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(57) ABSTRACT

An ultrasound diagnostic system includes a portable ultra-
sound diagnostic device and an extended docking device to
which the portable ultrasound diagnostic device is detach-
ably mounted, wherein at least one of the probes and
channels are extended when the portable ultrasound diag-
nostic device is mounted to the extended docking device.
Also, the ultrasound diagnostic system may further include
an indoor ultrasound diagnostic device including a portable
docking part, and the portable ultrasound diagnostic device
may include a cart-based docking part and be connected to
the indoor ultrasound diagnostic device. The ultrasound
diagnostic system may enhance portability of the portable
ultrasound diagnostic device and simultaneously achieves
superior ultrasound diagnostic performance and quality also
in the portable ultrasound diagnostic device through exten-
sion of the probes, signal channels, diagnostic items, or
diagnostic performance, as occasion demands.
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FIG. 3A
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FIG. 3C
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FIG. 5B
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FIG. 5C
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ULTRASONIC DIAGNOSTIC SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Applications No. P2011-0033955 filed on Apr. 12, 2011,
and No. P2011-0095916 filed on Sep. 22, 2011 in the Korean
Intellectual Property Office, the disclosures of which are
incorporated herein by reference.

BACKGROUND

1. Field

[0002] The present subject matter relates to an ultrasound
diagnostic system capable of enhancing portability of a
portable ultrasound diagnostic device and simultaneously
superior ultrasound diagnostic performance and quality of
the portable ultrasound diagnostic device through extension
of probes and/or signal channels as occasion demands.

2. Description of the Related Art

[0003] Ultrasound diagnostic systems have noninvasive
and nondestructive characteristics. Ultrasound diagnostic
systems provide medical doctors with high resolution
images of inner tissues of objects, without a need for surgical
operations to directly incise the objects to observe the
objects. The noninvasiveness and high resolution images of
the ultrasound diagnostic systems promote wide use of the
ultrasound diagnostic systems in the field of medicine to
obtain information on objects within a human body.
[0004] Such ultrasound diagnostic systems, however, are
very large and heavy, so need to be fixed to particular places.
Since even small size ultrasound diagnostic systems are 10
kg or more in weight, they are not easy to carry. Meanwhile,
since ultrasound diagnostic systems are used in emergency
rooms, operation rooms, or any other places, where the
ultrasound diagnostic systems must frequently be moved,
the ultrasound diagnostic systems need to be small. Needs
for small size ultrasound diagnostic devices encourage
development of portable ultrasound diagnostic devices.
[0005] FIG. 1 is a view schematically illustrating a pot-
table ultrasound diagnostic device according to the related
art. As shown in FIG. 1, one probe 101 is generally mounted
at the conventional portable ultrasound diagnostic device
100 for portability, and the portable ultrasound diagnostic
device 100 has a limited number of signal channels corre-
sponding to the probe 101. Although the conventional por-
table ultrasound diagnostic device 100 is suitable to promote
convenience of portability or movement, there is an extreme
limit as to the number of probes to be mounted at the same.
Consequently, since only a particular sort of probe may be
mounted at the conventional portable ultrasound diagnostic
device 100 due to limitations on number of probes mounted
on the ultrasound diagnostic device 100, the conventional
ultrasound diagnostic device is used for limited purposes of
particular diagnosis.

[0006] In addition, the conventional portable ultrasound
diagnostic device has a limit as to the number of signal
channels to be provided for the sake of portability, which
thereby deteriorates resolution and quality of produced
ultrasound images.

[0007] Furthermore, since portable ultrasound diagnostic
devices have many limitations in terms of size, weight,
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power consumption, and the like, the portable ultrasound
diagnostic devices show poor ultrasound diagnostic perfor-
mance and quality compared with cart-based ultrasound
diagnostic devices.

SUMMARY

[0008] An aspect of the present invention encompasses an
ultrasound diagnostic system capable of enhancing porta-
bility of a portable ultrasound diagnostic device and achiev-
ing superior ultrasound diagnostic performance and quality
through extension of probes and/or signal channels as occa-
sion demands.

[0009] Another aspect of the present invention relates to
an ultrasound diagnostic system. The ultrasound diagnostic
system includes a probe that includes a plurality of trans-
ducer elements; a portable ultrasound diagnostic device that
includes a first channel board for performing beamforming
of at least one of signals transmitted or received to or from
the plurality of transducer elements; and a docking device on
which the portable ultrasound diagnostic device is detach-
ably mounted, and that includes a second channel board for
performing beamforming of at least one of the signals
transmitted or received to or from the plurality of transducer
elements.

[0010] The first channel board may perform beamforming
by using a less number of channels than number of the
transducer elements.

[0011] The second channel board may perform beamform-
ing by using channels equal to number of the transducer
elements.

[0012] The second channel board may perform beamform-
ing of signals equal to number of signals transmitted or
received to or from the probe.

[0013] The second channel board may perform beamform-
ing of signals, for which beamforming is not performed by
the first channel board, among the signals transmitted or
received to or from the plurality of transducer elements.
[0014] Number of channels, for which beamforming is
performed by the second channel board, may be greater than
number of channels for which beamforming is performed by
the first channel board.

[0015] The probe may transmit a plurality of ultrasound
echo signals respectively corresponding to the plurality of
transducer elements, the first channel board may receive and
collect some of the plurality of ultrasound echo signals
transmitted from the probe, and the second channel board
may receive at least one ultrasound echo signal, correspond-
ing to at least one channel, of the plurality of ultrasound echo
signals transmitted from the probe, and collect the received
at least one ultrasound echo signal.

[0016] The portable ultrasound diagnostic device may
include an image processing unit that receives at least one
ultrasound echo signal received and collected by the second
channel board, and generates an ultrasound image by using
the received at least one ultrasound echo signal and a more
number of ultrasound echo signals than number of ultra-
sound echo signals received and collected by the portable
ultrasound diagnostic device.

[0017] The image processing unit may generate the ultra-
sound image by using at least one selected from the ultra-
sound echo signals received and collected by the first
channel board and the at least one ultrasound echo signal
transmitted from the second channel board.
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[0018] The docking device may pre-process the at least
one ultrasound echo signal, received and collected by the
second channel board, of a plurality of ultrasound echo
signals respectively acquired from the plurality of transducer
elements, and transmit the pre-processed ultrasound echo
signal to the portable ultrasound diagnostic device.

[0019] The portable ultrasound diagnostic device may
include a probe selective assembly (PSA) that respectively
receives K number of ultrasound echo signals from K
number of transducer elements, and parallelly transmits N
number of ultrasound echo signals among the K ultrasound
echo signals respectively received from the K transducer
elements and signals other than the N ultrasound echo
signals among the K ultrasound echo signals.

[0020]

[0021] The second channel board may include at least one
channel board unit that performs a reception beamforming
operation and a transmission beamforming operation on at
least one signal, and the at least one channel board unit may
include: a transmission unit that performs the transmission
beamforming operation to supply a pulse for driving the
plurality of transducer elements; and a reception unit that
performs the reception beamforming operation to receive
and collect ultrasound echo signals from the plurality of
transducer elements.

[0022] The first channel board may include at least one
channel board unit that performs a reception beamforming
operation and a transmission beamforming operation on at
least one signal, and the at least one channel board unit may
include: a transmission unit that performs the transmission
beamforming operation to supply a pulse for driving the
plurality of transducer elements; and a reception unit that
performs the reception beamforming operation to receive
and collect ultrasound echo signals from the plurality of
transducer elements.

[0023] The first channel board may receive and collect M
number of ultrasound echo signals among N number of
ultrasound echo signals transmitted from the probe, and
generate pieces of ultrasound data respectively correspond-
ing to M number of channels, the second channel board may
receive and collect signals other than the M ultrasound echo
signals among the N ultrasound echo signals, and generate
pieces of ultrasound data respectively corresponding to N-M
number of channels, and the image processing unit may
generate an ultrasound image by scan-converting the pieces
of ultrasound data generated by the first channel board and
the pieces of ultrasound data generated by the second
channel board.

[0024] The second channel board may receive and collect
N number of ultrasound echo signals transmitted from the
probe, and generate pieces of ultrasound data respectively
corresponding to N number of channels, and the image
processing unit may generate an ultrasound image by scan-
converting the pieces of ultrasound data which are generated
by the second channel board and respectively correspond to
the N channels.

The N may vary according to a kind of the probe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] These and/or other aspects of the invention will
become apparent and more readily appreciated from the
following description of the embodiments, taken in conjunc-
tion with the accompanying drawings of which:
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[0026] FIG. 1 is a view schematically illustrating a por-
table ultrasound diagnostic device according to the related
art;

[0027] FIG. 2 is a control block diagram illustrating an
ultrasound diagnostic system according to a first embodi-
ment of the present invention;

[0028] FIGS. 3A through 3C are side views of portable
ultrasound diagnostic devices according to embodiments;
[0029] FIG. 4 is a control block diagram illustrating an
extended docking part of a portable ultrasound diagnostic
device in the ultrasound diagnostic system of the first
embodiment;

[0030] FIGS. 5A through 5C are external perspective
views of ultrasound diagnostic systems according to other
embodiments;

[0031] FIG. 6 is a control block diagram illustrating the
ultrasound diagnostic system of FIG. 5A;

[0032] FIG. 7isa diagram illustrating an internal layout of
a portable ultrasound diagnostic device;

[0033] FIG. 8 is a diagram for describing a channel board
used in an embodiment of the present invention;

[0034] FIG. 9 is a block diagram illustrating an ultrasound
diagnostic system according to another embodiment of the
present invention;

[0035] FIGS. 10A and 10B are block diagrams illustrating
ultrasound diagnostic systems according to other embodi-
ments;

[0036] FIG. 11 is a block for describing, in detail, an
ultrasound diagnostic system according to another embodi-
ment of the present invention; and

[0037] FIG. 12 is a diagram illustrating a portable ultra-
sound diagnostic device in detail.

DETAILED DESCRIPTION

[0038] Reference will now be made in detail to the
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings, wherein like
reference numerals refer to like elements throughout.
[0039] Embodiments of the present invention will be
described in detail to be easily embodied by those of
ordinary skill in the art with reference to the accompanying
drawings. The present invention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. In the accom-
panying drawings, a portion irrelevant to a description of the
present invention will be omitted for clarity. Moreover, like
reference numerals refer to like elements throughout.
[0040] In this disclosure below, when one part (or element,
device, etc.) is referred to as being ‘connected’ to another
part (or element, device, etc.), it should be understood that
the former may be ‘directly connected’ to the latter, or
‘electrically connected’ to the latter via an intervening part
(or element, device, etc.). Furthermore, when it is described
that one comprises (or includes or has) some elements, it
should be understood that it may comprise (or include or
has) only those elements, or it may comprise (or include or
have) other elements as well as those elements if there is no
specific limitation. Moreover, each of terms such as “. . .
unit”, «“. . . device” and “module” described in specification
denotes an element for performing at least one function or
operation, and may be implemented in hardware, software or
the combination of hardware and software.

[0041] The term “ultrasound image” used herein denotes
an image of an object acquired by using an ultrasound wave.
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Also, the term “object” used herein may include a person, an
animal, a part of the person, or a part of the animal. For
example, an object may include an organ such as a liver, a
heart, a womb, a brain, breasts, an abdomen, or the like, or
a blood vessel. Also, the term “object” may include a
phantom. The phantom denotes a material having a volume
that is very close to a density and effective atomic number
of an organism, and may include a spherical phantom having
a characteristic similar to a physical body.

[0042] Moreover, the term “user” used herein is a medical
expert, and may be a doctor, a nurse, a medical technologist,
a medical image expert, or the like, or may be an engineer
repairing a medical apparatus. However, the user is not
limited thereto.

[0043] FIG. 2 is a control block diagram illustrating an
ultrasound diagnostic system according to the first embodi-
ment.

[0044] As shown in FIG. 2, the ultrasound diagnostic
system according to the first embodiment includes a portable
ultrasound diagnostic device 200 and an extended docking
device 300 to detachably mount the portable ultrasound
diagnostic device 200. In this case, the portable ultrasound
diagnostic device 200 may be formed integrally with a probe
(not shown) including a plurality of transducer elements,
and may be implemented in a portable form. In detail, the
portable ultrasound diagnostic device 200 refers to a device
that is connected via a wire or wirelessly to the extended
docking device 300 and provides a user with an ultrasound
image by using received ultrasound image data. A detailed
configuration in which the portable ultrasound diagnostic
device 200 is connected to the extended docking device 300
integrated with the probe will be described in more detail
below with reference to FIG. 3B.

