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ABSTRACT

Provided is an ultrasound diagnosis apparatus including a
probe configured to transmit a plurality of plane waves at a
plurality of steering angles and a controller configured to
determine the plurality of plane waves so that a grating lobe
of a synthetic transmit focusing beam pattern using the
plurality of plane waves is located outside a region of
interest.
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ULTRASONIC DIAGNOSTIC APPARATUS
AND METHOD FOR CONTROLLING
ULTRASONIC PROBE

TECHNICAL FIELD

[0001] The present disclosure relates to ultrasound diag-
nosis apparatuses. ultrasound probes, and methods of con-
trolling the ultrasound probes, and more particularly, to
ultrasound diagnosis apparatuses, ultrasound probes, and
methods of controlling the ultrasound probes, which may
improve the quality of ultrasound images.

BACKGROUND ART

[0002] 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 tissues 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.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Solution

[0003] According to an aspect of an exemplary embodi-
ment, an ultrasound diagnosis apparatus includes a probe
configured to transmit a plurality of plane waves at a
plurality of steering angles and a controller configured to
determine the plurality of plane waves so that a grating lobe
of a synthetic transmit focusing beam pattern using the
plurality of plane waves is located outside a region of
interest.

Advantageous Effects of the Invention

[0004] Provided are ultrasound diagnosis apparatuses,
ultrasound probes, and methods of controlling the ultra-
sound probes which may improve the quality of ultrasound
images.

DESCRIPTION OF THE DRAWINGS

[0005] FIG. 1 is a view for explaining an ultrasound
diagnosis apparatus according to some exemplary embodi-
ments.

[0006] FIG. 2 is a block diagram showing a configuration
of the ultrasound apparatus according to some exemplary
embodiments.

[0007] FIG. 3 is a view of a plurality of plane waves
transmitted by a probe, according to some exemplary
embodiments.

[0008] FIG. 4 is a view for explaining a synthetic transmit
focusing beam pattern at one point in a region of interest
(ROI), according to some exemplary embodiments.
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[0009] FIG. 5 is a graph showing a plane wave angle
function according to some exemplary embodiments.
[0010] FIG. 6 is a graph showing a synthetic transmit
focusing beam pattern according to some exemplary
embodiments.

[0011] FIGS. 7A and 7B are graphs showing a synthetic
transmit focusing beam pattern according to a plane wave
angle function for explaining a relationship between a
position of a grating lobe and a steering angle, according to
some exemplary embodiments.

[0012] FIGS. 8A and 8B are graphs showing a synthetic
transmit focusing beam pattern according to a plane wave
angle function for explaining a relationship between a
position of a grating lobe and a size of an ROI according to
some exemplary embodiments.

[0013] FIGS. 9A and 9B are views of probes having
apertures with different sizes, according to some exemplary
embodiments.

[0014] FIGS. 10A and 10B are views illustrating a case
where a size of an aperture of a probe is adjusted by using
a plurality of transducers included in the probe, according to
some exemplary embodiments.

[0015] FIGS. 11A through 11C are graphs showing a case
where a plurality of plane wave sets, in which intervals
between sine values of a plurality of steering angles are
different from one another, are used, according to some
exemplary embodimerts.

[0016] FIGS. 12A and 12B are graphs showing a case
where a plurality of plane wave sets, in which intervals
between sine values of a plurality of steering angles are
different from one another, are used, according to other
exemplary embodiments.

[0017] FIG. 13 is a graph showing a case where a plane
wave angle function is formed by using sine values of
arbitrary steering angles, according to some exemplary
embodiments.

[0018] FIGS. 14A and 14B are graphs showing a case
where a plurality of plane wave sets, in which intervals
between steering angles are different from one another, are
used, according to some exemplary embodiments.

[0019] FIGS. 15A and 15B are graphs showing a Hanning
window and a rectangular window, according to some
exemplary embodimerts.

[0020] FIGS. 16A and 16B are views illustrating a simu-
lation result for explaining an effect of a synthetic transmit
focusing beam pattern in which a grating lobe is located
outside an ROI, according to a first exemplary embodiment.
[0021] FIGS. 17A through 18B are views illustrating
simulation results for explaining an effect of a synthetic
transmit focusing beam pattern when a plane wave combi-
nation is used so that a size of a grating lobe is less than a
size of a main lobe, according to a second exemplary
embodiment.

