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7) ABSTRACT

An ultrasound device includes: a plurality of transducers
constituting a two-dimensional (2D) probe; a signal proces-
sor configured to generate non-inverted signals based on first
signals received from first transducers of a first group from
among the plurality of transducers and to generate inverted
signals based on second signals received from second trans-
ducers of a second group from among the plurality of
transducers; a beamformer configured to generate a first
summing signal corresponding to the non-inverted signals
by performing beamforming on the non-inverted signals and
to generate a second summing signal corresponding to the
inverted signals by performing beamforming on the inverted
signals; and a differential amplifier configured to differen-
tially amplify the first summing signal and the second
summing signal.

ONE SUB-ARRAY

A7 20T~

120

il

PLURALITY OF SUB-ARRAYS



Patent Application Publication  Apr. 13,2017 Sheet 1 of 20 US 2017/0100096 A1

ONE SUB-ARRAY

1

FIG.

PLURALITY OF SUB-ARRAYS




Patent Application Publication  Apr. 13,2017 Sheet 2 of 20 US 2017/0100096 A1

FIG. 2
220 230
1201 2201 PE/\ 240
~ ( T 231
N\ | LNA | v
120-2._ Transducer! \ppp- | 231-2 250
/\\III LNA | - ‘ Summing |
IRl LTGC 1] S/H +) Output
Transducer! ] 1
120-n A
— | | :AU: | 281
Qv m LNA L > |
LTEC | i) S
Transducer] oo [ I —




IIIIIIII

US 2017/0100096 A1

Apr. 13,2017 Sheet 3 of 20

Patent Application Publication

INIL AVTAA m 5 T !
—0 Of_l IIIII - \\\Ol
~ LI LI P8y _ome* w‘lnwjmni
- LI LI Pt iy L
LI L POy o _o—*%
S3ISSVd INIL Y P— Nﬂbl.
340 OI¥3d Q3NINY313034d | LI LI PO o T |
NIHM SHOLIOVAVD NI 03HOLS L] LT br PO |
SINTVA TYNDIS LNALNO +o > __o—
LI LI PED uoni _Ilnll_mni
21e— L P2 soL |
g LI PL .Toxf\\bl
1 e
v vy L |
_ —0 O—eé— - \\Ol.
2]
L ® _Shl _||||n|||_¢9+
LI LI ‘0 0T
L LI 90 o 5-F4
SHOLIOVAYD NI SINTVA L] L] P Y J— Jmﬂol.
TYNDIS 3HOLS ANV SANTVA < T |
TYNDIS F1dAVS ATTVILNINO3S L L "o o= |
LI L eo| 12 el
umnv* _||||n|||_me+
Lg— = = L™ 2o oL |
~ |_I_ |L - o) O—e—0 Of \\\\\\\ \O|.|O
. oA o ) * o + c__>
o1e” ooe” 0sz V& "DIA



Patent Application Publication  Apr. 13,2017 Sheet 4 of 20 US 2017/0100096 A1

FIG. 3B
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FIG. 3C
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FIG. 6
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ULTRASOUND DEVICE AND METHOD OF
PROCESSING ULTRASOUND SIGNAL

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims the benefit of Korean Pat-
ent Application No. 10-2015-0142163, filed on Oct. 12,
2013, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein in its entirety by
reference.

BACKGROUND

[0002] 1. Field

[0003] One or more exemplary embodiments relate to an
ultrasound device and a method of processing an ultrasound
signal, and more particularly, to an ultrasound device and a
method of processing an ultrasound signal which may
perform beamforming.

[0004] 2. Description of the Related Art

[0005] Ultrasound diagnosis apparatuses transmit ultra-
sound signals generated by transducers of a probe to an
object and receive echo signals reflected from the object,
thereby obtaining at least one image of an internal part of the
object (e.g., soft tissue or blood flow). In particular, ultra-
sound diagnosis apparatuses are used for medical purposes
including observation of the interior of an object, detection
of foreign substances, and diagnosis of damage to the object.
Such ultrasound diagnosis apparatuses provide high stabil-
ity, display images in real time, and are safe due to the lack
of radioactive exposure, compared to X-ray apparatuses.
Therefore, ultrasound diagnosis apparatuses are widely used
together with other image diagnosis apparatuses including a
computed tomography (CT) apparatus, a magnetic reso-
nance imaging (MRI) apparatus, and the like.

SUMMARY

[0006] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may be learned by practice of the pre-
sented embodiments.

[0007] According to one or more exemplary embodi-
ments, an ultrasound device includes: a plurality of trans-
ducers constituting a two-dimensional (2D) probe; a signal
processor configured to generate non-inverted signals based
on first signals received from first transducers of a first group
among the plurality of transducers and to generate inverted
signals based on second signals received from second trans-
ducers of a second group among the plurality of transducers;
a beamformer configured to generate a first summing signal
corresponding to the non-inverted signals by performing
beamforming on the non-inverted signals and to generate a
second summing signal corresponding to the inverted sig-
nals by performing beamforming on the inverted signals;
and a differential amplifier configured to differentially
amplify the first summing signal and the second summing
signal.

[0008] The first transducers of the first group may be
different from the second transducers of the second group.
[0009] The signal processor may include a first low noise
amplifier (LNA) configured to generate the non-inverted
signals and a second LNA configured to generate the
inverted signals.
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[0010] The signal processor further includes a time-gain
compensation (TGC) module configured to adjust a gain of
at least one of the non-inverted signals and the inverted
signals.

[0011] The beamformer may include a first delaying unit
configured to adjust phases of the non-inverted signals and
a second delaying unit configured to adjust phases of the
inverted signals, wherein the beamformer generates the first
summing signal by summing non-inverted signals whose
phases are adjusted by the first delaying unit and generates
the second summing signal by summing inverted signals
whose phases are adjusted by the second delaying unit.

[0012] The first delaying unit may adjust the phases of the
non-inverted signals by delaying at least one of the non-
inverted signals by a predetermined period of time, and the
second delaying unit may adjust the phases of the inverted
signals by delaying at least one of the inverted signals by the
predetermined period of time.

[0013] The first delaying unit may include a plurality of
first capacitors respectively corresponding to the first trans-
ducers of the first group, and the second delaying unit may
include a plurality of second capacitors respectively corre-
sponding to the second transducers of the second group.

[0014] The first delaying unit may obtain a plurality of
non-inverted signal values by sampling the non-inverted
signals, store the plurality of non-inverted signal values in
the plurality of first capacitors, and generate the non-in-
verted signals whose phases are adjusted by obtaining the
plurality of non-inverted signal values from the plurality of
first capacitors, and the second delaying unit may obtain a
plurality of inverted signal values by sampling the inverted
signals, store the plurality of inverted signal values in the
plurality of second capacitors, and generate the inverted
signals whose phases are adjusted by obtaining the plurality
of inverted signal values from the plurality of second
capacitors.

[0015] The 2D probe may include a plurality of sub-
arrays, wherein the plurality of transducers constitute one
sub-array among the plurality of sub-arrays included in the
2D probe.

[0016] The ultrasound device may further include an
image processor configured to obtain differentially amplified
signals respectively corresponding to the plurality of sub-
arrays and to generate an ultrasound image based on the
differentially amplified signals.

[0017] The ultrasound device may further include a con-
troller configured to determine the first transducers of the
first group and the second transducers of the second group
in the plurality of transducers.

[0018] According to one or more exemplary embodi-
ments, a method of processing a signal includes: generating
non-inverted signals based on first ultrasound signals
received from first transducers of a first group among a
plurality of transducers constituting a two-dimensional (2D)
probe; generating inverted signals based on second ultra-
sound signals received from second transducers of a second
group among the plurality of transducers; generating a first
summing signal corresponding to the non-inverted signals
by performing beamforming on the non-inverted signals and
generating a second summing signal corresponding to the
inverted signals by performing beamforming on the inverted
signals; and differentially amplifying the first summing
signal and the second summing signal.
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[0019] The generating of the non-inverted signals and the
inverted signals may include: generating the non-inverted
signals by using a first low noise amplifier (LNA); and
generating the inverted signals by using a second LNA.
[0020] The generating of the non-inverted signals and the
inverted signals may further include adjusting a gain of at
least one of the non-inverted signals and the inverted signals.
[0021] The generating of the first summing signal may
include: adjusting phases of the non-inverted signals; and
generating the first summing signal by summing non-in-
verted signals whose phases are adjusted, and the generating
of the second summing signal may include: adjusting phases
of the inverted signals; and generating the second summing
signal by summing inverted signals whose phases are
adjusted.