[0045] The extended docking device 300 may include a
docking interface 301 for connection with the portable
ultrasound diagnostic device 200, at least one probe port
including probe ports 321 to 325 to respectively receive
probes 311 to 315, a channel board 330 capable of extending
signal channels corresponding to the probe ports 321 to 325,
and a charging circuit part 340 to charge a secondary battery
(not shown) during mounting of the portable ultrasound
diagnostic device 200.

[0046] FIG. 3A is a side view illustrating the portable
ultrasound diagnostic device 200 and the extended docking
device 300 mounting the same according to the first embodi-
ment.

[0047] Referring to FIG. 3A, in the case of requiring
portability of the ultrasound diagnostic device for outdoor
diagnosis, ultrasound diagnosis may be easily executed
using only the portable ultrasound diagnostic device 200
including a display part 220, an input part 230, and a probe
port 210. On the other hand, in the case of requiring high
quality images or additional probe ports besides the probe
port 210 included in the portable ultrasound diagnostic
device 200, the portable ultrasound diagnostic device 200
may be mounted at the extended docking device 300.

[0048] FIG. 3B illustrates a portable ultrasound diagnostic
device 201 according to another embodiment. The portable
ultrasound diagnostic device 201 may be easy to carry like
the portable ultrasound diagnostic device 200 of FIG. 3A
and may correspond to the portable ultrasound diagnostic
device 200.
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[0049] Furthermore, in the following drawings including
FIGS. 3A and 3B, like reference numerals denote like
elements.

[0050] Referring to FIG. 3B, the portable ultrasound diag-
nostic device 201 may be an integrated ultrasound diagnos-
tic device including probes 112 and 114. According to an
embodiment, the portable ultrasound diagnostic device 201
may include at least one probe 112 and 114 and a display part
220.

[0051] Although FIG. 3B shows that the portable ultra-
sound diagnostic device 201 includes the two probes 112
and 114, embodiments are not limited thereto.

[0052] The portable ultrasound diagnostic device 201
transmits ultrasound signals to an object via the probes 112
and 114 and analyzes echo signals reflected from the object
to acquire ultrasound data. The number of transducer ele-
ments included in the probes 112 and 114 may be different
from each other. Furthermore, the probes 112 and 114 may
have different specifications, and for example, arrangement
of transducer elements, a frequency of an ultrasound signal,
etc. may differ for each of the probes 112 and 114. In detail,
the portable ultrasound diagnostic device 201 may generate
an ultrasound image based on ultrasound data and display
the generated ultrasound image on the display part 220.

[0053] In addition, the portable ultrasound diagnostic
device 201 may control at least one of the ultrasound data
and the ultrasound image based on a user input.

[0054] FIG. 3C illustrates a portable ultrasound diagnostic
device 202 according to another embodiment. The portable
ultrasound diagnostic device 202 of FIG. 3C may be easy to
carry like the portable ultrasound diagnostic device 200 of
FIG. 3A and may correspond to the portable ultrasound
diagnostic device 200. Referring to FIG. 3C, the portable
ultrasound diagnostic device 202 includes a display part 220
and a probe port 210 and may be coupled to a probe 301 via
the probe port 210. The portable ultrasound diagnostic
device 202 may generate an ultrasound image based on
ultrasound data corresponding to ultrasound signals received
by the probe 301 and display the generated ultrasound image
on the display part 220.

[0055] Furthermore, the portable ultrasound diagnostic
device 202 may control at least one of the ultrasound data
and the ultrasound image based on a user input.

[0056] Hereinafter, operation of the ultrasound diagnostic
system according to the exemplary embodiment of the
present invention will be described in detail with reference
to FIGS. 2 through 3C.

[0057] The ultrasound diagnostic system of the exemplary
embodiment has a structure in which each of the portable
ultrasound diagnostic devices 200, 201, and 202 may be
coupled to the extended docking device 300 capable of
extending the probes and/or signal channels. That is, the
ultrasound diagnostic system of the first embodiment is
provided with the extended docking device 300 at a lower
part of the system, to which each of the portable ultrasound
diagnostic devices 200, 201, and 202 is coupled or docked,
as shown in FIGS. 2 through 3C. In accordance with such a
structure, the extension of the probes and/or signal channels
may be achieved during docking of the two devices, and the
specific description thereof is as follows. Hereinafter, the
portable ultrasound diagnostic device 200 of FIG. 3A will be
described and shown as an example of the portable ultra-
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sound diagnostic devices 200, 201, and 202 which are
capable of being connected to the extended docking device
300.

[0058] First, the portable ultrasound diagnostic device 200
may be detachably mounted at the extended docking device
300 through the docking interface 301, as shown in FIG. 2.
In this case, an array pin type connector (not shown) may be
used for coupling or mounting the portable ultrasound
diagnostic device 200 to the extended docking device 300.
Since the portable ultrasound diagnostic device 200 may be
easily attached to or detached from the extended docking
device 300, ultrasound diagnosis may be easily performed
by detaching the portable ultrasound diagnostic device 200
from the extended docking device 300, in case of requiring
simple portability while not requiring ultrasound images of
high quality in the ultrasound diagnostic device.

[0059] Furthermore, the portable ultrasound diagnostic
device 200 may be coupled through the docking interface
310 to the extended docking device 300 via a wireless or
wired communication network.

[0060] Alternatively, in case of requiring a certain level of
portability while requiring ultrasound images of high quality
or performance in the ultrasound diagnostic device, ultra-
sound diagnosis may be achieved by mounting or coupling
the portable ultrasound diagnostic device 200 to the
extended docking device 300. That is, the extended docking
device 300 includes a plurality of probe ports 321 to 325
which receive a plurality of probes 311 to 315 respectively,
as shown in FIGS. 2 and 3. Here, various types of probes
may be applied as the plural probes 311 to 315 depending on
diagnostic purposes. For example, the various types of
probes, such as a linear probe for carotid diagnosis, a convex
probe for abdominal diagnosis, a phased array probe for
heart diagnosis, and the like, may be applied. Accordingly,
a range of a usable probe may extend through the plural
probe ports 321 to 325 included in the extended docking
device 300. The number of the probe ports are not limited to
five, and any number of probe ports may be provided.
[0061] The extended docking device 300 includes the
channel board 330 having the signal channels corresponding
to the probe ports 321 to 325, and usable channels may
increase in the portable ultrasound diagnostic device 200
through the signal channels included in the channel board
330. The number of signal channels included in the channel
board 330 may increase according to desired resolution and
quality of the ultrasound images.

[0062] As such, when the portable ultrasound diagnostic
device 200 is mounted to the extended docking device 300,
at least one of probes and channels may be extended through
the plural probe ports 321 to 325 and/or the channel board
330.

[0063] Furthermore, when the portable ultrasound diag-
nostic device 201 or 202 described with reference to F1G. 3B
or 3C is connected to the extended docking device 300, by
using the channel board 330 in the extended docking device
300, it is possible to increase the number of signal channels
that are to be processed by the portable ultrasound diagnos-
tic device 201 or 202 in accordance with the number of
channels corresponding to transducer elements in a probe
(e.g., the probe 112, 114, or 301) connected to the portable
ultrasound diagnostic device 201 or 202.

[0064] In order to achieve the extension of the probes
and/or the extension of the number of the signal channels,
the portable ultrasound diagnostic device 200 should receive
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software of the extended docking device 300, for maintain-
ing compatibility between the portable ultrasound diagnostic
device 200 and the extended docking device 300.

[0065] Meanwhile, the portable ultrasound diagnostic
device 200 may include the secondary battery (not shown)
as a power supply unit, and the extended docking device 300
may include the charging circuit part 340 to charge the
secondary battery during mounting of the portable ultra-
sound diagnostic device 200. That is, the portable ultrasound
diagnostic device 200 has the secondary battery (not shown)
used as the power supply unit for portability. When the
portable ultrasound diagnostic device 200 is mounted to the
extended docking device 300, the secondary battery is
automatically charged through the charging circuit part 340.

[0066] Although not specifically described in the illus-
trated embodiment, the extended docking device 300 may
include a hardware element for the channel extension, a
circuit for generation and control of a variety of pulses, a
power supply hardware element including a power supply
part 350, a heat generating unit, etc. FIG. 4 is a control block
diagram illustrating docking connectors of the portable
ultrasound diagnostic device in the ultrasound diagnostic
system according to the exemplary embodiment.

[0067] In the ultrasound diagnostic system according to
the exemplary embodiment, the array pin type connector
(not shown) may be used for coupling or mounting the
portable ultrasound diagnostic device 200 as the upper
device to the extended docking device 300 as the lower
device, as described above. As shown in FIG. 4, the portable
ultrasound diagnostic device 200 may include an extended
docking part 250 to dock the extended docking device 300,
and the extended docking part 250 may include a power
docking connector 251 to couple a power between the
portable ultrasound diagnostic device 200 and the extended
docking device 300, and a control docking connector 252 to
control operations between the portable ultrasound diagnos-
tic device 200 and the extended docking device 300.

[0068] When the power docking connector 251 is sepa-
rated from the control docking connector 252 as described
above, power docking and control docking may be sepa-
rately performed, thereby removing noise generated when
one connector is used. As a result, it is possible to prevent
performance deterioration of the ultrasound diagnostic
device.

[0069] There is a case where a portable ultrasound diag-
nostic device is used independently. Alternatively, there is
another case where a portable ultrasound diagnostic device
is used with being mounted to the extended docking device
300 as described above, to perform outdoor diagnosis. Then,
a diagnostic result obtained from the portable ultrasound
diagnostic device is analyzed as a more vivid image. An
additional function, which is absent from the portable ultra-
sound diagnostic device, is further performed on the diag-
nostic result inside a room.

[0070] Accordingly, a portable ultrasound diagnostic
device 400 of an ultrasound diagnostic system according to
another exemplary embodiment may further include a cart-
based docking part 480 connected to an indoor ultrasound
diagnostic device 500. The ultrasound diagnostic system
may further include the indoor ultrasound diagnostic device
500 having a portable docking part 580 connected to the
portable ultrasound diagnostic device 400. In this case, the
portable ultrasound diagnostic device 400 may correspond
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to the portable ultrasound diagnostic devices 200, 201, or
202 described with reference to FIGS. 2 through 3C.
[0071] FIG. 5Ais a perspective view illustrating an entire
configuration of the ultrasound diagnostic system according
to the second embodiment.

[0072] As shown in FIG. 5A, the ultrasound diagnostic
device used indoors or the indoor ultrasound diagnostic
device 500 is an ultrasound diagnostic device, which is
generally used for ultrasound diagnosis and is not portable.
Such an indoor ultrasound diagnostic device 500 is often
referred to as a cart-based device. The ultrasound diagnostic
device 500 need not necessarily be used indoors, but is
referred to as an indoor ultrasound diagnostic device for
convenience. Since all components in the illustrated
embodiment are similar to components of a general ultra-
sound diagnostic device, except for the portable docking
part 580 of the indoor ultrasound diagnostic device 500
utilized in the exemplary embodiments, no description
thereof will be given in detail.

[0073] The indoor ultrasound diagnostic device 500 has
little limit in terms of size, weight, power consumption, and
the like, compared with the portable ultrasound diagnostic
device 400. Thus, the indoor ultrasound diagnostic device
500 may be developed as a high performance device having
various diagnostic items. When the portable ultrasound
diagnostic device 400 is mounted to the indoor ultrasound
diagnostic device 500, the portable ultrasound diagnostic
device 400 may produce a high performance. Here, a
position at which the portable ultrasound diagnostic device
400 is mounted to the indoor ultrasound diagnostic device
500 is not limited to that shown in FIG. SA. The portable
ultrasound diagnostic device 400 may be located at any
position of the indoor ultrasound diagnostic device as a user
may simultaneously and easily utilize the portable ultra-
sound diagnostic device 400 and the indoor ultrasound
diagnostic device 500.

[0074] Furthermore, when the portable ultrasound diag-
nostic device 400 corresponds to the portable ultrasound
diagnostic device 201 or 202 described with reference to
FIG. 3B or 3C, the portable ultrasound diagnostic device
400 may be connected to the indoor ultrasound diagnostic
device 500 via a wire or wirelessly.

[0075] For example, the portable ultrasound diagnostic
device 400 may correspond to the portable ultrasound diag-
nostic device 201 of FIG. 3B, and may be formed integrally
with a probe (not shown) including a plurality of transducer
elements. In detail, the portable ultrasound diagnostic device
400 refers to a device that is connected to the indoor
ultrasound diagnostic device 500 by using a wireless or
wired communication method (including universal serial
bus (USB)) and provides a user with an ultrasound image by
using received ultrasound image data. For example, the
portable ultrasound diagnostic device 400 may be a smart
device that is used by downloading and installing an app
(application) on a smartphone or the like.

