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ULTRASOUND IMAGING APPARATUS AND METHOD OF CONTROLLING THE SAME

Disclosed herein is an ultrasound imaging ap-

paratus including a beamformer to transmit or receive an
ultrasound signal; a first probe connection unit in which
a first probe connector is placed; and a second probe
connection unit in which a second probe connector is
placed. The second probe connection unit is connected
to the beamformer via the first probe connection unit, and
the first probe connection unit includes a disconnecting
unit to disconnect the first probe connection unit and the
second probe connection unit from each other.
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Description
BACKGROUND
1. Field

[0001] Apparatuses and methods consistent with ex-
emplary embodiments relate to an ultrasound imaging
apparatus for generating an ultrasound image, and a
method of controlling the same.

2. Description of the Related Art

[0002] An ultrasound imaging apparatus provides in-
formation regarding a desired region of an object to be
tested by transmitting an ultrasound signal from a surface
of the object into the object and detecting an ultrasound
signal reflected from the object, i.e., an ultrasound echo
signal, so as to generate an image of the inner region of
the object, such as a tomographic image of a soft tissue
or an image of a blood flow.

[0003] The ultrasound imaging apparatus has a small
size, is cheap, and has non-invasive and nondestructive
characteristics, compared to other image diagnosis ap-
paratuses such as an X-ray apparatus, a computerized
tomography (CT) scanner, a magnetic resonance image
(MRI) apparatus, a nuclear medicine diagnosis appara-
tus, etc. Thus, the ultrasound imaging apparatus has
been used in various medical fields including an obstetric
and gynecologic diagnosis, a cardiac diagnosis, an ab-
dominal diagnosis, a urologic diagnosis, etc.

[0004] The ultrasound imaging apparatus includes a
body configured to accommodate main components of
the ultrasound imaging apparatus; and a probe assembly
thatincludes a probe for transmitting an ultrasound signal
to an object and receiving an ultrasound echo signal re-
flected from the object so as to obtain an ultrasound im-
age of the object, and a probe connector connected to
the body.

SUMMARY

[0005] Therefore, it is an aspect of the present inven-
tion to provide an ultrasound imaging apparatus in which
an ultrasound signal is transmitted or received through
electric connection to a probe connector selected by a
user in a body in which a plurality of probe connectors
are installed, and non-selected probe assemblies are dis-
connected, and a method of controlling the same.
[0006] Additional aspects of the invention will be set
forth in part in the description which follows and, in part,
will be obvious from the description, or may be learned
by practice of the invention.

[0007] In accordance with one aspect of the present
invention, an ultrasound imaging apparatus includes a
beamformer to transmit or receive an ultrasound signal;
a first probe connection unit in which a first probe con-
nector is placed; and a second probe connection unit in
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which a second probe connector is placed. The second
probe connection unit is connected to the beamformer
via the first probe connection unit. The first probe con-
nection unit includes a disconnecting unit to disconnect
the first probe connection unit and the second probe con-
nection unit from each other.

[0008] The ultrasound imaging apparatus may further
include a controller to control the first and second probe
connection units. The first probe connection unit may in-
clude a locking unit to lock the first probe connector into
the first probe connection unit and the second probe con-
nection unit may include a locking unit to lock the second
probe connector into the second probe connection unit,
based on a control signal generated by the controller.
[0009] When the first probe connector is locked into
thefirst probe connection unit, the disconnecting unit may
disconnect the first probe connection unit and the second
probe connection unit from each other.

[0010] The first and second probe connectors may be
locked into the first and second probe connection units,
respectively, through a user’s manual manipulation.
[0011] The disconnecting unit may include atleastone
among an analog switch, a field-effect transistor (FET),
an integrated circuit, and micro-electromechanical sys-
tems (MEMS) to disconnect the first probe connection
unit and the second probe connection unit.

[0012] The first probe connection unit may further in-
clude a socket pin configured to transmit or receive an
ultrasound signal when the socket pin comes in contact
with an connection pin of the first probe connector. The
disconnecting unit may disconnect the first probe con-
nection unit and the second probe connection unit when
the connection pin comes in contact with the socket pin.
[0013] The socket pin may be formed in a convex
shape, and connected to the beamformer and the dis-
connecting unit. The disconnecting unit may be connect-
ed to the socket pin, the beamformer, and the second
probe connection unit, and disconnect the first probe con-
nection unit and the second probe connection unit when
aphysicalforce is applied to a convex portion of the sock-
et pin.

[0014] The socket pin may have a convex portion. One
end of the socket pin may be connected to the beam-
former. The socket pin may be connected to the discon-
necting unit when another end of the socket pin comes
in contact with the disconnecting unit. One end of the
disconnecting unit may be connected to the second
probe connection unit. The disconnecting unit may be
connected to the socket pin when the socket pin comes
in contact with the disconnecting unit. The other end of
the socket pin may be separated from the other end of
the disconnecting unit when a physical force is applied
to the convex portion of the socket pin

[0015] The socket pin may have a central protruding
portion, a central end of the socket pin may be connected
to the beamformer, and both ends of the socket pin may
be connected to the second probe connection unit. A
plurality of holes may be formed in the both ends of the
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socket pin, through which the disconnecting unit passes.
One end of the disconnecting unit may pass through one
ofthe plurality of holes as the disconnecting unit is moved
to the left or the right, and another end of the disconnect-
ing unit may cause the socket pin to be separated from
the second probe connection unit.

[0016] The ultrasound imaging apparatus may further
include a controller to control the disconnecting unit. The
disconnecting unit may be moved to the left or the right
according to a control signal generated by the controller
or through a user’s manipulation.

[0017] The first probe connection unit may further in-
clude a driving device to cause the connection pin of the
first probe connector and the socket pin to contact each
other.

[0018] The driving device may include a motor or an
actuator.

[0019] The ultrasound imaging apparatus may further
include a controller to control the disconnecting unit. The
disconnecting unit may change a direction in which the
first probe connection unit and the second probe connec-
tion unit are to be disconnected from each other, accord-
ing to a control signal generated by the controller or
through a user’s manipulation.

[0020] The ultrasound imaging apparatus may further
include an input device to receive a command to select
a first probe or a second probe from a user. When the
first probe is selected, the disconnecting unit may dis-
connect the first probe connection unit and the second
probe connection unit from each other.

[0021] The ultrasound imaging apparatus may further
include an image processor to generate image data
based on an ultrasound signal received from the first or
second probe selected by the user; and a display device
to display an ultrasound image based on the image data.
[0022] The ultrasound imaging apparatus may further
include a third probe connection unit in which a third
probe connector is placed. The third probe connection
unit may be connected to the beamformer via the first
and second probe connection units. The second probe
connection unit may include a disconnecting unit to dis-
connect the second probe connection unit and the third
probe connection unit from each other.

[0023] In accordance with another aspect of the
present invention, an ultrasound imaging apparatus in-
cludes a beamformer to transmit or receive an ultrasound
signal; a first probe connection unit in which a first probe
connector is placed; a second probe connection unit in
which a second probe connector is placed, the second
probe connection unit connected to the beamformer via
the first probe connection unit; and a disconnecting unit
to disconnect the first probe connection unit and the sec-
ond probe connection unit.

[0024] The ultrasound imaging apparatus may further
include a controller to control the first and second probe
connection units. The first probe connection unit may in-
clude a locking unit to lock the first probe connector into
the first probe connection unit and the second probe con-
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nection unit may include a locking unit to lock the second
probe connector into the second probe connection unit,
based on a control signal generated by the controller.
[0025] The disconnecting unit may include atleastone
among an analog switch, a field-effect transistor (FET),
an integrated circuit, and micro-electromechanical sys-
tems (MEMS) to disconnect the first probe connection
unit and the second probe connection unit.

[0026] The disconnecting unit may cause a transmis-
sion line of the first probe connection unit and a trans-
mission line of the second probe connection unit to be
separated from each other or to contact each other.
[0027] The first and second probe connectors may be
locked into the first and second probe connection units,
respectively, through a user’s manual manipulation.
[0028] In accordance with another aspect of the
present invention, there is provided a method of control-
ling an ultrasound imaging apparatus which includes a
first probe connection unitin which a first probe connector
is placed and a second probe connection unitin which a
second probe connector is placed, the method including
receiving a command to select a first probe or a second
probe from a user; locking the first probe connector in-
cluding the first probe when the first probe is selected;
and disconnecting the second probe connection unit,
which is connected to the beamformer via the first probe
connection unit, from the first probe connection unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and/or other aspects will become
more apparent by describing certain exemplary embod-
iments with reference to the accompanying drawings, in
which:

FIG. 1 is a perspective view of the exterior of an
ultrasound imaging apparatus in accordance with
one embodiment of the present invention;

FIG. 2 is a conceptual diagram of the exterior of a
probe assembly;

FIGS. 3A to 3C illustrate shapes of various probe
assemblies;

FIG. 4 is a control block diagram of a probe assembly
in accordance with one embodiment of the present
invention;

FIG. 5is a control block diagram of a body in accord-
ance with one embodiment of the present invention;
FIG. 6 is a front perspective view of the exteriors of
a probe connector and a probe connection unit in
accordance with one embodiment of the present in-
vention;

FIG. 7 is a rear perspective view of the exterior of a
probe connector in accordance with one embodi-
ment of the present invention;

FIGS. 8A and 8B are conceptual diagrams illustrat-
ing disconnecting methods in accordance with em-
bodiments of the present invention;

FIGS. 8C and 8D are conceptual diagrams illustrat-
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ing disconnecting methods in accordance with other
embodiments of the present invention;

FIGS. 9A and 9B illustrate probe connection units
that include a disconnecting unit embodied as a me-
chanical device in accordance with embodiments of
the present invention;

FIGS. 10A and 10B illustrate probe connection units
that include a disconnecting unit embodied as a me-
chanical device in accordance with other embodi-
ments of the present invention;

FIGS. 11A to 11C illustrate probe connection units
that include a disconnecting unit embodied as a me-
chanical device and that are connected to one an-
other in two directions in accordance with embodi-
ments of the present invention;

FIG. 12is a conceptual diagramiillustrating a discon-
necting unit installed outside a probe connection unit
in accordance with another embodiment of the
present invention;

FIGS. 13A and 13B illustrate a probe connection unit
that includes a first disconnecting unit installed out-
side a first probe connection unit in accordance with
one embodiment of the present invention;

FIGS. 14A and 14B illustrate a probe connection unit
that includes a first disconnecting unit installed out-
side a first probe connection unit in accordance with
another embodiment of the present invention; and
FIG. 15 is a flowchart of a method of controlling an
ultrasound imaging apparatus in accordance with
one embodiment of the present invention.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to exem-
plary embodiments with reference to the accompanying
drawings, wherein like reference numerals refer to like
elements throughout. In this regard, the exemplary em-
bodiments may have different forms and should not be
construed as being limited to the descriptions set forth
herein. Accordingly, the exemplary embodiments are
merely described below, by referring to the figures, to
explain aspects of the present description.

