motor so that it rotates in a reverse direction
and releases the locking between the connector and the main
body.

[0038] Inaccordance with yet another aspect of the present
disclosure, an ultrasound diagnostic apparatus includes a
probe having a connector, provided with a shaft hole, and a
probing part. The probing part is connected to the connector
through a cable and used to irradiate ultrasound waves into an
object to be examined and also, to receive the ultrasound
waves reflected from the object. A main body is connected to
the probe, which creates an image of the object based on the
ultrasound waves received by the probing part of the probe. A
coupling assembly detects contact between the main body
and the connector and drives a shaft of the probe. A controller
controls protrusion and rotation of the shaft so that the shaft is
coupled to the shaft hole of the connector, when the contact
between the main body and the connector is detected.
[0039] The ultrasound diagnostic apparatus may further
include an input part configured to receive input, such as a
command, from a user. The controller may control the rota-
tion and retraction of the shaft so that the shaft is separated
from the shaft hole, in accordance with the command received
from the user.

[0040] The coupling assembly may include a protrusion
member to protrude the shaft, and a motor to rotate the shaft.
[0041] The shaft may electrically connect the connector to
the main body.

[0042] Additional advantages and novel features will be set
forth in part in the description which follows, and in part will
become apparent to those skilled in the art upon examination
of the following and the accompanying drawings or may be
learned by production or operation of the examples. The
advantages of the present teachings may be realized and
attained by practice or use of various aspects of the method-
ologies, instrumentalities and combinations set forth in the
detailed examples discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] These and/or other aspects of the present disclosure
will become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:

[0044] FIG. 1 illustrates a view of an exemplary ultrasound
diagnostic apparatus;
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[0045] FIG. 2 is an exemplary view illustrating an outer
connection portion between a main body and one probe of the
ultrasound diagnostic apparatus;

[0046] FIGS. 3 and 4 are exemplary views illustrating an
inner connection portion between the main body and the
probe of the ultrasound diagnostic apparatus;

[0047] FIGS. 5 to 8 are exemplary views illustrating a fix-
ing member arranged at the ultrasound diagnostic apparatus;
[0048] FIG. 9 is a process flowchart of an exemplary ultra-
sound diagnostic apparatus;

[0049] FIG. 10 is a view illustrating an exemplary ultra-
sound diagnostic apparatus;

[0050] FIGS. 11 and 12 are views illustrating another
exemplary ultrasound diagnostic apparatus; and

[0051] FIGS. 13 and 14 are views illustrating yet another
exemplary ultrasound diagnostic apparatus.

DETAILED DESCRIPTION

[0052] Reference will now be made in detail to the
examples illustrating various aspects of the present disclo-
sure, which are illustrated in the accompanying drawings,
wherein like reference numerals generally refer to like ele-
ments throughout.

[0053] FIG. 1illustrates a view of an exemplary ultrasound
diagnostic apparatus. FIG. 2 is an exemplary view illustrating
an outer connection portion between a main body and one
probe of the exemplary ultrasound diagnostic apparatus of
FIG. 1. FIGS. 3 and 4 illustrate views of an inner connection
portion between the main body and the probe of the exem-
plary ultrasound diagnostic apparatus of FIG. 1. As shown in
FIG. 1, the ultrasound diagnostic apparatus includes a main
body 100, probes 200, a coupling assembly 300, and a con-
troller 400.

[0054] The main body 100 includes a body part 110, a
display part 120 to display a result of an ultrasound of an
object being examined, e.g., as part of a diagnostic procedure
being performed. The main body 100 further includes a
manipulation part 130 provided with manipulation buttons to
operate the probes 200 as well as the display part 120 and
other component parts of the ultrasound diagnostic apparatus.
The main body 100 may further include a control unit (not
shown) arranged within the body part 110 so as to control the
probes 200, the display part 120, and other components based
on a manipulation result of the manipulation part 130. As
shown in FIG. 2, and as will be described in further detail
below, a socket part 140 is arranged within the body part 110
so as to mechanically and electrically connect each probe 200
to the main body 100.

[0055] In an example, the above-described control unit of
the main body 100 converts signals received from the probes
200 into analog/digital receive signals. This may include, for
example, properly executing time delays of the converted
receive signals and summing the time delayed receive signals.
This enables the output of digital receive-focused beams,
which are signals exhibiting energy levels, which are
reflected from focused points on respective transmit scan
lines.

[0056] In order to improve the picture quality of an ultra-
sound image, the control unit filters out a noise ingredient in
each digital receive-focused beam, and may also perform
envelope detection processing in order to detect the intensity
of a receive signal based on the filtered digital receive-fo-
cused beam, thereby producing digital ultrasound image data.
Subsequently, the control unit performs scan conversion to
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convert a scan line of the digital ultrasound image data so that
the digital ultrasound image data may be displayed on a
display region of the display part 120. The control unit may
perform additional image processing including, for example
and without limitation, B-mode image processing, Doppler
image processing, or the like, of the scan-converted digital
ultrasound image data in order for it to be displayed as an
ultrasound image on the display part 120 and as desired by a
user.

[0057] Thereafter, the control unit executes red-green-blue
(RGB) image processing of the image-processed digital ultra-
sound image, and transmits the RGB-processed digital ultra-
sound image data to the display part 120 so that the digital
ultrasound image data may be displayed in the form of an
ultrasound image on the display part 120. Thus, the digital
ultrasound image data received by the display part 120 is
converted into the ultrasound image and displayed on a screen
of the display part 120.

[0058] The manipulation part 130 may be used by a user to
input a diagnostic date, information of an object to be exam-
ined, and the like. The manipulation part 130 also may be
used to select a particular region of the ultrasound image to be
displayed on the display part 120.

[0059] The main body 100 further includes a storage part
(not shown), which compresses the digital ultrasound image
data using, for example, a predetermined compression tech-
nique and stores the compressed digital ultrasound image
data in association with other relevant information including,
but not limited to, the diagnostic date, information pertaining
to the object being examined, and the any other information
provided by the user and received as input through the
manipulation part 130.

[0060] The storage part may store all of the digital ultra-
sound image data for an object. Alternatively, the storage may
include only a portion of the digital ultrasound image data
corresponding to a partial region of the object being exam-
ined, for example, as selected by a user using the manipula-
tion part 130 from the ultrasound image displayed on the
display part 120.