[0076] In detail, the portable ultrasound diagnostic device
400 is a device that is connected to the indoor ultrasound
diagnostic device 500 by using a wired or wireless commu-
nication method and provides the user with an ultrasound
image by using received ultrasound image data.

[0077] For example, the wireless communication method
may include at least one from among short-range data
communication methods including a 60 GHz millimeter
wave (mmWave) Wireless Local Area Network (WLAN),
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Wireless Fidelity (Wi-Fi), Bluetooth, Zigbee, Wi-Fi Direct
(WFD), Infrared Data Association (IrDA), Bluetooth Low
Energy (BLE), Near Field Communication (NFC), Wireless
Broadband Internet (WiBro), World Interoperability for
Microwave Access (WiIMAX), Shared Wireless Access Pro-
tocol (SWAP), Wireless Gigabit Alliance (WiGig), and radio
frequency (RF) communication.

[0078] FIG. 5B illustrates an ultrasound diagnostic system
in which the portable ultrasound diagnostic device 201 of
FIG. 3B is connected to a cart-based ultrasound diagnostic
device 500.

[0079] The cart-based ultrasound diagnostic device 500
may be connected to the portable ultrasound diagnostic
device 201 by using the above-described wireless commu-
nication methods. In detail, the portable ultrasound diagnos-
tic device 201 may have at least one wireless communica-
tion module (not shown) therein for performing at least one
of the above-described wireless communication methods.
Furthermore, the portable docking part 580 of the cart-based
ultrasound diagnostic device 500 may include at least one
wireless communication module (not shown) for performing
wireless communication with the portable ultrasound diag-
nostic device 201. In this case, the wireless communication
module in the cart-based ultrasound diagnostic device 500
may be a module for performing communication according
to at least one of the above-described wireless communica-
tion methods.

[0080] FIG. 5C illustrates an ultrasound diagnostic system
in which the portable ultrasound diagnostic device 202 of
FIG. 3C is connected to the cart-based ultrasound diagnostic
device 500.

[0081] The cart-based ultrasound diagnostic device 500
may be connected to the portable ultrasound diagnostic
device 202 by using the above-described wireless commu-
nication methods. A connection between the cart-based
ultrasound diagnostic device 500 and the portable ultrasound
diagnostic device 202 via wireless communication corre-
sponds to the connection between the cart-based ultrasound
diagnostic device 500 and the portable ultrasound diagnostic
device 201 via wireless communication, which is described
above with reference to FIG. 5B, and thus a detailed
description thereof will be omitted herein.

[0082] FIG. 6 is a control block diagram illustrating the
ultrasound diagnostic system according to the second
embodiment.

[0083] Referring to FIG. 6, the ultrasound diagnostic
system according to the second embodiment includes the
portable ultrasound diagnostic device 400 having the cart-
based docking part 480 and the indoor ultrasound diagnostic
device 500 having the portable docking part 580.

[0084] The portable ultrasound diagnostic device 400 may
include an extended docking part 450 so as to be connected
with the above-mentioned extended docking device 300. A
power docking connector 481 may be separated from a
control docking connector 482 as described above, thereby
preventing performance deterioration due to noise genera-
tion. The portable ultrasound diagnostic device 400 shown
in the control block diagram of FIG. 6 illustrates only a
portion relative to docking, and no description will be given
in conjunction with general functions of the portable ultra-
sound diagnostic device 400.

[0085] The indoor ultrasound diagnostic device 3500
includes a probe port 511 connected to an ultrasound probe,
an analog front end (AFE) 520 to convert analog signals
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transmitted from the probe port 511 into digital signals, a
digital signal processing part 530 to process the converted
digital signals, and a control unit 560 to perform various
types of controls within the ultrasound diagnostic device 500
using the processed digital signals. The indoor ultrasound
diagnostic device 500 further includes a portable docking
part 580 connected to the portable ultrasound diagnostic
device 400, a user interface part 570, and a power supply
part 550 connected to a power supply unit of the portable
ultrasound diagnostic device 400 for charging the power
supply unit.

[0086] The indoor ultrasound diagnostic device 500 may
also include an electrocardiogram (ECG) port 512 so as to
measure an electrocardiogram in addition to diagnosis using
the probe. The indoor ultrasound diagnostic device 500
enables setting of various modes such as a continuous wave
(CW) Doppler mode, a color Doppler mode, or a power
Doppler mode so as to analyze an ultrasound image photo-
graphed by the portable ultrasound diagnostic device 400 in
a desired mode.

[0087] The portable ultrasound diagnostic device 400 may
be connected or coupled to the indoor ultrasound diagnostic
device 500, thereby enabling utilization of various functions
of the indoor ultrasound diagnostic device 500. As described
above, the ultrasound diagnostic system according to the
second embodiment may enhance portability of the portable
ultrasound diagnostic device and simultaneously achieves
superior ultrasound diagnostic performance and quality also
in the portable ultrasound diagnostic device through the
extension of the probes, signal channels, diagnostic items, or
diagnostic performance, as occasion demands.

[0088] As is apparent from the above description, the
present invention provides an ultrasound diagnostic system
capable of enhancing portability of a portable ultrasound
diagnostic device and simultaneously achieves superior
ultrasound diagnostic performance and quality also in the
portable ultrasound diagnostic device through extension of
probes and/or signal channels as occasion demands.
[0089] Also, a portable ultrasound diagnostic device may
be connected to a cart-based body through a docking device
in case of not requiring portability, thereby serving as a high
performance ultrasound diagnostic device. On the other
hand, the portable ultrasound diagnostic device may be
separated from the docking device in case of requiring
portability, thereby serving as a portable device.

[0090] Furthermore, in the case of connecting a portable
ultrasound diagnostic device to a docking device or an
indoor ultrasound diagnostic device, a power docking con-
nector may be separated from a control docking connector,
thereby preventing performance deterioration due to noise
generation.

[0091] Furthermore, like the extended docking device 300
described with reference to FIGS. 2 through 3C, the indoor
ultrasound diagnostic device 500 may perform a function of
extending the number of channels. An indoor ultrasound
diagnostic device corresponding to the indoor ultrasound
diagnostic device 500 performing the same function as the
extended docking device 300 will be described in more
detail below with reference to FIGS. 10A and 10B.

[0092] FIG. 7 is a diagram illustrating an internal layout of
the portable ultrasound diagnostic device 200.

[0093] The portable ultrasound diagnostic device 200, as
illustrated in F1G. 3A, may include the display part 220 and
a lower body 270.
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[0094] Referring to FIG. 7, elements of the portable ultra-
sound diagnostic device 200 for imaging an ultrasound
image are provided in the lower body 270. For example, a
channel board 710, a continuous wave (CW) module 720, a
processor module 730, and a power module 740 may be
provided as the layout.

[0095] The channel board 710 performs a beamforming
operation. In detail, the channel board 710 may perform one
selected from a transmission beamforming operation and a
reception beamforming operation. In detail, the channel
board 710 may perform the transmission beamforming
operation to generate a plurality of pulse signals, and respec-
tively supply the generated plurality of pulse signals to a
plurality of transducer elements corresponding to a plurality
of channels. Also, the channel board 710 may perform
reception beamforming of a plurality of ultrasound echo
signals received from the respective transducer elements.

[0096] In detail, the channel board 710 includes an analog
front end (AFE) that performs a beamforming operation of
converting an analog signal, transmitted from a probe (not
shown), into a digital signal. In other words, the channel
board 710 may correspond to the AFE 520 described with
reference to FIG. 6. The channel board 710 may also be
referred to as a beamforming board. In detail, the channel
board 710 transmits a pulse signal which is used to generate
an ultrasound signal to be transmitted to an object, receives
an ultrasound echo signal from the object to scan the object.

[0097] The CW module 720 processes a continuous wave
used to generate a Doppler mode image. In detail, the CW
module may process a continuous-wave pulse to a trans-
ducer element to allow a generated ultrasound signal to be
transmitted to an object, and receive a continuous-wave
ultrasound echo signal from the object to process the
received ultrasound echo signal.

[0098] The processor module 730 may control an overall
operation of the portable ultrasound diagnostic device 200,
and generate an ultrasound image. In detail, the processor
module 730 may generate, adjust, and control a pulse which
is used to generate an ultrasound signal generated by the
channel board 710. Also, the processor module 730 may
process the ultrasound echo signal received from the channel
board 710 or the CW module 720 to generate ultrasound data
and/or an ultrasound image.

[0099] The power module 740 is charged with power, and
supplies power to the internal elements of the portable
ultrasound diagnostic device 200 by using the charged
powetr.

[0100] The power module 740 may include a battery 741.
The battery 741 may be charged with power, and may supply
power to the internal elements of the portable ultrasound
diagnostic device 200 by using the charged power. The
battery 741 may be configured with a rechargeable battery,
and when the charged power is discharged, the battery 741
may be again charged with power which is supplied to the
battery 741 through a power line (not shown). Also, the
battery 731 may be charged with wireless power transmitted
from the outside. Also, the power module 740 may directly
receive power from the outside through the power line (not
shown) to supply power to the internal elements of the
portable ultrasound diagnostic device 200.

[0101] Moreover, a connector 705 may be provided in at
least one side of the portable ultrasound diagnostic device
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200, and may include at least one port connected to the probe
and a connection terminal connected to an external memory
or device.

[0102] A size and weight of the portable ultrasound diag-
nostic device 200 are limited for convenience of carry or
movement. As illustrated in FIG. 7, all elements (for
example, the channel board 710, the CW module 720, the
processor module 730, and the power module 740) which
are necessary for imaging an ultrasound image may be
disposed in the limited size (area) of the portable ultrasound
diagnostic device 200. Therefore, the internal elements of
the portable ultrasound diagnostic device 200 may be dis-
posed in the limited area.

[0103] Therefore, a size of the channel board 710 may be
limited so as to be disposed in the limited area.

[0104] FIG. 8 is a diagram for describing a channel board
used in an embodiment of the present invention.

[0105] One channel may correspond to one transducer
element included in the probe, and a signal received from
one transducer element may be referred to as one channel
signal. Also, a channel corresponding to a transducer ele-
ment may be referred to as an element channel.

[0106] One signal processed by the channel board 710
may correspond to one channel of the channel board 710,
and one channel of the channel board 710 may be referred
to as a board channel.

[0107] Hereinafter, a channel of the probe is referred to as
an element channel, and a channel of the channel board 710
is referred to as a board channel or a channel. Also, a signal
which is processed in correspondence with one channel of
the channel board 710 is referred to as a channel signal.

[0108] In the element channel, the number of element
channels may be the same as or different from the number
of board channels. For example, when the probe includes
100 transducer elements, 100 ultrasound echo signals
respectively received from the 100 transducer elements may
be respectively transmitted through 100 element channels.
The 100 ultrasound echo signals transmitted through the 100
element channels may be all transferred to the channel board
710, and beamforming of the 100 ultrasound echo signals
may be performed in 1:1 through the 100 board channels. As
another example, when 100 ultrasound echo signals respec-
tively received from 100 transducer elements respectively
correspond to 100 element channels, the channel board 710
may be used in order for one board channel to match four
element channels.

[0109] Referring to FIG. 8, the channel board 710 may be
provided in a board form. In detail, the channel board 710
may include at least one or more channel board units 8§11 to
813, and each of the channel board units 811 to 813 may
process a signal group including at least one channel signal.

[0110] For example, one channel board unit (for example,
811) may perform beamforming of 32 signals respectively
corresponding to 32 channels. Here, the beamforming
include one selected from transmission beamforming and
reception beamforming. In detail, the channel board unit 811
may generate 32 pulses respectively corresponding to 32
channels, and perform the reception beamforming of 32
signals to generate pieces of ultrasound data. Also, the
number of channels for which beamforming is performed by
a channel board unit (for example, 811) may be changed
depending on the product specification of the channel board
unit.
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[0111] Referring to FIG. 8, the channel board 710 may
include an analog control board 820, the at least one or more
channel board units 811 to 813, and a back end board 830.
[0112] In detail, each of the at least one or more channel
board units 811 to 813 included in the channel board 710
may transmit an ultrasound signal to an object, receive an
ultrasound echo signal from the object, transmit an ultra-
sound signal to each of the transducer elements included in
the probe so as to scan the object, receive an ultrasound echo
signal from each of the transducer elements, and perform the
reception beamforming of the ultrasound echo signal to
convert the ultrasound echo signal into a digital signal. In
detail, each of the at least one or more channel board units
811 to 813 included in the channel board 710 may respec-
tively transmit a plurality of ultrasound signals to a plurality
of transducer elements respectively corresponding to a plu-
rality of element channels, and may respectively receive a
plurality of ultrasound echo signals from the plurality of
transducer elements respectively corresponding to the plu-
rality of element channels.

