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(54) ULTRASONIC IMAGING DEVICE AND CONTROL METHOD THEREOF

(57) It is an aspect of the disclosure to provide an
ultrasound imaging apparatus and a control method
thereof which can be replaced more quickly and conven-
iently in replacing an ultrasound probe when a patient is
diagnosed as a whole using the ultrasound imaging ap-
paratus.

In accordance with an aspect of the disclosure, an
ultrasound imaging apparatus includes: a first ultrasound
probe configured to obtain an ultrasound image of an
object by transmitting and receiving an ultrasound signal;
a second ultrasound probe provided as a different type
of ultrasound probe from the first ultrasound probe; a
storage to store a program for guiding a diagnosis se-
quence of a patient comprising a predetermined first di-
agnosis step and a second diagnosis step; and a con-
troller configured to guide to diagnose the patient using
the first ultrasound probe corresponding to the first diag-
nosis step and guide to replace with the second ultra-
sound probe corresponding to the second diagnosis step
when changing from the first diagnosis step to the second
diagnosis step based on the program.
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Description

1. Field

[0001] The present invention relates to an ultrasound
imaging apparatus for generating an image inside an ob-
ject using ultrasound.

2. Description of the Related Art

[0002] An ultrasound diagnostic apparatus is a device
for transmitting ultrasound from a surface of a subject
toward a target point of the inside of the subject, and
obtaining tomograms of soft tissue or images of blood
flow in an non-invasive manner by receiving the reflected
echo ultrasound.
[0003] The ultrasound diagnostic apparatus is widely
used due to being compact and inexpensive, and is able
to display diagnostic images in real time, as compared
to X-ray devices, Computerized Tomography (CT) scan-
ners, Magnetic Resonance Imaging (MRI) devices, etc.
[0004] The ultrasound diagnostic apparatus includes
a probe for transmitting ultrasound to the subject and
receiving the echo ultrasound reflected from the subject
to obtain an ultrasound image of the subject.
[0005] There may be multiple probes equipped in the
ultrasound diagnostic apparatus, and each probe may
be coupled with a port of the ultrasound diagnostic ap-
paratus over a wireless communication network or via a
cable. Each probe may be held in a holder equipped in
the ultrasound diagnostic apparatus.
[0006] Typically, if a user selects one of the plurality of
probes held in the holder, the user has to manually type
in which port the selected probe corresponds to. For ex-
ample, in a case where there are first and second holders
equipped in the ultrasound diagnostic apparatus and the
user selects the probe held in the second holder, the user
has to type in whether the probe held in the second holder
is coupled with a first port or a second port directly to the
ultrasound diagnostic apparatus.
[0007] In addition, the user may use the ultrasound im-
aging apparatus to diagnose a patient as a whole. The
ultrasound imaging apparatus may include a program for
guiding the user to diagnose the patient as a whole. In
addition, the program may include a sequential diagnosis
step of diagnosing the patient. In proceeding with the
diagnostic step, it has been inconvenient for the user to
replace the ultrasonic probe for accurate diagnosis.

SUMMARY

[0008] Therefore, it is an aspect of the disclosure to
provide an ultrasound imaging apparatus and a control
method thereof which can be replaced more quickly and
conveniently in replacing an ultrasound probe when a
patient is diagnosed as a whole using the ultrasound im-
aging apparatus.
[0009] In accordance with an aspect of the disclosure,

an ultrasound imaging apparatus includes: a first ultra-
sound probe configured to obtain an ultrasound image
of an object by transmitting and receiving an ultrasound
signal; a second ultrasound probe provided as a different
type of ultrasound probe from the first ultrasound probe;
a storage to store a program for guiding a diagnosis se-
quence of a patient comprising a predetermined first di-
agnosis step and a second diagnosis step; and a con-
troller configured to guide to diagnose the patient using
the first ultrasound probe corresponding to the first diag-
nosis step and guide to replace with the second ultra-
sound probe corresponding to the second diagnosis step
when changing from the first diagnosis step to the second
diagnosis step based on the program.
[0010] The ultrasound imaging apparatus further in-
cludes: a holder comprising a first light source corre-
sponding to the first ultrasound probe and a second light
source corresponding to the second ultrasound probe
and provided to hold the first ultrasound probe and the
second ultrasound probe, and the controller is configured
to turn on the first light source or the second light source
based on the program.
[0011] The ultrasound imaging apparatus further in-
cludes: a display unit to display the ultrasound image
acquired by at least one of the first ultrasound probe and
the second ultrasound probe, and the controller is con-
figured to guide to replace the first ultrasound probe with
the second ultrasound probe through the display unit
based on the program.
[0012] The ultrasound imaging apparatus further in-
cludes: an input unit to receive a command from a user,
and the controller is configured to store diagnosis con-
tents of the first diagnosis step in the storage when the
user inputs a save command through the input unit and
guide to replace with the second ultrasound probe cor-
responding to the second diagnosis step.
[0013] The input unit receives information of the object
from the user, and the controller is configured to guide
to replace the first ultrasound probe with the second ul-
trasound probe by using the program and the information
of the object.
[0014] The input unit receives information related to
the ultrasound image from the user, and the controller is
configured to guide to replace the first ultrasound probe
with the second ultrasound probe by using the program
and the information related to the ultrasound image.
[0015] The storage stores a set value of each of the
first ultrasound probe and the second ultrasound probe
when the ultrasound image is acquired, and the controller
is configured to guide to replace with the second ultra-
sound probe corresponding to the second diagnosis step
by applying the set value when changing from the first
diagnosis step to the second diagnosis step based on
the program.
[0016] Each of the first ultrasound probe and the sec-
ond ultrasound probe is provided as one of a convex
array probe, a linear array probe and a phased array
probe.
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[0017] The second ultrasound probe acquires an ultra-
sound image by using an ultrasound of a frequency band
different from the first ultrasound probe.
[0018] In accordance with an aspect of the disclosure,
a control method of an ultrasound imaging apparatus in-
cludes: guiding a diagnosis sequence of a patient com-
prising a predetermined first diagnosis step and a second
diagnosis step based on a program stored in a storage;
guiding to diagnose the patient using a first ultrasound
probe corresponding to the first diagnosis step; and guid-
ing to replace with a second ultrasound probe corre-
sponding to the second diagnosis step when changing
from the first diagnosis step to the second diagnosis step.
[0019] The guiding to replace with the second ultra-
sound probe corresponding to the second diagnosis step
includes: turning on a first light source corresponding to
the first ultrasound probe or a second light source corre-
sponding to the second ultrasound probe based on the
program.
[0020] The guiding to replace with the second ultra-
sound probe includes: guiding to replace the first ultra-
sound probe with the second ultrasound probe through
a display unit based on the program.
[0021] The guiding to replace with the second ultra-
sound probe includes: storing diagnosis contents of the
first diagnosis step in the storage when a user inputs a
save command, and guiding to replace with the second
ultrasound probe corresponding to the second diagnosis
step.
[0022] The control method further includes: receiving
information of an object from the user, the guiding to re-
place with the second ultrasound probe includes: guiding
to replace the first ultrasound probe with the second ul-
trasound probe by using the program and the information
of the object.
[0023] The guiding to replace with the second ultra-
sound probe includes: guiding to replace the first ultra-
sound probe with the second ultrasound probe by using
the program and the information related to the ultrasound
image.
[0024] The guiding to replace with the second ultra-
sound probe includes: guiding to replace with the second
ultrasound probe corresponding to the second diagnosis
step by applying the set value when changing from the
first diagnosis step to the second diagnosis step based
on the program.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025]