[0022] FIGS. 19A and 19B are views of an ultrasound
image according to some exemplary embodiments.

[0023] FIGS. 20A and 20B are views of an ultrasound
image according to comparative examples.

[0024] FIG. 21 is a view for explaining an ultrasound
probe according to some exemplary embodiments.

[0025] FIG. 22 is a block diagram showing a configuration
of the ultrasound probe according to some exemplary
embodiments.
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[0026] FIG. 23 is a block diagram showing a configuration
of an ultrasound diagnosis apparatus according to some
exemplary embodiments.

[0027] FIG. 24 is a block diagram showing a configuration
of a wireless probe according to some exemplary embodi-
ments.

[0028] FIG. 25 is a flowchart of a method of controlling an
ultrasound probe, according to some exemplary embodi-
ments.

BEST MODE

[0029] According to an aspect of an exemplary embodi-
ment, an ultrasound diagnosis apparatus includes: a probe
configured to transmit a plurality of plane waves at a
plurality of steering angles; and a controller configured to
determine the plurality of plane waves so that a grating lobe
of a synthetic transmit focusing beam pattern using the
plurality of plane waves is located outside a region of
interest.

[0030] The controller may determine the plurality of plane
waves so that an interval between sine values of the plurality
of steering angles is equal to or less than a first reference
value.

[0031] The controller may set a value obtained by dividing
awavelength by a size of an aperture of the probe as the first
reference value.

[0032] The controller may fix a minimum steering angle
and a maximum steering angle, and may determine the
plurality of plane waves so that a number of the plurality of
steering angles is equal to or greater than a second reference
value.

[0033] The controller may adjust a size of the region of
interest so that the size of the region of interest is less than
a position of the grating lobe.

[0034] The probe may receive echo signals, and the con-
troller may apply an apodization window having a low side
lobe to the echo signals.

[0035] The controller may determine the plurality of plane
waves so that an intensity of a grating lobe is less than an
intensity of a main lobe in the synthetic transmit focusing
beam pattern using the plurality of plane waves.

[0036] The plurality of plane waves determined by the
controller may include a plurality of plane wave sets, and
grating lobes of the plurality of plane wave sets do not
overlap one another.

[0037] The plurality of plane waves determined by the
controller may include a plurality of plane wave sets, and
intervals between sine values of the plurality of steering
angles of the plurality of plane wave sets are different from
one another.

[0038] The plurality of plane waves determined by the
controller may include a plurality of plane wave sets,
minimum steering angles and maximum steering angles of
the plurality of plane wave sets are the same, and numbers
of the steering angles of the plurality of plane wave sets are
different from one another.

[0039] The plurality of steering angles of the plurality of
plane waves determined by the controller may be arbitrary.
[0040] The plurality of plane waves determined by the
controller may include a plurality of plane wave sets, and
intervals of the plurality of steering angles of the plurality of
plane wave sets may be different from one another.
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[0041] The probe may receive echo signals, and the con-
troller may apply an apodization window having a low side
lobe to the echo signals.

[0042] The controller may determine the plurality of plane
waves so that the grating lobe is located outside a region of
interest.

[0043] According to an aspect of another exemplary
embodiment, an ultrasound probe includes: an ultrasound
transceiver configured to transmit a plurality of plane waves
at a plurality of steering angles; and a controller configured
to control the ultrasound transceiver so that a grating lobe of
a synthetic transmit focusing beam pattern using the plural-
ity of plane waves is located outside a region of interest.
[0044] The ultrasound transceiver may receive echo sig-
nals, and the controller may apply an apodization window
having a low side lobe to the echo signals.

[0045] According to an aspect of another exemplary
embodiment, an ultrasound probe includes: an ultrasound
transceiver configured to transmit a plurality of plane waves
at a plurality of steering angles; and a controller configured
to determine the plurality of plane waves so that an intensity
of a size of a grating lobe is less than an intensity of a main
lobe in a synthetic transmit focusing beam pattern using the
plurality of plane waves and to control the ultrasound
transceiver to transmit the determined plurality of plane
waves.