[0061] As shown in FIG. 2, the socket part 140 includes a
socket 142 having socket grooves 141 into which connection
pins of a connector 230 of the associated probe 200 are
inserted during connection of the connector 230 of the probe
200, a seating groove 143 formed at an outer peripheral sur-
face of the socket 142, to seat the connector 230 of the probe
200, and an insertion hole 144 formed at a predetermined
region of the socket 142, to insert a shaft 233 of the connector
230 of the probe 200.

[0062] Here, the socket 142 further includes socket pins
(not shown), to which the respective connection pins of the
connector 230 inserted into the socket grooves 141 are con-
nected. The socket pins electrically connect the connector
230 to the control unit (not shown) of the main body 100
(shown in FIG. 1), thereby allowing a signal of the associated
probe 200 to be transmitted to the control unit.

[0063] That is, when the connector 230 of the probe 200 is
connected to the socket part 140 of the main body 100, a
probing part 210 of the probe 200 is electrically connected to
various components of the main body 100. Thus, the main
body 100 may control various components of the probe 200,
thereby activating the probe 200. In addition, the main body
100 may process or display various information acquired by
the probe 200.
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[0064] One or more socket parts 140 may be provided, and
the probes 200 having characteristics that vary from one
another may be selectively connected thereto the plurality of
socket parts 140.

[0065] Each probe 200 may be a separate component of the
ultrasound diagnostic apparatus to directly execute an ultra-
sound diagnostic procedure for a portion of an object to be
examined. The probe 200 is connected to the main body 100
and may execute ultrasound diagnostics based on a command
transmitted from the main body 100. The probe 200 may then
transmit a diagnostic ultrasound signal to the main body 100.

[0066] Such a probe 200 may be formed in various shapes
and have an intrinsic characteristic. Each of the plurality of
probes 200 may have intrinsic characteristics that vary from
one another. Therefore, the probes 200 may be selectively
connected to the main body 100 depending on the particular
type and purpose of an examination to be conducted.

[0067] Inanexample, the probes 200 are mechanically and
electrically connected to the main body 100. As shown in the
example of FIG. 2, each probe 200 includes a probing part
210 having a plurality of ultrasound elements, for example,
arranged in an array formation. The probing part 210 is used
to directly perform ultrasound diagnosis of an object to be
examined using the ultrasound elements. Each probe 200
includes a cable 220 connected at one side thereof to the
probing part 210 and a connector 230, which is connected to
the other side of the cable 220. The connector 230 has con-
nection pins corresponding in number to the number of the
ultrasound elements.

[0068] The probing part 210 of each probe 200 includes a
one-dimensional, two-dimensional, or three-dimensional
transducer (not shown).

[0069] The probing parts 210 of the respective probes 200
transmit ultrasound beams, including pulse signals that are
properly delayed and produced by the respective transducers,
to an object to be examined along transmit scan lines. The
probing parts 210 also convert the ultrasound signals (or
ultrasound echo signals) reflected from the object into elec-
trical signals, each signal having a different time of receipt
with respect to the respective transducers. The converted elec-
trical signals are transmitted from the probes 200 to the main
body 100.

[0070] The connector 230 of each probe 200 is electrically
connected to the probing part 210 through the cable 220, and
thus an electrical signal of the probing part 210 is transmitted
to the connector 230 through the cable 220. The electrical
signal is transmitted to the control unit of the main body 100.

[0071] As shown in FIG. 2, the connector 230 includes, for
example and without limitation, a housing 231, a seating
member 232 formed to protrude from a flange portion of one
surface of the housing 231, a shaft 233 formed to protrude
outwardly from an inner portion of the housing 231 so as to
mechanically connect the connector 230 to the socket part
140 of the main body 100, and a locking member 234 con-
figured to maintain an electrical connection between the con-
nector 230 and the socket part 140 as well as to mechanically
lock the connector 230.

[0072] The seating member 232 of the connector 230 may
be, for example, a ferromagnetic substance made of a metal
capable of being magnetized in a magnetic field. Such a metal
may have, for example, strong magnetic properties and may
include, but is not limited to, iron (Fe), nickel (Ni), or cobalt
(Co), or an alloy thereof.
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[0073] Theshaft233 hasa polygonal shape or an oval shape
in section so as to be stably locked into a coupling member
310, as illustrated in the example of FIG. 3.

[0074] As shown in FIG. 3, the connector 230 further
includes at least one printed circuit board (PCB) 235 to enable
a control signal and a diagnostic signal to be exchanged
between the main body 100 and the associated probe 200. The
control signal of the main body 100 is also used to drive the
probe(s) 200 and connection pins 236 electrically connected
to at least one PCB 235. The connection pins 236 are reposi-
tioned depending on the rotation of the shaft 233 so as to
electrically connect the probe 200 to the main body 100. A
terminal 237 includes a plurality of connection pins 236,
which are inserted into the socket 142 of the socket part 140.
The connector 230 also includes an input part 238 configured
to receive input, including commands, from a user.

[0075] The input part 238 may include hardware buttons or
the like for user control, which are electrically connected to at
least one PCB 235. For example, when a user presses a button
of the input part 238, a signal is generated by the input part
238 and transmitted to the PCB 235 electrically connected to
the input part 238.

[0076] In this case, the PCB 235 electrically connected to
the input part 238 transmits the signal of the input part 238 to
the main body 100 through any one of the connection pins
236. Thus, the connector 230 is mechanically and electrically
separated from the main body 100.

[0077] Alternatively, the input part 238 may be arranged at
the main body 100.

[0078] In order to enhance user convenience, the socket
part 140 of the main body 100 should be mechanically and
electrically coupled to the connector 230 of the probe 200 so
as to allow coupling to each other to be secure and easy.
[0079] To this end, the ultrasound diagnostic apparatus fur-
ther includes a coupling assembly 300 and a controller 400.
[0080] The coupling assembly 300 and the controller 400
may be provided within the body part 110 of the main body
100 or within the housing 231 of the connector 230 of the
probe 200. In the example illustrated in FIG. 3, the coupling
assembly 300 and the controller 400 are arranged within the
body part 110 of the main body 100.