[0113] In FIG. 8, a case in which the channel board 710
includes three the channel board units 811 to 813 and each
channel board unit (for example, 811) receives and processes
32 channel signals will be described as an example. In detail,
the channel board unit 811 may process 32 channel signals
respectively received from 32 transducer elements among
the plurality of transducer elements included in the probe.
Here, signal processing performed by the channel board umit
811 may include reception beamforming, which generates
an ultrasound signal and transmits the ultrasound signal to a
transducer element, and transmission beamforming which
receives an ultrasound echo signal from the transducer
element and converts the ultrasound echo signal into a
digital signal.

[0114] Moreover, the number of channel board units
included in the channel board and/or the number of channels
processible by the channel board units may be changed
depending on a setting of a user, the product specification of
the portable ultrasound diagnostic device 200, or a setting of
a manufacturer of the portable ultrasound diagnostic device
200. However, since the purpose of carrying the portable
ultrasound diagnostic device and a size, weight, or volume
of the portable ultrasound diagnostic device are limited,
enlargement of the channel board 710 is limited, and thus,
the number of channels for which beamforming is per-
formed by the channel board 710 is limited.

[0115] The analog control board 820 controls the supply of
power to the channel board 720 and an operation of the
channel board 720.

[0116] The back end board 830 may process data received
from the channel board units 811 to 813, and transmit the
processed data to the processor module 730, which performs
imaging of an ultrasound image, through a connection
terminal 840.

[0117] Moreover, as illustrated, the channel board 720
may be connected to a board 850 for transmitting or receiv-
ing a signal to or from the probe. The channel board 720 may
transmit or receive a signal to or from the probe through the
board 850.

[0118] As described above, the channel board 720 may
include the channel board units 811 to 8§13 which have a
certain size, volume, or weight, for processing a channel
signal received from a transducer element, and thus, the
portable ultrasound diagnostic device 200 may include only
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a limited number of channel board units (for example, 811
to 813). Therefore, the number of channels processible by
the channel board 720 included in the portable ultrasound
diagnostic device 200 is limited.

[0119] In generating an ultrasound image, an image qual-
ity of a generated ultrasound signal is determined depending
on the number of channels which are simultaneously pro-
cessible by the channel board 720. For example, when the
probe includes 192 transducer elements, the reception beam-
forming of 192 ultrasound echo signals that are 192 channel
signals respectively received from the 192 transducer ele-
ments may be performed. In generating an ultrasound image
by using the reception-beamforming-performed ultrasound
echo signals, when the ultrasound image is generated by
using all the 192 ultrasound echo signals respectively cor-
responding to 192 channels, a quality of the ultrasound
image is maximized. On the other hand, when one ultra-
sound image is generated by performing the reception
beamforming of only some of the 192 channel signals
respectively received from the 192 transducer elements, a
quality of an image is degraded than a quality of an image
generated by using all the 192 ultrasound echo signals.
[0120] A size of the portable ultrasound diagnostic device
200 is limited for increasing portability. Therefore, in the
portable ultrasound diagnostic device 200, the number of
channels which are processible at one time is inevitably
limited in performing the transmission beamforming of
ultrasound echo signals respectively received from the trans-
ducer elements included in the probe. Thus, the reception
beamforming of only some of the ultrasound echo signals
respectively received from the transducer elements included
in the probe is inevitably performed once. That is, the
portable ultrasound diagnostic device 200 may generally
perform the transmission beamforming and reception beam-
forming of only a limited number of channel signals.
[0121] Therefore, a case of increasing a portability of the
portable ultrasound diagnostic device 200 and a case of
increasing a quality of a generated image by increasing an
arrangement space or size of the channel board 720 have a
tradeoff relationship, and thus, it is difficult to satisfy two the
cases.

[0122] An ultrasound system according to an embodiment
of the present invention overcomes a limitation of the
number of channels, for which the transmission beamform-
ing and the reception beamforming are performed at one
time, due to a limitation of the arrangement space of the
channel board 720 of the portable ultrasound diagnostic
device 200, and by using the docking device, the number of
channels for which the transmission beamforming and the
reception beamforming are performed at one time increases
to more than the number of channels which are processible
by the channel board 720 of the portable ultrasound diag-
nostic device 200. Hereinafter, the ultrasound system
according to an embodiment of the present invention will be
described in detail with reference to FIGS. 9 to 12.

[0123] FIG. 9is a block diagram illustrating an ultrasound
diagnostic system 900 according to another embodiment of
the present invention.

[0124] The ultrasound diagnostic system 900 according to
another embodiment of the present invention includes a
probe 910, a portable ultrasound diagnostic device 920, and
a docking device 960. In F1G. 9, the probe 910, the portable
ultrasound diagnostic device 920, and the docking device
960 respectively correspond to the probes 311 to 315, the
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portable ultrasound diagnostic device 200, and the extended
docking device 300 which have been described above with
reference to FIG. 2. Furthermore, the probe 910, the portable
ultrasound diagnostic device 920, and the docking device
960 may respectively correspond to the probes 112, 114, or
301, the portable ultrasound diagnostic device 200, 201,
202, or 400, and the indoor ultrasound diagnostic device 500
described with reference to FIGS. 3A through 6. Therefore,
a description repetitive of the description of FIGS. 2 through
6 is not provided. Also, the detailed configurations and
descriptions of the probe, the portable ultrasound diagnostic
device, and the extended docking device (or the indoor
ultrasound diagnostic device 500) which have been
described above with reference to FIGS. 1 to 6 may be
applied to the probe 910, the portable ultrasound diagnostic
device 920, and the docking device 960 which are to be
described below with reference to FIG. 9.

[0125] The probe 910 includes a plurality of transducer
elements (not shown). In detail, the probe 910 transmits a
plurality of ultrasound echo signals respectively correspond-
ing to a plurality of channels respectively corresponding to
the plurality of transducer elements. In detail, the probe 910
transmits the plurality of ultrasound echo signals to the
portable ultrasound diagnostic device 920. Here, the probe
910 may transmit ultrasound echo signals, which are equal
to or less than the number of the transducer elements, to the
portable ultrasound diagnostic device 920 at one time.
[0126] Hereinafter, a case in which the number of the
transducer elements included in the probe 910 is K number
and the number of the ultrasound echo signals transmitted by
the probe 910 is N number will be described as an example.
Here, K may be equal to or more than N. And, K and N are
integer. For example, the probe 910 transmits N number of
ultrasound echo signals respectively corresponding to N
number of element channels to the portable ultrasound
diagnostic device 920. In detail, each of the transducer
elements may transmit an ultrasound signal to an object, and
receive an echo signal reflected from the object. As
described above, each transducer element corresponds to
one element channel, and a signal transmitted or received by
one transducer element may be referred to as an element
channel signal. Here, N may vary depending on the kind of
the probe 910. Also, a case in which one element channel
corresponds to one board channel so as to match each other
in 1:1 will be described below as an example.

[0127] The portable ultrasound diagnostic device 920
includes a first channel board 925 that performs beamform-
ing of at least one of signals transmitted or received to or
from the plurality of transducer elements. In detail, the first
channel board 925 performs a beamforming operation
including one selected from a reception beamforming opera-
tion and a transmission beamforming operation. Also, the
portable ultrasound diagnostic device 920 may include a first
docking interface 940 for transmitting or receiving certain
data to or from the docking device 960.

[0128] The docking device 960 includes a second channel
board 970. The second channel board 970 may perform the
same function as that of the first channel board 925, and in
detail, perform the reception beamforming operation and the
transmission beamforming operation. In other words, the
second channel board 970 for performing the transmission
beamforming operation and the reception beamforming
operation may correspond to the AFE 520 for performing a
beamforming operation in the indoor ultrasound diagnostic
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device 500 of FIG. 6. Furthermore, the docking device 960
may be the indoor ultrasound diagnostic device 500
described with reference to FIGS. 5A through 6. In this case,
the AFE 520 of the indoor ultrasound diagnostic device 500
may correspond to the second channel board 970. The
portable ultrasound diagnostic device 920 is detachably
attached to the docking device 960. Alternatively, the dock-
ing device 960 may be connected wirelessly to the portable
ultrasound diagnostic device 920 by using the above-de-
scribed WLAN, WI-FI, Bluetooth, Zigbee, WFD, IrDA,
BLE, NFC, Wibro, WiMAX, SWAP, WiGig, RF communi-
cation, etc.

[0129] Moreover, the docking device 960 may include a
second docking interface 965. Here, the second docking
interface 965 allows data to be transmitted or received to or
from the portable ultrasound diagnostic device 920. Also,
the second docking interface 965 may correspond to the
docking interface 301 of FIG. 2. Also, the second docking
interface 965 may correspond to the portable docking part
580 of FIG. 6.

[0130] Furthermore, the probe 910 may be formed inte-
grally with the portable ultrasound diagnostic device 920. In
other words, when the portable ultrasound diagnostic device
920 corresponds to the portable ultrasound diagnostic device
201 of FIG. 3B, the probe 910 including a plurality of
transducer elements may be formed integrally with the
portable ultrasound diagnostic device 920 and be imple-
mented in a portable form. Furthermore, in this case, the
portable ultrasound diagnostic device 920 may be connected
to the docking device 960 through wired or wireless com-
munication. In addition, when the portable ultrasound diag-
nostic device 920 corresponds to the portable ultrasound
diagnostic device 202 of FIG. 3C, the portable ultrasound
diagnostic device 920 may be connected to the docking
device 960 through wired or wireless communication. In the
above-described configuration, the first and second docking
interfaces 940 and 965 may each include a wired commu-
nication interface (not shown) and/or a wireless communi-
cation interface (not shown) for performing wired and/or
wireless communication.

[0131] Forexample, the wireless communication interface
may include at least one communication module (not
shown) for performing wireless communication according
to at least one from among short-range data communication
methods including 60 Hz mmWave WLAN, WI-FI, Blu-
etooth, Zigbee, WFD, IrDA, BLE, NFC, Wibro, WiMAX,
SWAP, WiGig, and RF communication.

[0132] Moreover, the first channel board 925 may perform
beamforming by using a less number of channels than the
number of transducer elements included in the probe 910.
[0133] Moreover, the second channel board 970 may
perform beamforming by using channels equal to the num-
ber of transducer elements included in the probe 910.
[0134] Moreover, the second channel board 970 may
perform beamforming by using channels equal to the num-
ber of signals transmitted or received by the probe 910 and
the portable ultrasound diagnostic device 910.

[0135] Moreover, the second channel board 970 may
perform beamforming of signals, for which beamforming is
not performed by the first channel board 925, among a
plurality of signals transmitted or received to or from the
plurality of transducer elements included in the probe 910.
[0136] Moreover, the number of signals for which beam-
forming is performed by the second channel board 970 may
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be greater than the number of signals for which beamform-
ing is performed by the first channel board 925.

[0137] Hereinafter, an operation will be described in
which at least one of the first and second channel boards 925
and 970 performs beamforming of signals transmitted or
received by the plurality of transducer elements included in
the probe 910.

[0138] In detail, the portable ultrasound diagnostic device
920 includes the first channel board 925 that receives and
collects at least one of a plurality of ultrasound echo signals
transmitted from the probe 910. Hereinafter, a case in which
the number of ultrasound echo signals receivable and col-
lectable by the first channel board 925 is a maximum of M
number and M is less than N that is the number of ultrasound
echo signals transmitted from the probe 910 will be
described as an example. That s, the first channel board 925
may receive and collect ultrasound echo signals which are
less than M number and are some of the plurality of
ultrasound echo signals transmitted from the probe 910. In
detail, the portable ultrasound diagnostic device 920
includes the first channel board 925 that receives and
collects M number of ultrasound echo signals, which are less
than N number, among N number of ultrasound echo signals
transmitted from the probe 910. In detail, the portable
ultrasound diagnostic device 920 may receive a plurality of
ultrasound echo signals respectively corresponding to a
plurality of channels from the probe 910, acquire pieces of
ultrasound data respectively corresponding to the plurality
of channels by performing the reception beamforming of the
plurality of ultrasound echo signals, and generate an ultra-
sound image by using the acquired pieces of ultrasound data.
[0139] Furthermore, when the docking device 960 corre-
sponds to the indoor ultrasound diagnostic device 500, the
docking device 960 may further include the digital signal
processing part 530 and the control unit 560 of the indoor
ultrasound diagnostic device 500 described with reference to
FIG. 6. In this case, the docking device 960 may acquire
pieces of ultrasound data by performing beamforming via at
least one of the first and second channel boards 925 and 970
and generate an ultrasound image based on the acquired
pieces of ultrasound data. In other words, an operation of
generating an ultrasound image that is performed by the
portable ultrasound diagnostic device 920 may be performed
by the docking device 960 as well. In detail, an ultrasound
image may be generated using at least one of the digital
signal processing part 530 and the control unit 560 included
in the docking device 960.