[0046] According to an aspect of another exemplary
embodiment, a method of controlling an ultrasound probe
includes: determining a plurality of plane waves so that a
grating lobe of a synthetic transmit focusing beam pattern
using the plurality of plane waves to be transmitted by the
ultrasound probe at a plurality of steering angles is located
outside a region of interest; and transmitting, by the ultra-
sound probe, the determined plurality of plane waves.
[0047] According to an aspect of another exemplary
embodiment, a method of controlling an ultrasound probe
includes: determining a plurality of plane waves so that an
intensity of a grating lobe is less than an intensity of a main
lobe in a synthetic transmit focusing beam pattern using the
plurality of plane waves to be transmitted by the ultrasound
probe at a plurality of steering angles; and transmitting, by
the ultrasound probe, the determined plurality of plane
waves.

Mode of the Invention

[0048] 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 those of
ordinary skill in the art, precedents, or new technology in the
art. Also, some terms may be arbitrarily selected by the
applicant, 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.

[0049] When a part “includes” or “comprises” an element,
unless there is a particular description contrary thereto, the
part can further include other elements, not excluding the
other elements. In addition, 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.
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[0050] 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
approximately the same as those of an organism. For
example, the phantom may be a spherical phantom having
properties similar to a human body.

[0051] 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.

[0052] Some exemplary embodiments will now be
explained with the accompanying drawings.

[0053] FIG. 1 is a view for explaining an ultrasound
diagnosis apparatus 100 according to some exemplary
embodiments.

[0054] Referring to FIG. 1, the ultrasound diagnosis appa-
ratus 100 includes a probe 110. Although the ultrasound
diagnosis apparatus 100 is connected to the probe 110 by
wire in FIG. 1, the ultrasound diagnosis apparatus 100 may
be wirelessly connected to the probe 110. Although the
ultrasound diagnosis apparatus 100 is connected to only one
probe 110 in FIG. 1, the ultrasound diagnosis apparatus 100
may be connected to a plurality of probes by wire or
wirelessly.

[0055] The ultrasound diagnosis apparatus 100 may be a
cart type apparatus or a portable type apparatus. Examples
of portable ultrasound diagnosis apparatuses may include,
but are not limited to, a picture archiving and communica-
tion system (PACS) viewer, a smartphone, a laptop com-
puter, a personal digital assistant (PDA), and a tablet PC.
[0056] The probe 110 transmits ultrasound signals to an
object 10 and receives echo signals reflected from the object
10. The probe 110 may include a plurality of transducers.
The plurality of transducers oscillate in response to electric
signals and generate ultrasound waves that are acoustic
energy. The probe 110 according to some exemplary
embodiments may transmit ultrasound signals as plane
waves.

[0057] The ultrasound diagnosis apparatus 100 may gen-
erate ultrasound data from the echo signals. The ultrasound
diagnosis apparatus 100 may generate an ultrasound image
based on the ultrasound data. The ultrasound diagnosis
apparatus 100 may further include a display that may display
the ultrasound image. A user may diagnose the object 10 by
seeing the ultrasound image displayed by the ultrasound
diagnosis apparatus 100.

[0058] FIG. 2 is a block diagram showing a configuration
of the ultrasound diagnosis apparatus 100 according to some
exemplary embodiments.

[0059] Referring to FIG. 2, the ultrasound diagnosis appa-
ratus 100 includes the probe 110 and a controller 120.
[0060] The probe 110 may transmit ultrasound signals as
plane waves to an object. The probe 110 may receive echo
signals reflected from the object. The probe 110 may trans-
mit a plurality of plane waves. In this case, the probe 110
may transmit the plurality of plane waves so that angles
between the probe 110 and the plurality of plane waves are
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different from one another. Hereinafter, an angle between a
plane wave and the probe 110 is referred to as a “steering
angle”. For example, the probe 110 may transmit a plurality
of plane waves as shown in FIG. 3.

[0061] FIG. 3 is a view of a plurality of plane waves
transmitted by the probe 110 according to some exemplary
embodiments.

[0062] Referring to FIG. 3, the probe 110 may transmit a
plurality of plane waves, for example, first through third
plane waves P1, P2, and P3, at a plurality of angles, for
example, first through third steering angles 01, 02, and 03.
In FIG. 3, the x-axis represents a lateral direction and the
7-axis represents an axial direction that is a depth direction
of an object.

[0063] The first through third steering angles 61, 62, and
83 between the probe 110 and the first through third plane
waves P1, P2, and P3 are different from one another. The
probe 110 may transmit the first plane wave P1 at the first
steering angle 01, may transmit the second plane wave P2 at
the second steering angle 62, and may transmit the third
plane wave P2 at the third steering angle 03. The second
steering angle 62 may be 0°. The probe 110 may sequentially
transmit the first through third plane waves P1, P2, and P3.
[0064] Although three plane waves, that is, the first
through third plane waves P1, P2, and P3, are exemplarily
illustrated in FIG. 3, the number of plane waves transmitted
by the probe 110 or steering angles are not limited.