[0081] Also,asshowninFIG. 3, the coupling assembly 300
includes a coupling member 310 coupled to an end of the
shaft 233 of the connector 230 of the associated probe 200 and
rotated by interlocking with the shaft 233 while being dis-
posed at a position extending from the insertion hole 144 of
the socket part 140, a motor 320 to apply rotation force to the
coupling member 310 so as to drive the shaft 233, a locking
groove 330 to seat the locking member 234 of the shaft 233,
and a detection part 340 to detect contact between the socket
part 140 and the connector 230.

[0082] On the other hand, the coupling member 310 further
includes a coupling groove 311 to which the end of the shaft
233 is inserted. The coupling groove 311 has a shape that
matches the sectional shape of the shaft 233, and the locking
groove 330 serves to lock the connector 230 into the main
body 100 during seating of the locking member 234.

[0083] As such, it may be possible to prevent the inserted
probe 200 from being disconnected from the main body 100,
for example, when the probe 200 is pulled excessively while
a user diagnoses an object using the probe 200. Furthermore,
it may also be possible to prevent the connection pins 236
from being bent due to the application of excessive force to
the connector 230.
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[0084] Further, as shown in FIG. 3, the detection part 340 is
located within the seating groove 143. In this example, when
the seating member 232 of the connector 230 comes into
contact with the seating groove 143, for example, when the
seating member 232 is inserted into the seating groove 143,
the detection part 340 detects contact between the seating
member 232 and the seating groove 143.

[0085] As shown in FIG. 4, the detection part 340 may also
be located at a flange portion of the seating groove 143 of the
body part 110. In this case, when the housing 231 of the
connector 230 comes into contact with the body part 110 as
the seating member 232 of the connector 230 is inserted into
the seating groove 143, the detection part 340 may detect
contact between the housing 231 and the body part 110.
[0086] Such adetection part 340 includes at least one infra-
red detection part to transmit infrared light and to detect the
transmitted infrared light. The detection part 340 may further
include, for example and without limitation, a radio fre-
quency (RF) detection part to transmit radio frequencies and
to detect the transmitted radio frequencies, an ultrasound
detection part to generate ultrasound waves and to detect the
reflected ultrasound waves, a non-contact detection part such
as a capacitance detection part to detect capacitance or the
like, a pressure detection part to detect pressure correspond-
ing to contact of the connector 230, and a contact detection
part such as a switch part turning ON during contact of the
connector or the like.

[0087] Here, each of the infrared detection part, the RF
detection part, and the ultrasound detection part include a part
for transmitting RF signals and a part for receiving such
signals. Referring back to FIG. 3, the RF transmitter part and
RF receiver part may be arranged at upper and lower portions
or left and right portions of the socket part 140, respectively.
[0088] The controller 400 is electrically connected to the
motor 320. The controller 400 transmits a drive control signal
to the motor 320 so as to execute automatic locking between
the main body 100 and the connector 230 when contact
between the main body 100 and the connector 230 is detected
through the detection part 340. On the other hand, the con-
troller 400 transmits a drive control signal to the motor 320 so
as to automatically release locking between the main body
100 and the connector 230 when the signal is transmitted from
the input part 238.

[0089] Here, locking between the main body 100 and the
connector 230 refers to a case in which the locking member
234 of the shaft 233 is seated at the locking groove 330 of the
coupling assembly 300 by appropriately rotating the shaft
233. As such, the connector 230 may be mechanically fixed to
the main body 100 while the connection pins 236 of the
connector 230 simultaneously come into contact with the
socket pins of the socket part 140. As a result, the connector
230 is both mechanically and electrically connected to the
main body 100.

[0090] The ultrasound diagnostic apparatus in the illus-
trated embodiment further includes a fixing member capable
of'enhancing connection force between the connector 230 of
the associated probe 200 and the socket part 140 of the main
body 100.

[0091] The fixing member may be provided in the main
body 100 or the connector 230 of the probe 200. Hence, while
the examples provided herein are describe the fixing member
as being arranged at the main body 100, the ultrasound diag-
nostic apparatus and techniques described herein are not
intended to be limited thereto.
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[0092] The following description will be given with refer-
ence to FIGS. 510 8.

[0093] As shown in FIGS. 5 and 6, the fixing member
includes an electromagnet 510 to generate electromagnetic
force using applied current.

[0094] Current is applied to or blocked from the electro-
magnet 510, which refers to the fixing member, depending on
a control command of the controller 400.

[0095] In more detail, current is applied to the electromag-
net 510 to generate electromagnetic force when the connector
230 is coupled to the main body 100, whereas the current is
blocked from the electromagnet 510 so as to remove the
electromagnetic force when the connector 230 is mechani-
cally separated from the main body 100.

[0096] That is, when the main body 100 comes into contact
with the connector 230 through the detection part 340, the
controller 400 allows current to be applied to the electromag-
net 510, whereas when a command is input via the input part
238, the controller 400 blocks the current from being applied
to the electromagnet 510.

[0097] Insomeimplementations, the controller 400 may be
configured to block the electromagnet 510 only for a prede-
termined period of time, for example, in accordance with a
command input via the input part 238. The predetermined
time period may start, for example, when the command is
input by the user or received by the input part 238.

[0098] The electromagnet 510 may be arranged at a posi-
tion to seat the seating member 232, which may be made of a
magnetic substance. In other words, the electromagnet 510 is
arranged at an end of the seating groove 143 of the socket part
140 while being arranged at a position facing an end of the
seating member 232, as shown in FIG. 5. The electromagnet
510 pulls the seating member 232, which may be a magnetic
substance, by electromagnetic force generated due to appli-
cation of current, such that the connector 230 is mechanically
fixed to the main body 100.

[0099] Here, the electromagnet 510 may be arranged
throughout or at a portion of the end of the seating groove 143
in the socket part 140.

[0100] Alternatively, the electromagnet 510 may be
arranged at an entrance of the seating groove 143 of the socket
part 140 while being arranged at a position facing a side
surface of the seating member 232, as shown in FIG. 6. The
electromagnet 510 pulls the seating member 232, which is the
magnetic substance, by electromagnetic force generated due
to application of current, such that the connector 230 is
mechanically fixed to the main body 100.

[0101] Here, the electromagnet 510 may be arranged
throughout or at a portion of the entrance of the seating groove
143 in the socket part 140.

[0102] As shown in FIGS. 5 and 6, the fixing member and
the detection part 340 may be arranged at different positions
with respect to the seating groove 143. Alternatively, the
fixing member and the detection part 340 may also be
arranged at the same position.