FIG. 1 is an exterior view of an ultrasound diagnostic
apparatus according to an embodiment of the
present disclosure.
FIG. 2 is an exterior view of a probe.
FIG. 3 shows various probes in different shapes.
FIG. 4 is an enlarged view of holders equipped in a
main body.

FIG. 5 is a perspective view illustrating a form in
which an ultrasonic probe is held in a holder accord-
ing to an exemplary embodiment.
FIG. 6 is a control block diagram of an ultrasound
imaging apparatus according to an exemplary em-
bodiment.
FIG. 7 is a control block diagram of a main body
according to an embodiment of the present disclo-
sure.
FIG. 8 is a diagram for explaining guiding a replace-
ment of an ultrasonic probe by using a holder ac-
cording to an exemplary embodiment.
FIG. 9 is a diagram for explaining guiding a replace-
ment of an ultrasonic probe by using a display ac-
cording to an exemplary embodiment.
FIG. 10 is a diagram illustrating guiding an ultra-
sound probe using a display unit according to an
exemplary embodiment.
FIG. 11 is a flowchart according to an exemplary
embodiment.
FIG. 12 is a flowchart illustrating a general method
for controlling an ultrasound diagnostic apparatus
with a probe held in a holder according to an embod-
iment of the present disclosure.
FIG. 13 is a flowchart illustrating a general method
for controlling an ultrasound diagnostic apparatus
with a probe held out of a holder according to an
embodiment of the present disclosure.

DETAILED DESCRIPTION

[0026] The present disclosure will now be described
more fully with reference to the accompanying drawings,
in which exemplary embodiments of the disclosure are
shown. The disclosure may, however, be embodied in
many different forms and should not be construed as
being limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
concept of the disclosure to those skilled in the art. Like
reference numerals in the drawings denote like elements,
and thus their description will be omitted. In the descrip-
tion of the present disclosure, if it is determined that a
detailed description of commonly-used technologies or
structures related to the embodiments of the present dis-
closure may unnecessarily obscure the subject matter of
the invention, the detailed description will be omitted. It
will be understood that, although the terms first, second,
third, etc., may be used herein to describe various ele-
ments, components, regions, layers and/or sections,
these elements, components, regions, layers and/or sec-
tions should not be limited by these terms. These terms
are only used to distinguish one element, component,
region, layer or section from another region, layer or sec-
tion.
[0027] Embodiments of an ultrasound diagnostic ap-
paratus and method for controlling the same will be de-
scribed in detail with reference to accompanying draw-
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ings.
[0028] FIG. 1 is an exterior view of an ultrasound di-
agnostic apparatus according to an embodiment of the
present disclosure, FIG. 2 is an exterior view of a probe,
FIG. 3 shows various probes in different shapes, and
FIG. 4 is an enlarged view of a plurality of holders
equipped in a main body.
[0029] Referring to FIG. 1, an ultrasound diagnostic
apparatus 10 may include an ultrasound probe 100 and
a main body 200. The ultrasound probe 100 shown in
FIG. 2 may be one of a plurality of ultrasound probes
100-1 to 100-4 shown in FIG. 1.
[0030] The ultrasound probe 100 may transmit ultra-
sound to a subject, and receive and convert the echo
ultrasound reflected from the subject to an electric signal
(hereinafter, referred to as an ultrasound signal).
[0031] The main body 200 may be coupled with the
plurality of ultrasound probes 100-1 to 100-4 through at
least one port 210. A first ultrasound probe and a second
ultrasound probe are used to distinguish one ultrasound
probe from another ultrasound probe, and the ultrasound
probe is not limited by the above terms.
[0032] The main body 200 may create an ultrasound
image based on the ultrasound signal received from the
plurality of ultrasound probes 100-1 to 100-4.
[0033] The main body 200 may be a workstation having
a display unit 260 and an input unit 270, and may be
coupled with the plurality of ultrasound probes 100-1 to
100-4.
[0034] There may be a plurality of the display units 260
and the input units 270 equipped in the main body 200.
[0035] Features and operation methods of the plurality
of ultrasound probes 100-1 to 100-4 will be described in
detail in connection with FIG. 2. For convenience of ex-
planation, the ultrasound probe 100 refers to each of the
plurality of ultrasound probes 100-1 to 100-4, and may
be one of the plurality of ultrasound probes 100-1 to
100-4.
[0036] The ultrasound probe 100 may include a trans-
ducer 110 for transmitting/receiving ultrasound, a probe
connector 130 for transmitting/receiving signals to/from
the main body 200, and a cable 120 connecting the trans-
ducer 110 and the probe connector 130.
[0037] The transducer 110 may transmit/receive ultra-
sound to/from the subject to obtain the ultrasound image
of the inside of the subject.
[0038] Specifically, the transducer 110 may include a
transducer module 111 for converting between electric
signals and vibration (or acoustic) energy, which may
use vibrators, such as piezoelectrics (not shown) to trans-
mit ultrasound to the subject and receive the echo ultra-
sound reflected from the subject.
[0039] If the number of the vibrators is 64 to 256, cou-
pling elements as many as the number of the vibrators
are required in coupling the ultrasound probe 100 and
the main body 200.
[0040] The object may be, but not exclusively, a living
body of a human or animal, an organ in the living body,