[0140] Hereinafter, as described above, a case in which the
probe 910 transmits N number of ultrasound echo signals to
the portable ultrasound diagnostic device 920 and the num-
ber of channel signals processible by the first channel board
925 is a maximum of M number will be described as an
example. Also, a case in which the second channel board 970
processes (for example, performs the reception beamform-
ing and/or the transmission beamforming) some of N num-
ber of ultrasound echo signals transmitted from the probe
910 to the portable ultrasound diagnostic device 920 will be
described as an example.

[0141] In detail, the first channel board 925 performs the
transmission beamforming operation and the reception
beamforming operation. In detail, the first channel board 925
performs the transmission beamforming operation to gener-
ate M number of ultrasound signals respectively correspond-
ing to M number of channels, supplies the M ultrasound
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signals to the probe 910, and performs the reception beam-
forming of M number of ultrasound echo signals, which are
less than N number, among N number of ultrasound echo
signals transmitted from the probe 910.

[0142] In detail, the second channel board 970 receives at
least one ultrasound echo signal corresponding to at least
one channel among the N ultrasound echo signals transmit-
ted from the probe 910, and collects the received at least one
ultrasound echo signal.

[0143] Moreover, the second channel board 970 is not
limited in space and size unlike the potable ultrasound
diagnostic device 920, and thus may include more channel
board units than the portable ultrasound diagnostic device
920. Also, the second channel board 970 may be provided as
a channel board which has greater volume and size than
those of the portable ultrasound diagnostic device 920.
[0144] Therefore, the second channel board 970 can per-
form, at one time, the reception beamforming and transmis-
sion beamforming of more signals compared to the first
channel board 925 included in the portable ultrasound
diagnostic device 920.

[0145] Here, the docking device 960 is a cart-based
device, and is not limited in size unlike the portable ultra-
sound diagnostic device 920. Therefore, the second channel
board 970 included in the docking device 960 may include
the at least one or more channel board units 811 to 813 so
as to perform the reception beamforming and transmission
beamforming of signals respectively corresponding to more
channels compared to the first channel board 925.

[0146] In detail, each of the transducer elements included
in the probe 910 transmits an ultrasound signal to an object
according to a driving signal applied from the portable
ultrasound diagnostic device 920, and receives an echo
signal reflected from the object. The probe 910 includes a
plurality of transducer elements, which vibrate according to
an electrical signal applied thereto to generate an ultrasound
wave that is sound energy. Also, the probe 910 may be
connected to the portable ultrasound diagnostic device 920
or the docking device 960 by using wired or wireless
communication. Also, a plurality of probes may be con-
nected to the portable ultrasound diagnostic device 920
and/or the docking device 960 depending on an implemen-
tation type of the ultrasound system 900.

[0147] Moreover, the probe 910 may be connected to the
portable ultrasound diagnostic device 920 and/or the dock-
ing device 960. In FIG. 2, a case in which the plurality of
probes 311 to 315 are connected to the extended docking
device 300 is illustrated as an example. In FIG. 9, a case in
which the probe 910 is connected to the portable ultrasound
diagnostic device 920 is illustrated as an example.

[0148] Moreover, the probe 910 may include K number of
transducer elements more than N number that is the number
of channel signals which are transmitted from the probe 910
to the portable ultrasound diagnostic device 920 at one time.
Here, N and K are natural numbers. In detail, the probe 910
may transmit an ultrasound echo signal to a probe selective
assembly (PSA) 915.

[0149] The PSA 915 may be included in the portable
ultrasound diagnostic device 920. In detail, the PSA 915
may be disposed at a probe connection terminal (not shown)
of the portable ultrasound diagnostic device 920. When the
PSA 915 is included in the portable ultrasound diagnostic
device 920, an ultrasound echo signal transmitted from the
probe 910 may be transmitted to a control unit 930 or the
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first channel board 925 of the portable ultrasound diagnostic
device 920 through the PSA 915.

[0150] Moreover, the PSA 915 may be included in the
docking device 960. When the PSA 915 is included in the
docking device 960, the at least one or more probe ports 321
to 325 illustrated in FIG. 3A may be included in the PSA
915. When the PSA 915 is included in the docking device
960, an ultrasound echo signal transmitted from the probe
910 may be transmitted to a control unit (not shown in FIGS.
9 and 1080 of FIG. 10A) and the second channel board 970
of the docking device 960 through the PSA 915. And the
control unit of the docking device 960 may control trans-
mission of at least one of ultrasound echo signal which does
not processed by the second channel board 970 to the
portable ultrasound diagnostic device 920.

[0151] Hereinafter, a case in which the PSA 915 is
included in the portable ultrasound diagnostic device 920
and is disposed at the probe connection terminal (not shown)
of the portable ultrasound diagnostic device 920 is illus-
trated as an example. A configuration and operation of the
PSA 915 will be described below in detail with reference to
FIG. 11.

[0152] The PSA 915 transmits, at one time, N number of
ultrasound echo signals among K number of ultrasound echo
signals respectively received from K number of transducer
elements included in the probe 910. In detail, the PSA 915
may parallelly transmit, to the control unit 930 of the
portable ultrasound diagnostic device 920, the N ultrasound
echo signals among the K ultrasound echo signals respec-
tively received from the K transducer elements and signals
other than the N ultrasound echo signals among the K
ultrasound echo signals.

[0153] For example, the PSA 915 may receive K number
of ultrasound echo signals respectively corresponding to K
number of channels from K number of transducer elements,
may first transmit N number of ultrasound echo signals
among the K ultrasound echo signals to the portable ultra-
sound diagnostic device 920 (for example, the control unit
930 of the portable ultrasound diagnostic device 920), and
may subsequently transmit K-N number of ultrasound echo
signals to the portable ultrasound diagnostic device 920.
Then, the portable ultrasound diagnostic device 920 may
receive and collect the first-transmitted N ultrasound echo
signals by using all the first and second channel boards 925
and 970 or by using the second channel board 970. The
portable ultrasound diagnostic device 920 may receive and
collect the subsequently-transmitted K-N ultrasound echo
signals by using all the first and second channel boards 925
and 970 or by using the second channel board 970. The
detailed reception and collection of ultrasound echo signals
transmitted from the probe 910 will be described below in
detail with reference to FIGS. 10A through 11.

[0154] Furthermore, when the portable ultrasound diag-
nostic device 920 corresponds to the portable ultrasound
diagnostic device 201 or 202 described with reference to
FIG. 3B or 3C, the portable ultrasound diagnostic device
920 may not include the PSA 915. In this case, the probes
112 and 114 may each transmit at least one of the K number
of ultrasound echo signals directly to the first channel board
925 of the portable ultrasound diagnostic device 920. In
addition, the control unit 930 of the portable ultrasound
diagnostic device 920 may control at least one of the K
number of ultrasound echo signals acquired by the probe 112
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or 114 to be transmitted to the second docking interface 965
of the docking device 960 via the first docking interface 940.

[0155] In detail, the portable ultrasound diagnostic device
920 may further include the control unit 930, an image
processing unit 935, and the first docking interface 940, in
addition to the first channel board 925.

[0156] The control unit 930 controls an overall operation
of the portable ultrasound diagnostic device 920 for imaging
an ultrasound image. That is, the control unit 930 may
control operations of the probe 910, the first channel board
925, the image processing unit 935, and the first docking
interface 940.

[0157] The image processing unit 935 may receive at least
one ultrasound echo signal received and collected by the
second channel board 970, and generate an ultrasound image
by using M or more number of ultrasound echo signals and
the at least one ultrasound echo signal received and collected
by the second channel board 970.

[0158] In detail, the image processing unit 925 generates
a pulse which is used for the first channel board 925 and/or
the second channel board 970 to generate an ultrasound
signal, and transmits the generated pulse to the first channel
board 925 and/or the second channel board 970. Further-
more, the image processing unit 925 may generate pieces of
ultrasound data by using a plurality of ultrasound echo
signals which are transmitted from the probe 910 and for
which the reception beamforming is performed by the first
channel board 925 and/or the second channel board 970, and
generate an ultrasound image by using the generated pieces
of ultrasound data.

[0159] When the portable ultrasound diagnostic device
920 is equipped in the docking device 960, the first docking
interface 940 interfaces data transmitted or received between
the portable ultrasound diagnostic device 920 and the dock-
ing device 960. For example, the first docking interface 940
may transmit a generation request of at least one pulse,
which is to be applied to the probe 910, to the second
docking interface 965 according to control by the control
unit 930. Hereinafter, the generation request of the at least
one pulse which is to be applied to the probe 910 is referred
to as a transmission beamforming request. The second
channel board 970 generates at least one pulse which is to be
applied to at least one transducer element of the probe 910,
based on the transmission beamforming request transmitted
to the second docking interface 965. The at least one pulse
generated by the second channel board 970 is transmitted to
the first docking interface 940 through the second docking
interface 965. Furthermore, the at least one pulse received
by the first docking interface 940 is transmitted to the probe
910 according to control by the control unit 930. The probe
910 applies the transmitted at least one pulse to at least one
transducer element that is a piezoelectric vibrator. Therefore,
that transducer element may generate an ultrasound signal
corresponding to the applied pulse, and transmit the ultra-
sound signal to an object.

[0160] Moreover, the first docking interface 940 may
transmit or receive certain data to or from the docking
interface 301 corresponding to the second docking interface
965. Also, the first docking interface 940 may correspond to
the extended docking part 250 of FIG. 4. Also, the first
docking interface 940 may correspond to the cart-based
docking part 480 of FIG. 6. Furthermore, as described
above, the first docking interface 940 may include the wired
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or wireless communication interface for performing wired or
wireless communication with the docking device 960.
[0161] Moreover, in applying N number of ultrasound
signals corresponding to N number of channels to the probe
910 at one time, the second channel board 970 may generate
at least one pulse corresponding to at least one of the N
channels, and the first channel board 925 may generate a
pulse corresponding to each of the other channels, which are
not processed by the second channel board 970, among the
N channels.

[0162] The plurality of transducer elements included in the
probe 910 may respectively receive a plurality of ultrasound
echo signals from an object, and transmit N number of
ultrasound echo signals respectively corresponding to N
number of channels among the received plurality of ultra-
sound echo signals to the portable ultrasound diagnostic
device 920 at one time. The control unit 930 may perform
control in order for the reception beamforming of the
received N ultrasound echo signals to be performed by the
first and second channel boards 925 and 970 or the second
channel board 970. The image processing unit 935 may
generate an ultrasound image by using the reception-beam-
forming-performed N ultrasound echo signals.

[0163] For example, it is assumed that N=128, and it is
assumed that the portable ultrasound diagnostic device 920
may 128 pulses respectively corresponding to 128 channels
to the probe 910 at one time, and receive 128 ultrasound
echo signals respectively corresponding to the 128 channels
from the probe 910 at one time. Also, it is assumed that the
number of signal channels for which the transmission beam-
forming and the reception beamforming are performed by
the first channel board 925 included in the portable ultra-
sound diagnostic device 920 is 64.

[0164] In this case, when N is 128 and the portable
ultrasound diagnostic device 920 applies the 128 pulses
respectively corresponding to the 128 channels to the probe
910 at one time, 64 pulses may be generated by the first
channel board 925, and the other 64 pulses may be generated
by the second channel board 970. Furthermore, the 128
ultrasound echo signals respectively corresponding to the
128 channels among a plurality of ultrasound echo signals
received by the probe 910 are transmitted to the portable
ultrasound diagnostic device 920 at one time. Then, the
control unit 930 of the portable ultrasound diagnostic device
920 may perform control so that the first channel board 925
performs the reception beamforming of the 64 ultrasound
echo signals, and the second channel board 970 performs the
reception beamforming of the other 64 ultrasound echo
signals. The image processing unit 935 may generate an
ultrasound image by using pieces of ultrasound data which
are generated by performing the reception beamforming of
the 128 ultrasound echo signals in the first and second
channel boards 925 and 970 and respectively correspond to
the 128 channels.