[0022] The adjusting of the phases of the non-inverted
signals may include adjusting the phases of the non-inverted
signals by delaying at least one of the non-inverted signals
by a predetermined period of time, and the adjusting of the
phases of the inverted signals may include adjusting the
phases of the inverted signals by delaying at least one of the
inverted signals by a predetermined period of time.

[0023] The adjusting of the phases of the non-inverted
signals may include: obtaining a plurality of non-inverted
signal values by sampling the non-inverted signals; storing
the plurality of non-inverted signal values in a plurality of
first capacitors; and generating the non-inverted signals
whose phases are adjusted by obtaining the plurality of
non-inverted signal values from the plurality of first capaci-
tors, and the adjusting of the phases of the inverted signals
may include: obtaining a plurality of inverted signal values
by sampling the inverted signals; storing the plurality of
inverted signal values in a plurality of second capacitors;
and generating the inverted signals whose phases are
adjusted by obtaining the plurality of inverted signal values
from the plurality of second capacitors.

[0024] The method may further include: obtaining differ-
entially amplified signals respectively corresponding to a
plurality of sub-arrays constituting the 2D probe; and gen-
erating an ultrasound image based on the differentially
amplified signals.

[0025] The method may further include determining the
first transducers of the first group and the second transducers
of the second group in the plurality of transducers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] These and/or other aspects will become apparent
and more readily appreciated from the following description
of the embodiments, taken in conjunction with the accom-
panying drawings in which:

[0027] FIG. 1 is a view for explaining a two-dimensional
(2D) probe and a sub-array, according to an exemplary
embodiment;

[0028] FIG. 2 is a block diagram for explaining a first
signal processing method according to an exemplary
embodiment;

[0029] FIGS. 3A through 3C are diagrams for explaining
a method of adjusting phases of non-inverted signals,
according to the first signal processing method,

[0030] FIG. 4 is a block diagram for explaining a second
signal processing method according to an exemplary
embodiment;
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[0031] FIGS. 5A through 5C are diagrams for explaining
a method of adjusting phases of non-inverted signals and
inverted signals, with respect to the second signal processing
method;

[0032] FIG. 6 is a flowchart of a third signal processing
method according to an exemplary embodiment;

[0033] FIG. 7 is a view for explaining first transducers of
a first group and second transducers of a second group,
according to an exemplary embodiment;

[0034] FIG. 8 is a block diagram for explaining the third
signal processing method according to an exemplary
embodiment;

[0035] FIGS. 9A and 9B are diagrams for explaining a
method of adjusting phases of non-inverted signals and
inverted signals, with respect to the third signal processing
method;

[0036] FIG. 10 is a diagram for explaining the third signal
processing method;

[0037] FIG. 11 is a view for explaining a process of
obtaining an ultrasound image, according to an exemplary
embodiment;

[0038] FIG. 12 is a table for comparing parameters of
various signal processing methods, according to an exem-
plary embodiment;

[0039] FIG. 13 is a block diagram illustrating a configu-
ration of an ultrasound device according to an exemplary
embodiment;

[0040] FIG. 14 is a block diagram illustrating a configu-
ration of the ultrasound device according to another exem-
plary embodiment; and

[0041] FIG. 15 is a block diagram illustrating a configu-
ration of a wireless probe according to an exemplary
embodiment.

DETAILED DESCRIPTION

[0042] The terms used in this specification are those
general terms currently widely used in the art in consider-
ation of functions regarding the inventive concept, but the
terms may vary according to the intention of one of ordinary
skill in the art, precedents, or new technology in the art.
Also, some terms may be arbitrarily selected by the appli-
cant, and in this case, the meaning of the selected terms will
be described in detail in the detailed description of the
present specification. Thus, the terms used herein have to be
defined based on the meaning of the terms together with the
description throughout the specification.

[0043] Throughout the specification, it will also be under-
stood that when a component “includes” an element, unless
there is another opposite description thereto, it should be
understood that the component does not exclude another
element and may further include another element. In addi-
tion, terms such as ““. .. unit”, “ . . . module”, or the like refer
to units that perform at least one function or operation, and
the units may be implemented as hardware or software or as
a combination of hardware and software.

[0044] Throughout the specification, an “ultrasound
image” refers to an image of an object, which is obtained
using ultrasound waves. Furthermore, an “object” may be a
human, an animal, or a part of a human or animal. For
example, the object may be an organ (e.g., the liver, the
heart, the womb, the brain, a breast, or the abdomen), a
blood vessel, or a combination thereof. Also. the object may
be a phantom. The phantom means a material having a
density, an effective atomic number, and a volume that are
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approximately the same as those of an organism. For
example, the phantom may be a spherical phantom having
properties similar to a human body.

[0045] Throughout the specification, a “user” may be, but
is not limited to, a medical expert, for example, a medical
doctor, a nurse, a medical laboratory technologist, or a
medical imaging expert, or a technician who repairs medical
apparatuses.

[0046] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings.

[0047] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list.

[0048] FIG. 1 is a view for explaining a two-dimensional
(2D) probe and a sub-array according to an exemplary
embodiment.

[0049] An ultrasound device may include a probe config-
ured to emit an ultrasound signal to an object and to receive
an echo signal reflected from the object. The probe may
include a plurality of transducers. In this case, the probe may
be one of a one-dimensional (1 D) probe, a 2D probe, and
a 3D probe. The following will be explained on the assump-
tion that the ultrasound device includes a 2D probe 100.
[0050] Referring to FIG. 1, the 2D probe 100 may include
a plurality of transducers that are, but are not limited to, 2D
matrix transducers. Also, the number of transducers consti-
tuting the 2D probe 100 may vary according to the ultra-
sound device.

[0051] The number of transducers constituting the 2D
probe 100 may be tens of times greater than that of a 1D
probe. In this case, since the number of cables and related
modules that are used to connect transducers of the 2D probe
100 and an inner system of the ultrasound device is also
increased, it is difficult to perform beamforming. Accord-
ingly, the ultrasound device may divide the 2D probe 100
into a plurality of sub-arrays 110. In this case, one sub-array
120 among the plurality of sub-arrays 110 may include a
plurality of transducers, and the number of transducers
constituting the sub-array 120 may vary according to the
ultrasound device.

[0052] The plurality of sub-arrays 110 of FIG. 1 are some
of sub-arrays constituting the 2D probe 100. Also, each of
the sub-arrays constituting the 2D probe 100 may include a
preset number of transducers. For example, as shown in FIG.
1, the sub-array 120 may include n transducers 120-1
through 120-7.

[0053] The ultrasound device may perform beamforming
on each sub-array.

[0054] The term ‘beamforming’ refers to a process of
increasing an intensity of an ultrasound signal by superpos-
ing ultrasound signals when transmitting and receiving the
ultrasound signals by using a plurality of transducers. Since
reflected ultrasound signals are attenuated and intensities of
the reflected ultrasound signals are very low, it is difficult to
generate an ultrasound image based on the reflected ultra-
sound signals. Accordingly, the ultrasound device may
amplify an intensity of a signal by performing beamforming
on reflected ultrasound signals. Hereinafter, for convenience
of explanation, a signal output as a result of beamforming is
referred to as a beamforming signal.
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[0055] The ultrasound device including the 2D probe 100
may perform beamforming on each of the plurality of
sub-arrays 110. Hereinafter, for convenience of explanation,
beamforming performed on each of the plurality of sub-
arrays 110 is referred to as micro-beamforming. Also, a
signal output as a result of micro-beamforming is referred to
as a micro-beamforming signal.