such as blood vessels, bones, muscles, etc., or anything
whose internal structure may be imaged by the ultra-
sound diagnostic apparatus 10.
[0041] Referring to FIG. 3, the transducer 110 may be
implemented as a linear transducer having a linear sur-
face as shown in (a) of FIG. 3, as a convex transducer
having a convex and curved surface as shown in (b) of
FIG. 3, or as a matrix transducer as shown in (c) of FIG.
3, depending on an arrangement form of the transducer
module 111. However, the transducer 110 is not limited
thereto, and may be implemented in any other form than
those shown in FIG. 3, which is known to a person having
ordinary skill in the art, such as a phased array transduc-
er.
[0042] The transducer 110 is connected to an end of
the cable 120, the other end of which may be connected
to the probe connector 130.
[0043] The ultrasound probe connector 130 is connect-
ed to a port of the main body 200 for transmitting/receiv-
ing electric signals with the main body 200.
[0044] The ultrasound probe connector 130 may be
implemented as a connector combined with the port of
the main body 200 implemented as a female connector.
[0045] Referring to FIG. 4, a holder 280 may be ar-
ranged in the main body 200 to hold the ultrasound probe
100. There may be a plurality of the holders 280 arranged
independently of the number of the ultrasound probes
100 or the number of the ports 210.
[0046] The holder 280 provided in the main body 200
may be provided as first to sixth holders 280-1 to 280-6.
An object sensor and an electromagnetic wave sensor
may be provided in the first to sixth holders 280-1 to
280-6, respectively. In this case, the object sensor and
the electromagnetic sensor may be provided to corre-
spond to the number of the holders 280, may be provided
on the holder 280 or around the holder 280. The object
sensor senses the physical change around the holder
280. For example, the object sensor may be a conductor
sensor, an infrared sensor, an LED sensor, or a magnetic
sensor.
[0047] On the other hand, the holder may be provided
with a light source. When the light source guides the re-
placement of the first ultrasound probe with the second
ultrasound probe as described below, the light source
can illuminate the light so that the user can intuitively
recognize the holder on which the second ultrasound
probe is held. The light source may be composed of
LEDs, but the type is not limited as long as the light source
can be irradiated.
[0048] When the object sensor is the conductor sensor,
the impedance or resonance frequency detected by the
conductor sensor may vary depending on whether the
ultrasound probe 100 is held in the holder 280. In this
case, an object sensor sensing value processor may de-
termine whether the ultrasound probe is held in the basis
of the impedance or resonance frequency detected by
the conductor sensor, that is, the sensing value.
[0049] As shown in FIG. 4, the first to sixth holders
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280-1 to 280-6 may be provided around the display unit
260 or the input unit 270 of the main body 200. However,
the position provided is not necessarily limited thereto.
[0050] In FIG. 4, the ultrasound probe is held in the
third holder 280-3 and the fifth holder 280-5, and the light
source irradiates light to the corresponding holder. How-
ever, the position of the ultrasound probe is not limited
thereto. The ultrasound probe may be held in all of the
holders 280-1 to 280-6.
[0051] FIG. 5 is a perspective view illustrating a form
in which an ultrasonic probe is held in a holder according
to an exemplary embodiment. Referring to FIG. 5, each
of the holders 280 may be provided with an object sensor
282 and a light source 281. The object sensor 282 may
detect a situation in which the ultrasound probe 100 is
held or held out. The object sensor 282 may be imple-
mented as an infrared sensor, a magnetic sensor, a ca-
pacitance sensor, and an electromagnetic wave sensor,
and the type of sensor is not limited as long as it is a
sensor capable of acquiring a holding state of the ultra-
sound probe 100.
[0052] Meanwhile, the holder 280 may have the light
source 281. The light source 281 may irradiate light for
guiding the ultrasound probe to be used based on a di-
agnosis step of a program and the user’s command as
described below. Specifically, a first light source 281-1
may be provided in the holder 280 on which the first ul-
trasound probe is held, and a second light source 281-2
may be provided in the holder 280 on which the second
ultrasound probe 100-2 is held. Detailed operations re-
lated to the first light source and the second light source
will be described later.
[0053] FIG. 6 is a control block diagram of an ultra-
sound imaging apparatus according to an exemplary em-
bodiment.
[0054] Referring to FIG. 6, the ultrasound imaging ap-
paratus includes a controller, a beamformer, a signal
processor, an image processor, a display unit, an input
unit, a holder, and a storage.
[0055] The controller 220 may generate control signals
to control the respective elements of the ultrasound probe
100 and the main body 200.
[0056] For example, the controller 220 may generate
control signals to operate the ultrasound probe 100, or
generate control signals to control a beamformer 230, a
signal processor 240, an image processor 250, and the
display unit 260 based on ultrasound signals received
from the ultrasound probe 100, and process various in-
formation obtained by the ultrasound probe 100 accord-
ing to a stored program. The controller 220 and the ul-
trasound probe 100 may be connected through a port.
[0057] The port may be provided with a plurality of the
ports. The plurality of ports provided with the main body
200 may be connected with the plurality of ultrasound
probes.
[0058] A storage 290 may be implemented as at least
one of a non-volatile memory device (for example, a
cache, Read Only Memory (ROM), Programmable ROM