[0103] In addition, the fixing member further includes a
current supply part (not shown) to apply current to the elec-
tromagnet 510.

[0104] When the connection pins 236 are inserted into the
socket grooves 141, the seating member 232, which is the
magnetic substance, is strongly and mechanically connected
to the electromagnet 510 by attraction force (electromagnetic
force) generated due to the application of a current to the

Jun. 27, 2013

electromagnet 510. Consequently, the electromagnetic force
connecting the connector 230 and the socket part 140 may be
further enhanced.

[0105] As shown in FIGS. 7 and 8, the fixing member
alternatively includes a movable hook 520, a movement part
521 to move the hook 520, and a fixing groove 239 at which
the hook 520 is seated.

[0106] Thehook 520 andthe movement part 521, which are
the fixing member, are arranged at the socket part 140,
whereas the fixing groove 239 is arranged at the connector
230.

[0107] The movement part 521 pulls the hook 520 based on
a control command of the controller 400, thereby mechani-
cally separating the connector 230.

[0108] That is, when the control command is input via the
input part 238, the controller 400 controls the movement part
521, for example, to pull the hook 520 for a predetermined
time from when the command is input.

[0109] As shown in FIG. 7, the fixing groove 239 is formed
at the side surface of the seating member 232, whereas the
hook 520 is arranged at the entrance of the seating groove 143
of the socket part 140 while being arranged at a position
facing the fixing groove 239 of the seating member 232.
[0110] Thus, the hook 520 is pushed inward with respect to
the socket part 140 when the seating member 232 slides into
the seating groove 143. In this case, when the seating member
232 is seated at the seating groove 143, the hook 520 is
located at the fixing groove 239 formed at the seating member
232, such that the connector 230 is mechanically fixed to the
main body 100.

[0111] Alternatively, the fixing groove 239 is arranged at
the housing 231 of the connector 230 while positioned to be in
contact with the body part 110 of the main body 100, whereas
the hook 520 is arranged in the vicinity of the seating groove
143 of the socket part 140 in the body part 110 while being
arranged at a position facing the fixing groove 239 of the
seating member 232, as shown in FIG. 8.

[0112] Thus, when the seating member 232 is slid into the
seating groove 143, the hook 520 is pushed by a predeter-
mined distance depending on, for example, the distance to an
end of the housing 231. In this case, when the seating member
232 is seated at the seating groove 143, the hook 520 is
located at the fixing groove 239 formed at the housing 231,
such that the connector 230 is mechanically fixed to the main
body 100.

[0113] Alternatively, at least one hook 520, movement part
521, and fixing groove 239 may be provided.

[0114] When the seating member 232 is seated at the seat-
ing groove 143, the connector 230 is mechanically fixed to the
main body 100 by the hook 520 and the fixing groove 239.
Consequently, the connection force between the connector
230 and the socket part 140 may be further enhanced.
[0115] FIG. 9 is an exemplary process flowchart for con-
trolling the ultrasound diagnostic apparatus described herein.
For purposes of discussion, the process flowchart of FIG. 9
will be described with reference to the exemplary ultrasound
diagnostic apparatuses of FIGS. 1 to 3, as described above,
but is not intended to be limited thereto. In addition, for
purposes of discussion and the examples illustrated in FIGS.
9-14, a rotation direction for locking will be referred to as
“normal rotation” and a rotation direction for releasing the
lock will be referred to as “reverse rotation.”

[0116] First, the ultrasound diagnostic apparatus detects
contact between the connector 230 and the main body 100
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through the detection part 340 (at step 601), and the motor
320 is rotated in a normal direction when contact between the
connector 230 and the main body 100 is detected (at step
602).

[0117] In this case, the coupling member 310 is rotated by
rotation of the motor 320, and the shaft 233 of the connector
230 coupled to the coupling member 310 is rotated by the
rotation of the coupling member 310.

[0118] Also, when contact between the connector 230 and
the main body 100 is detected, the connector 230 is primarily
and mechanically fixed to the main body 100 through the
fixing member 510 or 520.

[0119] In addition, when the fixing member is the electro-
magnet 510, the ultrasound diagnostic apparatus applies cur-
rent to the electromagnet 510.

[0120] The ultrasound diagnostic apparatus determines
whether or not locking between the connector 230 and the
main body 100 is completed during normal rotation of the
motor 320 (at step 603).

[0121] Here, the determining whether or not locking is
completed includes determining whether or not the number of
normal rotations of the motor 320 is the predetermined num-
ber of rotations or more during the normal rotation of the
motor 320. Furthermore, the determining whether or not
locking is completed includes determining whether or not a
normal rotation time of the motor 320 is the predetermined
time, or whether or not current of the motor 320 is the prede-
termined current or more.

[0122] That is, when the motor 320 is rotated in the normal
direction by the predetermined number of rotations or the
current of the motor 320 is the predetermined current or more,
it is determined that the locking is completed.

[0123] Thelocking is completed when the locking member
234 formed at the shaft 233 is seated at the locking groove 330
in the main body 100. The connector 230 is secondarily and
mechanically connected to main body 100 by such locking,
and the connection pins 236 of the connector 230 come into
contact with the socket pins of the socket 142, such that the
connector 230 is electrically fixed to the main body 100.
[0124] When locking between the connector 230 and the
main body 100 is completed, the ultrasound diagnostic appa-
ratus stops the motor 320 (at step 604).

[0125] Subsequently, the ultrasound diagnostic apparatus
determines whether or not a command is input via the input
part 238 (at step 605).

[0126] In this case, when the input part 238 is arranged at
the connector 230, the signal generated upon pressing the
input part 238 is transmitted to the controller 400 through any
one of the connection pins 236.

[0127] When the command is input via the input part 238,
the ultrasound diagnostic apparatus rotates the motor 320 in a
reverse direction (at step 606).

[0128] In this case, the coupling member 310 is rotated in
reverse by the reverse rotation of the motor 320, the shaft 233
coupled to the coupling member 310 is rotated in reverse by
the reverse rotation of the coupling member 310, and the
locking member 234 is separated from the locking grove 330
by the reverse rotation of the shaft 233.

[0129] Also, when the command is input via the input part
238, the ultrasound diagnostic apparatus controls the fixing
member 510 or 520 so that the connector 230 is primarily and
mechanically separated from the main body 100.