[0065] A region of the object to which the second plane
wave P2 whose steering angle with the probe 110 is 0°, that
is, that is not steered, is emitted may be referred to as a
region of interest (ROI). The ROI may be a region where
plane waves are maintained. A region outside the ROI may
be a region where transmission of ultrasound waves trans-
mitted from the probe 110 is limited and reception of echo
signals is limited. Alternatively, the ROI may be a region of
the object that is imaged.

[0066] A size of the ROI may be determined according to
a size D1 of an aperture of the probe 110. The size D1 of the
aperture of the probe 110 may be determined by a length of
the probe 110. Alternatively, the size D1 of the aperture of
the probe 110 may be determined by the number of trans-
ducers that transmit plane waves among a plurality of
transducers included in the probe 110. Alternatively, when a
region smaller than the size D1 of the aperture of the probe
110 is imaged, a size of the ROI may be less than the size
D1 of the aperture of the probe 110.

[0067] Referring back to FIG. 2, the controller 120 may
determine a plurality of plane waves to be transmitted by the
probe 110. The controller 120 may control the probe 110 to
transmit the determined plurality of plane waves. The con-
troller 120 may apply a driving signal to the probe 110. The
probe 110 may transmit the plurality of plane waves to the
object according to the driving signal received from the
controller 120.

[0068] The controller 120 may receive echo signals from
the probe 110. The controller 120 may generate ultrasound
data by focusing the echo signals. Also, the controller 120
may gererate an ultrasound image based on the ultrasound
data.

[0069] The controller 120 according to some exemplary
embodiments may determine the plurality of plane waves so
that grating lobes of the plurality of plane waves are sup-
pressed. Also, the controller 120 may focus the echo signals
so that the grating lobes are suppressed.
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[0070] Before explaining a method performed by the
controller 120 to suppress grating lobes according to some
exemplary embodiments, a synthetic transmit focusing beam
pattern using a plurality of plane waves will now be
explained with reference to FIGS. 4 through 6.

[0071] FIG. 4 is a view for explaining a synthetic transmit
focusing beam pattern at one point in an ROI according to
some exemplary embodiments.

[0072] Referring to FIG. 4, the probe 110 transmits a plane
wave at a steering angle 0. A transmit beam pattern formed
at one point (x, Zg in an ROI may be defined as in Equation
1.

Dy'(x, z)=e7**¢*\d, d\=z7cos 6-x sin 6, k=2a/h [Equaticn 1]

[0073] In Equation 1, k is a wave number, A is a wave-
length, and d, is a distance by which a plane wave propa-
gates to the point (%, Z,).
[0074] The transmit beam pattern of Equation 1 may be
modified as in Equation 2.

Dy, zf):dJu’(x, 2)y=e MBI (=sin O, f=cos

0, o2 +f=1 [Equation 2]

[0075] As described with reference to FIG. 3, the probe
110 transmits a plurality of plane waves at a plurality of
steering angles. Each of the plurality of plane waves trans-
mitted by the probe 110 may be represented by using a plane
wave angle function A(c.). The plane wave angle function
A(q) is an intensity of a plane wave with respect to a sine
value of a steering angle that is used to transmit the plurality
of plane waves.

[0076] A focal point (x, 2 of FIG. 4 may be an arbitrary
point at which imaging is to be performed. When a transmit
delay used for each plane wave during synthetic transmit
focusing at the focal point (X, z) is T(X4 25 @), a synthetic
transmit focusing beam pattern may be defined as in Equa-
tion 3.

O(x, 29" A()T(xs 2, 0D, z)da

[0077] Since a distance d2 by which the plane wave
propagates to the focal point (xf, zf) has to be compensated
for by using the transmit delay, the transmit delay may be
defined as in Equation 4.

[Equation 3]

x5 2 )= ) Gaf cos B sin 8)_ ke glorfor

[0078] When Equation 2 and Equation 4 are input to
Equation 3, Equation 5 may be obtained.