[0031] Hereinafter, an ultrasound imaging apparatus
and a controlling method thereof in accordance with ex-
emplary embodiments of the present invention will be
described in detail with reference to the accompanying
drawings.

[0032] FIG. 1 is a perspective view of the exterior of
an ultrasound imaging apparatus in accordance with one
embodiment of the present invention. FIG. 2 is a concep-
tual diagram of the exterior of a probe assembly. FIGS.
3A to 3C illustrate shapes of various probe assemblies.
FIG. 4 is a control block diagram of a probe assembly in
accordance with one embodiment of the present inven-
tion.

[0033] Referring to FIGS. 1 and 2, the ultrasound im-
aging apparatus 10 includes a probe assembly 100, a
body 200, a display device 300, and an input device 400.
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The probe assembly 100 illustrated in FIG. 2 may corre-
spond to one of first to fourth probe assemblies 100-1 to
100-4 illustrated in FIG. 1.

[0034] The probe assembly 100 transmits ultrasound
waves to an object, receives echo ultrasound waves re-
flected from the object, and converts the echo ultrasound
waves into an electrical signal (hereinafter referred to as
an "ultrasound signal").

[0035] The ultrasound imaging apparatus 10 may in-
clude a plurality of probe assemblies 100. The plurality
of probe assemblies 100 included in the ultrasound im-
aging apparatus 10 will be hereinafter described as first
to fourth probe assemblies 100-1, 100-2, 100-3, and
100-4.

[0036] The body200 forms an ultrasound image based
on an ultrasound signal.

[0037] The body 200 may be a workstation connected
to the first to fourth probe assemblies 100-1 to 100-4 and
including the display device 300 and the inputdevice 400.
[0038] The structure and operations of the probe as-
sembly 100, e.g., one of the first to fourth probe assem-
blies 100-1 to 100-4, will be described below.

[0039] The probe assembly 100 includes a probe 110
thatis directly in contact with an object, a probe connector
130 configured to transmit a signal to or receive a signal
from the body 200, and a cable 120 configured to connect
the probe 110 and the probe connector 130 with each
other.

[0040] The probe 110 transmits ultrasound waves to
or receives ultrasound waves from an object so as to
obtain an ultrasound image of the inside of the object.
[0041] In detail, the probe 110 includes a transducer
module 111 that converts an electric signal into vibration
energy or vice versa. The transducer module 111 may
transmit ultrasound waves to an object using a vibrator
such as a piezoelectrics (not shown), and receive echo
ultrasound waves reflected from the object.

[0042] When the number of such vibrators is, for ex-
ample, 64 to 256, connecting members, the number of
which is equal to the number of the vibrators are needed
to connect the probe assembly 100 and the body 200.
[0043] Here,theobjectmaybea livingbodyofahuman
or ananimal or a tissue in the living body, such as a blood
vessel, a bone, a muscle, etc. but is not limited thereto.
The type ofthe objectis not limited provided thatanimage
of an inner structure thereof can be obtained using the
ultrasound imaging apparatus 10.

[0044] Referring to FIGS. 3A to 3C, according to the
array of the transducer module 111, the probe 110 may
be prepared as a linear probe having a linear surface as
illustrated in FIG. 3A, prepared as a convex probe having
a convex surface as illustrated in FIG. 3B, or prepared
as a matrix probe as illustrated in FIG. 3C, but is not
limited thereto. The probe 110 may be prepared as a
different type probe which is well known in the art (such
as a phased array probe, etc.) other than those illustrated
in FIGS. 3A to 3C.

[0045] One end of the cable 120 may be connected to
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the probe 110, and another end of the cable 120 may be
connected to the probe connector 130.

[0046] In accordance with an embodiment of the
present invention, the probe connector 130 may be
placed on the body 200 and automatically locked onto
the body 200 through a locking mechanism.

[0047] The term ’locking’ should be understood as in-
cluding performing an access through a mechanical cou-
pling between the probe connector 130 and the body 200
or controlling an access in a state in which the probe
connector 130 and the body 200 have been mechanically
coupled to each other. Here, ’locking’ has a different
meaning from mechanically placing the probe connector
130 on the body 200.

[0048] Locking should be understood as including
locking performed to cause a probe signal transceiver
131 of the probe connector 130 to access to a body signal
transceiver 212 of a probe connection unit 210 (see FIG.
5). Here, the "access" includes a contact access and a
non-contact access.

[0049] Locking may be performed through a user’s
manual manipulation or automatically. For example,
when the probe connection unit 210 includes an addi-
tional locking unit 211 (see FIG. 5), locking may be per-
formed by driving the locking unit 211, as will be de-
scribed in detail below.

[0050] The probe connector 130 may be embodied as
an external connector to be coupled with the probe con-
nection unit 210 of the body 200 which is embodied as
an internal connector.

[0051] Referring to FIG. 4, the probe connector 130 in
accordance with an embodiment of the present invention
includes the probe signal transceiver 131 and a printed
circuit board (PCB) 132.

[0052] When locking is performed, the probe signal
transceiver 131 receives a control signal from the body
signal transceiver 212 of the body 200 or transmits an
ultrasound signal generated by the probe 110 to the body
signal transceiver 212 of the body 200.

[0053] The probe signal transceiver 131 of the probe
connector 130 may be embodied as a terminal with a
conductive connection pin 131a to transmit or receive a
control signal or an ultrasound signal in a contact manner,
or may be embodied as a wireless communication mod-
ule to transmit or receive a control signal or an ultrasound
signal in a non-contact manner. Here, it is assumed that
the probe signal transceiver 131 is such a terminal.
[0054] The terminal 131 may include the connection
pin 131a to be inserted into a socket of the body 200.
When locking is performed, the connection pin 131a may
transmit an ultrasound signal to a socket pin 212a of the
body 200 (see FIG. 5) or receive a control signal from
the socket pin 212a while being in contact with the socket
pin 212a.

[0055] When locking is performed, the PCB 132 re-
ceives a control signal from the body 200 or drives the
probe assembly 100 based on a received control signal.
[0056] Also, when locking is performed, the PCB 132
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may transmit an ultrasound signal generated by the
probe 110 to the terminal 131.

[0057] The structure and operations of the body 200
will be described in detail with reference to FIG. 5 below.
[0058] FIG. 5is a control block diagram of a body 200
in accordance with an embodiment of the present inven-
tion.

[0059] Referring to FIG. 5, the body 200 includes a
plurality of probe connection units, e.g., first to fourth
probe connection units 210-1 to 210-4, a controller 220,
a beamformer 230, a signal processor 240, an image
processor 250, a display device 300, and an input device
400.

[0060] Although FIG. 5 illustrates that the four probe
connection units 210-1 to 210-4 are provided, for exam-
ple, two, three, or five probe connection units may be
provided on the body 200 according to the number of
probe assemblies 100. Thatis, the number of the plurality
of probe connection units is not limited to four as illus-
trated in FIG. 5.

[0061] Hereinafter, the probe connector 130 of the first
probe assembly 100-1 placed in the first probe connec-
tion unit 210-1 will be referred to as the first probe con-
nector 130-1, the probe connector 130 of the second
probe assembly 100-2 placed in the second probe con-
nection unit 210-2 will be referred to as the second probe
connector 130-2, the probe connector 130 of the third
probe assembly 100-3 placed in the third probe connec-
tion unit 210-3 will be referred to as the third probe con-
nector 130-3, and the probe connector 130 of the fourth
probe assembly 100-4 placed in the fourth probe con-
nection unit 210-4 will be referred to as the fourth probe
connector 130-4.

[0062] The first probe connection unit 210-1 may be
automatically locked with the first probe connector 130-1
placed therein according to a control signal received from
the controller 220.

[0063] The first probe connection unit 210-1 may be
an internal connector.

[0064] The first probe connection unit 210-1 includes
afirstlocking unit211-1, a body signal transceiver 212-1,
and a first disconnecting unit 213-1.

[0065] The first locking unit 211-1 locks the first probe
connector 130-1 into the first probe connection unit 210-1
or unlocks the first probe connector 130-1 from the first
probe connection unit210-1 according to a control signal
received from the controller 220.

[0066] Indetail, when a user selects the first probe con-
nection unit 210-1, the first locking unit 211-1 may cause
a socket pin 212a-1 included in the body signal trans-
ceiver 212-1to be in contact with the connection pin 131a
of the first probe connector 130-1 so as to exchange an
ultrasound signal and a control signal between the first
probe assembly 100-1 and the body 200.

[0067] To this end, the first locking unit 211-1 may me-
chanically couple the first probe connector 130-1 placed
in the first probe connection unit 210-1 and the first probe
connection unit 210-1 to each other.
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[0068] For example, the first locking unit 211-1 may
include a rotary motor to rotationally insert the first probe
connector 130-1 embodied as an external screw or bolt
into a coupling groove of the first probe connection unit
210-1 embodied as an internal screw or nut.

[0069] Otherwise, the first locking unit 211-1 may be
embodied as an electromagnet to be coupled with an
electromagnet attached to the first probe connector
130-1 according to a control signal received from the con-
troller 220.

[0070] In addition, the first locking unit 211-1 may in-
clude a linear actuator, a motor, etc. to mechanically cou-
ple the first probe connector 130-1 placed in the probe
connection unit210-1 to the probe connection unit210-1,
and may mechanically couple the first probe connector
130-1 and the first probe connection unit 210-1 to each
other.

[0071] The first locking unit 211-1 may be omitted. In
this case, a user may perform locking by manually cou-
pling the first probe connector 130-1 to the first probe
connection unit 210-1.