[0056] Times taken for ultrasound signals to be emitted
from transducers to an object and then to be reflected from
the object are different from one another. Accordingly, when
ultrasound signals received from a plurality of transducers
are superposed, since phases of the received signals are
different from one another, an amplified signal may not be
obtained. Accordingly, the ultrasound device needs to adjust
phases of ultrasound signals and amplify signals whose
phases are adjusted.

[0057] The ultrasound device may obtain a micro-beam-
forming signal by performing micro-beamforming on each
of the plurality of sub-arrays 110 and may perform beam-
forming based on the micro-beamforming signals of the
plurality of sub-arrays 110. Accordingly, the ultrasound
device may reduce the number of cables and related modules
used to connect transducers and an inner system of the
ultrasound device.

[0058] A process of performing beamforming on one
sub-array will now be explained in detail with reference to
FIGS. 2 through 3C.

[0059] FIG. 2 is a block diagram for explaining a first
signal processing method according to an exemplary
embodiment.

[0060] FIG. 2 will be explained on the assumption that the
number of transducers constituting one sub-array 120 is n.
[0061] According to an exemplary embodiment, the ultra-
sound device may generate non-inverted signals 230 based
on ultrasound echo signals received from the plurality of
transducers 120-1 through 120-z. In order to generate the
non-inverted signals 230, the ultrasound device may amplify
the ultrasound echo signals. In this case, the ultrasound
device may use, but is not limited to, low noise amplifiers
(LNAs) 220-1 in order to amplify the ultrasound echo
signals.

[0062] Also, the ultrasound device may adjust a gain of at
least one of the ultrasound echo signals by using time-gain
compensation (TGC) modules 220-2.

[0063] Ultrasound signals are attenuated while being
propagated. In this case, an ultrasound echo signal reflected
from tissue that is far from a surface of an object may be
more attenuated than an ultrasound echo signal reflected
from tissue that is close to the surface of the object and may
take more time to reach the 2D probe 100. Accordingly, the
ultrasound device may use the TGC modules 220-2 in order
to compensate for an attenuation difference in time.

[0064] In this case, the LNAs 220-1 and the TGC modules
220-2 may be provided as one hardware module 220 or may
be separately provided.

[0065] Also, the ultrasound device may adjust phases of
the non-inverted signals 230 generated through the LNAs
220-1 and the TGC modules 220-2.

[0066] As shown in FIG. 2, the ultrasound device may use,
but is not limited to, sample and hold circuits 240 in order
to adjust phases of the non-inverted signals 230. A method
of adjusting phases of the non-inverted signals 230 will be
explained below in detail with reference to FIGS. 3A
through 3C.
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[0067] The ultrasound device may generate a summing
signal 250 by summing non-inverted signals 231-1 through
231-n whose phases are adjusted. In this case, the summing
signal 250 may be a beamforming signal of one sub-array
120.

[0068] FIG. 3A is a diagram for explaining a sample and
hold circuit 300 according to the first signal processing
method.

[0069] As shown in FIG. 3A, the sample and hold circuit
300 may include a plurality of switches and capacitors.
[0070] According to an exemplary embodiment, the ultra-
sound device may obtain a plurality of signal values by
sampling the non-inverted signals 230 for every predeter-
mined period of time and may store the plurality of signal
values in a plurality of capacitors. In this case, the number
of times sampling which is performed per unit time may
vary according to the ultrasound device. FIGS. 3A through
3C will be explained on the assumption that sampling is
performed 8 times per unit time.

[0071] The term ‘sampling’ may refer to a process of
obtaining continuous signal values for every predetermined
period of time. For example, the ultrasound device may
obtain signal values at predetermined points of time for
every period of time At according to a clock signal 311 of
FIG. 3A. For convenience of explanation, the following will
be explained on the assumption that the number of times a
signal is sampled is a sampling number.

[0072] The sample and hold circuit 300 of FIG. 3A
corresponds to one non-inverted signal 230-1.

[0073] Referring to FIG. 3A, the ultrasound device may
sample the non-inverted signal 230-1 for every predeter-
mined period of time and may store the non-inverted signal
230-1 in capacitors C, through C. In this case, the ultra-
sound device may sample the non-inverted signal 230-1
according to the clock signal 311 corresponding to ¢,
through ¢ and may store the non-inverted signal 230-1 in
the plurality of capacitors (e.g., C, through Cj).

[0074] For example, when ¢, is HIGH, a switch for
connecting the non-inverted signal 230-1 and the capacitor
C, may be closed and a first value of the sampled non-
inverted signal 230-1 may be stored in the capacitor C,.
Also, after At, when ¢2 is HIGH, a switch for connecting the
non-inverted signal 230-1 and the capacitor C, may be
closed and a second value of the sampled non-inverted
signal 230-1 may be stored in the capacitor C,.

[0075] Also, the ultrasound device may obtain the stored
values of the non-inverted signal 230-1 from the capacitors
(e.g., C, through C,) according to a clock signal 312
corresponding to ¢, , through ¢,

[0076] For example, when a predetermined delay time
passes after a value of the non-inverted signal 230-1 that is
sampled at a first point of time is stored in the capacitor C,,
¢, 1s “HIGH”. Then, a switch for connecting the capacitor
C, and an output end of the sample and hold circuit 300 may
be closed and the ultrasound device may obtain the first
value of the non-inverted signal 230-1 stored in the capacitor
C,. Values of the non-inverted signal 230-1 obtained by the
ultrasound device may be sampled values, and the ultra-
sound device may generate the non-inverted signal 231-1
whose phase is adjusted based on the obtained values of the
non-inverted signal 230-1.

[0077] As shown in FIG. 3A, when a sampling number per
unit time is 8, the ultrasound device may require 8 capacitors
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(e.g., C, through Cy) in order to obtain the non-inverted
signal 231-1 whose phase is adjusted.

[0078] FIG. 3B is a graph for explaining a process of
sampling a non-inverted signal according to an exemplary
embodiment.

[0079] Referring to FIG. 3B, when a sampling number per
unit time is 8, the ultrasound device may sample a value of
the non-inverted signal 230-1 at points of time t1 through 8.
For example, when sampling is performed at the point of
time t2, as shown in an area 321, the second value of the
non-inverted signal 230-1 corresponding to the point of time
12 may be sampled and the sampled second value may be
stored in the capacitor C,. After a predetermined delay time
passes, the ultrasound device may obtain the stored second
value from the capacitor C,. In this case, since a switch is
turned on/off according to a clock signal, a switching noise
may be generated.

[0080] FIG. 3C is a graph for explaining a switching noise
according to an exemplary embodiment.

[0081] A signal of FIG. 3C may be the non-inverted signal
231-1 whose phase is adjusted. As described above, when
the ultrasound device obtains stored non-inverted signals
from capacitors, since a switch is turned on/off according to
a clock signal, the non-inverted signal 231-1 whose phase is
adjusted may include a switching noise.

[0082] Referring to FIG. 3C, when the ultrasound device
obtains stored signal values from capacitors (e.g., C,
through C,), switching may be performed 8 times and the
non-inverted signal 231-1 whose phase is adjusted may
include switching noises (e.g., 331 and 332). Accordingly,
the summing signal 250 obtained by summing the non-
inverted signals (e.g., 231-1 through 231-#) whose phases
are adjusted in FIG. 2 may also include a switching noise.
[0083] The first signal processing method described with
reference to FIGS. 2 through 3C has a problem in that a
non-inverted signal whose phase is adjusted may include a
switching noise as described above.

[0084] A second signal processing method for removing a
switching noise will now be explained with reference to
FIGS. 4 through 5C.

[0085] FIG. 4 is a block diagram for explaining the second
signal processing method according to an exemplary
embodiment.

[0086] A LNA 401-1, a TGC module 401-2, and a sample
and hold circuit 421 of FIG. 4 may respectively correspond
to the LNA 220-1, the TGC module 220-2, and the sample
and hold circuit 240 of FIG. 2, and thus a repeated expla-
nation thereof will not be given.