[Equation 4]

(x, zp) = [Equation 5]

X=X

e | xxp )
e’f“’f Al@e P T da = e’f“”FT[A(oz)}f xxf

=1

[0079] In Equation 5, FT[*] is Fourier transform.

[0080] FIG. 5 is a graph showing a plane wave angle
function according to some exemplary embodiments.
[0081] Referring to FIG. 5, a plane wave angle function
A() is an intensity of a plane wave with respect to a sine
value (o=sin 0) of a steering angle 6 used to transmit a
plurality of plane waves. The plane wave angle function
A(a) may be defined as in Equation 6.

A(0)=Z,"d(a-a,)

[0082] In Equation 6, N is the number of steering angles
used to transmit a plurality of plane waves, and a total

[Equation 6]
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number of times synthesis occurs. N may be the number of
plane waves. A sine value cm of each steering angle may be
defined as in Equation 7.

=0, tAan (1=0,1,2,. .., N-1)

[0083] «.,,, is a minimum value among sine values of
steering angles. That is, ., is a sine value of a mininum
angle among the steering angles. c.,, , is a maximum value

Q. among sine values of steering angles. That is, ¢, 1s
a sine value of a maximum angle among the steering angles.
[0084] Act is an interval between sine values of a plurality
of steering angles. Ac. may be a difference between sine
values of adjacent steering angles. In FIG. 5, Aat. is constant.
In FIG. 5, in order to transmit plane waves, steering angles
having sine values between which intervals are constant are
used.

[0085] When a plane wave angle function defined in
Equations 6 and 7 is used, steering angles of a plurality of
plane waves transmitted by the probe 110 are arcsin o,
arcsin a.,, arcsin o, . . ., and arcsin a,,_,.

[0086] When a plane wave angle function defined in
Equations 6 and 7 is used, a synthetic transmit focusing
beam pattern may be defined as in Equation §.

[Equation 7]

sinfkx’ NyAa/2) [Equation 8]

"Wizp) =c
vixz)=co sin(ker' Aaf2)

[0087] In Equation 8, ¢, and x' are respectively defined as
in Equations 9 and 10.
co=eor Cmint(NeDAc/2) [Equation 9]

X'=x-%p

[0088] FIG. 6 is a graph showing a synthetic transmit
focusing beam pattern according to some exemplary
embodiments. The graph of FIG. 6 shows a synthetic trans-
mit focusing beam pattern along an x'-axis using a focal
point (X, z) as the center according to some exemplary
embodiments. The synthetic transmit focusing beam pattern
of FIG. 6 may be obtained by using Equation 8.

[0089] Referring to FIG. 6, a main lobe M1 is located at
the focal point (X, z,) where X=0. Since a width of the main
lobe M1 is constant irrespective of an axial distance, the
quality of an ultrasound image may be improved.

[0090] Grating lobes G1, G2, G3, and G4 are located at
predetermined intervals from the main lobe M1 in the
synthetic transmit focusing beam pattern. An intensity of
each of the grating lobes G1, G2, G3, and G4 is the same as
an intensity of the main lobe M1. A position of each of the
grating lobes G1, G2, G3, and G4 may be defined as in
Equation 11.

[Equation 10]

2 A tion 11
it n, (n is the integer) [Equatior 11]

" kAo  Ae

[0091] Ultrasound waves having an intensity of the main
lobe M1 are reflected at the focal point (x; z,), and echo
signals reflected from the focal point (x, z,) are received
through the probe 110. The controller 120 may generate
ultrasound data by focusing the echo signals. The quality of
an ultrasound image may increase as ultrasound waves are
more strongly focused on the focal point (x5 zg). However,
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an ultrasound beam is strongly focused on points other than
the focal point (x, z,) due to the grating lobes G(-1), G1, G2,
and G3, and thus ultrasound waves having a high intensity
are reflected from the points other than the focal point (X,
7). Echo signals having a high intensity reflected from the
points other than the focal point (x, 7,) reduce the quality of
an ultrasound image. This is because a signal-to-noise ratio
(SNR) and a contrast ratio of an ultrasound image may be
reduced due to the grating lobes G(~1), G1, G2, and G3 and
artifacts may occur on the ultrasound image.

[0092] As described above, the controller 120 according to
some exemplary embodiments may determine a plurality of
plane waves so that grating lobes of the plurality of plane
waves are suppressed. A method performed by the controller
120 to suppress grating lobes according to some exemplary
embodiments will now be explained.