[0165] As another example, N is 128, 128 pulses may be
all generated by the second channel board 970, and the first
channel board 925 may not generate any pulse. The 128
ultrasound echo signals respectively corresponding to 128
channels among a plurality of ultrasound echo signals
received by the probe 910 are transmitted to the portable
ultrasound diagnostic device 920 at one time. Then, the
control unit 930 of the portable ultrasound diagnostic device
920 may perform control so that the second channel board
970 performs the reception beamforming of all the 128
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ultrasound echo signals. The image processing unit 935 may
generate an ultrasound image by using pieces of ultrasound
data which are generated by performing the reception beam-
forming of the 128 ultrasound echo signals in the second
channel board 970 and respectively correspond to the 128
channels.

[0166] As described above, by using the second channel
board 970 included in the docking device 960, the ultra-
sound system 900 according to another embodiment of the
present invention increases the number of signal channels,
which are processed by the portable ultrasound diagnostic
device 920 at one time, to N=128 exceeding M=64. Accord-
ingly, the portable ultrasound diagnostic device 920 gener-
ates a high-quality ultrasound image.

[0167] Moreover, the portable ultrasound diagnostic
device 920 may be detachably attached to the ultrasound
system 900 so as to carry and use the portable ultrasound
diagnostic device 920. Also, the portable ultrasound diag-
nostic device 920 may be equipped in the docking device
960 so as to generate a high-quality ultrasound image.

[0168] Moreover, the docking device 960 may include
only the channel board and the elements (for example, the
power module and the like) necessary for performing the
reception beamforming operation and the transmission
beamforming operation, and thus may not be configured
with high-specification and high-cost equipment. Therefore,
although the low-cost docking device 960 is used, a high-
specification ultrasound device may be implemented with
the portable ultrasound diagnostic device 920.

[0169] Furthermore, when the docking device 960 corre-
sponds to the indoor ultrasound diagnostic device 500, the
indoor ultrasound diagnostic device 500 (in detail, corre-
sponding to the second channel board 970) may use the AFE
520 included therein to generate a high quality ultrasound
image based on ultrasound signals acquired by the probe 910
connected to the portable ultrasound diagnostic device 920.
In other words, the indoor ultrasound diagnostic device 500
may operate to generate a high quality ultrasound image by
using the AFE 520 included therein even when it does not
include an additional component or module.

[0170] As described above, the ultrasound diagnostic sys-
tem 900 may perform beamforming of at least some of
signals transmitted or received by the probe 910 by using the
second channel board 970, and thus increases the number of
signal channels processible by the portable ultrasound diag-
nostic device 920. Accordingly, a quality of an ultrasound
image generated by the portable ultrasound diagnostic
device 920 increases.

[0171] FIG. 10A is a block diagram illustrating an ultra-
sound diagnostic system 1000 according to another embodi-
ment of the present invention.

[0172] Referring to FIG. 104, the ultrasound diagnostic
system 1000 includes a probe 1010, a portable ultrasound
diagnostic device 1020, and a docking device 1060. In FIG.
10A, the probe 1010, the portable ultrasound diagnostic
device 1020, and the docking device 1060 respectively
correspond to the probe 910, the portable ultrasound diag-
nostic device 920, and the docking device 960 which have
been described above with reference to FIG. 9. Therefore, a
description repetitive of the description of FIG. 9 is not
provided. In detail, in FIGS. 9 and 10A, the same names
refer to the same elements. For example, first and second
docking interfaces 1040 and 1065 shown in FIG. 10A may
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respectively correspond to the first and second docking
interfaces 940 and 965 described with reference to FIG. 9.
[0173] Referring to FIG. 10A, a first channel board 1025
may include at least one channel board unit that processes at
least one signal channel and has been described above with
reference to FIG. 8. In FIG. 10A, a case in which the first
channel board 1025 is configured with one channel board
unit 1025 is illustrated.

[0174] In detail, the channel board unit 1025 may include
a reception unit 1026 and a transmission unit 1027.

[0175] The transmission unit 1027 performs the transmis-
sion beamforming operation to supply a pulse for driving a
transducer element. In detail, the transmission unit 1027
may generate a plurality of pulses respectively correspond-
ing to a plurality of channels, and may respectively apply a
plurality of pulses to a plurality of transducer elements.
[0176] The reception unit 1026 may perform the reception
beamforming operation to receive and collect the ultrasound
echo signal from the transducer element. In detail, the
reception unit 1026 may receive a plurality of ultrasound
echo signals respectively corresponding to the plurality of
channels from the plurality of transducer elements, and
receive and collect the received plurality of ultrasound echo
signals to generate pieces of ultrasound data.

[0177] In detail, the transmission unit 1027 supplies a
driving signal to the probe 1010 and includes a pulse
generating unit 1055, a transmission delaying unit 1056, and
a pulser 1057. The pulse generating unit 1055 generates
pulses for forming transmission ultrasound waves based on
a predetermined pulse repetition frequency (PRF), and the
transmission delaying unit 1056 applies a delay time for
determining transmission directionality to the pulses. Pulses
to which a delay time is applied correspond to a plurality of
piezoelectric vibrators included in the probe 1010, respec-
tively. The pulser 1057 applies a driving signal (or a driving
pulse) to the probe 1010 as a timing corresponding to each
pulse to which a delay time is applied. In detail, the driving
signal is applied to the transducer element included in the
probe 1010.

[0178] The reception unit 1026 generates ultrasound data
by processing echo signals received from the probe 1010
and may include an amplifier 1051, an analog-digital con-
verter (ADC) 1052, a reception delaying unit 1053, and a
summing unit 1054. The amplifier 1051 amplifies echo
signals in each channel, and the ADC 1052 analog-digital
converts the amplified echo signals. The reception delaying
unit 1053 applies delay times for determining reception
directionality to the digital-converted echo signals, and the
summing unit 1054 generates ultrasound data by summing
the echo signals processed by the reception delaying unit
1053. Also, according to embodiments of the present inven-
tion, the reception unit 1026 may not include the amplifier
1051. In other words, if sensitivity of the probe 1010 or the
capability to process bit by the ADC 1052 were enhanced,
the amplifier 1051 may be omitted.

[0179] In detail, the image processing unit 1030 generates
an ultrasound image by scan-converting pieces of ultrasound
data received from the first and second channel boards 1025
and 1027 or pieces of ultrasound data received from the
second channel board 1070. Meanwhile, an ultrasound
image may include not only a grayscale ultrasound image
obtained by scanning a target object in an amplitude (A)
mode, a brightness (B) mode, and a motion (M) mode, but
also a blood flow Doppler image showing flow of blood (aka
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a color Doppler image), a tissue Doppler image showing
movement of tissues, and a spectral Doppler image showing
moving speed of a target object as a waveform.

[0180] Moreover, the image generating unit 1030 may
generate a 3-dimensional (3D) ultrasound image via vol-
ume-rendering of volume data and may also generate an
elasticity image which visualizes deformation of an object
due to a pressure. Furthermore, the image generating unit
1030 may display various pieces of additional information in
an ultrasound image by using texts and graphics. Mean-
while, the generated ultrasound image may be stored in a
memory (not shown) included in the portable ultrasound
diagnostic device 1020.

[0181] The control unit 1035 may include a beamforming
controller 1037. The beamforming controller 1037 may
control the transmission beamforming operation and recep-
tion beamforming operation of the first channel board 1025.
For example, in performing the transmission beamforming
and the reception beamfoming on N number of signals equal
to the number of ultrasound signals and ultrasound echo
signals which are transmitted or received to or from the
probe 1010 at one time, the beamforming controller 1037
may perform control so that the second channel board 1070
performs the transmission beamforming and reception
beamforming of at least one of the signals. For example, the
number of channels processed by the second channel board
1070 may be autonomously set by the beamforming con-
troller 1037.

[0182] A display unit 1041 displays a certain screen
according to control by the control unit 1035. In detail, the
display unit 1041 may include a display panel (not shown),
and display a user interface screen and a medical image
screen in the display panel. In detail, the display unit 1041
may display an ultrasound image generated by the image
processing unit 1030.

[0183] A user interface unit 1045 may generate and output
the user interface screen for receiving a command or data
from a user. Also, the user interface unit 1045 receives the
command or the data from the user through the user interface
screen. The user may recognize certain information by
looking at the user interface screen displayed by the display
unit 1041, and input the command or the data through the
user interface unit 1045.

[0184] For example, the user interface unit 1045 may
include a mouse, a keyboard, or an input device which
includes hard keys for inputting data. For example, the user
may manipulate at least one selected from the mouse, the
keyboard, or the other input device included in the user
interface unit 1045 to input the data or the command.
[0185] As another example, the user interface unit 1045
may be configured with a touch pad. In detail, the user
interface unit 1045 may include the touch pad (not shown)
which is coupled to the display panel (not shown) included
in the display unit 1041. In this case, the user interface
screen is output by the display panel. When a command is
input through the user interface screen, the touch pad senses
the command, and transmits sensed information. Then, the
control unit 1035 may analyze the sensed information to
recognize and execute the command input from the user.
[0186] In detail, in a case where the user interface unit
1045 is configured with the touch pad, when the user touches
a position of the user interface screen, the user interface unit
1045 senses the touched position. The user interface unit
1045 may transmit sensed position information to the con-
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trol unit 1035. Then, the control unit 1035 may recognize a
request received from the user corresponding to a menu
displayed at the sensed position, and execute the recognized
request.

[0187] In detail, the display unit 1041 may display a menu
screen for determining signals, processed by the second
channel board 1070, among N number of signals for which
the transmission beamforming and the reception beamform-
ing are performed at one time. The user may set the signals,
processed by the second channel board 1070, among the N
signals through the user interface unit 1045. For example,
the user may request, through the user interface unit 1045,
that processing be performed by only the second channel
board 1070. As another example, the user may request,
through the user interface unit 1045, that only signals
corresponding to channels more than the number of channels
processible by the first channel board 1025 be processed by
the second channel board 1070. Also, the user may sepa-
rately set the number of channels processed by the first
channel board 1025 and the number of channels processed
by the second channel board 1070 through the user interface
unit 1045,

[0188] Moreover, in the portable ultrasound diagnostic
device 1020, the first channel board 1025 may be disposed
in the channel board 710 region described above with
reference to FIG. 7, and the image processing unit 1030 and
the control unit 1035 may be included in the processor
module 730. Also, although not shown in FIG. 10A, the
portable ultrasound diagnostic device 1020 may further
include the power module 740 described above with refer-
ence to FIG. 7, a memory (not shown), and a communication
unit (not shown). Elements, which are included in the
portable ultrasound diagnostic device 1020 but are not
described with reference to FIG. 10A, will be described in
detail with reference to FIG. 12.

[0189] The docking device 1060 may further include the
second channel board 1070, a pre-processor 1075, and a
control unit 1080.

[0190] The pre-processor 1075 may pre-process at least
one ultrasound echo signal received and collected by the
second channel board 1070, and transmit the pre-processed
ultrasound echo signal to the portable ultrasound diagnostic
device 1020. In detail, the pre-processor 1075 may adjust a
gain of the at least one ultrasound echo signal received and
collected by the second channel board 1070, perform a
filtering operation such as a noise removing operation, and
perform digital signal processing for converting a signal into
a type suitable for transmitting the signal to the portable
ultrasound diagnostic device 1020.

[0191] The control unit 1080 may control an overall
operation of each element of the docking device 1060. In
detail, the control unit 1080 may control the transmission
beamforming operation and reception beamforming opera-
tion of the second channel board 1070.

[0192] A detailed configuration of the second channel
board 1070 is the same as that of the first channel board
1025, and thus, its detailed description is not provided.
[0193] A power unit 1085 supplies power to internal
elements by using power supplied from the inside or the
outside. The power unit 1085 corresponds to the power
module 740 described above with reference to FIG. 7, and
thus, its detailed description is not provided.

[0194] FIG. 10B is a block diagram of a configuration of
an ultrasound diagnostic system 1001 according to another
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embodiment. In FIG. 10B, the same components as those
shown in FIG. 10A are denoted by the same reference
numerals. Thus, descriptions of the ultrasound diagnostic
system 1001 that are already provided above with respect to
FIG. 10A will be omitted hereafter.