[0072] The body signal transceiver 212-1 may be em-
bodied as a socket with the socket pin 212a-1 having a
conductive property to transmit or receive a control signal
or an ultrasound signal in a contact manner, or may be
embodied as a wireless communication module to ex-
change a control signal or an ultrasound signal with the
probe signal transceiver 131 of the first probe connector
130-1 in a non-contact manner. Here, it is assumed that
the body signal transceiver 212-1 is embodied as such
a socket.

[0073] The socket 212-1 may include the socket pin
212a-1 into which the connection pin 131a of the first
probe connector 130-1 is inserted to be in contact with
the connection pin 131a. The socket pin 212a-1 comes
in contact with the connection pin 131a of the first probe
connector 130-1 to transmit or receive an ultrasound sig-
nal of the first probe assembly 100-1 when the first probe
connector 130-1 and the first probe connection unit 210-1
are locked with each other.

[0074] In accordance with an embodiment of the
present invention, the socket pins 212a-1 to 212a-4 in-
cluded in the respective probe connection units 210-1 to
210-4 are electrically connected to one another. For ex-
ample, the socket pin 212a-1 of the first probe connection
unit 210-1 among the probe connection units 210-1 to
210-4 is directly connected to the beamformer 230.
[0075] Forexample, when the socket pin 212a-1 of the
first probe connection unit 210-1 is directly connected to
the beamformer 230, the socket pin 212a-2 of the second
probe connection unit 210-2 is connected between the
socket pin 212a-1 of the first probe connection unit 210-1
and the socket pin 212a-3 of the third probe connection
unit 210-3, the socket pin 212a-3 of the third probe con-
nection unit 210-3 is connected between the socket pin
212a-2 of the second probe connection unit 210-2 and
the socket pin 212a-4 of the fourth probe connection unit
210-4, and the socket pin 212a-4 of the fourth probe con-
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nection unit 210-4 may be directly connected to the sock-
et pin 212a-3 of the third probe connection unit 210-3.
[0076] Here, that A is "directly connected to" B means
that Aand B are electrically connected to each other while
any probe connection unit 210 is not present therebe-
tween.

[0077] Also, that A and B are "electrically connected
to" each other means that A and B are connected via a
circuit, a bus, etc. to exchange an electric signal with
each other.

[0078] That is, an ultrasound signal generated by the
first probe assembly 100-1 may be transmitted to the
beamformer 230 via the socket pin 212a-1 of the first
probe connection unit 210-1, and an ultrasound signal
generated by the second probe assembly 100-2 may be
transmitted to the beamformer 230 via the socket pins
212a-2 and 212a-1 of the second probe connection unit
210-2 and the first probe connection unit 210-1.

[0079] Also, an ultrasound signal generated by the
third probe assembly 100-3 may be transmitted to the
beamformer 230 via the socket pins 212a-3, 212a-2, and
212a-1 of the third, second, and first probe connection
units 210-3, 210-2, and 210-1. An ultrasound signal gen-
erated by the fourth probe assembly 100-4 may be trans-
mitted to the beamformer 230 via the socket pins 212a-
4,212a-3,212a-2,and 212a-1 of the fourth, third, second,
and first probe connection units 210-4, 210-3, 210-2, and
210-1.

[0080] Although FIG. 5 illustrates that the four probe
connection units 210-1 to 210-4 are connected in one
direction, they may be connected in two directions, as
will be described with reference to FIG. 10 below.
[0081] The first disconnecting unit 213-1 disconnects
the first probe connection unit 210-1 and the second
probe connection unit 210-2 from each other.

[0082] Hereinafter, that "an A probe connection unit
and a B probe connection unit are connected to or dis-
connected from each other" means that "a socket of the
A probe connection unit and a socket of the B probe con-
nection unit are connected to or disconnected from each
other".

[0083] The first disconnecting unit 213-1 may be em-
bodied as, for example, an analog switch, a field-effect
transistor (FET), an integrated circuit, micro-electrome-
chanical systems (MEMS), etc. to disconnect the first
probe connection unit 210-1 and the second probe con-
nection unit 210-2 from each other.

[0084] In accordance with an embodiment of the
present invention, the first disconnecting unit 213-1 may
be embodied as a mechanical device to disconnect the
first probe connection unit 210-1 and the second probe
connection unit 210-2 from each other, as will be de-
scribed with reference to FIGS. 8A to 10 below.

[0085] The second probe connection unit 210-2 may
be also automatically locked with the second probe con-
nector 130-2 placed therein according to a control signal
received from the controller 220.

[0086] Similarly, the second probe connection unit
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210-2includes a second locking unit211-2, a body signal
transceiver 212-2, and a second disconnecting unit
213-2. The second locking unit 211-2 and the socket
212-2 are as described above with respect to the first
probe connection unit 210-1 and are thus not described
again here.

[0087] The second disconnecting unit 213-2 discon-
nects the second probe connection unit 210-2 and the
third probe connection unit 210-3 from each other.
[0088] The second disconnecting unit 213-2 may be
also embodied as an analog switch, a FET, an integrated
circuit, MEMS, etc. or may be embodied as a mechanical
device.

[0089] The third probe connection unit 210-3 may be
automatically locked with the third probe connector 130-3
placed thereon according to a control signal received
from the controller 220.

[0090] Similarly, the third probe connection unit 210-3
includes a third locking unit 211-3, a body signal trans-
ceiver 212-3, and a third disconnecting unit 213-3. The
third locking unit 211-3 and the socket 212-3 are as de-
scribed above with respect to the first probe connection
unit 210-1 and are thus not described again here.
[0091] The third disconnecting unit 213-3 disconnects
the third probe connection unit210-3 and the fourth probe
connection unit 210-4 from each other.

[0092] The fourth probe connection unit 210-4 may be
automatically locked with the fourth probe assembly
100-4 placed thereon according to a control signal re-
ceived from the controller 220.

[0093] Similarly, the fourth probe connection unit210-4
includes a fourth locking unit 211-4, a body signal trans-
ceiver 212-4, and a fourth disconnecting unit 210-4. The
fourth locking unit 211-4 and the body signal transceiver
212-4 are as described above with respect to the first
probe connection unit 210-1 and are thus not described
again here.

[0094] However, when a fifth probe connection unit
(not shown) is not present, the fourth disconnecting unit
213-4 need not perform disconnection and receive a con-
trol signal from the controller 220. Thus, the fourth dis-
connecting unit 213-4 may be omitted.

[0095] The controller 220 controls overall operations
of elements of the ultrasound imaging apparatus 10, e.g.,
the first to fourth probe connection units 210-1 to 210-4,
the beamformer 230, the signal processor 240, theimage
processor 250, the display device 300, the probe assem-
bly 100, etc.

[0096] In detail, when a command to select a probe
assembly, e.g., the first probe assembly 100-1, among
the first to fourth probe assemblies 100-1 to 100-4 is re-
ceived from a user via the input device 400, the controller
220 controls the first locking unit 211-1 to automatically
lock the first probe assembly 100-1 with the first probe
connector 130-1.

[0097] Inthis case, the controller 220 controls the sec-
ond tofourth probe connection units 210-2to0 210-4 (here-
inafter referred to as non-via probe connection units)
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among the probe connection units 210-1 to 210-4 on the
body 200 to be disconnected from the first probe con-
nection unit 210-1.

[0098] Thenon-viaprobe connection units mean probe
connection units forming a stub.

[0099] To this end, the controller 220 transmits a con-
trol signal to the first disconnecting unit 213-1 included
in the selected first probe connection unit 210-1 so as to
control the first disconnecting unit 213-1 to disconnect
the first probe connection unit 210-1 and the second
probe connection unit 210-2 from each other. As a result,
the first probe connection unit 210-1is disconnected from
not only the second probe connection unit 210-2 but also
the third and fourth probe connection units 210-3 and
210-4.

[0100] When a command to select the second probe
assembly 100-2 is received via the input device 400, the
controller 220 controls the second locking unit 211-2 to
automatically lock the second probe assembly 100-2.
[0101] In this case, the controller 220 transmits a con-
trol signal to the second locking unit211-2 so as to control
the second locking unit 211-2 to lock the second probe
connector 130-2 into the second probe connection unit
210-2.

[0102] Also, the controller 220 controls non-via probe
connection units (i.e., the third and fourth probe connec-
tion units 210-3 and 210-4) to be disconnected from the
second probe connection unit 210-2 among the probe
connection units 210-1 to 210-4 on the body 200 except
for a via probe connection unit (i.e., the first probe con-
nection unit 210-1) connected between the beamformer
230 and the second probe connection unit 210-2.
[0103] To this end, the controller 220 transmits a con-
trol signal to the second disconnecting unit 213-2 includ-
ed in the second probe connection unit 210-2 so as to
control the second disconnecting unit 213-2 to discon-
nect the second probe connection unit 210-2 and the
third probe connection unit 210-3 from each other. As a
result, the second probe connection unit 210-2 is discon-
nected from not only the third probe connection unit210-3
but also the fourth probe connection unit 210-4.

[0104] When a command to select the third probe as-
sembly 100-3 is received from the input device 400, the
controller 220 controls the third locking unit 211-3 to au-
tomatically lock the third probe assembly 100-3.

[0105] In this case, the controller 220 transmits a con-
trol signal to the third locking unit 211-3 so as to control
the third locking unit 211-3 to lock the third probe con-
nector 130-3 into the third probe connection unit 210-3.
[0106] Also, the controller 220 controls a non-via probe
connection unit (i.e., the fourth probe connection unit
210-4) to be disconnected from the first probe connection
unit 210-1 and the third probe connection unit 210-3
among the probe connection units 210-1 to 210-4 on the
body 200 except for via probe connection units (i.e., the
firstand second probe connection units 210-1 and 210-2)
that connect the controller 220 and the third probe con-
nection unit 210-3.
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[0107] To this end, the controller 220 transmits a con-
trol signal to the third disconnecting unit 213-3 included
in the selected third probe connection unit 210-3 so as
to control the third disconnecting unit 213-3 to disconnect
the third probe connection unit 210-3 and the fourth probe
connection unit 210-4 from each other.

[0108] Thus, the third probe connection unit 210-3 is
disconnected from the fourth probe connection unit
210-4.

[0109] Also, when the fourth probe assembly 100-4 is
selected by a user, the controller 220 controls the fourth
locking unit 211-4 to perform automatic locking.