[0093] According to some exemplary embodiments, the
controller 120 may determine a plurality of plane waves so
that a grating lobe of a synthetic transmit focusing beam
pattern is located outside an ROI, which will be referred to
as a “first exemplary embodiment”.

[0094] According to other exemplary embodiments, the
controller 120 may determine a plurality of plane waves so
that an intensity of a grating lobe is less than an intensity of
a main lobe in a synthetic transmit focusing beam pattern
using the plurality of plane waves. Next, the controller 120
may control the probe 110 to transmit the determined
plurality of plane waves, which will be referred to as a
“second exemplary embodiment”.

First Exemplary Embodiment

[0095] A method performed by the controller 120 of the
ultrasound diagnosis apparatus 100 to determine a plurality
of plane waves so that a grating lobe of a synthetic transmit
focusing beam pattern is located outside an ROI according
to a first exemplary embodiment will now be explained with
reference to FIGS. 7A through 10B.

[0096] In some exemplary embodiments, the controller
120 may adjust a plurality of steering angles for transmitting
a plurality of plane waves so that a grating lobe is located
outside an ROI.

[0097] FIGS. 7A and 7B are graphs showing a synthetic
transmit focusing beam pattern according to a plane wave
angle function for explaining a relationship between a
position of a grating lobe and a steering angle according to
some exemplary embodiments. In FIGS. 7A and 7B, D1 is
a size of an aperture of the probe 110. In FIGS. 7A and 7B,
the size D1 of the aperture of the probe 110 is equal to a size
of an ROL

[0098] FIG. 7A is a graph showing a synthetic transmit
focusing beam pattern when a plane wave angle function
A (o) in which an interval between sine values of a plurality
of steering angles is Ac,, is used. In FIG. 7A, a grating lobe
Gla of the synthetic transmit focusing beam pattern is
located inside the ROIL.

[0099] FIG. 7B is a graph showing a synthetic transmit
focusing beam pattern when a plane wave angle function
A,(0)) in which an interval between sine values of a plurality
of steering angles is Aa., is used. In FIG. 7B, the interval Ao,
is less than the interval Aa,. In FIG. 7B, an ROl is the same
as the ROI of FIG. 7A. In FIG. 7B, a grating lobe G156 of the
synthetic transmit focusing beam pattern is located outside
the ROL
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[0100] Referring to Equation 11, it is found that a position
of a grating lobe along an x'-axis in a synthetic transmit
focusing beam pattern is inversely proportional to an inter-
val Aa that is an interval between sine values of a plurality
of steering angles. Accordingly, it is found that as the
interval Ac. decreases, the position of the grating lobe is
farther from a position (x'=0) of a main lobe. Accordingly,
when the interval Aa is adjusted so that a position of a
grating lobe that is the closest to the main lobe is greater than
the size D1 of the aperture of the probe 110, the grating lobe
may be located outside an ROI.

[0101] Accordingly, the controller 120 may determine a
plurality of plane waves so that an interval Ac. that is an
interval between sine values of a plurality of steering angles
is equal to or less than a first reference value, as in Equation
12.

. A [Equation 12]
Ao = I
[0102] According to Equation 12, the controller 120 may

set a value obtained by dividing a wavelength by the size of
the aperture of the probe 110 as the first reference value. The
controller 120 may determine a plurality of plane waves by
adjusting a plurality of steering angles based on the interval
Ac that is equal to or less than the first reference value.
Accordingly, a grating lobe may be located outside the ROL.
[0103] As described with reference to FIGS. 7A and 7B,
the controller 120 may allow a grating lobe to be located
outside an ROI by adjusting a plurality of steering angles for
transmitting a plurality of plane waves.

[0104] Alternatively, according to some exemplary
embodiments, the controller 120 may allow a grating lobe to
be located outside an ROI by adjusting the number of
steering angles of a plurality of plane waves transmitted by
the probe 110. This is because when ¢.,,,;, and a. ., are fixed
according to a minimum steering angle and a maximum
steering angle, the interval Ao may be adjusted by adjusting
the number N of steering angles.

[0105] As described with reference to FIG. 7B, a., , and
Q,,..» May be fixed according to a minimum steering angle,
and a maximum steering angle and the number (e.g., N,=9)
of steering angles may be determined so that a grating lobe
is located outside an ROI. The controller 120 may adjust the
number of steering angles to be equal to or greater than a
second reference value. The second reference value may be
obtained by using Equation 13 that is a modification of
Equation 12.