[0195] Referring to FIG. 10B, the ultrasound diagnostic
system 1001 includes a probe 1010, a portable ultrasound
diagnostic device 1020, and an indoor ultrasound diagnostic
device 1061. In this case, the indoor ultrasound diagnostic
device 1061 may correspond to the indoor ultrasound diag-
nostic device 500 described with reference to FIG. 5A
through 6. When the indoor ultrasound diagnostic device
1061 corresponds to the indoor ultrasound diagnostic device
500, a second docking device 1065, a second channel board
1070, a processor 1075, a control unit 1080, and a power unit
1085 may respectively correspond to the portable docking
part 580, the AFE 520, the digital signal processing part 530,
the control unit 560, and the power supply part 550
described with reference to FIG. 6. Furthermore, unlike the
indoor ultrasound diagnostic device 500, the indoor ultra-
sound diagnostic device 1061 may further include a display
unit 1091 and a user interface unit 1092. Thus, descriptions
of the ultrasound diagnostic system 1001 of FIG. 11, which
are already provided above with respect to FIGS. 5A through
6, will be omitted below.

[0196] Furthermore, the indoor ultrasound diagnostic
device 1061 of FIG. 10B may correspond to the docking
device 1060 of FIG. 10A. When the indoor ultrasound
diagnostic device 1061 corresponds to the docking device
1060, the indoor ultrasound diagnostic device 1061 may
further include the display unit 1091 and the user interface
unit 1092, unlike the docking device 1060. Furthermore, the
processor 1075 of FIG. 10B may correspond to or include
the pre-processor 1075 of FIG. 10A.

[0197] In addition, the second docking interface 1065, the
second channel board 1070, the processor 1075, the control
unit 1080, the display unit 1091, and the user interface unit
1092 of FIG. 10B may respectively correspond to the first
docking interface 1040, the first channel board 1025, the
image processing unit 1030, the control unit 1035, the
display unit 1041, and the user interface unit 1045 described
with reference to FIG. 10A and perform the same operations
as those of their counterparts.

[0198] Only differences in configuration and operation of
the indoor ultrasound diagnostic device 1061 from the
docking device 1060 described with reference to FIG. 10A
will now be described.

[0199] The second docking interface 1065 may include a
wired communication interface (not shown) or a wireless
communication interface (not shown) for performing wired
or wireless communication with a first docking interface
1040 of a portable ultrasound diagnostic device 1020. Fur-
thermore, the first docking interface 1040 may include a
wired communication interface (not shown) or a wireless
communication interface (not shown) for performing wired
or wireless communication with the second docking inter-
face 1065 of the indoor ultrasound diagnostic device 1061.
[0200] Inthis case, a wireless communication method may
include at least one from among the above-described short-
range data communication methods including WLAN, WI-
FI, Bluetooth, Zigbee, WFD, IrDA, BLE, NFC, Wibro,
WIMAX, SWAP, WiGig, and RF communication.

[0201] The second docking interface 1065 may transmit or
receive data to or from the first docking interface 1040 of the
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portable ultrasound diagnostic device 1020. For example,
the second docking interface 1065 may exchange at least
one of an ultrasound signal, ultrasound data, and an ultra-
sound echo signal necessary for generating an ultrasound
image with the first docking interface 1040.

[0202] Referring to FIG. 10B, the pre-processor 1075 may
pre-process at least one ultrasound echo signal for which
receive focusing has been performed by the second channel
board 1070. In detail, the processor 1075 may adjust a gain
of the at least one echo signal that has undergone the receive
focusing in the second channel board 1070, perform filtering
such as noise removal on the at least one echo signal, and
perform digital signal processing for converting the at least
one echo signal into a form suitable for transmitting it to the
portable ultrasound diagnostic device 1020. Furthermore,
when the portable ultrasound diagnostic device 1020 gen-
erates an ultrasound image, the at least one ultrasound echo
signal subjected to pre-processing by the processor 1075
may be transmitted to the portable ultrasound diagnostic
device 1020.

[0203] Furthermore, the processor 1075 may include an
image processor (not shown). In this case, the processor
1075 may generate an ultrasound image by scan-converting
pieces of ultrasound data received from the first and second
channel boards 1025 and 1070 or pieces of ultrasound data
received from the second channel board 1070. In detail, the
processor 1075 may generate an ultrasound image by using
at least one from among ultrasound echo signals generated
by pre-processing pieces of ultrasound data received from
the second channel board 1070 and ultrasound echo signals
respectively corresponding to pieces of ultrasound data
received from the first channel board 1025. In other words,
in the embodiment shown in FIG. 10B, the processor 1075
may perform an operation of generating an ultrasound
image, which is performed by the image processing unit
1030 of the portable ultrasound diagnostic device 1020.
[0204] In addition, an ultrasound image may include not
only a grayscale ultrasound image obtained by scanning an
object in an amplitude (A) mode, a brightness (B) mode, and
a motion (M) mode, but also a Doppler image showing a
moving object by using a Doppler effect. The Doppler image
may include a blood flow Doppler image showing flow of
blood (also referred to as a color Doppler image), a tissue
Doppler image showing a movement of tissue, and a spectral
Doppler image showing a moving speed of an object as a
waveform.

[0205] Furthermore, the processor 1075 may generate a
3D ultrasound image by performing volume-rendering of
volume data and generate an elasticity image by imaging
deformation of an object due to a pressure. Furthermore, the
processor 1075 may display various pieces of additional
information in an ultrasound image by using texts and
graphics. In addition, the generated ultrasound image may
be stored in a memory (not shown) included in the indoor
ultrasound diagnostic device 1061.

[0206] The control unit 1080 may control all operations of
respective components of the indoor ultrasound diagnostic
device 1061. In detail, the control unit 1080 may control a
transmission beamforming operation and a reception beam-
forming operation of the second channel board 1070.
[0207] The power unit 1085 may supply power to respec-
tive components of the indoor ultrasound diagnostic device
1061. In detail, the power unit 1085 may include a power
plug (not shown) for connecting with a wall power. The
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power unit 1085 may supply required power to the indoor
ultrasound diagnostic device 1061 by using power received
via the power plug.

[0208] The display unit 1091 displays a predetermined
screen according to control by the control unit 1080. In
detail, the display unit 1091 may include a display panel (not
shown), and display a user interface screen, a medical image
screen, etc. on the display panel. In detail, the display unit
1091 may display an ultrasound image generated by the
processor 1075.

[0209] The user interface unit 1092 may create and output
a user interface screen for receiving a predetermined com-
mand or data from a user. Furthermore, the user interface
unit 1092 receives the predetermined command or the data
from the user via the user interface screen. The user may
recognize certain information by viewing the user interface
screen displayed by the display unit 1091 and input a
predetermined command or the data via the user interface
unit 1092.

[0210] For example, the user interface unit 1092 may
include a mouse, a keyboard, or another input device includ-
ing hard keys for inputting predetermined data. For example,
the user may manipulate at least one of the mouse, the
keyboard, and the other input device included in the user
interface unit 1092 to input predetermined data or the
command.

[0211] As another example. the user interface unit 1092
may be formed as a touch pad. In detail, the user interface
unit 1092 may include a touch pad (not shown) combined
with the display panel included in the display unit 1091. In
this case, the user interface screen is output onto the display
panel. When a predetermined command is input via the user
interface screen, the touch pad senses the command and
transmits sensed information. Then, the control unit 1080
may analyze the sensed information to recognize and
execute the command input by the user.

[0212] Furthermore, the display unit 1091 may display a
menu screen for determining signals that are processed by
the second channel board 1070 from among N number of
signals for which transmission beamforming and reception
beamforming are performed at one time. The user may set,
via the user interface unit 1092, the signals that are pro-
cessed by the second channel board 1070 from among the N
number of signals. For example, the user may request
processing by only the second channel board 1070 via the
user interface unit 1092. As another example, the user may
request, through the user interface unit 1092, the second
channel board 1070 to process only signals corresponding to
channels exceeding the number of channels that are to be
processed by the first channel board 1025. Also, the user
may individually set, via the user interface unit 1092, the
number of channels processed by the first channel board
1025 and the number of channels processed by the second
channel board 1070. Accordingly, the control unit 1080 may
control the indoor ultrasound diagnostic device 1061 to
perform operations corresponding to user requests.

[0213] Referring to FIG. 11, a probe 1110, a PSA 1115, a
portable ultrasound diagnostic device 1150, and a docking
device 1170 respectively correspond to the probe 910, the
PSA 915, the portable ultrasound diagnostic device 920, and
the docking device 960 which have been described above
with reference to FIG. 9. Therefore, a description repetitive
of the descriptions of FIGS. 9 and 10 is not provided.
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[0214] Referring to FIG. 11, the PSA 1115 may be pro-
vided at a probe connection terminal 1159 of the portable
ultrasound diagnostic device 1150.

[0215] In detail, the PSA 1115 is an assemble for selecting
a probe, and may include at least one or more probe
connection ports 1121 to 1124, a probe selection switching
unit 1135, and a selection unit 1140.

[0216] The same probe or different kinds of probes may be
connected to the at least one or more probe connection ports
1121 to 1124. Here, the at least one or more probe connec-
tion ports 1121 to 1124 correspond to the at least one or more
probe connection ports 321 to 325 of FIG. 3A.

[0217] When the probe 1110 is connected to the at least
one or more probe connection ports 1121 to 1124, the probe
selection switching unit 1135 senses the connection, and
connects the selection unit 1140 to the probe connection port
1122 connected to the probe 1110. In detail, the probe
selection switching unit 1135 includes at least one or more
switches 1131 to 1133, and when the probe 1110 is con-
nected to the at least one or more probe connection ports
1121 to 1124, as illustrated, the probe selection switching
unit 1135 may turn on the switches 1131 and 1133 in order
for the selection unit 1140 to be connected to the probe
connection port 1122 connected to the probe 1110.

[0218] The selection unit 1140 transmits at least one of a
plurality of signals, transmitted from the probe 1110, to the
portable ultrasound diagnostic device 1150 at one time.
[0219] Forexample, the probe 1110 may be a 192-channel
probe including 192 transducer elements. In this case, the
probe 1110 generates ultrasound echo signals of 192 chan-
nels respectively received from the transducer elements of
the 192 channels, and transmits the generated ultrasound
echo signals corresponding to the 192 channels to the
selection unit 1140 through the probe connection port 1122
and the probe selection switching unit 1135.

[0220] The selection unit 1140 may transmit 128 ultra-
sound echo signals, respectively corresponding to 128 chan-
nels among the received ultrasound echo signals of the 192
channels, to the portable ultrasound diagnostic device 1150
at one time. Also, the selection unit 1140 may subsequently
transmit, to the portable ultrasound diagnostic device 1150,
ultrasound echo signals of 64 channels except the ultrasound
echo signals of the 128 channels among the ultrasound echo
signals of the 192 channels.

[0221] InFIG. 11, a case in which the PSA 1115 transmits
128 signals, corresponding to the number of channels less
than 192 that is the number of channels of the probe 1110,
to the portable ultrasound diagnostic device 1150 at one time
has been described above as an example, but as another
example, the PSA 1115 may transmit signals, corresponding
to 192 channels equal to the number of channels of the probe
1110, to the portable ultrasound diagnostic device 1150 at
one time.

[0222] Moreover, the number of signals (the number of
channels) which are transmitted to the portable ultrasound
diagnostic device 1150 at one time may vary, or may vary
depending on the product specification of the PSA 1115.
[0223] FIG. 12 is a diagram illustrating a portable ultra-
sound diagnostic device in detail.

[0224] FIG. 12 is a diagram for describing in detail an
ultrasound diagnostic system according to another embodi-
ment of the present invention. In detail, the ultrasound
diagnostic system 100 of FIG. 11 relates to a detailed
configuration of the portable ultrasound diagnostic device
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920 disclosed in an embodiment of the present invention.
Thus, the operation and description of the portable ultra-
sound diagnostic device (e.g., the portable ultrasound diag-
nostic device 100, 200, 400, 920, or 1020) described above
with reference to FIGS. 1 to 11 may be applied to a portable
ultrasound diagnostic device 100 of FIG. 12 as-is. Further-
more, a probe 2 shown in FIG. 12 may correspond to the
probe (e.g., the probe 101, 112, 114, 301, 910, or 1010)
described with reference to FIGS. 1 through 11.

[0225] The portable ultrasound diagnosis device 100 may
include the probe 2, an ultrasound transmission/reception
unit 10, an image processing unit 20, a communication unit
30, a memory 40, an input device 50, and a control unit 60,
where the components stated above may be connected to one
another via buses 70.