[0110] In this case, the controller 220 transmits a con-
trol signal to the fourth locking unit 211-4 so as to control
the fourth locking unit 211-4 to lock the fourth probe con-
nector 130-4 into the fourth probe connection unit 210-4.
[0111] When the fourth probe assembly 100-4 is se-
lected, a non-via probe assembly is not present and thus
a mechanism for performing disconnection is omitted.
[0112] Next, the controller 220 may transmit a control
signal to the PCB 132 connected to the access in 131a
of at least one locked probe connector (at least one
among the probe connectors 130-1 to 130-4) to drive the
probe assembly 100 corresponding to the at least one
locked probe connector, receive an ultrasound signal
from the probe assembly 100, or process or display var-
ious information obtained by the probe assembly 100.
[0113] Although not shown, the controller 220 may in-
clude a processor, a read-only memory (ROM) that
stores a control program for controlling the ultrasound
imaging apparatus 10, and a random access memory
(RAM) that stores a signal or ultrasound image data re-
ceived from the probe assembly 100 or the input device
400 of the ultrasound imaging apparatus 10 or that is
used as a storage region corresponding to various oper-
ations performed by the ultrasound imaging apparatus
10.

[0114] Otherwise, a graphic processing board includ-
ing a processor, a RAM, or a ROM may be included in
an additional PCB electrically connected to the controller
220. The processor, the RAM, and the ROM may be con-
nected via an internal bus.

[0115] Also, the controller 220 may be used as a term
indicating a component that includes a processor, a
RAM, and a ROM. Also, the controller 220 may be used
as a term indicating a component that includes a proc-
essor, a RAM, a ROM, and a processing board.

[0116] The beamformer 230 is a device that delays
transmitted ultrasound waves or received echo ultra-
sound waves for an appropriate time so that ultrasound
waves generated by the probe 110 may be focused on
a target point on an object at the same desired point of
time or delayed time of echo ultrasound waves reflected
from the target point on the object may be modified at
the probe 110.

[0117] The beamformer 230 delays an ultrasound sig-
nal to be transmitted or received by a probe (at least one
among the probes 110-1 to 110-4) included in at least
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one locked probe assembly (at least one among the
probe assemblies 100-1 to 100-4).

[0118] The beamformer 230 may be included in the
body 200 corresponding to a back end of the ultrasound
imaging apparatus 10 as illustrated in FIG. 5 or included
in the probe assembly 100 corresponding to a front end
of the ultrasound imaging apparatus 10. However, ex-
emplary embodiments of the beamformer 230 are not
limited thereto. Although all or some of the elements of
the beamformer 230 may be included in the front end or
back end of the ultrasound imaging apparatus 10, it is
assumed that the beamformer 230 is included in the body
200 for convenience of explanation.

[0119] In accordance with an embodiment of the
present invention, the beamformer 230 is directly con-
nected to the socket pin 212a-1 of the first probe con-
nection unit 210-1. The beamformer 230 may exchange
an ultrasound signal with the first probe assembly 100-1
via the socket pin 212a-1 of the first probe connection
unit 210-1, exchange an ultrasound signal with the sec-
ond probe assembly 100-2 via the socket pins 212a-1
and 212a-2 of the first probe connection unit 210-1 and
the second probe connection unit 210-2, exchange an
ultrasound signal with the third probe assembly 100-3
via the socket pins 212a-1 to 212a-3 of the first to third
probe connection units 210-1 to 210-3, and exchange an
ultrasound signal with the fourth probe assembly 100-4
via the socket pins 212a-1 to 212a-4 of the first to fourth
probe connection units 210-1 to 210-4.

[0120] The signal processor 240 converts a signal re-
ceived from the beamformer 230 into a format appropri-
ate for image processing. For example, the signal proc-
essor 240 may perform filtering to remove a noise signal
other than a desired frequency band.

[0121] The signal processor 240 may be embodied as
adigital signal processor (DSP), and generate ultrasound
image data by performing envelope detection to detect
the intensity of echo ultrasound waves, based on a signal
received from the beamformer 230.

[0122] The image processor 250 generates an image
based on the ultrasound image data generated by the
signal processor 240 such that a user, e.g., a doctor or
a patient, may visually check an object, e.g., the inside
of a human body.

[0123] The image processor 250 transmits an ultra-
sound image generated from the ultrasound image data
to the display device 300.

[0124] Inone embodimentof the presentinvention, the
image processor 250 may further perform additional im-
age processing on the ultrasound image. For example,
the image processor 250 may further perform image
post-processing, e.g., may correct or readjust the con-
trast, brightness, or sharpness of the ultrasound image.
[0125] The additional image processing may be per-
formed by the image processor 250 according to prede-
termined settings or an instruction or command received
from a user via the input device 400.

[0126] The display device 300 may display the ultra-
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sound image generated by the image processor 250 so
that a user may visually check the inner structure of the
object, a tissue included in the object, or the like.
[0127] The input device 400 receives an instruction or
command to control the ultrasound imaging apparatus
10 from a user. The input device 400 may include a user
interface, for example, a keyboard, a mouse, a trackball,
a touch screen, a paddle, or the like.

[0128] The structures of and the relationship between
a probe connector 130, i.e., one of the probe connectors
130-1 to 130-4, and a probe connection unit 210, i.e.,
one of the probe connection units 210-1 to 210-4, in ac-
cordance with an embodiment of the present invention
will be described in more detail with reference to FIGS.
6 to 10 below.

[0129] However, the structures and shapes of the
probe connector 130 and the probe connection unit 210
are not limited to those illustrated in FIGS. 6 and 7 and
may be embodied variously.

[0130] FIG. 6isafrontperspective view of the exteriors
of a probe connector 130 and a probe connection unit
210 in accordance with one embodiment of the present
invention. FIG. 7 is arear perspective view of the exterior
of the probe connector 130 in accordance with one em-
bodiment of the present invention.

[0131] Referringto FIGS. 6 and 7, the probe connector
130 may include a locking shaft 133 protruding from the
inside of the probe connector 130 to the outside of the
probe connector 130 so as to mechanically place the
probe connector 130 in the probe connection unit 210 of
the body 200, and a locking member 134 for locking the
probe connector 130 and the probe connection unit 210
with each other.

[0132] In the probe connection unit 210, a coupling
groove 214 in which the locking shaft 133 is placed may
be formed. In this case, the locking unit 211 may be em-
bodied as a motor so as to rotate the locking shaft 133
placed in the coupling groove 214 such that the probe
connection unit 210 and the probe connector 130 are
coupled to each other.

[0133] In detail, a user may place the probe connector
130 in the probe connection unit 210 by inserting the
locking shaft 133 into the coupling groove 214 of the
probe connection unit 210. In this case, the terminal 131
ofthe probe connector 130 may be inserted into the sock-
et 212 of the body 200.

[0134] However, since the connection pin 131a provid-
ed on the terminal 131 of the probe connector 130 and
the socket pin 212a provided on the socket 212 of the
body 200 are not complete in contact with each other
through mechanical "placement”, the probe connector
130 is not electrically connected to the probe connection
unit 210. Thus, "locking" should be performed to electri-
cally connect the probe connector 130 and the probe
connection unit 210.

[0135] To this end, the locking member 134 may be
provided on the locking shaft 133 and the locking shaft
133 may be rotated by the motor included in the locking
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unit 211 to place the locking member 134 into a locking
groove (not shown) of the probe connection unit 210.
Thus, the probe connector 130 and the probe connection
unit 210 may be locked with each other.

[0136] That is, as the probe connector 130 is placed
into the probe connection unit 210, the terminal 131 is
inserted into the socket 212 and the probe connector 130
and the probe connection unit 210 are locked with each
other. Thus, the connection pin 131a comes in contact
with the socket pin 212a of the socket 212, so that a
control signal of the body 200 may be input to a plurality
of connection pins 131a or an ultrasound signal may be
transmitted to the body 200.

[0137] Although it has been described that the locking
unit 211 includes the motor for rotating the locking shaft
133 of the probe connector 130 placed in the coupling
groove 214 so as to perform locking, embodiments of the
present invention are not limited thereto and locking may
be performed by various means capable of automatically
coupling the probe connector 130 to the probe connec-
tion unit 210 according to a control signal.

[0138] For example, locking may be performed by
forming the probe connector 130 in the form of an external
screw or bolt to be inserted into the probe connection
unit 210 and to be coupled to the probe connection unit
210 embodied as an internal screw or nut, as a rotary
motor rotates.

[0139] The probe connector 130 may further include
an electromagnet to be locked with the probe connection
unit 210 that also includes an electromagnet.

[0140] A method of disconnecting a probe connection
unit 210 which is a non-via probe connection unit and a
probe connection unit 210 of the probe assembly 100
selected by a user through a disconnecting unit 213, e.g.,
one of the first to third disconnecting units 213-1t0 213-3,
will be described with reference to FIGS. 8A to 10 below.
[0141] FIGS. 8A and 8B are conceptual diagrams il-
lustrating disconnecting methods in accordance with em-
bodiments of the present invention.

[0142] Referring to FIG. 8A, for example, when a user
selects the third probe assembly 100-3, the third discon-
necting unit 213-3 included in the third probe connection
unit 210-3 in accordance with an embodiment of the
present invention may disconnect the third probe con-
nection unit 210-3 and the fourth probe connection unit
210-4 from each other.

[0143] Thus, a stub caused by a transmission line of
the fourth probe connection unit 210-4 may be removed.
[0144] Referring to FIG. 8B, when a user selects, for
example, the first probe assembly 100-1, the first discon-
necting unit 213-1 included in the first probe connection
unit 210-1 in accordance with an embodiment of the
present invention may also disconnect the first probe
connection unit 210-1 and the second probe connection
unit 210-2 from each other.

[0145] The second disconnecting unit 213-2 included
in the second probe connection unit 210-2 may also dis-
connect the second probe connection unit 210-2 and the
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third probe connection unit 210-3 from each other.
[0146] Thus, a stub caused by transmission lines of
the second to fourth probe connection units 210-2 to
210-4 may be removed.

[0147] A disconnecting method in accordance with an
embodiment of the presentinvention is not, however, lim-
ited to those of FIGS. 8A and 8B. FIGS. 8C and 8D are
conceptual diagrams illustrating disconnecting methods
in accordance with other embodiments of the present
invention.