NzD1{0,, 40 in) A1

[0106] The controller 120 may determine a plurality of
plane waves by adjusting a plurality of steering angles based
on the number N of the steering angles that is equal to or
greater than the second reference value and satisfies Equa-
tion 13. Accordingly, a grating lobe may be located outside
an ROL

[0107] According to some exemplary embodiments, the
controller 120 may allow a grating lobe to be located outside
an ROI by adjusting a size of the ROI.

[0108] FIGS. 8A and 8B are graphs showing a synthetic
transmit focusing beam pattern according to a plane wave
angle function for explaining a relationship between a

[Equation 13]
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position of a grating lobe and a size of an ROT according to
some exemplary embodiments.

[0109] In FIGS. 8A and 8B, plane wave angle functions
are the same, and thus synthetic transmit focusing beam
patterns are also the same. In both FIGS. 8A and 8B,
intervals between sine values of a plurality of steering angles
are Ac.. However, a size of an ROT (referred to as ROIa) in
FIG. 8Ais D1 and a size of an ROI (referred to as ROIb) in
FIG. 8B is D2 which is less than D1. A grating lobe G1 is
located inside the ROla in FIG. 8A whereas the grating lobe
G1 is located outside the ROIb in FIG. 8B.

[0110] Accordingly, when the size D2 of the ROIb is
adjusted to be less than a position of the grating lobe G1 as
shown in FIG. 8B, the grating lobe G1 may be located
outside the ROIb. When the size D2 of the ROIb satisfies
Equation 14, the grating lobe G1 may be located outside the
ROIb.

o i [Equation 14]
b= Aa
[0111] A size of an ROI may be determined by a size of an

aperture of the probe 110. Accordingly, the controller 120
may adjust the size of the aperture of the probe 110 to be less
than a position of a grating lobe. In detail, the size of the
aperture of the probe 110 may be adjusted to satisfy Equa-
tion 12.

[0112] Alternatively, the controller 120 may limit a region
that is to be imaged without adjusting the size of the aperture
of the probe 110. For example, when the size of the aperture
of the probe 110 is D1, a size of an ROI may be adjusted so
that a size of the region that is to be imaged is determined
to be D2 that is less than the size D1 of the aperture of the
probe 110.

[0113] Exemplary embodiments in which a size of an
aperture of the probe 110 is adjusted in order to adjust a size
of an ROI will now be explained with reference to FIGS. 9A
through 10B.

[0114] FIGS. 9A and 9B are views of probes having
apertures with different sizes according to some exemplary
embodiments.

[0115] Referring to FIG. 9A, a size of an aperture of a
probe 110« is D1 and a size of an aperture of a probe 1105
is D2. That is, a probe may be selected from among the
plurality of probes 110a and 1105 based on a size of an ROI
to be adjusted. Referring to FIGS. 8A through 9B, the probe
1105 whose aperture has the size D2 may be selected, a size
of an ROIb may be adjusted to D2, and a grating lobe may
be located outside the ROIb.

[0116] FIGS. 10A and 10B are views illustrating a case
where a size of an aperture of the probe 110 is adjusted by
using a plurality of transducers included in the probe 110
according to some exemplary embodiments.

[0117] Referring to FIGS. 10A and 10B, the probe 110
includes a plurality of transducers 115. A size of an aperture
of the probe 110 may be adjusted according to the number
of transducers for transmitting plane waves among the
plurality of transducers 115 included in the probe 110.
[0118] In FIG. 10A, all of the transducers 115 included in
the probe 110 transmit plane waves and a size of an aperture
of the probe 110 is D1. In FIG. 10B, only some transducers
among the transducers 115 included in the probe 110 trans-
mit plane waves and a size of an aperture of the probe 110
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is D2. In FIG. 10B, only four transducers among eight
transducers 115 are activated.

[0119] Referring to FIGS. 8A and 8B and FIGS. 10A and
10B, a size of an ROIb may be adjusted to D2 and a grating
lobe may be located outside the ROIb by adjusting the
number of activated transducers so that a size of an aperture
of the probe 110 is D2.

[0120] FIGS. 10A and 10B are exemplary views for con-
venience of explanation, and the number of transducers
included in the probe 110 and the number of activated
transducers are not limited thereto.