[0130] When the fixing member is the electromagnet 510,
the ultrasound diagnostic apparatus blocks the current
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applied to the electromagnet 510, whereas when the fixing
member is the hook 520, the ultrasound diagnostic apparatus
controls the movement part 521 to move the hook 520.
[0131] Subsequently, the ultrasound diagnostic apparatus
determines whether or not locking release between the con-
nector 230 and the main body 100 is completed (at step 607).
[0132] Here, the determining whether or not locking
release is completed includes determining whether or not the
number of reverse rotations of the motor 320 is the predeter-
mined number of rotations or whether or not a reverse rotation
time of the motor 320 is the predetermined time.

[0133] Thereafter, when locking release is completed, the
ultrasound diagnostic apparatus stops the motor 320 (at step
608).

[0134] Accordingly, the connector 230 of the associated
probe 200 may be mechanically and electrically coupled to
the main body 100 with ease using the motor 320.

[0135] FIG. 10 illustrates a view of an example ultrasound
diagnostic apparatus. As shown in FIG. 10, the ultrasound
diagnostic apparatus includes a main body 100, probes 200, a
coupling assembly 300, and a controller 400.

[0136] Since configurations of the main body 100 and the
probes 200 are similar to those described above with respect
to FIGS. 1-2, no description will be given thereof. In the
presentembodiment, a connector 230 of each probe 200 is not
provided with the input part of the above embodiment.
[0137] The coupling assembly 300 includes a coupling
member 310 coupled to the end of the shaft 233 of the con-
nector 230 of the associated probe 200 and rotated by inter-
locking with the shaft 233 while being arranged at the posi-
tion extending from the insertion hole 144 of the socket part
140, a motor 320 to apply rotation force to the coupling
member 310 so as to drive the shaft 233, a locking groove 330
to seat the locking member 234 of the shaft 233, and an input
part 350 used to input a command by a user while being
arranged at the body part 110.

[0138] Here, the coupling member 310 further includes a
coupling groove 311 to which the end of the shaft 233 is
inserted and coupled. The coupling groove 311 has a shape
equal to the sectional shape of the shaft 233, and the locking
groove 330 serves to lock the connector 230 into the main
body 100 during seating of the locking member 234.

[0139] The input part 350 is constituted of buttons, etc.
When the input part 350 is pressed by a user, a signal gener-
ated upon pressing the input part 350 is transmitted to the
PCB 235 electrically connected to the input part 350.

[0140] The controller 400 is electrically connected to the
motor 320. The controller 400 transmits a drive control signal
to the motor 320 so as to execute automatic locking between
the main body 100 and the connector 230 based on a com-
mand input by a user via the input part 350. On the other hand,
the controller 400 transmits a drive control signal to the motor
320 so as to automatically release locking between the main
body 100 and the connector 230 when the command signal is
again input via the input part 350.

[0141] Here, locking between the main body 100 and the
connector 230 refers to a case in which the locking member
234 of the shaft 233 is seated at the locking groove 330 of the
coupling assembly 300 by rotation of the shaft 233. As such,
the connector 230 is mechanically fixed to the main body 100
and simultaneously the connection pins 236 of the connector
230 come into contact with the socket pins of the socket part
140. As aresult, the connector 230 is electrically connected to
the main body 100.
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[0142] The ultrasound diagnostic apparatus in the example
illustrated in FIG. 10 further includes a fixing member such as
that shown in FIGS. 5 to 8 and as described above.

[0143] The controller 400 is electrically connected to the
fixing member 510. When a command is input via the input
part 350, the controller 400 controls the fixing member 510 so
that the connector 230 is mechanically connected to the main
body 100. On the other hand, when the command signal is
again input via the input part 350 in the locked state, the
controller 400 controls the fixing member 510 so that the
connector 230 is mechanically separated from the main body
100. Thus, the controller 400 transmits a drive control signal
to the motor 320 so as to automatically release locking
between the main body 100 and the connector 230.

[0144] That is, when the fixing member is an electromag-
net, the ultrasound diagnostic apparatus applies current to the
electromagnet for locking and blocks the current applied to
the electromagnet for releasing the lock. Alternatively, when
the fixing member is a hook, the ultrasound diagnostic appa-
ratus moves the hook during the locking release.

[0145] FIGS. 11 and 12 are exemplary views illustrating
another example of an ultrasound diagnostic apparatus.
[0146] FIG. 11 is an exemplary view illustrating the ultra-
sound diagnostic apparatus including an electromagnet as a
fixing member. FIG. 12 is an exemplary view illustrating the
ultrasound diagnostic apparatus including a hook as the fixing
member.

[0147] The ultrasound diagnostic apparatus according to
the present illustrated embodiment includes a main body 100,
probes 200, a coupling assembly 300, a controller 400, and a
fixing member 510 or 520. Since configurations of the main
body 100 and the probes 200 are similar to those of the
examples described above, no additional description will be
provided for this example.

[0148] As shown in FIG. 11, the coupling assembly 300
includes a coupling member 310 coupled to the end of the
shaft 233 of the connector 230 of the associated probe 200 and
rotated by interlocking with the shaft 233 while being
arranged at a position extending from the insertion hole 144
of the socket part 140, a motor 320 to apply rotation force to
the coupling member 310 so as to drive the shaft 233, and a
locking groove 330 to seat the locking member 234 of the
shaft 233.

[0149] The fixing member includes an electromagnet 510
to generate electromagnetic force using current, and a mag-
netic field detection part 511 to detect a magnetic field of the
electromagnet 510. The electromagnet 510 may be installed,
for example, in the vicinity of the seating groove 143.

[0150] Current is applied to the electromagnet 510 in order
to generate electromagnetic force when the connector 230 is
coupled to the main body 100, whereas the current is blocked
from the electromagnet 510 to remove the electromagnetic
force when the connector 230 is mechanically separated from
the main body 100.

[0151] That is, the controller 400 continuously applies cur-
rent to the electromagnet 510, and controls rotation of the
motor 320 in the normal direction to lock the connector 230
into the main body 100 when a change in the magnetic field is
detected by the magnetic field detection part 511. On the other
hand, when a command is input via the input part 238, the
controller 400 blocks the current applied to the electromagnet
510 for a predetermined time to mechanically separate the
connector 230 from the main body 100, and controls rotation
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of the motor 320 in the reverse direction to automatically
release the lock between the connector 230 and the main body
100.