[0148] Referring to FIG. 8C, the first disconnecting unit
213-1 that disconnects the first probe connection unit
210-1 and the second probe connection unit 210-2 may
be installed outside the first probe connection unit 210-1,
the second disconnecting unit 213-2 that disconnects the
second probe connection unit 210-2 and the third probe
connection unit 210-3 may be installed outside the sec-
ond probe connection unit 210-2, and the third discon-
necting unit 213-3 that disconnects the third probe con-
nection unit 210-3 and the fourth probe connection unit
210-4 may be installed outside the third probe connection
unit 210-3.

[0149] For example, when a user selects the second
probe assembly 100-2, the second disconnecting unit
213-2 installed outside the second probe connection unit
210-2 in accordance with an embodiment of the present
invention may disconnect the second probe connection
unit 210-2 and the third probe connection unit 210-3 from
each other.

[0150] Thus, a stub caused by transmission lines of
the third and fourth probe connection units 210-3 and
210-4 may be removed.

[0151] Referring to FIG. 8D, the first disconnecting unit
213-1 that disconnects the first probe connection unit
210-1 and the second probe connection unit 210-2 may
be installed outside the first probe connection unit 210-1,
the second disconnecting unit 213-2 that disconnects the
second probe connection unit 210-2 and the third probe
connection unit 210-3 may be installed outside the sec-
ond probe connection unit 210-2, and the third discon-
necting unit 213-3 that disconnects the third probe con-
nection unit 210-3 and the fourth probe connection unit
210-4 may be installed outside the third probe connection
unit 210-3. In this case, the first disconnecting unit 213-1
may disconnect not only the first probe connection unit
210-1 and the second probe connection unit 210-2 but
also the beamformer 230 and the second probe connec-
tion unit 210-2, the second disconnecting unit 213-2 may
disconnect not only the second probe connection unit
210-2 and the third probe connection unit 210-3 but also
the first disconnecting unit 213-1 and the third probe con-
nection unit 210-3, and the third disconnecting unit 213-3
may disconnect not only the third probe connection unit
210-3 and the fourth probe connection unit 210-4 but also
the second disconnecting unit 213-2 and the fourth probe
connection unit 210-4.

[0152] For example, when a user selects the second
probe assembly 100-2, the second disconnecting unit
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213-2 installed outside the second probe connection unit
210-2 in accordance with an embodiment of the present
invention may disconnect the second probe connection
unit 210-2 and the third probe connection unit 210-3 and
disconnect the first disconnecting unit213-1 and the third
probe connection unit 210-3.

[0153] Thus, a stub caused by transmission lines of
the third and fourth probe connection units 210-3 and
210-4 may be removed.

[0154] FIGS. 9A and 9B illustrate probe connection
units thatinclude a disconnecting unit such as that shown
in FIG. 8A or 8B which is embodied as a mechanical
device in accordance with embodiments of the present
invention. The embodiments of the FIGS. 9A and 9B will
be described with respect to the first probe connection
unit 210-1 and the first probe connector 130-1 below
[0155] Referring to FIG. 9A, a socket pin 212a-1 of a
first probe connection unit 210-1 in accordance with an
embodiment of the present invention may have a convex
shape, and may be connected to a beamformer 230 and
afirst disconnecting unit 213-1 having a conductive prop-
erty.

[0156] The first disconnecting unit 213-1 may be con-
nected to the socket pin 212a-1, the beamformer 230,
and the second probe connection unit 210-2, and may
be disconnected from the second probe connection unit
210-2 according to the principle of alever when a physical
force is applied onto a top convex surface of the socket
pin 212a-1 due to insertion of the connection pin 131a of
the first probe connector 130-1 into the socketpin212a-1.
[0157] Referring to FIG. 9B, when the connection pin
131a of the first probe connector 130-1 is inserted to be
in contact with the socket pin 212a-1 due to locking of
thefirst probe connector 130-1, a physical force is applied
to the top convex surface of the socket pin 212a-1 and
thus the first disconnecting unit 213-1 is disconnected
from the second probe connection unit 210-2 according
to the principle of the lever.

[0158] In accordance with another embodiment of the
present invention, a physical force may be applied not
only when the connection pin 131a is inserted due to
locking but also when an additional driving device (e.g.,
a linear actuator, a motor, etc.) is operated to cause the
socket pin 212a-1 and the first disconnecting unit 213-1
to protrude toward the connection pin 131a. In this case,
the additional driving device may apply a physical force
according to a control signal received from the controller
220.

[0159] Although FIGS. 9A and 9B illustrate three sock-
et pins 212a-1 and three disconnecting units 213-1, the
first probe connection unit210-1 may include one or more
socket pins 212a-1 and one or more disconnecting units
213-1. Thus, when the first probe connector 130-1 is
locked, one or more connection pins 131a of the first
probe connector 130-1 may be inserted to be in contact
with one or more socket pins 212a-1.

[0160] Although not shown, the socket pin 212a-2 of
the second probe connection unit 210-2 may also have
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a convex shape and be connected to the first probe con-
nection unit 210-1 and the second disconnecting unit
213-2.

[0161] However, the second disconnecting unit 213-2
of the second probe connection unit 210-2 may be con-
nected to the socket pin 212a-2 and the first probe con-
nection unit 210-1, and may be connected to or discon-
nected from the third probe connection unit 210-3 ac-
cording to a physical force applied to the socket pin 212a-
2.

[0162] The socket pin 212a-3 of the third probe con-
nection unit 210-3 may also have a convex shape, and
be connected to the second probe connection unit 210-2
and the third disconnecting unit 213-3.

[0163] However, the third disconnecting unit 213-3 of
the third probe connection unit 210-3 may be connected
to the socket pin 212a-3 and the third probe connection
unit 210-3, and may be connected to or disconnected
from the fourth probe connection unit 210-4 according to
a physical force applied to the socket pin 212a-3.
[0164] FIGS. 10A and 10B illustrate probe connection
units that include a disconnecting unit such as that shown
in FIG. 8A or 8B which is embodied as a mechanical
device in accordance with other embodiments of the
present invention. Similarly, the embodiments of the
FIGS. 10A and 10B will be described with respect to the
first probe connection unit 210-1 and the first probe con-
nector 130-1 below.

[0165] Referring to FIG. 10A, a socket pin 212a-1 of a
first probe connection unit 210-1 in accordance with an-
other embodiment of the present invention has a convex
portion. One end of the socket pin 212a-1 is connected
to the beamformer 230, and the socket pin 212a-1 may
be connected to the first disconnecting unit 213-1 when
another end of the socket pin 212a-1 comes in contact
with a bottom surface of the first disconnecting unit213-1.
[0166] One end of the first disconnecting unit 213-1 is
connected to the second probe connection unit 210-2,
and the first disconnecting unit 213-1 may be connected
to the socket pin 212a-1 when the socket pin 212a-1
comes in contact with another bottom end of the first dis-
connecting unit 213-1.

[0167] Referringto FIG. 10B, when the first probe con-
nector 130-1 is locked to insert an connection pin 131a
of the first probe connector 130-1 to be in contact with
the socket pin 212a-1, a physical force is applied to the
socket pin 212a-1 to cause the socket pin 212a-1 to be
separated from the first disconnecting unit213-1, thereby
disconnecting the first disconnecting unit 213-1 from the
second probe connection unit 210-2. In this case, in ac-
cordance with another embodiment of the presentinven-
tion, a physical force may be applied not only when the
connection pin 131ais inserted due to the locking of the
first probe connector 130-1 but also when an additional
driving device (e.g., a linear actuator, a motor, etc.) is
operated to cause the socket pin 212a-2 and the first
disconnecting unit 213-1 to protrude toward the connec-
tion pin 131a.
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[0168] Although FIGS. 10A and 10B illustrate three
socket pins 212a-1 and three disconnecting units 213-1,
the first probe connection unit 210-1 may include one or
more socket pins 212a-1 and one or more disconnecting
units 213-1. Thus, when the first probe connector 130-1
is locked, one or more connection pins 131a of the first
probe connector 130-1 may be inserted to be in contact
with one or more socket pins 212a-1.

[0169] Although not shown, the socket pin 212a-2 of
the second probe connection unit 210-2 may include a
convex portion and be connected to the first probe con-
nection unit 210-1. Also, the socket pin 212a-2 may be
also connected to the second disconnecting unit 213-2
when the socket pin 212a-2 comes in contact with a bot-
tom surface of the second disconnecting unit 213-2.
[0170] The second disconnecting unit 213-2 included
in the second probe connection unit 210-2 is connected
to the third probe connection unit 210-3 and may be also
connected to the socket pin 212a-2 when the socket pin
212a-2 comes in contact with a bottom surface of the
second disconnecting unit 213-2.

[0171] Similarly, when the connection pin 13 1 of the
second probe connector 130-2 comes in contact with the
socket pin 212a-2, a physical force is applied to the sock-
et pin 212a-2 to cause the socket pin 212a-2 to be sep-
arated from the second disconnecting unit 213-2, thereby
disconnecting the second disconnecting unit 213-2 from
the third probe connection unit 210-3.

[0172] Similarly, the socket pin 212a-3 of the third
probe connection unit 210-3 may have a convex portion
and be connected to the second probe connection unit
210-2. Also, the socket pin 212a-3 may be connected to
the third disconnecting unit 213-3 when the socket pin
212a-3 comes in contact with a bottom surface of the
third disconnecting unit 213-3.

[0173] The third disconnecting unit 213-3 of the third
probe connection unit 210-3 is connected to the fourth
probe connection unit 210-4, and may be also connected
to the socket pin 212a-3 when the socket pin 212a-3
comes in contact with the bottom surface of the third dis-
connecting unit 213-3.

[0174] Similarly, when the connection pin 131a of the
third probe connector 130-3 comes in contact with the
socket pin 212a-3, a physical force may be applied to the
socket pin 212a-3 to cause the socket pin 212a-3 to be
separated from the third disconnecting unit 213-3, there-
by disconnecting the third disconnecting unit 213-3 from
the fourth probe connection unit 210-4.

[0175] Meanwhile, since the fourth probe connection
unit 210-4 need not include a disconnecting unit, the
structure of the fourth probe connection unit 210-4 is not
limited to those of the first to third probe connection units
210-1 to 210-3 of FIGS. 9A to IOB.

[0176] FIGS. 9A to 10B illustrate structures in which
the first to fourth probe connection units 210-1 to 210-4
are connected in one direction, but the first to fourth probe
connection units 210-1 to 210-4 in accordance with an-
other embodiment of the present invention may be con-
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nected in two directions.