[0087] The ultrasound device may generate inverted sig-
nals and non-inverted signals based on signals received from
the plurality of transducers 120-1 through 120- by using a
LNA and TGC module 401.

[0088] For example, referring to FIG. 4, the ultrasound
device may generate a non-inverted signal 411 and an
inverted signal 412 of a signal received from the transducer
120-1 by using the LNA and TGC module 401. There may
be a phase difference of 180° between the inverted signal
412 and the non-inverted signal 411.

[0089] The ultrasound device may adjust phases of the
non-inverted signal 411 and the inverted signal 412 by using
the sample and hold circuits 421.

[0090] The ultrasound device may generate non-inverted
signals (e.g., 431-1 through 431-z) whose phases are
adjusted and inverted signals (e.g., 432-1 through 432-r)



US 2017/0100096 A1

whose phases are adjusted for each of n transducers (e.g.,
120-1 through 120-») constituting one sub-array 120. Next,
the ultrasound device may generate a non-inverted summing
signal 441 by summing the non-inverted signals 431-1
through 431-% whose phases are adjusted and may generate
an inverted summing signal 442 by summing the inverted
signals 432-1 through 432-» whose phases are adjusted.
[0091] The ultrasound device may generate a beamform-
ing signal 450 of one sub-array 120 by differentially ampli-
fying the non-inverted summing signal 441 and the inverted
summing signal 442.

[0092] When the non-inverted summing signal 441 and
the inverted summing signal 442 are differentially amplified,
it may mean, but is not limited to, that the inverted summing
signal 442 is subtracted from the non-inverted summing
signal 441 and a signal obtained by subtracting the inverted
summing signal 442 from the non-inverted summing signal
441 is amplified.

[0093] As described above, each of the non-inverted sum-
ming signal 441 and the inverted summing signal 442 may
include a switching noise. Also, since the non-inverted
signals 431-1 through 431-z whose phases are adjusted and
the inverted signals 432-1 through 432-» whose phases are
adjusted are generated based on the same clock signal, a
switching noise may be generated at the same point of time.
Accordingly, the ultrasound device may remove a switching
noise by differentially amplifying the non-inverted summing
signal 441 and the inverted summing signal 442.

[0094] FIG. 5A is a diagram for explaining a sample and
hold circuit 500 according to the second signal processing
method.

[0095] The sample and hold circuit 500 of FIG. 5A
corresponds to the non-inverted signal 411 and the inverted
signal 412. In this case, the non-inverted signal 411 and the
inverted signal 412 may be signals generated based on an
ultrasound echo signal received from the transducer 120-1 of
FIG. 4. FIG. 5A will be explained on the assumption that a
sampling number per unit time is 8. The sample and hold
circuit 500 has been described in detail with reference to
FIG. 3A, and thus a repeated explanation thereof will not be
given.

[0096] The ultrasound device may adjust phases of the
non-inverted signal 411 and the inverted signal 412 accord-
ing to the same clock signal 510 of FIG. 5A.

[0097] For example, referring to FIG. 5A, the ultrasound
device may sample the non-inverted signal 411 and the
inverted signal 412 based on a clock signal 511 correspond-
ing to ¢, through ¢, for every predetermined period of time
and may store values of the sampled non-inverted signal 411
and values of the sampled inverted signal 412 in capacitors
(e.g., C,, through Cg, and C, 5 through Cgjp). In this case, the
values of the sampled non-inverted signal 411 may be stored
in the capacitors C, , through Cq, and the values of the
sampled inverted signal 412 may be stored in the capacitors
C, 5 through Cgp.

[0098] Also, the ultrasound device may obtain the stored
values of the non-inverted signal 411 and the inverted signal
412 from the capacitors C, , through Cy, and C, 5 through
Cgp based on a clock signal 512 corresponding to ¢,,
through ¢ ;.

[0099] The ultrasound device may sample a non-inverted
signal and an inverted signal according to the same clock
signal and may store the non-inverted signal and the inverted
signal in the capacitors C,, through Cq, and C,, through
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Cgp, and may obtain the stored signals from the capacitors
C,, through Cg, and C, ; through Cg. Accordingly, a non-
inverted signal whose phase is adjusted and an inverted
signal whose phase is adjusted may include a switching
noise at the same point of time.

[0100] FIG. 5B is a diagram for explaining a process of
sampling a non-inverted signal and an inverted signal
according to an exemplary embodiment.

[0101] Theultrasound device may generate a non-inverted
signal and an inverted signal for each of the transducers
120-1 through 120-» constituting one sub-array 120. For
convenience of explanation, in FIG. 5B, the non-inverted
signal 411 and the inverted signal 412 generated based on a
signal received from one transducer 120-1 are sampled.
[0102] Referring to FIG. 5B, the ultrasound device may
separately sample the non-inverted signal 411 and the
inverted signal 412. In this case, although the non-inverted
signal 411 and the inverted signal 412 are sampled by
different sample and hold circuits 421, the non-inverted
signal 411 and the inverted signal 412 are sampled according
to the same clock signal.

[0103] FIG. 5C is a graph for explaining a process of
removing a switching noise according to the second signal
processing method according to an exemplary embodiment.
[0104] According to an exemplary embodiment, a process
performed by the ultrasound device to delay signals stored
in capacitors by a predetermined period of time and then
output the signals may include a process of turning on/off a
switch. In this case, a switching noise may be generated
when the switch is turned on/off. Accordingly, each of the
non-inverted signals 431-1 through 431-» whose phases are
adjusted and the inverted signals 432-2 through 432-n whose
phases are adjusted may include a switching noise. Also,
each of the non-inverted summing signal 441 and the
inverted summing signal 442 respectively obtained by sum-
ming the non-inverted signals 431-1 through 431-» whose
phases are adjusted and the inverted signals 432-1 through
432-n whose phases are adjusted may include a switching
noise.

[0105] Forexample, referring to FIG. 5C, the non-inverted
summing signal 441 and the inverted summing signal 442
may respectively include a first switching noise 541 and a
second switching noise 551.

[0106] The ultrasound device may remove a switching
noise by differentially amplifying the non-inverted summing
signal 441 and the inverted summing signal 442. Since the
non-inverted summing signal 441 and the inverted summing
signal 442 may include a switching noise at the same point
of time as described above, a switching noise that is com-
monly generated in the non-inverted summing signal 441
and the inverted summing signal 442 may be offset by
differentially amplifying the non-inverted summing signal
441 and the inverted summing signal 442. For example, the
first switching noise 541 corresponding to the non-inverted
summing signal 441 and the second switching noise 551
corresponding to the inverted summing signal 442 may be
offset.

[0107] Although a method of adjusting a phase of a signal
by using a sample and hold circuit has been described with
reference to FIGS. 5A through 5C, the present exemplary
embodiment is not limited thereto.

[0108] When a sampling number per unit time is n, the
second signal processing method of FIG. 4 requires a
process of sampling a non-inverted signal and an inverted
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signal n times per unit time. Accordingly, the ultrasound
device requires 2*n capacitors in order to obtain a non-
inverted signal whose phase is adjusted and an inverted
signal whose phase is adjusted.

[0109] When the second signal processing method of FIG.
4 and the first signal processing method of FIG. 2 are
compared with each other, the second signal processing
method may remove a switching noise whereas the first
signal processing method may not remove a switching noise.
Also, the second signal processing method requires capaci-
tors the number of which is twice or more greater than that
in the first signal processing method.

[0110] A third signal processing method of removing a
switching noise by using capacitors the number of which is
the same as a sampling number per unit time will now be
explained with reference to FIGS. 6 through 11.

[0111] FIG. 6 is a flowchart of the third signal processing
method according to an exemplary embodiment.

[0112] The flowchart of FIG. 6 shows a method of pro-
cessing signals received from a plurality of transducers
constituting one sub-array.

[0113] In operation S610, the ultrasound device may gen-
erate non-inverted signals based on first ultrasound signals
received from first transducers of a first group among a
plurality of transducers constituting a 2D probe.