(PROM), Erasable Programmable ROM (EPROM), Elec-
trically Erasable Programmable ROM (EEPROM), and
flash memory), a volatile memory device (for example,
Random Access Memory (RAM)), or a storage medium
(for example, Hard Disk Drive (HDD) and Compact Disc
Read Only Memory (CD-ROM)), although not limited to
these. The storage 290 may be a memory implemented
as a separate chip from the processor described above
with respect to the controller 220, or may be implemented
as a single chip with the processor.
[0059] The storage 290 may store a program for guid-
ing the diagnosis of the patient. Specifically, the user may
diagnose the entire area, not just a specific area, using
the ultrasound imaging apparatus. In this case, the pro-
gram stored in the storage may indicate the step of di-
agnosing the patient on the display unit for fast and ac-
curate diagnosis of the patient. That is, the user can guide
the first diagnosis step for diagnosing the patient and
then guide the second diagnosis step. For example, the
program can guide the first diagnosis step to diagnose
the liver before the user diagnoses the patient and then
to the second diagnosis step to diagnose the kidneys. In
addition, the program may guide by displaying the ultra-
sound image of the area being diagnosed by the user on
the display unit and by displaying an ultrasound image
mode, annotation, display layout, image parameter, and
a preset of the ultrasound probe.
[0060] On the other hand, the storage 290 may store
information of the patient obtained by using the ultra-
sound probe 100 during each diagnosis step. The patient
information may include a set value of the ultrasound
probe 100 set to acquire the ultrasound image and the
ultrasound image acquired by the ultrasound probe 100.
[0061] The controller 220 may include a memory for
storing a program and data, e.g., mapping table, to con-
trol the respective elements of the ultrasound probe 100
and the main body 200, and a processor for controlling
the ultrasound probe 100 and the main body 200 accord-
ing to the program and data stored in the memory.
[0062] In addition, the controller 220 may guide to re-
place a probe suitable for each diagnosis step when the
diagnosis step proceeds, that is, when the diagnosis step
proceeds from the first diagnosis step to the second di-
agnosis step based on the program stored in the storage
290. For example, when diagnosing the patient’s liver in
the first diagnosis step, the controller 220 may guide the
user to use a convex ultrasound probe, and when diag-
nosing the patient’s kidneys in the second diagnosis step
after completing the first diagnosis step, the controller
220 may guide the user to use a matrix array ultrasound
probe. There is no limitation on how the controller 220
guides the ultrasound probe used by the user, but ac-
cording to one embodiment of the invention, the controller
220 may control the light source provided in the holder
to irradiate light to guide the user to intuitively use the
ultrasound probe. The detailed description thereof will be
described later.
[0063] The beamformer 230 is a device to provide a
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proper time delay to ultrasound for transmission or re-
ceived echo ultrasound, in order for the ultrasound pro-
duced by the transducer of the ultrasound probe 100 to
be focused on a target point of the subject at a desired
moment of time, or for the echo ultrasound bounced off
the target point of the subject to overcome a time differ-
ence in arriving to the transducer.
[0064] In the ultrasound diagnostic apparatus 10, the
beamformer 230 may be included in the main body 200
that corresponds to a back-end as shown in FIG. 6, or
may be included in the ultrasound probe 100 that corre-
sponds to a front-end. Embodiments of the beamformer
230 are not limited thereto, and all or parts of elements
of the beamformer 230 may be included in some parts
of the front-end and back-end. However, for convenience
of explanation, it is assumed that the beamformer 230 is
included in the main body 200.
[0065] The signal processor 240 may convert a signal
received from the beamformer 230 into a format suitable
for image processing. For example, the signal processor
240 may perform filtering to eliminate noise outside a
desired frequency band.
[0066] Furthermore, the signal processor 240 may be
implemented by a digital signal processor (DSP), and
may generate ultrasound image data by performing en-
velope detection to detect the amplitude of the echo ul-
trasound based on the signal received from the beam-
former 230.
[0067] The image processor 250 may generate an im-
age for the user, e.g., a doctor or patient, to visually check
the inside of the subject, e.g., a human body, based on
the ultrasound image data generated by the signal proc-
essor 240.
[0068] The image processor 250 may send the display
unit 260 the ultrasound image generated using the ultra-
sound image data.
[0069] In addition, the image processor 250 may fur-
ther perform extra image processing on the ultrasound
image in some embodiments. For example, the image
processor 250 may further perform post image process-
ing, such as compensating for or readjusting contrast,
brightness, or sharpness of the ultrasound image.
[0070] Such extra image processing of the image proc-
essor 250 may be performed according to a predeter-
mined setting, or in response to a user instruction or com-
mand input through the input unit 270.
[0071] The display unit 260 may display the ultrasound
image generated by the image processor 250, thereby
enabling the user to visually examine the internal struc-
ture or tissue of the subject.
[0072] The display unit 260 may be implemented by
various known display methods such as a cathode ray
tube (CRT) and a liquid crystal display (LCD).
[0073] The display unit 260 displays an ultrasound im-
age mode, annotation, display layout, image parameter,
and preset of the ultrasound probe based on the program
stored in the storage.
[0074] In addition, when the controller 220 guides the