[0226] The portable ultrasound diagnosis device 100 may
be embodied not only as a cart type device, but also as a
portable device. Examples of portable ultrasound diagnosis
devices may include a PACS viewer, a smart phone, a laptop
computer, a personal digital assistant (PDA), and a tablet
PC. However, the present invention is not limited thereto.
[0227] The probe 2 transmits ultrasound waves to an
object 1 based on a driving signal applied by the ultrasound
transmission/reception unit 10 and receives echo signals
reflected by the object 1. The probe 2 includes a plurality of
transducers, and the plurality of transducers oscillate based
on electric signals transmitted thereto and generate acoustic
energy, that is, ultrasound waves. Furthermore, the probe 2
may be connected to the main body of the portable ultra-
sound diagnosis device 100 wiredly or wirelessly. According
to embodiments of the present invention, the portable ultra-
sound diagnosis device 100 may include a plurality of
probes 2.

[0228] A transmission unit 11 supplies a driving signal to
the probe 2 and includes a pulse generating unit 17, a
transmission delaying unit 18, and a pulser 19. The pulse
generating unit 17 generates pulses for forming transmission
ultrasound waves based on a predetermined pulse repetition
frequency (PRF), and the transmission delaying unit 18
applies a delay time for determining transmission direction-
ality to the pulses. Pulses to which a delay time is applied
correspond to a plurality of piezoelectric vibrators included
in the probe 2, respectively. The pulser 19 applies a driving
signal (or a driving pulse) to the probe 2 as a timing
corresponding to each pulse to which a delay time is applied.
[0229] A reception unit 12 generates ultrasound data by
processing echo signals received from the probe 2 and may
include an amplifier 13, an analog-digital converter (ADC)
14, a reception delaying unit 15, and a summing unit 16. The
amplifier 13 amplifies echo signals in each channel, and the
ADC 14 analog-digital converts the amplified echo signals.
The reception delaying unit 15 applies delay times for
determining reception directionality to the digital-converted
echo signals, and the summing unit 16 generates ultrasound
data by summing the echo signals processed by the reception
delaying unit 15. Also, according to embodiments of the
present invention, the reception unit 12 may not include the
amplifier 13. In other words, if sensitivity of the probe 2 or
the capability to process bit by the ADC 14 were enhanced,
the amplifier 13 may be omitted.

[0230] The image processing unit 20 generates an ultra-
sound image by scan-converting ultrasound data generated
by the ultrasound transmission/reception unit 10 and dis-
plays the ultrasound image. Meanwhile, an ultrasound image
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may include not only a grayscale ultrasound image obtained
by scanning a target object in an amplitude (A) mode, a
brightness (B) mode, and a motion (M) mode, but also a
blood flow Doppler image showing flow of blood (aka a
color Doppler image), a tissue Doppler image showing
movement of tissues, and a spectral Doppler image showing
moving speed of a target object as a waveform.

[0231] A B mode processing unit 22 extracts B mode
components from ultrasound data and processes the B mode
components. An image generating unit 24 may generate an
ultrasound image indicating signal intensities as brightness
based on the extracted B mode components.

[0232] Similarly, a Doppler processing unit 23 may extract
Doppler components from ultrasound data, and the image
generating unit 24 may generate a Doppler image indicating
movement of a target object as colors or waveforms based
on the extracted Doppler components.

[0233] The image generating unit 24 according to an
embodiment of the present invention may generate a 3-di-
mensional (3D) ultrasound image via volume-rendering of
volume data and may also generate an elasticity image
which visualizes deformation of the object 1 due to a
pressure. Furthermore, the image generating unit 24 may
display various additional information in an ultrasound
image by using texts and graphics. Meanwhile, the gener-
ated ultrasound image may be stored in the memory 40.
[0234] A display unit 25 displays the generated ultrasound
image. The display unit 25 may display not only an ultra-
sound image, but also various information processed by the
portable ultrasound diagnosis device 100 in a screen image
via a graphic user interface (GUI). Meanwhile, the portable
ultrasound diagnosis device 100 may include two or more
display units 25 according to embodiments of the present
invention.

[0235] The communication unit 30 is wiredly or wirelessly
connected to a network 3 and communicates with an exter-
nal device or a server. The communication unit 30 may
exchange data with a hospital server or another medical
device in a hospital that is connected with a picture archiving
and communications system (PACS). Furthermore, the com-
munication unit 30 may perform data communication
according to the digital imaging and communications in
medicine (DICOM) standard.

[0236] The communication unit 30 may transmit and
receive data related to diagnosis of a target object, e.g., an
ultrasound image, ultrasound data, and Doppler data of the
target object, via the network 3 and may also transmit and
receive medical images obtained via other medical devices,
e.g., a CT image, a MR image, and an X-ray image.
Furthermore, the communication unit 300 may receive
information related to diagnosis history or treatment sched-
ule of a patient from a server and utilizes the information for
diagnosing the patient. Furthermore, the communication
unit 30 may perform data communication not only with a
server or a medical device in a hospital, but also with a
portable terminal of a doctor or a patient.

[0237] The communication unit 30 is connected to the
network 3 wiredly or wirelessly and may exchange data with
a server 35, a medical device 34, or a portable terminal 36.
The communication unit 30 may include one or more
components that enable communication with external
devices, e.g., a close-distance communication module 31, a
wired communication module 32, and a mobile communi-
cation module 33. Furthermore, the medical device 34 may
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correspond to the docking device (e.g., the docking device
300, 960, or 1060) or the indoor ultrasound diagnostic
device (e.g., the indoor ultrasound diagnostic device 500 or
1061) described with reference to FIGS. 1 through 11. In this
case, the communication unit 30 may include the first
docking interface (e.g., the first docking interface 940 or
1040) described above, and perform wired or wireless
communication that is performed by the first docking intet-
face (e.g., 940 or 1040).

[0238] The close-distance communication module 31 may
refer to a module for close-distance communication within
a predetermined distance. Examples of close-distance com-
munication techniques according to an embodiment of the
present invention may include wireless LAN, Wi-Fi, Blu-
etooth, Zigbee, Wi-Fi Direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth Low
Fnergy (BLE), and near field communication (NFC). How-
ever, the present invention is not limited thereto.

[0239] The wired communication module 32 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an embodiment of the present invention may
include a pair cable, a coaxial cable, an optical fiber cable,
and an Ethernet cable.

[0240] The mobile communication module 33 transmits
and receives wireless signals with at least one from among
a station, an external terminal, and a server on a mobile
communication network. Here, the wireless signals may
include voice call signals, video call signals, or various types
of data for transmission and reception of text/multimedia
messages.

[0241] The memory 40 stores various data processed by
the portable ultrasound diagnosis device 100. For example,
the memory 40 may store medical data related to diagnosis
of a target object, such as ultrasound data and ultrasound
image that are input or output and may also store algorithms
or programs to be executed in the portable ultrasound
diagnosis device 100.

[0242] The memory 40 may be embodied as any of
various storage media, e.g., a flash memory, a hard disk
drive, an EEPROM, etc. Furthermore, the portable ultra-
sound diagnosis device 100 may utilize a web storage or a
cloud server that functions as the memory 40 online.
[0243] The input device 50 refers to a means via which a
user inputs data for controlling the ultrasound diagnosis
device 100. The input device 50 may include hardware
components, such as a keypad, a mouse, a touch panel, a
touch screen, and a jog switch. However, the present inven-
tion is not limited thereto, and the input device 50 may
further include various other input means including an
electrocardiogram measuring module, a respiration measut-
ing module, a voice recognition sensor, a gesture recognition
sensor, a fingerprint recognition sensor, an iris recognition
sensor, a depth sensor, a distance sensor, etc.

[0244] The control unit 60 may control overall operations
of the portable ultrasound diagnosis device 100. In other
words, the control unit 60 may control operations among the
probe 2, the ultrasound transmission/reception unit 10, the
image processing unit 20, the communication unit 30, the
memory 40, and the input device 50 shown in FIG. 12.
[0245] All or some of the probe 2, the ultrasound trans-
mission/reception unit 10, the image processing unit 20, the
communication unit 30, the memory 40, the input device 50,
and the control unit 60 may be operated by software mod-
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ules. However, the present invention is not limited thereto,
and some of the components stated above may be operate by
hardware modules. Furthermore, at least one of the ultra-
sound transmission/reception unit 10, the image processing
unit 20, and the communication unit 30 may be included in
the control unit 60. However, the present invention is not
limited thereto.

[0246] Although a few embodiments of the present inven-
tion have been shown and described, it would be appreciated
by those skilled in the art that changes may be made in these
embodiments without departing from the principles and
spirit of the invention, the scope of which is defined in the
claims and their equivalents.

1. An ultrasound diagnostic system, comprising:

a first ultrasound diagnostic device which is portable
device and including a first channel board configured to
perform beamforming of at least one of signals trans-
mitted to or received from the plurality of transducer
elements included in a probe; and

a second ultrasound diagnostic device configured to com-
municate with the first ultrasound diagnostic device and
including a second channel board configured to per-
form beamforming of at least one of the signals trans-
mitted to or received from the plurality of transducer
elements, wherein a resolution is settable to increase a
maximum number of channels for beamforming in a
range of a maximum number of channels of the first
channel board to a maximum number of channels of the
second channel board by one of using both the first and
second channel boards and using the second channel
boards only.

2. The ultrasound diagnostic system of claim 1, the first

ultrasound diagnostic device further includes:

an image processing unit configured to:

receive at least one ultrasound echo signal received by the
second channel board, and generate an ultrasound
image by using a plurality of ultrasound echo signals
including the at least one ultrasound echo signal
received by the second channel board, and wherein
total number of the plurality of ultrasound echo signals
used for generating the ultrasound image is more than
ultrasound echo signals received and collected by the
first channel board.

3. The ultrasound diagnostic system of claim 1, the second

ultrasound diagnostic device further includes:

an image processing unit configured to:

receive at least one ultrasound echo signal received by the
first channel board, and generate an ultrasound image
by using a plurality of ultrasound echo signals includ-
ing the at least one ultrasound echo signal received by
the first channel board and at least one ultrasound echo
signal received by the second channel board, and
wherein total number of the plurality of ultrasound
echo signals used for generating the ultrasound image
is more than ultrasound echo signals received and
collected by the first channel board.

4. The ultrasound diagnostic system of claim 1, further
comprises the probe including the plurality of transducer
elements and configured to communicate with the first
ultrasound diagnostic device.

5. The ultrasound diagnostic system of claim 4, wherein
the probe further configured to transmit at least one of
signals which is received from the plurality of transducer
elements to the first ultrasound diagnostic device.
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6. The ultrasound diagnostic system of claim 1, wherein
the first ultrasound diagnostic device further comprises the
probe.

7. The ultrasound diagnostic system of claim 1,

wherein the first ultrasound diagnostic device further

comprises a first docking interface unit including at
least one of a wired communication interface and a
wireless communication interface,

wherein the second ultrasound diagnostic device further

comprises a second docking interface unit including at
least one of the wired communication interface and the
wireless communication interface, and

wherein the first ultrasound diagnostic device communi-

cates with the second ultrasound diagnostic device by
using the first docking interface unit, and the second
ultrasound diagnostic device communicates with the
first ultrasound diagnostic device by using the second
docking interface unit.

8. The ultrasound diagnostic system of claim 1, wherein
the wireless communication interface includes at least one
communication module which performs wireless communi-
cation via at least one Wireless LAN, Bluetooth, zigbee,
WFD (Wi-Fi Direct), IrDA (infrared Data Association), BLE
(Bluetooth Low Energy), NFC (Near Field Communica-
tion), Wibro (Wireless Broadband Internet), WiMAX
(World Interoperability for Microwave Access), SWAP
(Shared Wireless Access Protocol), WiGig (Wireless Gigabit
Allicance) and RF communication.
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9. The ultrasound diagnostic system of claim 1, wherein
the second channel board performs beamforming of signals
equal to number of signals transmitted to or received from
the probe.

10. The ultrasound diagnostic system of claim 1, wherein
number of channels, for which beamforming is performed
by the second channel board, is greater than number of
channels for which beamforming is performed by the first
channel board.

11. The ultrasound diagnostic system of claim 1, wherein
the probe transmits a plurality of ultrasound echo signals
respectively corresponding to the plurality of transducer
elements,

the first channel board receives and collects at least one of

the plurality of ultrasound echo signals transmitted
from the probe, and

the second channel board receives at least one ultrasound

echo signal, corresponding to at least one channel, of
the plurality of ultrasound echo signals transmitted
from the probe, and collects the received at least one
ultrasound echo signal.

12. The ultrasound diagnostic system of claim 2, wherein
the image processing unit generates the ultrasound image by
using at least one selected from the at least one of the
plurality of ultrasound echo signals received and collected
by the first channel board and the at least one ultrasound
echo signal transmitted from the second channel board.
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