[0114] In operation S620, the ultrasound device may gen-
erate inverted signals based on second ultrasound signals
received from second transducers of a second group among
the plurality of transducers.

[0115] The first transducers of the first group and the
second transducers of the second group may constitute one
sub-array among a plurality of sub-arrays included in the 2D
probe.

[0116] Also, the first transducers of the first group and the
second transducers of the second group in the one sub-array
may be different from each other. For example, transducers
in odd columns in the one sub-array may be designated as
the first transducers of the first group and transducers in even
columns in the sub-array may be designated as the second
transducers of the second group.

[0117] The first transducers of the first group and the
second transducers of the second group will be explained
below in detail with reference to FIG. 7.

[0118] Also, the ultrasound device may use a first LNA in
order to generate the non-inverted signals based on the first
ultrasound signals, and may use a second LNA in order to
generate the inverted signals based on the second ultrasound
signals. A gain of each of the first LNA and the second LNA
may be equal to or greater than 1.

[0119] Also, the ultrasound device may adjust a gain of at
least one of the non-inverted signals and the inverted signals
by using a TGC module.

[0120] In operation S630, the ultrasound device may gen-
erate a first summing signal corresponding to the non-
inverted signals and may generate a second summing signal
corresponding to the inverted signals. For example, the
ultrasound device may generate the first summing signal by
performing beamforming on the non-inverted signals and
may generate the second summing signal by performing
beamforming on the inverted signals.

[0121] The term ‘beamforming’ may include an operation
of adjusting phases of signals and an operation of summing
the signals whose phases are adjusted. For example, the
ultrasound device may adjust a phase by delaying at least
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one of a plurality of signals by a predetermined period of
time. Also, the ultrasound device may use, but is not limited
to, a sample and hold circuit in order to generate delayed
signals. The sample and hold circuit may correspond to the
sample and hold circuit 240 of FIG. 2.
[0122] In operation S640, the ultrasound device may dif-
ferentially amplify the first summing signal and the second
summing signal.
[0123] Each of the first summing signal and the second
summing signal generated in operation S630 may include at
least one switching noise due to switching that is performed
for a predetermined period of time. Accordingly, the ultra-
sound device may remove a switching noise by differentially
amplifying the first summing signal and the second sum-
ming signal.
[0124] Also, the third signal processing method generates
a non-inverted signal or an inverted signal for each trans-
ducer. Accordingly, the third signal processing method
requires only capacitors the number of which is the same as
a sampling number per unit time in order to adjust a phase
of the non-inverted signal or the inverted signal.
[0125] FIG. 7 is a view for explaining first transducers of
a first group and second transducers of a second group
according to an exemplary embodiment.
[0126] Referring to FIG. 7, the ultrasound device may
divide a plurality of transducers 720-1 through 720-» con-
stituting one sub-array 720 into first transducers 720-1,
720-3, . . ., and 720-(r-1) of a first group and second
transducers 720-2, 720-4, . . ., and 720-» of a second group.
[0127] For example, the ultrasound device may divide the
transducers 720-1 through 720-z into, but not limited
thereto, the first transducers 720-1, 720-3, . . ., and 720-(»-1)
of the first group and the second transducers 720-2, 720-4,
., and 720-n of the second group by dividing the
transducers 720-1 through 720-# into odd and even trans-
ducers according to an order in which the transducers 720-1
through 720-» are arranged.
[0128] According to an exemplary embodiment, the num-
ber of the first transducers 720-1, 720-3, . . ., and 720-(x-1)
of the first group and the number of the second transducers
720-2, 7204, . . ., and 720-r of the second group may be
the same or different from each other.
[0129] Also, according to an exemplary embodiment, the
ultrasound device may re-designate the first transducers
720-1, 720-3, . . ., and 720-(-1) of the first group and the
number of the second transducers 720-2, 7204, . . ., and
720-n of the second group in the sub-array 720.
[0130] The second signal processing method of FIG. 4
may generate a non-inverted signal and an inverted signal
for each of transducers constituting one sub-array. However,
the third signal processing method of FIG. 7 may divide
transducers constituting one sub-array into two groups and
may generate a non-inverted signal or an inverted signal
according to a group in which each transducer is included.
[0131] FIG. 8 is a block diagram for explaining the third
signal processing method according to an exemplary
embodiment. ALNA and TGC module 801 and a sample and
hold circuit 820 have been described above in detail, and
thus a repeated explanation thereof will not be given.
[0132] Referring to FIG. 8, the ultrasound device may
generate non-inverted signals 811 by using a first LNA
801-1 corresponding to each of the first transducers 720-1,
720-3, . . ., and 720-(rn-1) of the first group. Also, the
ultrasound device may adjust a gain of at least one of the
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generated non-inverted signals 811. The ultrasound device
may use, but is not limited to, a TGC module 801-2 in order
to adjust a gain.

[0133] The ultrasound device may generate inverted sig-
nals 812 by using a second LNA 802-1 corresponding to
each of the second transducers 720-2, 720-4, . . ., and 720-»
of the second group, and may adjust a gain of at least one of
the inverted signals 812.

[0134] The ultrasound device may separately perform
beamforming on the non-inverted signals 811 and the
inverted signals 812. For example, the ultrasound device
may adjust phases of the non-inverted signals 811 and may
generate a first summing signal 851 by summing non-
inverted signals 841 whose phases are adjusted. Likewise,
the ultrasound device may adjust phases of the inverted
signals 812 and may generate a second summing signal 852
by summing inverted signals 842 whose phases are adjusted.
[0135] Next, the ultrasound device may obtain a beam-
forming signal 860 of one sub-array 720 by differentially
amplifying the first summing signal 851 and the second
summing signal 852 by using a differential amplifier 850.
[0136] An operation of storing a non-inverted signal and
an inverted signal in capacitors or obtaining the non-inverted
signal and the inverted signal from the capacitors in order to
adjust a phase will now be explained with reference to FIGS.
9A and 9B.

[0137] FIG. 9A is a graph for explaining a sampling
process according to an exemplary embodiment.

[0138] Referring to FIG. 9A, the ultrasound device may
sample the non-inverted signal 811 corresponding to a first
ultrasound signal received from the first transducer 720-1
included in the first group and the inverted signal 812
corresponding to a second ultrasound signal received from
the second transducer 720-2 included in the second group. In
this case, since the first ultrasound signal is an echo signal
received through the first transducer 720-1 and the second
ultrasound signal is an echo signal received from the second
transducer 720-2, the first ultrasound signal and the second
ultrasound signal may be different from each other.

[0139] According to an exemplary embodiment, when a
sampling number per unit time is 8, although the non-
inverted signal 811 and the inverted signal 812 are sampled
respectively by the sample and hold circuits 820 and 830, the
inverted signal 811 and the inverted signal 812 may be
sampled according to the same clock signal.

[0140] For example, the ultrasound device may sample the
non-inverted signal 811 and may store the non-inverted
signal 811 in first capacitors, and may sample the inverted
signal 812 and may store the inverted signal 812 in second
capacitors. Also, the ultrasound device may obtain the
non-inverted signal 811 and the inverted signal 812 stored in
the first capacitors and the second capacitors according to
the same clock signal.

[0141] The third signal processing method may require
capacitors the number of which is half the number in the
second signal processing method.

[0142] For example, according to the second signal pro-
cessing method, the ultrasound device generates a first
non-inverted signal and a first inverted signal for a first
ultrasound signal and generates a second non-inverted signal
and a second inverted signal for a second ultrasound signal.
Since the ultrasound device samples and stores the first
non-inverted signal, the first inverted signal, the second
non-inverted signal, and the second inverted signal (when a
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sampling number per unit time is 8), the second signal
processing method requires 32 capacitors.

[0143] However, according to the third signal processing
method, the ultrasound device generates a first non-inverted
signal corresponding to a first ultrasound signal and gener-
ates a second inverted signal corresponding to a second
ultrasound signal, and then samples and stores the first
non-inverted signal and the second inverted signal (when a
sampling number per unit time is 8), the ultrasound device
requires 16 capacitors.