replacement of the first ultrasound probe 100-1 to the
second ultrasound probe 100-2, the display unit 260 may
display an image to be visually recognized by the user
by displaying guide content. For example, the display
unit 260 may display the position of each of the ultrasound
probes 100 in the holder 280.
[0075] The input unit 270 may receive predetermined
instructions or commands from the user for controlling
the ultrasound diagnostic apparatus 10. The input unit
270 may also include a user interface, such as a key-
board, a mouse, a trackball, a touch screen, a paddle, etc.
[0076] For example, the input unit 270 may receive in-
structions to operate or freeze an operation of any one
of the first ultrasound probe 100-1 and the second ultra-
sound probe 100-2.
[0077] In addition, the user may input a save command
for storing medical contents corresponding to each diag-
nosis step through the input unit 270. Since the input of
the save command through the input unit 270 means that
one step of the diagnosis step of the program is complet-
ed, the controller 220 may store diagnosis contents in
the storage 290, and at this time, the controller 220 may
guide to replace the first ultrasound probe 100-1 with the
second ultrasound probe 100-2.
[0078] The input unit 270 may receive information re-
lated to an object diagnosed by the user and the ultra-
sound image.
[0079] The object information includes a diagnosis site
of the patient, a disease name to be diagnosed, a length
of the object, a width of the object, and a volume of the
object, and the controller may guide the probe to be
changed based on the information.
[0080] The information related to the ultrasound image
may include ROI of the object, depth of the ultrasound
image, and resolution information of the ultrasound im-
age.
[0081] The object information input by the user and
information related to the ultrasound image may be used
together with the program stored in the storage 290 to
guide the replacement of the first ultrasound probe 100-1
with the second ultrasound probe 100-2. For example, if
the disease of the patient to be measured by the user is
cirrhosis of the patient, it is necessary to acquire a high
resolution ultrasound image. Therefore, the user may be
guided to replace with the linear array ultrasound probe.
[0082] The ultrasound probe 100 may be held in the
holder 280.
[0083] When the main body 200 is connected to the
plurality of ultrasound probes through the port 210, the
plurality of ultrasound probes may be held in the holder
280. When the controller 220 guides to replace the first
ultrasound probe 100-1 with the second ultrasound probe
100-2, the controller 220 controls the second light source
281-2 to irradiate light to guide the user to replace the
first ultrasound probe 100-1 with the second ultrasound
probe 100-2.
[0084] FIG. 7 is a control block diagram of a main body
according to an embodiment of the present disclosure.
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Referring to FIG. 7, the first to sixth holders 280-1 to
280-6 may each be equipped with an object sensor 291
and an electromagnetic wave sensor 295. In this case,
there may be the same number of the object sensors 291
and the electromagnetic wave sensors 295 as the
number of the holders 280, and the object sensor 291
and the electromagnetic wave sensor 295 may be locat-
ed on or around the holder 280.
[0085] The object sensor 291 may detect physical
changes around the holder 280. For example, the object
sensor 291 may be a conductor sensor, an infrared sen-
sor, an Light Emitting Diode (LED) sensor, or a magnetic
sensor.
[0086] If the object sensor 291 is the conductor sensor,
the conductor sensor may detect a different impedance
or a resonance frequency depending on whether the
holder 280 holds the ultrasound probe 100. In this regard,
an object sensor sensing value processor 292 may de-
termine whether the ultrasound probe 100 is held in
based on the impedance or resonance frequency, i.e., a
sensing value detected by the conductor sensor.
[0087] The object sensor sensing value processor 292
may determine which one of the first to sixth holders
280-1 to 280-6 the ultrasound probe 100 is held in or held
out, based on the sensing values from a plurality of object
sensors 291-1 to 291-6.
[0088] The electromagnetic wave sensor 295 may de-
tect electromagnetic waves produced around the holder
280. For example, the electromagnetic wave sensor 295
may be an Electro-Magnetic Interference (EMI) sensor.
[0089] In the case the electromagnetic wave sensor
295 is the EMI sensor, and the EMI sensor may detect
different electromagnetic wave signals depending on
whether the holder 280 holds the ultrasound probe 100
and whether the ultrasound probe 100 held in the holder
280 is activated. In this regard, an electromagnetic wave
sensor sensing value processor 296 may determine
whether the ultrasound probe 100 is activated based on
the electromagnetic wave signals detected by the EMI
sensor.
[0090] Specifically, if the ultrasound probe 100 is held
in the holder 280 while being activated, the EMI sensor
may detect electromagnetic waves, and otherwise if the
ultrasound probe 100 held in the holder 280 is not acti-
vated, the EMI sensor may not detect any electromag-
netic waves.
[0091] The electromagnetic wave sensor sensing val-
ue processor 296 may determine which one of the first
to sixth holders 280-1 to 280-6 the ultrasound probe 100
is held in while being activated, based on the sensing
values from a plurality of electromagnetic wave sensors
295-1 to 295-6.
[0092] In some embodiments, the controller 220, the
object sensor sensing value processor 292, and the elec-
tromagnetic wave sensor sensing value processor 296
may be implemented to have separate memories and
processors or implemented with a single memory and a
single processor. If the object sensor sensing value proc-