[0177] As described above, when the first to fourth
probe connection units 210-1 to 210-4 are connected in
two directions, the first probe connection unit 210-1 is
directly connected to the beamformer 230 and the sec-
ond probe connection unit 210-2, the second probe con-
nection unit 210-2 is directly connected to the first probe
connection unit 210-1 and the third probe connection unit
210-3, the third probe connection unit 210-3 is directly
connected to the second probe connection unit 210-2
and the fourth probe connection unit210-4, and the fourth
probe connection unit 210-4 is directly connected to the
third probe connection unit 210-3.

[0178] When the first to fourth probe connection units
210-1 to 210-4 are connected in one direction, the first
probe connection unit 210-1 is connected to the beam-
former 230 via one transmission line and is connected
to the second probe connection unit 210-2 via one trans-
mission line.

[0179] However, when the first to fourth probe connec-
tion units 210-1 to 210-4 are connected in two directions,
the first probe connection unit 210-1 may be i) connected
to the beamformer 230 via a plurality of transmissionlines
and connected to the second probe connection unit210-2
via one transmission line, ii) connected to the beamform-
er 230 via one transmission line and connected to the
second probe connection unit 210-2 via a plurality of
transmission lines, or iii) connected to the beamformer
230 via a plurality of transmission lines and connected
to the second probe connection unit 210-2 via a plurality
of transmission lines.

[0180] Similarly, when the first to fourth probe connec-
tion units 210-1 to 210-4 are connected in one direction,
the second probe connection unit 210-2 is connected to
the first probe connection unit 210-1 via one transmission
line and connected to the third probe connection unit
210-3 via one transmission line.

[0181] However, when the first to fourth probe connec-
tion units 210-1 to 210-4 are connected in two directions,
the second probe connection unit 210-2 may be i) con-
nected to the first probe connection unit 210-1 via a plu-
rality of transmission lines and connected to the third
probe connection unit 210-3 via one transmission line, ii)
connected to the first probe connection unit 210-1 via
one transmission line and connected to the third probe
connection unit210-3 via a plurality of transmission lines,
or iii) connected to the first probe connection unit 210-1
via a plurality of transmission lines and connected to the
third probe connection unit 210-3 via a plurality of trans-
mission lines.

[0182] Similarly, when the first to fourth probe connec-
tion units 210-1 to 210-4 are connected in one direction,
the third probe connection unit 210-3 is connected to the
second probe connection unit 210-2 via one transmission
line and connected to the fourth probe connection unit
210-4 via one transmission line.

[0183] However, when the first to fourth probe connec-
tion units 210-1 to 210-4 are connected in two directions,
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the third probe connection unit210-3 may be i) connected
to the second probe connection unit 210-2 via a plurality
of transmission lines and connected to the fourth probe
connection unit 210-4 via one transmission line, ii) con-
nected to the second probe connection unit 210-2 via
one transmission line and connected to the fourth probe
connection unit 210-4 via a plurality of transmission lines,
or iii) connected to the second probe connection unit
210-2 via a plurality of transmission lines and connected
to the fourth probe connection unit 210-4 via a plurality
of transmission lines.

[0184] The fourth probe connection unit 210-4 may be
connected to the third probe connection unit 210-3 via
one transmission line when the first to fourth probe con-
nection units 210-1 to 210-4 are connected in one direc-
tion, and connected to the third probe connection unit
210-3 via a plurality of transmission lines When the first
to fourth probe connection units 210-1 to 210-4 are con-
nected in two directions.

[0185] FIGS. 11A to 11C illustrate probe connection
units that include a disconnecting unit embodied as a
mechanical device and that are connected to one another
in two directions in accordance with embodiments of the
presentinvention. The embodiments of FIGS. 11Ato 11C
will be described with respect to a first probe connection
unit 210-1 connected to the beamformer 230 via one
transmission line and connected to the second probe
connection unit 210-2 via two transmission lines, and a
first probe connector 130-1 placed in the first probe con-
nection unit 210-1.

[0186] Referring to FIG. 11A, a socket pin 212a-1 of
the first probe connection unit 210-1 according to another
embodiment of the present invention may have a central
protruding portion and a central end thereof may be con-
nected to one transmission line connected to a beam-
former 230.

[0187] Also, both ends of the socket pin 212a-1 may
be in contact with upper surfaces of two transmission
lines connected to the second probe connection unit
210-2, respectively, to be electrically connected to the
second probe connection unit 210-2.

[0188] A hole h is formed in both ends of the socket
pin 212a-1, through which one end of the first discon-
necting unit 213-1 may pass.

[0189] The first disconnecting unit 213-1 may include
a rectangular shaped mechanical device without a side-
line, and an additional driving device (not shown) such
as a motor or a linear actuator for automatically transfer-
ring the first disconnecting unit 213-1 according to a con-
trol signal received from the controller 220.

[0190] Also, the first disconnecting unit 213-1 may in-
clude an additional manual device for moving the rectan-
gular shaped mechanical device without the sideline to
the left or the right, instead of the driving device. In this
case, the rectangular shaped mechanical device without
the sideline may be moved to the left or the right through
a user’'s manual manipulation.

[0191] The first disconnecting unit 213-1 configured to
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be moved to the left or right according to a control signal
received from the controller 220 will be described below.
[0192] One orboth ends of the rectangular shaped me-
chanical device without the sideline may pass through
the hole h in the socket pin 212a-1 as the rectangular
shaped mechanical device without the sideline is moved
to the left or the right.

[0193] Referring to FIG. 11B, when locking is per-
formed, a central portion of the -rectangular shaped me-
chanical device without the sideline comes in contact with
the connection pin 131a, and the driving device of the
first disconnecting unit 213-1 may move the rectangular
shaped mechanical device without the sideline to the left
according to a control signal received from the controller
220.

[0194] In this case, a right end of the rectangular
shaped mechanical device without the sideline passes
through the hole h formed in a right end of the socket pin
212a-1 and a left end of the rectangular shaped mechan-
ical device without the sideline separates a left end of
the socket pin 212a-1 from a transmission line of the sec-
ond probe connection unit 210-2. As aresult, the left end
of the socket pin 212a-1 may be disconnected from the
transmission line of the second probe connection unit
210-2 and the right end of the socket pin 212a-1 may be
electrically connected to the transmission line of the sec-
ond probe connection unit 210-2 and a transmission line
of the beamformer 230.

[0195] Referring to FIG. 11C, when locking is per-
formed, the driving device of the first disconnecting unit
213-1 may move the rectangular shaped mechanical de-
vice without the sideline to the right according to a control
signal received from the controller 220.

[0196] In this case, the left end of the mechanical de-
vice passes through the hole h formed in the left end of
the socket pin212a-1, and the right end of the mechanical
device separates the right end of the socket pin 212a-1
from the transmission line of the second probe connec-
tion unit 210-2. As a result, the right end of the socket
pin 212a-1 may be disconnected from the transmission
line of the second probe connection unit 210-2 and the
left end of the socket pin 212a-1 may be electrically con-
nected to the transmission line of the second probe con-
nection unit 210-2 and the transmission line of the beam-
former 230.

[0197] That is, a direction in which the second probe
connection unit 210-2 and the first probe connection unit
210-1 are disconnected from each other may vary ac-
cording to a control signal received from the controller
220.

[0198] Although not shown, a socket pin 212a-2 of the
second probe connection unit 210-2 may also have a
central protruding portion and a central end thereof may
be connected to a transmission line connected to the first
probe connection unit 210-1.

[0199] When both ends of the socket pin 212a-2 come
in contact with top surfaces of two transmission lines con-
nected to the third probe connection unit 210-3, respec-
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tively, the socket pin 212a-2 may be also electrically con-
nected to the third probe connection unit 210-3. A hole
h may be formed in both ends of the socket pin 212a-2,
through which the second disconnecting unit 213-2 may
pass.

[0200] The second disconnecting unit 213-2 may also
have a rectangular shaped mechanical device without a
sideline, and an additional driving device or manual de-
vice, such as a motor or a linear actuator, which is con-
figured to move the second disconnecting unit 213-2.
[0201] Similarly, the socket pin 212a-3 of the third
probe connection unit 210-3 may have a central protrud-
ing portion and a central end thereof may be connected
to a transmission line connected to the second probe
connection unit 210-2.

[0202] When both ends of the socket pin 212a-3 come
in contact with top surfaces of two transmission lines con-
nected to the fourth probe connection unit 210-4, respec-
tively, the socket pin 212a-3 may be electrically connect-
ed to the fourth probe connection unit 210-4. A hole h
may be formed in both ends of the socket pin 212a-3,
through which the third disconnecting unit 213-3 may
pass.

[0203] The third disconnecting unit 213-3 may also
have a rectangular shaped mechanical device without a
sideline, and an additional driving device or manual de-
vice, such as a motor or a linear actuator, which is con-
figured to move the third disconnecting unit 213-3.
[0204] The structures and operations of the socket pins
212a-2 and 212a-3 and the disconnecting units 213-1
and 213-2 of the second probe connection unit 210-2 and
the third probe connection unit 210-3 are as described
above with respect to the first probe connection unit 210-1
and are thus not described here again.

[0205] Since the fourth probe connection unit 210-4
need not include a disconnecting unit, the structure of
the fourth probe connection unit 210-4 is not limited to
those of the first to third probe connection units 210-1 to
210-3 illustrated in FIGS. 11A to 11C.

[0206] Although FIGS. 11A to 11C each illustrate one
socket pin 212a-1, a plurality of socket pins 212a-1 may
be present and a plurality of connection pins 131a may
come in contact with the plurality of socket pins 212a-1.
[0207] Although the first to third disconnecting unit
213-11t0213-3 included in the first to third probe connec-
tion units 210-1 to 210-3 have been described above,
the first to third disconnecting units 213-1 to 213-3 may
be installed outside the first to third probe connection
units 210-1 to 210-3.

[0208] FIG. 12 is a conceptual diagram illustrating a
disconnecting unit installed outside a probe connection
unit in accordance with another embodiment of the
presentinvention. FIG. 12 is another embodiment of FIG.
8C or 8D.