[0144] FIG. 9B is a graph for explaining a process of
removing a switching noise according to the third signal
processing method.

[0145] As described above, according to the third signal
processing method, the first summing signal 851 and the
second summing signal 852 may respectively include a first
switching noise 931 and a second switching noise 932 as
shown in FIG. 9B. Since a switch is turned on/or off based
on the same clock signal, the first summing signal 851 and
the second summing signal 852 may include a switching
noise at the same point of time. Accordingly, the ultrasound
device may remove a switching noise by differentially
amplifying the first summing signal 851 and the second
summing signal 852.

[0146] The beamforming signal 860 obtained by differen-
tially amplifying the first summing signal 851 and the
second summing signal 852 may be a beamforming signal of
one sub-array 720.

[0147] FIG. 10 is a diagram for explaining the third signal
processing method according to an exemplary embodiment.
[0148] FIG. 10 shows a process of processing a signal of
FIG. 8 by using an ultrasound signal.

[0149] The ultrasound device may generate non-inverted
signals 1001 based on first signals received from the first
transducers 720-1, 720-3, . . ., and 720-(»-1) of the first
group and may generate inverted signals 1002 based on
second signals received from the second transducers 720-2,
720-4, . . ., and 720-n of the second group.

[0150] The ultrasound device may generate non-inverted
signals 1030 whose phases are adjusted by using sample and
hold circuits 1010 respectively corresponding to the non-
inverted signals 1001. Also, the ultrasound device may
generate inverted signals 1031 whose phases are adjusted by
using sample and hold circuits 1020 respectively corre-
sponding to the inverted signals 1002.

[0151] The ultrasound device may generate a first sum-
ming signal 1040 by summing the non-inverted signals 1030
whose phases are adjusted and may generate a second
summing signal 1041 by summing the inverted signals 1031
whose phases are adjusted. In this case, each of the first
summing signal 1040 and the second summing signal 1041
may include a switching noise as described above.

[0152] The ultrasound device may obtain a beamforming
signal 1050 of one sub-array 720 by differentially amplify-
ing the first summing signal 1040 and the second summing
signal 1041.

[0153]  Accordingly, the ultrasound device may reduce the
number of required capacitors by generating a non-inverted
signal or an inverted signal according to a group in which
each transducer is included. Also, the ultrasound device may
also remove a switching noise by differentially amplifying
the first summing signal 1040 and the second summing
signal 1041.
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[0154] Although a process of obtaining a beamforming
signal of one sub-array has been described with reference to
FIGS. 2 through 10, an operation performed by the ultra-
sound device to obtain an ultrasound image by using beam-
forming signals corresponding to a plurality of sub-arrays
will now be explained with reference to FIG.

[0155] FIG. 11 is a graph for explaining a process of
obtaining an ultrasound image according to an exemplary
embodiment.

[0156] Referring to FIG. 11, the ultrasound device includ-
ing a 2D probe 700 may include a plurality of sub-arrays
710. Accordingly, the ultrasound device may obtain beam-
forming signals respectively corresponding to the plurality
of sub-arrays 710 by performing micro-beamforming on
each of the plurality of sub-arrays 710. The following will
focus on three sub-arrays 720, 730, and 740 among the
plurality of sub-arrays 710 constituting the 2D probe 700,
for convenience of explanation.

[0157] The ultrasound device may generate beamforming
signals 751, 752, and 753 respectively corresponding to the
sub-arrays 720 730, and 740.

[0158] The ultrasound device may obtain a final beam-
forming signal 760 by performing beamforming on the
beamforming signals 751, 752, and 753 respectively corre-
sponding to the sub-arrays 720, 730, and 740. Accordingly,
the ultrasound device may obtain an ultrasound image 770
based on the final beamforming signal 760.

[0159] FIG. 12 is a table for comparing parameters of
various signal processing methods of FIGS. 2 through 11.
For convenience of explanation, the following will be
explained on the assumption that a sampling number per unit
time is 20 in each signal processing method.

[0160] In order to generate a non-inverted signal and an
inverted signal based on a signal received from one trans-
ducer, the first signal processing method of FIG. 2 and the
third signal processing method of FIG. 8 require 20 capaci-
tors. However, since the second signal processing method of
FIG. 4 generates a non-inverted signal and an inverted signal
for one transducer, the second signal processing method
requires 40 capacitors.

[0161] While the first signal processing method does not
include differential amplification, the second signal process-
ing method and the third signal processing method differ-
entially amplify two summing signals and thus each require
one differential amplifier.

[0162] Since the second signal processing method and the
third signal processing method remove a switching noise as
described above, unlike the first signal processing method,
the second signal processing method and the third signal
processing method have a relatively high signal-to-noise
ratio (SNR).

[0163] Also, since the first signal processing method and
the third signal processing method require fewer capacitors
than the second signal processing method, the first signal
processing method and the third signal processing method
may have a relatively small chip size.

[0164] FIG. 13 is a block diagram illustrating a configu-
ration of an ultrasound device 1000 according to an exem-
plary embodiment.

[0165] Theultrasound device 1000 may include a plurality
of transducers 21, a signal processor 1121, a beamformer
1125, and a differential amplifier 1127. However, all of the
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elements are not essential elements. The ultrasound device
100 may include less or more elements than the elements
shown in FIG. 13.

[0166] For example, as shown in FIG. 14, the ultrasound
device 1000 according to an exemplary embodiment may
include a probe 20, an ultrasound transceiver 1100, an image
processor 1200, a communication unit 1300, a display 1400,
amemory 1500, an input device 1600, and a controller 1700,
which may be connected to one another via buses 1800.
[0167] The ultrasound device 1000 may be a cart type
device or a portable type device. Examples of the portable
ultrasound device may include, but are not limited to, a
picture archiving and communication system (PACS)
viewer, a smartphone, a laptop computer, a personal digital
assistant (PDA), and a tablet PC.

[0168] The probe 20 transmits ultrasound waves to an
object 10 in response to a driving signal applied by the
ultrasound transceiver 1100 and receives echo signals
reflected by the object 10. The probe 20 includes the
plurality of transducers 21, and the plurality of transducers
21 oscillate in response to electric signals and generate
acoustic energy, that is, ultrasound waves. Furthermore, the
probe 20 may be connected to the main body of the
ultrasound device 1000 by wire or wirelessly, and according
to embodiments, the ultrasound device 1000 may include a
plurality of the probes 20.

[0169] Also, the probe 20 may include the 2D probe 100
or 700 according to the ultrasound device 1000. In this case,
the ultrasound device 1000 may include the plurality of
transducers 21 constituting the 2D probe 100 or 700.
[0170] A transmitter 1110 supplies a driving signal to the
probe 20. The transmitter 110 includes a pulse generator
1112, a transmission delaying unit 1114, and a pulser 1116.
The pulse generator 1112 generates pulses for forming
transmission ultrasound waves based on a predetermined
pulse repetition frequency (PRF), and the transmission
delaying unit 1114 delays the pulses by delay times neces-
sary for determining transmission directionality. The pulses
which have been delayed correspond to a plurality of
piezoelectric vibrators included in the probe 20, respec-
tively. The pulser 1116 applies a driving signal (or a driving
pulse) to the probe 20 based on timing corresponding to each
of the pulses which have been delayed.

[0171] A receiver 1120 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The
receiver 120 may include an amplifier 1122, an analog-to-
digital converter (ADC) 1124, a reception delaying umt
1126, and a summing unit 1128. The amplifier 1122 ampli-
fies echo signals in each channel, and the ADC 1124
performs analog-to-digital conversion on the amplified echo
signals.

[0172] The amplifier 1122 may include the signal proces-
sor 1121 of FIG. 13. Accordingly, the amplifier 1122 may
include a LNA and TGC module and may generate a
non-inverted signal or an inverted signal.