essor 292 and the electromagnetic wave sensor sensing
value processor 296 are implemented with a single mem-
ory and a single processor, a single sensing value proc-
essor may perform functions of the object sensor sensing
value processor 292 and the electromagnetic wave sen-
sor sensing value processor 296.
[0093] FIG. 8 is a diagram illustrating guiding an ultra-
sound probe using a holder according to an exemplary
embodiment.
[0094] Referring to FIG. 8, FIG. 8 illustrates a diagnosis
screen of the first diagnosis step of the program and the
first ultrasound probe 100-1 corresponding thereto. The
ultrasound image displayed on the display unit 260 dis-
plays the ultrasound image acquired by using the first
ultrasound probe 100-1. At the same time, a diagnosis
step (Task No.), an image mode, an annotation, a display
layout, an image parameter, and a preset of the ultra-
sound probe may be displayed.
[0095] On the other hand, the controller 220 may con-
trol to irradiate light to the holder on which the first ultra-
sound probe 100-1 used in the first diagnosis step is held.
The holder in which the first ultrasound probe 100-1 is
held may include the first light source 281-1 correspond-
ing to the first ultrasound probe 100-1. The controller 220
may control the first light source 281-1 to irradiate light
to guide the user to use the first ultrasound probe 100-1
in treating the patient. For example, when the user diag-
noses the patient’s liver in the first diagnosis step by the
stored program, the controller 220 may control the first
light source 281-1 to irradiate light to the holder in which
a convex array probe is held .
[0096] Referring to FIG. 9, FIG. 9 illustrates the diag-
nosis screen of the first diagnosis step of the program
and the first ultrasound probe corresponding thereto. Re-
ferring to FIG. 9, the user may complete the first diagnosis
step and proceed to the second diagnosis step. The user
may input the save command through the input unit 270
to proceed from the first diagnosis step to the second
diagnosis step. When the user inputs the save command
through the input unit 270, the controller 220 may store
a diagnostic record in which the user diagnoses the pa-
tient in the storage 290. The diagnostic record of the pa-
tient may include the ultrasound image obtained by using
the ultrasound probe 100, a record of the patient and a
setting state of the ultrasound. In this case, the stored
ultrasound setting state may be used to set the first ul-
trasound probe 100-1 when the user performs the first
diagnosis step later.
[0097] Meanwhile, when the user inputs the save com-
mand through the input unit 270, the second diagnosis
step may be performed based on the program. When
proceeding from the first diagnosis step to the second
diagnosis step, the controller 220 may control the second
light source 281-2 provided in the holder in which the
second ultrasound probe 100-2 is held to irradiate light.
The controller 220 controls the second light source 281-2
provided in the holder 280 held with the second ultra-
sound probe 100-2 to irradiate light, and the user can

11 12 



EP 3 603 525 A1

8

5

10

15

20

25

30

35

40

45

50

55

intuitively know the position of the second ultrasound
probe 100-2 located in the holder 280. Therefore, the
user can easily and quickly use the second ultrasound
probe 100-2 to diagnose the patient.
[0098] The first ultrasound probe 100-1, the second
ultrasound probe 100-2, the first diagnosis step, the sec-
ond diagnosis step, the first light source 281-1, and the
second light source 281-2 have been described for the
purpose of distinguishing each configuration to explain
the operation of the technology. The ultrasound probe,
the contents of the diagnosis step and the implementa-
tion form of the light source are not limited.
[0099] FIG. 10 is a diagram illustrating guiding an ul-
trasound probe using a display unit according to an ex-
emplary embodiment.
[0100] Referring to FIG. 10, the display unit 260 shown
in FIG. 10 schematically represents the holder. The sche-
matic diagram of the holder displayed on the display unit
260 indicates where the first ultrasound probe 100-1 and
the second ultrasound probe 100-2 are located. When
the first diagnosis step is performed by the program
stored in the storage 290, the controller 220 may display
the position of the holder in which the first ultrasound
probe 100-1 corresponding to the first diagnosis step is
located, and the user may recognize this and diagnose
the patient by using the first ultrasound probe 100-1. Sim-
ilarly, when the user proceeds with the second diagnosis
step, the controller may display the position of the holder
in which the second ultrasound probe 100-2 correspond-
ing to the second diagnosis step is located on the display
unit. In FIG. 8, although the position of the ultrasound
probe is shown in a schematic view of six holders pro-
vided on the right side of the ultrasound image, a method
of displaying the position of the ultrasound probe is not
limited.
[0101] Referring to FIGS. 8, 9 and 10, when guiding
the first ultrasound probe and the second ultrasound
probe by the light source provided in the holder, the user
may intuitively use the ultrasound probe.
[0102] On the other hand, when displaying and guiding
the location of the ultrasound probe on the display unit,
the ultrasound image acquired using the ultrasound
probe and the location of the ultrasound probe can be
displayed on one screen.
[0103] FIG. 11 is a flowchart according to an embodi-
ment of the present invention.
[0104] Referring to FIG. 11, the user may proceed to
the first diagnosis step of diagnosing the patient based
on the program stored in the storage using the first ultra-
sound probe (1001). When the user completes the first
diagnosis step and enters the save command, the con-
troller saves the contents of the first diagnosis step in the
storage and terminates the first diagnosis step (1003).
After completing the first diagnosis step, the controller
proceeds to the second diagnosis step. The controller
may guide the user to use the second ultrasound probe
corresponding to the second diagnosis step (1004). The
controller guides the second ultrasound probe corre-