[0209] Referring to FIG. 12, a first disconnecting unit
213-1 which disconnects a first probe connection unit
210-1 and a second probe connection unit 210-2 is in-
stalled outside the first probe connection unit 210-1, a
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second disconnecting unit 213-2 which disconnects the
second probe connection unit 210-2 and a third probe
connection unit 210-3 is installed outside the second
probe connection unit 210-2, and a third disconnecting
unit 213-3 which disconnects the third probe connection
unit 210-3 and a fourth probe connection unit 210-4 is
installed outside the third probe connection unit 210-3.
[0210] However, allthe first to third disconnecting units
213-1 to 213-3 may be included in the body 200, and
embodied as an analog switch, a FET, an integrated cir-
cuit, MEMS, or a mechanical device.

[0211] The first disconnecting unit 213-1 embodied as
amechanical device willnow be described as an example
of a disconnecting unit 213 corresponding to one of the
first to third disconnecting unit 213-1 to 213-3.

[0212] FIGS. 13A and 13B illustrate a probe connec-
tion unit that includes a first disconnecting unit installed
outside a first probe connection unit in accordance with
another embodiment of the present invention. FIGS. 13A
and 13B are other embodiments of FIG. 12. FIGS. 14A
and 14B illustrate a probe connection unit that includes
a first disconnecting unit installed outside a first probe
connection unit in accordance with another embodiment
of the present invention. FIGS. 14A and 14B are other
embodiments of FIG. 12.

[0213] Referring to FIGS. 13A and 13B, a first discon-
necting unit 213-1 in accordance with an embodiment of
the present invention may be a driving device that verti-
cally moves at least one transmission line connected to
the first probe connection unit 210-1 and at least one
transmission line connected to the second probe con-
nection unit 210-2 to be separated from each other (see
FIG. 13A) or to be attached to each other (see FIG. 13B).
[0214] To this end, the first disconnecting unit 213-1
may be embodied as a motor or a linear actuator.
[0215] Forexample, when a user selects the first probe
assembly 100-1, the controller 220 may transmit a control
signal to the first disconnecting unit 213-1 to separate
the first probe connection unit 210-1 and the second
probe connection unit 210-2 from each other.

[0216] Referring to FIGS. 14A and 14B, a first discon-
necting unit 213-1 in accordance with another embodi-
ment of the present invention may be a driving device
that moves at least one transmission line connected to
the first probe connection unit 210-1 and at least one
transmission line connected to the second probe con-
nection unit 210-2 to the left or the right to be separated
from each other (see FIG. 13A) or to be attached to each
other (see FIG. 13B).

[0217] Similarly, in this case, the first disconnecting
unit 213-1 may be embodied as a motor or a linear ac-
tuator.

[0218] In addition, the first to third disconnecting units
213 may be disconnected from the probe connection
units 210-1 to 210-4 or the beamformer 230 in various
ways and thus disconnecting means are not limited to
that as described above.

[0219] FIG. 15is a flowchart of a method of controlling
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an ultrasound imaging apparatus in accordance with one
embodiment of the present invention.

[0220] In accordance with one embodiment of the
present invention, an ultrasound imaging apparatus in-
cludes a plurality of probe connection units in which a
plurality of probe assemblies are placed, respectively.
[0221] Forexample, when four probe connection units
are provided in the ultrasound imaging apparatus, a first
probe connection unit is directly connected to a beam-
former of the ultrasound imaging apparatus and a second
probe connection unit, the second probe connection unit
is directly connected to the first probe connection unit
and a third probe connection unit, the third probe con-
nection unit is directly connected to the second probe
connection unit and a fourth probe connection unit, and
the fourth probe connection unit is directly connected to
the third probe connection unit.

[0222] An ultrasound signal transmitted or received by
the beamformer with respect to the second probe con-
nection unit is transmitted via the first probe connection
unit. An ultrasound signal transmitted or received by the
beamformer with respect to the third probe connection
unit is transmitted via the first probe connection unit and
the second probe connection unit. An ultrasound signal
transmitted or received by the beamformer with respect
to the fourth probe connection unit is transmitted via the
first to third probe connection units.

[0223] A method of controlling the ultrasound imaging
apparatus will be described below.

[0224] First, an input device receives a command to
select one of a plurality of probe assemblies from a user
(operation S1100).

[0225] Next, for automatically locking the selected
probe assembly, a controller transmits a control signal
to a locking unit of a probe connection unit in which the
selected probe assembly is placed, and the locking unit
receiving the control signal locks the selected probe as-
sembly (operation S1200).

[0226] In contrast, in order to be continuously electri-
cally connected to the selected probe assembly and to
unlock non-selected probe assemblies in a state in which
aplurality of probe assemblies have been already locked,
the controller may transmit a control signal to locking units
of probe connection units in which the non-selected
probe assemblies are placed and the locking units re-
ceiving the control signal may unlock the non-selected
probe assemblies.

[0227] A method of performing locking and unlocking
is as described above and is thus not described here.
[0228] Next, the controller controls a non-via probe
connection unit to be disconnected from the probe con-
nection unit in which the selected probe assembly is
placed (operation S1300).

[0229] Here, a via probe connection unit means a
probe connection unit via which a signal is exchanged
between the beamformer and the probe connection unit
corresponding to the selected probe assembly. For ex-
ample, when a third probe assembly is selected, via
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probe connection units are the first and second probe
connection units.

[0230] Here, the non-via probe connection unit means
a probe connection unit among probe connection units
corresponding to non-selected probe assemblies except
for a via probe connection unit. For example, when the
third probe assembly is selected, the fourth probe con-
nection unit is a non-via probe connection unit.

[0231] For disconnection, the ultrasound imaging ap-
paratus may further include disconnecting units inside or
outside a plurality of probe connection units. The discon-
necting units may be embodied as, for example, analog
switches, FETs, integrated circuits, MEMS, mechanical
devices, etc., and disconnect probe connection units
from each other.

[0232] For example, when a first probe assembly is
selected, the controller may transmit a control signal to
a first disconnecting unit so as to disconnect the first
probe connection unit and the second probe connection
unit. When a second probe assembly is selected, a con-
trol signal may be transmitted to a second disconnecting
unit so as to disconnect the second probe connection
unit and the third probe connection unit. When the third
probe assembly is selected, a control signal may be
transmitted to a third disconnecting unit so as to discon-
nect the third probe connection unit and the fourth probe
connection unit. However, when a fourth probe assembly
is selected, non-via probe connection units are not
present and thus the process of transmitting a control
signal described above may be omitted.

[0233] Meanwhile, the first to fourth disconnecting
units may be disconnected through a user's manual ma-
nipulation and need not thus be disconnected according
to a control signal received from the controller.

[0234] Thedisconnecting units are as described above
and are not described again here.

[0235] Although referring to FIG. 15, the selected
probe assembly is automatically locked and then non-via
probe assemblies that are not selected are disconnected,
embodiments of the present invention are not limited to
the order and the selected probe assembly may be au-
tomatically locked after the non-via probe assemblies
that are not selected are disconnected (operation
S1300).

[0236] As is apparent from the above description, in
an ultrasound imaging apparatus and a method of con-
trolling the same in accordance with one embodiment of
the presentinvention, a non-selected probe connector is
disconnected to decrease the length of a stub which is a
short branch line connected in parallel to a transmission
line.

[0237] Also, according to the embodiments set forth
herein, in an ultrasound imaging apparatus and a method
of controlling the same in accordance with one aspect,
a non-selected probe connector is disconnected to de-
crease negative effects due to signal attenuation caused
by an impedance of an unnecessary transmission line.
[0238] The above methods of controlling an ultrasound
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imaging apparatus can be embodied as computer read-
able code ina computer readable medium. The computer
readable medium may be any recording apparatus ca-
pable of storing data that is read by a computer system,
e.g.,aread-only memory (ROM), arandom access mem-
ory (RAM), a magnetic tape, a magnetic disk, a flash
memory, an optical data storage device, and so on. The
computer readable medium can be distributed among
computer systems that are interconnected through a
computer communication network, and the present in-
vention may be placed and implemented as computer
readable code in the distributed system.

[0239] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the invention as defined by the ap-
pended claims. The exemplary embodiments should be
considered in descriptive sense only and not for purposes
of limitation. For example, each component described as
a single form may be divided and dispersed, and com-
ponents described as being dispersed may be combined
in a single form.

[0240] Although a few embodiments of the present in-
vention have been shown and described, it would be ap-
preciated by those skilled in the art that changes may be
made in these embodiments without departing from the
principles and spirit of the invention, the scope of which
is defined in the claims and their equivalents.

Claims
1. An ultrasound imaging apparatus comprising:

a beamformer to transmit or receive an ultra-
sound signal;

afirst probe connection unitinwhich a first probe
connector is placed; and

a second probe connection unit in which a sec-
ond probe connector is placed,

wherein the second probe connection unit is
connected to the beamformer via the first probe
connection unit, and

the first probe connection unit comprises a dis-
connecting unitto disconnect the first probe con-
nection unit and the second probe connection
unit from each other.

2. The ultrasound imaging apparatus according to
claim 1, further comprising a controller to control the
first and second probe connection units, and
wherein the first probe connection unit comprises a
locking unit to lock the first probe connector into the
first probe connection unitand the second probe con-
nection unit comprises a locking unit to lock the sec-
ond probe connector into the second probe connec-
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tion unit, based on a control signal generated by the
controller.

The ultrasound imaging apparatus according to
claim 2, wherein, when the first probe connector is
locked into the first probe connection unit, the dis-
connecting unit disconnects the first probe connec-
tion unit and the second probe connection unit from
each other.

The ultrasound imaging apparatus according to
claim 1, wherein the first and second probe connec-
tors are locked into the first and second probe con-
nection units, respectively, through a user’'s manual
manipulation.

The ultrasound imaging apparatus according to
claim 1, wherein the disconnecting unit comprises
at least one among an analog switch, a field-effect
transistor (FET), an integrated circuit, and micro-
electromechanical systems (MEMS) to disconnect
the first probe connection unit and the second probe
connection unit.

The ultrasound imaging apparatus according to
claim 1, wherein the first probe connection unit fur-
ther comprises a socket pin configured to transmit
or receive an ultrasound signal when the socket pin
comes in contact with an connection pin of the first
probe connector, and

the disconnecting unit disconnects the first probe
connection unit and the second probe connection
unit when the connection pin comes in contact with
the socket pin.