[0152] Inanexample, the main body 100 may be locked to
the connector 230 when, for example, the locking member
234 of the shaft 233 is seated at the locking groove 330 of the
coupling assembly 300 when the shaft 233 is rotated in an
appropriate direction. As such, the connector 230 is mechani-
cally fixed to the main body 100 and the connection pins 236
of the connector 230 simultaneously come into contact with
the socket pins of the socket part 140. As a result, the con-
nector 230 is electrically and mechanically connected to the
main body 100.

[0153] In addition, the fixing member further includes a
current supply part (not shown) to apply current to the elec-
tromagnet 510.

[0154] Thus, the seating member 232, which is the mag-
netic substance, is strongly and mechanically connected to
the electromagnet 510 by attraction force (electromagnetic
force) generated due to application of current to the electro-
magnet 510. Consequently, the electromagnet force connect-
ing the connector 230 and the socket part 140 may be further
enhanced. Furthermore, the motor 320 may be controlled
based on the change in the magnetic field generated by the
electromagnet 510, thereby automatically performing lock-
ing between the connector 230 and the main body 100.
[0155] As shown in FIG. 12, the coupling assembly 300
includes a coupling member 310 coupled to the end of the
shaft 233 of the connector 230 of the associated probe 200.
The coupling member 310 may be rotated by interlocking
with the shaft 233 while being arranged at the position
extending from the insertion hole 144 of the socket part 140.
The coupling assembly 300 also includes a motor 320 to
apply rotation force to the coupling member 310 so as to drive
the shaft 233 and a locking groove 330 to seat the locking
member 234 of the shaft 233.

[0156] The fixing member includes a movable hook 520, a
movement part 521 to automatically move the hook 520, and
a position detection part 522 to detect position change of the
hook 520.

[0157] Thehook 520 is moved toward the body part 110 by
elasticity generated when the seating member 232 of the
connector 230 is slid into the seating groove 143 of the socket
part 140. Subsequently, when the hook 520 is located at the
fixing groove 239, the hook 520 is seated in the fixing groove
239, and thus the connector 230 is mechanically connected to
the main body 100.

[0158] Inthis case, the position detection part 522 detects a
position of the hook 520 and transmits the detected position to
the controller 400.

[0159] When a change in the position of the hook 520 is
detected, the controller 400 controls rotation of the motor 320
in the normal direction to lock the connector 230 into the main
body 100. On the other hand, when a command is input via the
input part 238, the controller 400 controls driving of the
movement part 521 for a predetermined time to mechanically
separate the connector 230 from the main body 100, moves
the hook 520 toward the body part 110, and controls rotation
of the motor 320 in the reverse direction to automatically
release locking between the connector 230 and the main body
100.

[0160] Here, locking between the main body 100 and the
connector 230 refers to a case in which the locking member
234 of the shaft 233 becomes seated at the locking groove 330
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of the coupling assembly 300 through proper rotation of the
shaft 233. As such, the connector 230 is mechanically fixed to
the main body 100 and simultaneously the connection pins
236 of the connector 230 come into contact with the socket
pins of the socket part 140. As a result, the connector 230 is
electrically and mechanically connected to the main body
100.

[0161] Alternatively, at least one hook 520, movement part
521, and fixing groove 239 may be provided.

[0162] Thus, the seating member 232, which is the mag-
netic substance, is strongly and mechanically connected to
the electromagnet 510 by attraction force (electromagnetic
force) generated due to application of current to the electro-
magnet 510. Consequently, connection force between the
connector 230 and the socket part 140 may be further
enhanced. Furthermore, driving of the motor 320 is controlled
based on the magnetic field change of the electromagnet 510,
thereby automatically performing locking between the con-
nector 230 and the main body 100.

[0163] FIGS. 13 and 14 are views illustrating yet another
exemplary ultrasound diagnostic apparatus according to yet
another exemplary embodiment. Components similar to the
above illustrated embodiment will be described in brief.
[0164] As described above and shown in FIG. 1, the ultra-
sound diagnostic apparatus includes a main body 100 and
probes 200. Referring back to FIG. 1, the main body 100
includes a body part 110, a display part 120, a manipulation
part 130, a control unit (not shown), and a socket part 140.
[0165] Intheexample illustrated in FIG. 13, the socket part
140 includes a socket 142 having socket grooves 141 into
which connection pins of a connector 230 of each probe 200
are inserted during connection of the connector 230 of the
probe 200, a seating groove 143 formed at an outer peripheral
surface of the socket 142, to seat the connector 230 of the
probe 200, and an insertion hole 144 into which a shaft 360 is
inserted while being formed at a predetermined region of the
socket 142.

[0166] When the connector 230 of the associated probe 200
is connected to the socket part 140 of the main body 100, a
probing part 210 of the probe 200 is electrically connected to
various components of the main body 100. Thus, the main
body 100 may control various components of the probe 200,
thereby activating the probe 200. In addition, the main body
100 may process or display various information acquired by
the probe 200.

[0167] A plurality of socket parts 140 may be provided, and
the probes 200 having characteristics different from one
another may be selectively connected to the plural socket
parts 140.

[0168] Each probe 200 refers to a component to directly
execute ultrasound diagnosis upon an examination portion of
an object to be examined. The probe 200 is connected to the
main body 100 executes ultrasound diagnosis based on a
command transmitted from the main body 100, and transmits
the diagnosed ultrasound signal to the main body 100.
[0169] Each probe 200 includes a probing part 210, a cable
220, and a connector 230.

[0170] As shown in FIGS. 13 and 14, the connector 230
includes a housing 231, a seating member 232 formed to
protrude from a flange portion of one surface of the housing
231, and a shaft hole 240 recessed inward of the housing 231.
[0171] The shaft hole 240 has a polygonal shape or an oval
shape in section so as to be stably locked into a shaft 360.
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[0172] In addition, the connector 230 further includes at
least one printed circuit board (PCB) 235, connection pins
236 moved depending on rotation of the shaft 360 so as to
electrically connect the associated probe 200 to the main
body 100, a terminal 237, and an input part 238 used to input
a command by a user.

[0173] ThePCB 235 electrically connected to the input part
238 transmits the signal of the input part 238 to the main body
100 through any one of the connection pins 236. Thus, the
connector 230 is mechanically and electrically separated
from the main body 100.