sponding to the second diagnosis step through the light
source provided in the ultrasound probe holder or through
the display unit. The controller guides the user to use the
second ultrasound probe corresponding to the second
diagnosis step, and the user may diagnose the patient
by proceeding with the second diagnosis step by using
the second ultrasound probe (1005).
[0105] FIG. 12 is a flowchart illustrating a general meth-
od for controlling an ultrasound diagnostic apparatus with
a probe held in a holder according to an embodiment of
the present disclosure.
[0106] Referring to FIG. 12, if the ultrasound probe 100
is held in a holder k while the first to sixth object sensors
291-1 to 291-6 equipped in the first to sixth holders 280-1
to 280-6 are activated, the object sensor sensing value
processor 292 determines that the ultrasound probe 100
is held in the holder k based on the sensing value from
an object sensor k in operation (S1110).
[0107] The controller 220 may determine whether the
ultrasound probe 100 held in is activated based on the
sensing values from the first to sixth electromagnetic
wave sensors 295-1 to 295-6 arranged in the first to sixth
holders 280-1 to 280-6, and may update the mapping
table.
[0108] Specifically, the controller 220 determines that
the ultrasound probe 100 comes into contact with the
object sensor k that corresponds to the holder k while
the first to sixth object sensors 291-1 to 291-6 equipped
in the first to sixth holders 280-1 to 280-6, respectively,
are activated, i.e., the controller 220 determines that the
ultrasound probe 100 is now held in the holder k in op-
eration (S1110). In this case, the probe may detect an
operation status. The controller 220 then brings the
stored existing mapping table with reference to the sens-
ing values from the first to sixth electromagnetic wave
sensors 295-1 to 295-6 in operation (S1120).
[0109] If an electromagnetic wave sensor m detects
activation of the ultrasound probe 100, the electromag-
netic wave sensor sensing value processor 296 may de-
termine that the currently activated probe is held in a
holder m, based on the sensing value from the electro-
magnetic wave sensor m in operation (S1130).
[0110] Next, the controller 220 determines whether the
holder k and the holder m correspond to each other in
operation (S1140).
[0111] If the holder k and the holder m correspond to
each other, the controller 220 keeps the mapping table
intact, but otherwise, if the holder k and the holder m do
not correspond to each other, the controller 220 updates
the mapping table in operation (S1150).
[0112] Specifically, if the holder k and the holder m do
not correspond, the controller 220 activates all ports
210-1 to 210-4 in a predetermined order, e.g., in a se-
quential order, and the electromagnetic wave sensor
sensing value processor 296 examines each of the hold-
ers 280-1 to 280-6 corresponding to one of the ports
210-1 to 210-4 based on the sensing values collected
from the first to sixth electromagnetic wave sensors

13 14 



EP 3 603 525 A1

9

5

10

15

20

25

30

35

40

45

50

55

295-1 to 295-6. The controller 220 then newly updates
the mapping table with a holder name corresponding to
each port name.
[0113] For example, if the holder k and the holder m
do not correspond, the controller 220 first activates the
first port 210-1, activates the first to sixth electromagnetic
wave sensors 295-1 to 295-6, and maps the second hold-
er 280-2 and the first port 210-1 if an electromagnetic
wave is detected by the second electromagnetic wave
sensor 295-2 equipped in the second holder 280-2 when
the ultrasound probe 100 is held in the second holder
280-2.
[0114] Next, the controller 220 activates the second
port 210-2, activates the first to sixth electromagnetic
wave sensors 295-1 to 295-6, and maps the fourth holder
280-4 and the second port 210-2 if an electromagnetic
wave is detected by the fourth electromagnetic wave sen-
sor 295-4 equipped in the fourth holder 280-4 when the
ultrasound probe 100 is held in the fourth holder 280-4.
[0115] Subsequently, the controller 220 activates the
third port 210-3, activates the first to sixth electromag-
netic wave sensors 295-1 to 295-6, and maps the fifth
holder 280-5 and the third port 210-3 if an electromag-
netic wave is detected by the fifth electromagnetic wave
sensor 295-5 equipped in the fifth holder 280-5 when the
ultrasound probe 100 is held in the fifth holder 280-5.
[0116] Subsequently, the controller 220 activates the
fourth port 210-4, activates the first to sixth electromag-
netic wave sensors 295-1 to 295-6, and maps the first
holder 280-1 and the fourth port 210-4 if an electromag-
netic wave is detected by the first electromagnetic wave
sensor 295-1 equipped in the first holder 280-1 when the
ultrasound probe 100 is held in the first holder 280-1.
[0117] The updated mapping table or the port name of
the ultrasound probe 100 held in the holder m may be
indicated for the user through the display unit 260.
[0118] Furthermore, if it is determined that the plurality
of ultrasound probes 100-1 to 100-6 are all held in any
of the holders 280, the operation of all the ultrasound
probes 100-1 to 100-6 may be automatically stopped (Au-
to Freeze).
[0119] While the previous embodiments show that the
first to fourth ports 210-1 to 210-4 are mapped to the
second, fourth, fifth, and first holders 280-2, 280-4, 280-5,
and 280-1, respectively, the present disclosure is not lim-
ited thereto.
[0120] FIG. 13 is a flowchart illustrating a general meth-
od for controlling an ultrasound diagnostic apparatus with
a probe held out of a holder according to an embodiment
of the present disclosure.
[0121] First, if the ultrasound probe 100 is held out of
the holder k while the first to sixth object sensors 291-1
to 291-6 equipped in the first to sixth holders 280-1 to
280-6 are activated, the object sensor sensing value
processor 292 determines that the ultrasound probe 100
is held out of the holder k based on the sensing value
from the object sensor k in operation (S1210).
[0122] Next, the controller 220 may determine a port