The ultrasound imaging apparatus according to
claim 6, wherein the socket pin is formed in a convex
shape and connected to the beamformer and the
disconnecting unit, and

the disconnecting unitis connected to the socket pin,
the beamformer, and the second probe connection
unit, and disconnects the first probe connection unit
and the second probe connection unit when a phys-
ical force is applied to a convex portion of the socket

pin.

The ultrasound imaging apparatus according to
claim 6, wherein the socket pin has a convex portion,
one end of the socket pin is connected to the beam-
former, and the socket pin is connected to the dis-
connecting unit when another end of the socket pin
comes in contact with the disconnecting unit,

one end of the disconnecting unit is connected to the
second probe connection unit, and the disconnecting
unit is connected to the socket pin when the socket
pin comes in contact with the disconnecting unit, and
the other end of the socket pin is separated from the
other end of the disconnecting unit when a physical
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force is applied to the convex portion of the socket
pin.

The ultrasound imaging apparatus according to
claim 6, wherein the socket pin has a central pro-
truding portion, a central end of the socket pinis con-
nected to the beamformer, both ends of the socket
pin are connected to the second probe connection
unit, and a plurality of holes are formed in the both
ends of the socket pin, through which the discon-
necting unit passes, and

one end of the disconnecting unit passes through
one of the plurality of holes as the disconnecting unit
is moved to the left or the right, and another end of
the disconnecting unit causes the socket pin to be
separated from the second probe connection unit.

The ultrasound imaging apparatus according to
claim 9, further comprising a controller to control the
disconnecting unit, and

wherein the disconnecting unit is moved to the left
or the right according to a control signal generated
by the controller or through a user’s manipulation.

The ultrasound imaging apparatus according to
claim 6, wherein the first probe connection unit fur-
ther comprises a driving device to cause the connec-
tion pin of the first probe connector and the socket
pin to contact each other.

The ultrasound imaging apparatus according to
claim 1, further comprising a controller to control the
disconnecting unit, and

wherein the disconnecting unit changes a direction
in which the first probe connection unit and the sec-
ond probe connection unit are to be disconnected
from each other, according to a control signal gen-
erated by the controller or through a user's manipu-
lation.

The ultrasound imaging apparatus according to
claim 1, further comprising an input device to receive
a command to select a first probe or a second probe
from a user,

wherein, when the first probe is selected, the discon-
necting unit disconnects the first probe connection
unit and the second probe connection unit from each
other.

The ultrasound imaging apparatus according to
claim 1, further comprising a third probe connection
unit in which a third probe connector is placed,
wherein the third probe connection unit is connected
to the beamformer via the first and second probe
connection units, and

the second probe connection unit comprises a dis-
connecting unit to disconnect the second probe con-
nection unit and the third probe connection unit from
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each other.

A method of controlling an ultrasound imaging ap-
paratus which includes a first probe connection unit
in which a first probe connector is placed and a sec-
ond probe connection unit in which a second probe
connector is placed, the method comprising:

receiving a command to select a first probe or a
second probe from a user;

locking the first probe connector including the
first probe when the first probe is selected; and
disconnecting the second probe connection
unit, which is connected to the beamformer via
the first probe connection unit, from the first
probe connection unit.
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FIG. 12

FIRST PROBE CONNECTION UNIT |—210-1

FIRST DISCONNECTING UNIT 213-1

.
SECOND PROBE CONNECTION UNIT f—210-2

SECOND DISCONNECTING UNIT 213-2

THIRD PROBE CONNECTION UNIT F-210-3

THIRD DISCONNECTING UNIT 213-3

FOURTH PROBE CONNECTION UNIT j~210-4
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FIG. 13A
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MOTOR

FIG. 13B
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FIG. 14A
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FIG. 15
(_START )
SELECT PROBE UNIT S1100
PERFORM AUTOMAT IC LOCKING ~—S51200

ON SELECTED PROBE UNIT

DISCONNECT NON-VIA PROBE UNIT  |—S1300
THAT 1S NOT SELECTED

END

39



10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3 056 152 A1

Application Number

EP 15 16 9411

DOCUMENTS CONSIDERED TO BE RELEVANT

Category

Citation of document with indication, where appropriate,

Relevant CLASSIFICATION OF THE

of relevant passages

to claim

APPLICATION (IPC)

X
Y

EP 0 528 693 Al (FUJITSU LTD [JP])

24 February 1993 (1993-02-24)

* column 1, Tines 5-10; claims; figures *
* column 2, Tine 43 - column 3, line 55 *
* column 4, line 55 - column 12, line 22 *
US 2010/018314 Al (OONUKI YUTAKA [JP] ET
AL) 28 January 2010 (2010-01-28)

* paragraphs [0011] - [0012], [0018] -
[0034], [0057] - [0058]; claims; figures
*

US 2009/069690 Al (SHIN SO0 HWAN [KR] ET
AL) 12 March 2009 (2009-03-12)

* paragraphs [0013] - [0023]; claims;
figures *

EP 2 609 867 Al (SAMSUNG MEDISON CO LTD
[KR]) 3 July 2013 (2013-07-03)

* the whole document *

US 2006/036177 Al (ONODERA HIDEO [JP])
16 February 2006 (2006-02-16)

* the whole document *

US 2012/078109 Al (OKUNO YOSHIYUKI [JP])
29 March 2012 (2012-03-29)

* the whole document *

WO 2014/128519 Al (SUPER SONIC IMAGINE
[FR]) 28 August 2014 (2014-08-28)

* the whole document *

US 2002/146927 Al (UCHIBORI MASAMI [JP] ET
AL) 10 October 2002 (2002-10-10)

* the whole document *

_/__

The present search report has been drawn up for all claims

1,15
2-14

2-14

1-15

1-15

1-15

1-15

1-15

1-15

INV.
A61B8/00
GO157/00
HO1R13/00

TECHNICAL FIELDS
SEARCHED (IPC)

A61B
GO1S
HO1R

Place of search

Munich

Date of completion of the search

7 June 2016

Examiner

Mundakapadam, S

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

40




10

15

20

25

30

35

40

45

50

55

EP 3 056 152 A1

European
Patent Office
Office européen

Européisches
Patentamt

des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 15 16 9411

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A JP 2008 148841 A (ALOKA CO LTD) 1-15

3 July 2008 (2008-07-03)
* the whole document *

The present search report has been drawn up for all claims

TECHNICAL FIELDS
SEARCHED (IPC)

Place of search Date of completion of the search

Examiner

Munich 7 June 2016 Mundakapadam, S
CATEGORY OF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A : technological background
O : non-written disclosure
P : intermediate document

: member of the same patent family, corresponding

document

41




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 056 152 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 15 16 9411

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

07-06-2016
Patent document Publication Patent family Publication
cited in search report date member(s) date
EP 0528693 Al 24-02-1993 DE 69221227 D1 04-09-1997
DE 69221227 T2 27-11-1997
EP 0528693 Al 24-02-1993
JP 2683966 B2 03-12-1997
JP HO542143 A 23-02-1993
us 5318027 A 07-06-1994
US 2010018314 Al 28-01-2010 CN 101632595 A 27-01-2010
JP 5467740 B2 09-04-2014
JP 2010022664 A 04-02-2010
US 2010018314 Al 28-01-2010
US 2009069690 Al 12-03-2009  NONE
EP 2609867 Al 03-07-2013  EP 2609867 Al 03-07-2013
JP 2013132560 A 08-07-2013
KR 20130074398 A 04-07-2013
US 2013165790 Al 27-06-2013
US 2006036177 Al 16-02-2006  CN 1720864 A 18-01-2006
JP 4602017 B2 22-12-2010
JP 2006026046 A 02-02-2006
US 2006036177 Al 16-02-2006
US 2012078109 Al 29-03-2012 CN 102481140 A 30-05-2012
EP 2452627 Al 16-05-2012
JP 4906978 B2 28-03-2012
US 2012078109 Al 29-03-2012
WO 2011129301 Al 20-10-2011
W0 2014128519 Al 28-08-2014 CA 2898692 Al 28-08-2014
CN 105120758 A 02-12-2015
EP 2958495 Al 30-12-2015
JP 2016513984 A 19-05-2016
KR 20150121700 A 29-10-2015
US 2016007958 Al 14-01-2016
WO 2014128519 Al 28-08-2014
US 2002146927 Al 10-10-2002  CN 1378820 A 13-11-2002
JP 3688215 B2 24-08-2005
JP 2002301073 A 15-10-2002
KR 20020077655 A 12-10-2002
US 2002146927 Al 10-10-2002
JP 2008148841 A 03-07-2008  NONE

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

42




RiES

[PRIER 1 (Z R A(F)
R (TR AGE)
HAT R E (TR AGE)

FRI& B A

KRN

IPCHRS

CPCHRF

L 5ER
S EREEEE

BEX)

REAXNTFT —HBEERGRE , SFEATRERBERBFESHIRR
TERER; S —RENER R T, HPRES — R &SR NE DR EZS
7T, HRRESZRINEESR. E-RNERETLME-—RITERS
TEBRIRREERE , FAE - REEZETOEMTLET , LUFE—

BAERRIRE R EREGE
EP3056152A1
EP2015169411
ZEZB/RKASH
=EMEDISON CO. , LTD.

=EMEDISON CO. , LTD.

LEE SANG MOK
KIM NAM WOONG
LEE HONG GYO

LEE, SANG-MOK
KIM, NAM-WOONG
LEE, HONG-GYO

A61B8/00 G01S7/00 HO1R13/00

patsnap

2016-08-17

2015-05-27

A61B8/4405 A61B8/4411 A61B8/4444 A61B8/4477 A61B8/467 G01S7/52082 A61B8/52 A61B8/54

GO01N29/24

1020150021964 2015-02-13 KR

Espacenet

PREFER B TS ZIRENEE R TR

FIG. 5

777777777

CONNFEC
- =

BOLY
230 240 250 200

Jocrarowen] 5

AT T TVRGE [ TBTERCAY
S5O0 PHOCEBEAN vEvICE

THIAD PRIBC

CTLON N1 T
OCRET.

-2 i
G
== = 450

01 SCONRECT 1 HG
N T

220

———— [ THPUT OEVICE



https://share-analytics.zhihuiya.com/view/b2edf15a-e5ba-4288-a3dc-9d83eb161699
https://worldwide.espacenet.com/patent/search/family/053373262/publication/EP3056152A1?q=EP3056152A1