[0174] In order to enhance user convenience, the socket
part 140 of the main body 100 should be mechanically and
electrically coupled to the connector 230 of the probe 200 so
as to allow coupling to each other to be secure and easy.
[0175] The ultrasound diagnostic apparatus further
includes, but is not limited to, a coupling assembly 300 and a
controller 400.

[0176] The coupling assembly 300 and the controller 400
may be provided within the body part 110 of the main body
100 or alternatively, within the housing 231 of the connector
230 of the associated probe 200. For purposes of the example
illustrated in FIGS. 13 and 14, the coupling assembly 300 and
the controller 400 will be described as being arranged within
the body part 110 of the main body 100. However, the ultra-
sound diagnostic apparatus and techniques described herein
are not intended to be limited thereto.

[0177] As shown in FIG. 14, the coupling assembly 300
includes a shaft 360 inserted into the shaft hole 240 of the
connector 230, a motor 320 to apply rotation force to the shaft
360 so as to drive the shaft 360, a protrusion member 321
connected to the motor 320 so as to apply rotational force to
the shaft 360 while outwardly protruding the shaft 360 during
contact of the connector 230, and a detection part 340 to
detect contact between the socket part 140 and the connector
230.

[0178] For example, when contact between the socket part
140 and the connector 230 is detected, the shaft 360 out-
wardly protrudes through the insertion hole 144 of the socket
part 140, whereas when a command is input via the input part
238 by a user, the shaft 360 is retracted into the insertion hole
144 of the socket part 140.

[0179] As shown in FIG. 14, the detection part 340 may be
located within the seating groove 143. In this example, when
the seating member 232 of the connector 230 comes into
contact with the seating groove 143, for example, when the
seating member 232 is inserted into the seating groove 143,
the detection part 340 detects contact between the seating
member 232 and the seating groove 143.

[0180] The controller 400 is electrically connected to the
motor 320. When contact between the main body 100 and the
connector 230 is detected by the detection part 340, the con-
troller 400 controls the driving of the protrusion member 321
so that the shaft 360 protrudes outwards. Consequently, the
protruding shaft 360 is inserted into the shaft hole 240 of the
connector 230.

[0181] Thecontroller 400 transmits a drive control signal to
the motor 320 so as to electrically connect the connector 230
to the main body 100, thereby rotating the shaft 360.

[0182] Thecontroller 400 transmits a drive control signal to
the motor 320 when a signal is transmitted from the input part
238, thereby retracting the shaft 360. Consequently, the elec-
trical connection between the main body 100 and the connec-
tor 230 is released.
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[0183] The ultrasound diagnostic apparatus in this example
further includes a fixing member capable of enhancing con-
nection force between the connector 230 of the associated
probe 200 and the socket part 140 of the main body 100.
[0184] The fixing member may be provided in at least one
ofthe main body 100 and the connector 230 of the probe 200.
In the illustrated embodiment, the fixing member arranged at
the main body 100 may be implemented in a variety of ways
according to the exemplary configurations of the ultrasound
diagnostic apparatus described herein or as desired for a
particular implementation.

[0185] The automatic locking of the main body and the
probe portions of the ultrasound diagnostic apparatus
described herein enhances user convenience since the user no
longer has to perform the manual steps associated with con-
ventional ultrasound apparatuses.

[0186] Also, since it is unnecessary to install a locking
handle for manual locking between a main body and a probe,
a connector of the probe may have a simplified interior struc-
ture and the probe may have an improved design.

[0187] Inaddition, a shaft rotated by a locking handle does
not pass through a printed circuit board within a connector,
thereby enabling easy manufacture of the printed circuit
board, and X-talk characteristics may be improved by insur-
ing an interior space of the connector.

[0188] Although a few exemplary implementations of the
present disclosure have been shown and described herein, it
would be apparent that changes may be made as desired for a
particular implementation, without departing from the prin-
ciples and spirit of the subject technology described herein,
the scope of which is defined in the claims and their equiva-
lents.

What is claimed is:

1. An ultrasound diagnostic apparatus comprising:

a probe having a connector with a shaft and a probing part
connected to the connector through a cable, wherein the
probing partis used to irradiate ultrasound waves into an
object to be examined and to receive the ultrasound
waves reflected from the object;

amain body electrically and mechanically connected to the
probe and configured to generate an image of the object
based on the reflected ultrasound waves received by the
probing part of the probe;

a coupling assembly to detect contact between the main
body and the connector and to fix the connector to the
main body by automatically driving the shaft of the
probe’s connector; and

a controller to control driving of the coupling assembly
when the contact between the main body and the con-
nector is detected by the coupling assembly.

2. The ultrasound diagnostic apparatus of claim 1, wherein

the coupling assembly comprises:

a coupling member coupled to the shaft;

a motor to rotate the coupling member;

a locking groove to seat a locking member of the shaft
during rotation of the shaft; and

adetection part to detect the contact between the main body
and the connector.

3. The ultrasound diagnostic apparatus according to claim

2, wherein the detection part comprises at least one of an
infrared detection part, a radio frequency (RF) detection part,
a switch part, and a pressure detection part.

4. The ultrasound diagnostic apparatus according to claim

2, wherein the controller is configured to control rotation of
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the motor in a first direction so that the locking member is
seated at the locking groove, when the contact between the
main body and the connector is detected by the detection part
of the coupling assembly.

5. The ultrasound diagnostic apparatus according to claim
4, further comprising an input part used to receive acommand
input by a user,

wherein the controller is configured to control the rotation

of the motor in a second direction opposite to the first
direction so that the locking member of the shaft is
separated from the locking groove of the coupling
assembly, based on the command received via the input
part.

6. The ultrasound diagnostic apparatus according to claim
1, further comprising a fixing member to mechanically fix the
probe to the main body.

7. The ultrasound diagnostic apparatus according to claim
6, wherein the fixing member is an electromagnet.

8. The ultrasound diagnostic apparatus according to claim
7, further comprising an input part used to input a command
by a user,

wherein the controller is configured to block a current

applied to the electromagnet so that the probe is sepa-
rated from the main body, based on the command
received via the input part.

9. The ultrasound diagnostic apparatus according to claim
8, wherein the controller is configured to allow the current to
be applied to the electromagnet, when the contact between the
main body and the connector is detected by the detection part
of the coupling assembly.