n mapped to the holder k based on the stored mapping
table in operation (S1220), and activate a probe n con-
nected to the port n in operation (S1230).
[0123] Furthermore, the current mapping table, or the
port number (n) and port name of the ultrasound probe
100 held out of the holder k may be indicated for the user
through the display unit 260. In this case, the user may
check the port name and manually type in whether the
probe n is activated or not, through the input unit 270.
[0124] While the previous embodiments show that the
plurality of ports 210-1 to 210-6 and the plurality of hold-
ers 280-1 to 280-6 are equipped in the single main body
200, the holders 280-1 to 280-6 may be equipped in sep-
arate devices and connected to the main body 200 over
a wired/wireless communication network.
[0125] The ultrasound imaging apparatus and a control
method thereof according to an embodiment can be re-
placed more quickly and conveniently in replacing the
ultrasound probe when the patient is diagnosed as a
whole using the ultrasound imaging apparatus.
[0126] Meanwhile, the aforementioned embodiments
may be embodied in the form of a recording medium stor-
ing instructions executable by a computer. The instruc-
tions may be stored in the form of program codes and
perform the operation of the disclosed embodiments by
creating a program module when executed by a proces-
sor. The recording medium may be embodied as a com-
puter readable recording medium.
[0127] The computer readable recording medium in-
cludes all types of recording media that store instructions
readable by a computer such as read only memory
(ROM), random access memory (RAM), a magnetic tape,
a magnetic disc, a flash memory, and an optical data
storage device.
[0128] Although a few embodiments of the present dis-
closure 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 disclosure, the scope of which
is defined in the claims and their equivalents.

Claims

1. An ultrasound imaging apparatus, comprising:

a first ultrasound probe configured to obtain an
ultrasound image of an object by transmitting
and receiving an ultrasound signal;
a second ultrasound probe provided as a differ-
ent type of ultrasound probe from the first ultra-
sound probe;
a storage to store a program for guiding a diag-
nosis sequence of a patient comprising a pre-
determined first diagnosis step and a second
diagnosis step; and
a controller configured to guide to diagnose the
patient using the first ultrasound probe corre-
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sponding to the first diagnosis step and guide to
replace with the second ultrasound probe cor-
responding to the second diagnosis step when
changing from the first diagnosis step to the sec-
ond diagnosis step based on the program.

2. The ultrasound imaging apparatus according to
claim 1, further comprising:

a holder comprising a first light source corre-
sponding to the first ultrasound probe and a sec-
ond light source corresponding to the second
ultrasound probe and provided to hold the first
ultrasound probe and the second ultrasound
probe,
wherein the controller is configured to turn on
the first light source or the second light source
based on the program.

3. The ultrasound imaging apparatus according to
claim 1, further comprising:

a display unit to display the ultrasound image
acquired by at least one of the first ultrasound
probe and the second ultrasound probe,
wherein the controller is configured to guide to
replace the first ultrasound probe with the sec-
ond ultrasound probe through the display unit
based on the program.

4. The ultrasound imaging apparatus according to
claim 1, further comprising:

an input unit to receive a command from a user,
wherein the controller is configured to store di-
agnosis contents of the first diagnosis step in
the storage when the user inputs a save com-
mand through the input unit and guide to replace
with the second ultrasound probe corresponding
to the second diagnosis step.

5. The ultrasound imaging apparatus according to
claim 4, wherein the input unit receives information
of the object from the user, and
wherein the controller is configured to guide to re-
place the first ultrasound probe with the second ul-
trasound probe by using the program and the infor-
mation of the object.

6. The ultrasound imaging apparatus according to
claim 4, wherein the input unit receives information
related to the ultrasound image from the user, and
wherein the controller is configured to guide to re-
place the first ultrasound probe with the second ul-
trasound probe by using the program and the infor-
mation related to the ultrasound image.

7. The ultrasound imaging apparatus according to

claim 1, wherein the storage stores a set value of
each of the first ultrasound probe and the second
ultrasound probe when the ultrasound image is ac-
quired, and
wherein the controller is configured to guide to re-
place with the second ultrasound probe correspond-
ing to the second diagnosis step by applying the set
value when changing from the first diagnosis step to
the second diagnosis step based on the program.

8. The ultrasound imaging apparatus according to
claim 1, wherein each of the first ultrasound probe
and the second ultrasound probe is provided as one
of a convex array probe, a linear array probe and a
phased array probe.

9. The ultrasound imaging apparatus according to
claim 1, wherein the second ultrasound probe ac-
quires an ultrasound image by using an ultrasound
of a frequency band different from the first ultrasound
probe.

10. A control method of an ultrasound imaging appara-
tus, comprising:

guiding a diagnosis sequence of a patient com-
prising a predetermined first diagnosis step and
a second diagnosis step based on a program
stored in a storage;
guiding to diagnose the patient using a first ul-
trasound probe corresponding to the first diag-
nosis step; and
guiding to replace with a second ultrasound
probe corresponding to the second diagnosis
step when changing from the first diagnosis step
to the second diagnosis step.

11. The control method according to claim 10, wherein
the guiding to replace with the second ultrasound
probe corresponding to the second diagnosis step
comprises:
turning on a first light source corresponding to the
first ultrasound probe or a second light source cor-
responding to the second ultrasound probe based
on the program.

12. The control method according to claim 10, wherein
the guiding to replace with the second ultrasound
probe comprises:
guiding to replace the first ultrasound probe with the
second ultrasound probe through display unit based
on the program.

13. The control method according to claim 10, wherein
the guiding to replace with the second ultrasound
probe comprises:

storing diagnosis contents of the first diagnosis
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step in the storage when a user inputs a save
command; and
guiding to replace with the second ultrasound
probe corresponding to the second diagnosis
step.

14. The control method according to claim 13, further
comprising:

receiving information of an object from the user,
wherein the guiding to replace with the second
ultrasound probe comprises:
guiding to replace the first ultrasound probe with
the second ultrasound probe by using the pro-
gram and the information of the object.

15. The control method according to claim 13, further
comprising:

receiving information related to an ultrasound
image from the user by an input unit,
wherein the guiding to replace with the second
ultrasound probe comprises:
guiding to replace the first ultrasound probe with
the second ultrasound probe by using the pro-
gram and the information related to the ultra-
sound image.
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