[0173] The reception delaying unit 1126 delays digital
echo signals output by the ADC 1124 by delay times
necessary for determining reception directionality, and the
summing unit 1128 generates ultrasound data by summing
the echo signals processed by the reception delaying unit
1126. In some embodiments, the receiver 1120 may not
include the amplifier 1122. In other words, if the sensitivity
of the probe 20 or the capability of the ADC 1124 to process
bits is enhanced, the amplifier 1122 may be omitted.
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[0174] The reception delaying unit 1126 may include the
beamformer 1125 of FIG. 13. According to an exemplary
embodiment, when the probe 20 is the 2D probe 100 or 700,
the beamformer 1125 may include a micro-beamformer
corresponding to each sub-array.

[0175] The beamformer 1125 may include a first delaying
unit configured to adjust phases of non-inverted signals and
a second delaying unit configured to adjust phases of
inverted signals.

[0176] Also, the beamformer 1125 may generate a first
summing signal by summing non-inverted signals whose
phases are adjusted by the first delaying unit and may
generate a second summing signal by summing inverted
signals whose phases are adjusted by the second delaying
unit. Each of the first delaying unit and the second delaying
unit may include, but is not limited to, a sample and hold
circuit in order to obtain signals whose phases are adjusted.
Also, the first delaying unit may include first capacitors
respectively corresponding to first transducers of a first
group and the second delaying unit may include second
capacitors respectively corresponding to second transducers
of a second group.

[0177] Also, the summing unit 1128 may include the
differential amplifier 1127 of FIG. 13. The ultrasound device
1000 may differentially amplify the first summing signal and
the second summing signal by using the differential ampli-
fier 1127.

[0178] The image processor 1200 generates an ultrasound
image by scan-converting ultrasound data generated by the
ultrasound transceiver 1100. The ultrasound image may be
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 movement of an object via a Doppler effect. The Doppler
image may be 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, or a spectral
Doppler image showing a moving speed of an object as a
waveform.

[0179] Also, when the ultrasound device 1000 includes a
2D probe, the image processor 1200 may generate an
ultrasound image based on a beamforming signal corre-
sponding to each of a plurality of sub-arrays.

[0180] A B mode processor 1212 extracts B mode com-
ponents from ultrasound data and processes the B mode
components. An image generator 1220 may generate an
ultrasound image indicating signal intensities as brightness
based on the extracted B mode components 1212.

[0181] Similarly, a Doppler processor 1214 may extract
Doppler components from ultrasound data, and the image
generator 1220 may generate a Doppler image indicating a
movement of an object as colors or waveforms based on the
extracted Doppler components.

[0182] According to an exemplary embodiment, the image
generator 1220 may generate a three-dimensional (3D)
ultrasound image via volume-rendering with respect to
volume data and may also generate an elasticity image by
imaging deformation of the object 10 due to pressure.
Furthermore, the image generator 1220 may display various
pieces of additional information in an ultrasound image by
using text and graphics. In addition, the generated ultra-
sound image may be stored in the memory 1500.

[0183] Thedisplay 1400 displays the generated ultrasound
image. The display 1400 may display not only an ultrasound
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image, but also various pieces of information processed by
the ultrasound device 1000 on a screen image via a graphical
user interface (GUT). In addition, the ultrasound device 1000
may include two or more displays 1400 according to
embodiments.

[0184] The communication unit 1300 is connected to a
network 30 by wire or wirelessly to communicate with an
external device or a server. The communication unit 1300
may exchange data with a hospital server or another medical
apparatus in a hospital, which is connected thereto via a
PACS. Furthermore, the communication unit 1300 may
perform data communication according to the digital imag-
ing and communications in medicine (DICOM) standard.
[0185] The communication unit 1300 may transmit or
receive data related to diagnosis of an object, e.g., an
ultrasound image, ultrasound data, and Doppler data of the
object, via the network 30 and may also transmit or receive
medical images captured by another medical apparatus, e.g.,
a computed tomography (CT) apparatus, a magnetic reso-
nance imaging (MRI) apparatus, or an X-ray apparatus.
Furthermore, the communication unit 1300 may receive
information about a diagnosis history or medical treatment
schedule of a patient from a server and utilizes the received
information to diagnose the patient. Furthermore, the com-
munication unit 1300 may perform data communication not
only with a server or a medical apparatus in a hospital, but
also with a portable terminal of a medical doctor or patient.
[0186] The communication unit 1300 is connected to the
network 30 by wire or wirelessly to exchange data with a
server 32, a medical apparatus 34, or a portable terminal 36.
The communication unit 1300 may include one or more
components for communication with external devices. For
example, the communication unit 1300 may include a local
area communication module 1310, a wired communication
module 1320, and a mobile communication module 1330.
[0187] The local area communication module 1310 refers
to a module for local area communication within a prede-
termined distance. Examples of local area communication
techniques according to an exemplary embodiment may
include, but are not limited to, wireless LAN, Wi-Fi, Blu-
etooth, ZigBee, Wi-Fi Direct (WFD), ultra wideband
(UWB), infrared data association (IrDA), Bluetooth low
energy (BLE), and near field communication (NFC).
[0188] The wired communication module 1320 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to an exemplary embodiment may include com-
munication via a twisted pair cable, a coaxial cable, an
optical fiber cable, and an Ethernet cable.

[0189] The mobile communication module 1330 transmits
or receives wireless signals to or from at least one selected
from a base station, an external terminal, and a server on a
mobile communication network. The wireless signals may
be voice call signals, video call signals, or various types of
data for transmission and reception of text/multimedia mes-
sages.

[0190] The memory 1500 stores various data processed by
the ultrasound device 1000. For example, the memory 1500
may store medical data related to diagnosis of an object,
such as ultrasound data and an ultrasound image that are
input or output, and may also store algorithms or programs
which are to be executed in the ultrasound device 1000.
[0191] The memory 1500 may be any of various storage
media, e.g., a flash memory, a hard disk drive, EEPROM,
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etc. Furthermore, the ultrasound device 1000 may utilize
web storage or a cloud server that performs the storage
function of the memory 1500 online.

[0192] The input device 1600 refers to a means via which
a user inputs data for controlling the ultrasound device 1000.
The input device 1600 may include hardware components,
such as a keypad, a mouse, a touch pad, a touch screen, and
a jog switch. However, exemplary embodiments are not
limited thereto, and the input device 1600 may further
include any of various other input units including an elec-
trocardiogram (ECG) measuring module, a respiration mea-
suring module, a voice recognition sensot, a gesture recog-
nition sensor, a fingerprint recognition sensor, an iris
recognition sensor, a depth sensor, a distance sensor, etc.
[0193] The controller 1700 may control all operations of
the ultrasound device 1000. In other words, the controller
1700 may control operations among the probe 20, the
ultrasound transceiver 1100, the image processor 1200, the
communication unit 1300, the display 1400, the memory
1500, and the input device 1600 shown in FIG. 14.

[0194] The controller 1700 may determine the first trans-
ducers of the first group and the second transducers of the
second group in the plurality of transducers 21.

[0195] For example, the controller 1700 may designate
transducers in odd columns in one sub-array as the first
transducers of the first group and may designate transducers
in even columns in the sub-array as the second transducers
of the second group. Alternatively, the controller 1700 may
designate transducers in odd rows as the first transducers of
the first group and may designate transducers in even rows
as the second transducers of the second group. Alternatively,
the controller 1700 may designate transducers so that the
first transducers of the first group and the second transducers
of the second group intersect each other. However, the
present exemplary embodiment is not limited thereto.
[0196] Also, the controller 1700 may re-designate the first
transducers of the first group and the second transducers of
the second group in one sub-array.

[0197] All or some of the probe 20, the ultrasound trans-
ceiver 1100, the image processor 1200, the communication
unit 1300, the display 1400, the memory 1500, the input
device 1600, and the controller 1700 may be implemented as
software modules. Also, at least one of the ultrasound
transceiver 1100, the image processor 1200, and the com-
munication unit 1300 may be included in the control unit
1600; however, the present exemplary embodiment is not
limited thereto.