10. The ultrasound diagnostic apparatus according to claim
6, wherein the fixing member is a hook.

11. The ultrasound diagnostic apparatus according to claim
10, further comprising an input part used to input a command
by a user,

wherein the controller is configured to control movement

of the hook so that the probe is separated from the main
body, based on the command received via the input part.

12. The ultrasound diagnostic apparatus according to claim
2, wherein:

the shaft has a polygonal shape or an oval shape in section;

and

the coupling member has, therein, a coupling groove

formed in a shape corresponding to a sectional shape of
the shaft.

13. The ultrasound diagnostic apparatus according to claim
1, wherein the connector comprises a housing, a printed cir-
cuit board arranged within the housing to drive the probing
part, a terminal having a plurality of pins electrically con-
nected to the printed circuit board, and the shaft is formed to
outwardly protrude from an inner portion of the housing so as
to move positions of the pins in the terminal.

14. The ultrasound diagnostic apparatus according to claim
13, wherein the controller controls driving of the shaft so that
the positions of the pins in the connector are moved for
establishing an electrical connection between the main body
and the probe.

15. A method for controlling an ultrasound diagnostic
apparatus having a main body and a probe so as to enable the
probe to be connected to and separated from the main body
through a connector of the probe, the method comprising
steps of:

detecting contact between the main body and the connector

through a detection part;
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automatically rotating a shaft arranged at the probe using a
motor when the contact is detected;

determining whether or not a locking between the main
body and the connector is completed; and

stopping the motor when the locking between the main
body and the connector is determined to be completed.

16. The method of claim 15, further comprising:

when the contact between the main body and the connector
is detected, electrically connecting the connector to the
main body through the locking after mechanically fixing
the connector to the main body through a fixing member.

17. The method of claim 15, further comprising:

determining whether or not a command is input via an input
part; and

when the command is determined to be input via the input
part, controlling driving of the motor to release the lock-
ing between the main body and the connector.

18. The method of claim 16, further comprising:

determining whether or not a command is input via an input
part; and

when the command is input via the input part, controlling
the fixing member to mechanically separate the connec-
tor from the main body.

19. The method of claim 15, wherein the determining lock-

ing between the main body and the connector comprises:
detecting current of the motor; and

determining that the connector is locked into the main body
when the current of the motor is a predetermined current
or more.

20. The method of claim 15, wherein the determining lock-

ing between the main body and the connector comprises:
detecting a number of rotations of the motor; and
determining that the connector is locked into the main body
when the number of rotations of the motor is a predeter-
mined number of rotations or more.

21. An ultrasound diagnostic apparatus comprising:

a probe having a connector provided with a shaft and a
probing part connected to the connector through a cable,
wherein the probing part is used to irradiate ultrasound
waves into an object to be examined and to receive the
ultrasound waves reflected from the object;

a main body connected to the probe and configured to
generate an image of the object, based on the reflected
ultrasound waves received by the probing part of the
probe;

a coupling assembly to receive command input from a user
and to fix the connector to the main body by automati-
cally driving the shaft of the probe’s connector into the
main body; and

a controller to control driving of the coupling assembly
based on the command input received from the user.

22. The ultrasound diagnostic apparatus according to claim

21, wherein:

the coupling assembly comprises a coupling member
coupled to the shaft, a motor to rotate the coupling
member, a locking groove to seat a locking member
arranged at the shaft during rotation of the shaft, and an
input part used to received the command input from the
user; and

responsive to the command input received from the user,
when the locking member is not in a locked state, the
controller controls rotation of the motor in a first direc-
tion so that the locking member is seated at the locking
groove to lock the connector into the main body, and
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when the locking member is in a locked state, the con-
troller controls rotation of the motor in a second direc-
tion opposite to the first direction in order to release the
locking between the connector and the main body.

23. An ultrasound diagnostic apparatus comprising:

a probe having a connector, provided with a shaft, and a
probing part, the probing part being connected to the
connector through a cable so as to irradiate ultrasound
waves to an object to be examined and receive the ultra-
sound waves reflected from the object;

a main body connected with the probe so as to create an
image of the object, which corresponds to the ultrasound
waves received to the probing part of the probe;

a fixing member to mechanically fix the connector to the
main body;

a coupling assembly to lock the connector into the main
body by automatically driving the shaft of the probe; and

a controller to control driving of the coupling assembly
when the mechanical fixing between the connector and
the main body is detected.

24. The ultrasound diagnostic apparatus according to claim

23, wherein:

the fixing member comprises an electromagnet; and

the controller determines magnetic field change of the elec-
tromagnet, and when the magpnetic field is changed, the
controller controls rotation of the motor in a normal
direction so as to electrically connect the connector to
the main body.

25. The ultrasound diagnostic apparatus according to claim

23, wherein:

the fixing member comprises a hook; and

the controller determines movement of the hook, and when
the movement of the hook is determined, the controller
controls rotation of the motor in a first direction so as to
electrically connect the connector to the main body.

26. The ultrasound diagnostic apparatus according to claim
23, further comprising an input part to receive input from a
user, wherein responsive to the input received from the user,
the controller controls the fixing member so that the connec-
tor is separated from the main body, and controls rotation of
the motor in a second direction opposite to the first direction
in order to release the locking between the connector and the
main body.

27. An ultrasound diagnostic apparatus comprising:

a probe having a connector, provided with a shaft hole, and

a probing part, the probing part being connected to the
connector through a cable so as to irradiate ultrasound
waves to an object to be examined and receive the ultra-
sound waves reflected from the object;

a main body connected with the probe so as to create an
image of the object, which corresponds to the ultrasound
waves received to the probing part of the probe;

a coupling assembly to detect contact between the main
body and the connector and to drive a shaft; and

a controller, when the contact between the main body and
the connector is detected, to control protrusion and rota-
tion of the shaft so that the shaft is coupled to the shaft
hole of the connector.

28. The ultrasound diagnostic apparatus according to claim
27, further comprising an input part used to receive input from
a user,

wherein responsive to the received input, the controller
controls rotation and retraction of the shaft so that the
shaft is separated from the shaft hole.
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29. The ultrasound diagnostic apparatus according to claim
27, wherein the coupling assembly comprises:

a protrusion member to protrude the shaft and

a motor to rotate the shaft.

30. The ultrasound diagnostic apparatus according to claim
27, wherein the shaft electrically connects the connector to
the main body.
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