[0198] FIG. 15 is a block diagram illustrating a configu-
ration of a wireless probe 2000 according to an exemplary
embodiment. As described above with reference to FIG. 14,
the wireless probe 2000 may include a plurality of trans-
ducers, and, according to embodiments, may include some
or all of the components of the ultrasound transceiver 1100
shown in FIG. 14.

[0199] The wireless probe 2000 according to the embodi-
ment shown in FIG. 15 includes a transmitter 2100, a
transducer 2200, and a receiver 2300. Since descriptions
thereof are given above with reference to FIG. 14, detailed
descriptions thereof will be omitted here. In addition,
according to exemplary embodiments, the wireless probe
2000 may selectively include a reception delaying unit 2330
and a summing unit 2340.

[0200] The wireless probe 2000 may transmit ultrasound
signals to the object 10, receive echo signals from the object
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10, generate ultrasound data, and wirelessly transmit the
ultrasound data to the ultrasound device 1000 shown in FIG.
1.

[0201] The signal processing method of the inventive
concept may be implemented as computer instructions
which may be executed by various computer means, and
recorded on a computer-readable recording medium. The
computer-readable recording medium may include program
commands, data files, data structures, or a combination
thereof. The program commands recorded on the computer-
readable recording medium may be specially designed and
constructed for the inventive concept or may be known to
and usable by one of ordinary skill in a field of computer
software. Examples of the computer-readable medium
include storage media such as magnetic media (e.g., hard
discs, floppy discs, or magnetic tapes), optical media (e.g,,
compact disc-read only memories (CD-ROMs), or digital
versatile discs (DVDs)), magneto-optical media (e.g., flop-
tical discs), and hardware devices that are specially config-
ured to store and carry out program commands (e.g., ROMs,
RAMs, or flash memories). Examples of the program com-
mands include a high-level language code that may be
executed by a computer using an interpreter as well as a
machine language code made by a compiler.

[0202] While one or more embodiments have been
described with reference to the figures, it will be understood
by one of ordinary skill in the art that various changes in
form and details may be made therein without departing
from the spirit and scope of the inventive concept as defined
by the following claims.

What is claimed is:

1. An ultrasound device comprising:

a plurality of transducers constituting a two-dimensional
(2D) probe;

a signal processor configured to generate non-inverted
signals based on first signals received from first trans-
ducers of a first group from among the plurality of
transducers and to generate inverted signals based on
second signals received from second transducers of a
second group from among the plurality of transducers;

a beamformer configured to generate a first summing
signal corresponding to the non-inverted signals by
performing beamforming on the non-inverted signals
and to generate a second summing signal correspond-
ing to the inverted signals by performing beamforming
on the inverted signals; and

a differential amplifier configured to differentially amplify
the first summing signal and the second summing
signal.

2. The ultrasound device of claim 1, wherein the first
transducers of the first group are different from the second
transducers of the second group.

3. The ultrasound device of claim 1, wherein the signal
processor comprises a first low noise amplifier (LNA)
configured to generate the non-inverted signals and a second
LNA configured to generate the inverted signals.

4. The ultrasound device of claim 3, wherein the signal
processor further comprises a time-gain compensation
(TGC) module configured to adjust a gain of at least one of
the non-inverted signals and the inverted signals.

5. The ultrasound device of claim 1, wherein the beam-
former comprises a first delaying unit configured to adjust
phases of the non-inverted signals and a second delaying
unit configured to adjust phases of the inverted signals,
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wherein the beamformer generates the first summing
signal by summing non-inverted signals whose phases
are adjusted by the first delaying unit and generates the
second summing signal by summing inverted signals
whose phases are adjusted by the second delaying unit.

6. The ultrasound device of claim 5, wherein the first
delaying unit adjusts the phases of the non-inverted signals
by delaying at least one of the non-inverted signals by a
predetermined period of time, and

the second delaying unit adjusts the phases of the inverted

signals by delaying at least one of the inverted signals
by the predetermined period of time.

7. The ultrasound device of claim 5, wherein the first
delaying unit comprises a plurality of first capacitors respec-
tively corresponding to the first transducers of the first
group, and

the second delaying unit comprises a plurality of second

capacitors respectively corresponding to the second
transducers of the second group.

8. The ultrasound device of claim 7, wherein the first
delaying unit obtains a plurality of non-inverted signal
values by sampling the non-inverted signals, stores the
plurality of non-inverted signal values in the plurality of first
capacitors, and generates the non-inverted signals whose
phases are adjusted by obtaining the plurality of non-
inverted signal values from the plurality of first capacitors,
and

the second delaying unit obtains a plurality of inverted

signal values by sampling the inverted signals, stores
the plurality of inverted signal values in the plurality of
second capacitors, and generates the inverted signals
whose phases are adjusted by obtaining the plurality of
inverted signal values from the plurality of second
capacitors.

9. The ultrasound device of claim 1, wherein the 2D probe
comprises a plurality of sub-arrays,

wherein the plurality of transducers constitute one sub-

array among the plurality of sub-arrays included in the
2D probe.

10. The ultrasound device of claim 9, further comprising
an image processor configured to obtain differentially ampli-
fied signals respectively corresponding to the plurality of
sub-arrays and to generate an ultrasound image based on the
differentially amplified signals.

11. The ultrasound device of claim 1, further comprising
a controller configured to determine the first transducers of
the first group and the second transducers of the second
group from among the plurality of transducers.

12. A method of processing a signal, the method com-
prising:

generating non-inverted signals based on first ultrasound

signals received from first transducers of a first group
from among a plurality of transducers constituting a
two-dimensional (2D) probe;

generating inverted signals based on second ultrasound

signals received from second transducers of a second
group from among the plurality of transducers;
generating a first summing signal corresponding to the
non-inverted signals by performing beamforming on
the non-inverted signals and generating a second sum-
ming signal corresponding to the inverted signals by
performing beamforming on the inverted signals; and
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differentially amplifying the first summing signal and the

second summing signal.

13. The method of claim 12, wherein the generating of the
non-inverted signals and the inverted signals comprises:

generating the non-inverted signals by using a first low

noise amplifier (LNA); and

generating the inverted signals by using a second LNA.

14. The method of claim 13, wherein the generating of the
non-inverted signals and the inverted signals further com-
prises adjusting a gain of at least one of the non-inverted
signals and the inverted signals.

15. The method of claim 12, wherein the generating of the
first summing signal comprises:

adjusting phases of the non-inverted signals; and

generating the first summing signal by summing non-

inverted signals whose phases are adjusted, and

the generating of the second summing signal comprises:

adjusting phases of the inverted signals; and

generating the second summing signal by summing

inverted signals whose phases are adjusted.

16. The method of claim 15, wherein the adjusting of the
phases of the non-inverted signals comprises adjusting the
phases of the non-inverted signals by delaying at least one
of the non-inverted signals by a predetermined period of
time, and

the adjusting of the phases of the inverted signals com-

prises adjusting the phases of the inverted signals by
delaying at least one of the inverted signals by a
predetermined period of time.

17. The method of claim 15, wherein the adjusting of the
phases of the non-inverted signals comprises:

obtaining a plurality of non-inverted signal values by

sampling the non-inverted signals;

storing the plurality of non-inverted signal values in a

plurality of first capacitors; and
generating the non-inverted signals whose phases are
adjusted by obtaining the plurality of non-inverted
signal values from the plurality of first capacitors, and

the adjusting of the phases of the inverted signals com-
prises:

obtaining a plurality of inverted signal values by sampling

the inverted signals;

storing the plurality of inverted signal values in a plurality

of second capacitors; and

generating the inverted signals whose phases are adjusted

by obtaining the plurality of inverted signal values from
the plurality of second capacitors.

18. The method of claim 12, further comprising:

obtaining differentially amplified signals respectively cor-

responding to a plurality of sub-arrays constituting the
2D probe; and

generating an ultrasound image based on the differentially

amplified signals.

19. The method of claim 12, further comprising deter-
mining the first transducers of the first group and the second
transducers of the second group from among the plurality of
transducers.

20. A computer-readable non-transitory recording
medium having embodied thereon a program for executing
the method of claim 12.
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