[0121] As shown in FIGS. 9A through 10B, a size of an
ROI may be adjusted and a grating lobe may be located
outside the ROI by adjusting a size of an aperture of the
probe 110.

[0122] The first exemplary embodiment in which a grating
lobe is located outside an ROI by adjusting one of a steering
angle and a size of the ROI has been explained with
reference to FIGS. 7A through 10B. The controller 120 of
the ultrasound diagnosis apparatus 100 may allow a grating
lobe to be located outside an ROI by adjusting one of a
steering angle and a size of the ROI, or both the steering
angle and the size of the ROI. That is, the controller 120 may
allow a grating lobe to be located outside an ROI by
adjusting at least one of a steering angle and a size of the
ROL Since a plane wave is not maintained in a region
outside an ROI, normal synthetic focusing is not performed
in the region outside the ROI. Accordingly, an intensity of a
grating lobe may be reduced to be much less than an
intensity of a main lobe and the quality of an ultrasound
image may be improved.

Second Exemplary Embodiment

[0123] The controller 120 of the ultrasound diagnosis
apparatus 100 may determine a plurality of plane waves that
are plane waves combinations so that an intensity of a
grating lobe is less than an intensity of a main lobe in a
synthetic transmit focusing beam pattern using the plurality
of plane waves according to a second exemplary embodi-
ment. The plurality of plane waves determined by the
controller 120 may include a plurality of plane wave sets,
and grating lobes of the plurality of plane wave sets may not
overlap one another.

[0124] A method of determining a plurality of plane waves
so that an intensity of a grating lobe is less than an intensity
of a main lobe according to the second exemplary embodi-
ment will now be explained with reference to FIGS. 11A
through 14B.

[0125] FIGS. 11A through 11C are graphs showing a case
where a plurality of plane wave sets in which intervals
between sine values of a plurality of steering angles are
different from one another are used according to some
exemplary embodiments.

[0126] FIG. 11A is a graph showing a first synthetic
transmit focusing beam pattern when a first plane wave
angle function A, () in which an interval between sine
values of a plurality of steering angles is Ac,; is used. FIG.
11B is a graph showing a second synthetic transmit focusing
beam pattern when a plane wave angle function A,(a) in
which an interval between sine values of a plurality of
steering angles is Aa., is used.

[0127] Referring to FIGS. 11A and 11B, main lobes M1a
and M1b are located at the same position (x'=0) whereas
positions of grating lobes Gla and G15 do not overlap each



US 2018/0017669 A1l

other. This is because the intervals Aa.; and Aa., between the
sine values of the plurality of steering angles for determining
the positions of the grating lobes Gla and G15 are different
from each other.

[0128] When a plane wave angle function A(c) obtained
by summing the first plane wave angle function A () and
the second plane wave angle function A,(a) is used as
shown in FIG. 11C, a synthetic transmit focusing beam
pattern is obtained by summing the first synthetic transmit
focusing beam pattern of FIG. 11 A and the second synthetic
transmit focusing beam pattern of FIG. 11B. In the synthetic
transmit focusing beam pattern of FIG. 11C, intensities of
the grating lobes Gla and G1b are less than an intensity of
a main lobe M1. Since the main lobe Mla in the first plane
wave angle function A, (a) and the main lobe M1b in the
second plane wave angle function A, (o) are located at the
same position to overlap each other, that is, x'=0, an intensity
of the main lobe M1 is increased. In contrast, since the
grating lobe Gla in the first plane wave angle function A (cr)
and the grating lobe G15 in the second plane wave angle
function A,(a) do not overlap each other, intensities of the
grating lobes Gla and G15 are less than an intensity of the
main lobe M.

[0129] That is, the controller 120 of the ultrasound diag-
nosis apparatus 100 may use a plurality of plane wave sets
in which intervals Aa between sine values of a plurality of
steering angles are different from one another as shown in
FIGS. 11A through 11C. Although a plurality of plane waves
include two plane wave sets in FIGS. 11A through 11C,
some exemplary embodiments are not limited thereto. The
plurality of plane waves may include three or more plane
wave sets. The controller 120 may reduce an intensity of a
grating lobe relative to a main lobe by using a plurality of
intervals Aa.

[0130] As shown in FIGS. 11A through 11C, a plurality of
plane waves determined by the controller 120 may include
a plurality of plane wave sets, and intervals between sine
values of a plurality of steering angles for the plurality of
plane wave sets may be different from one another.

[0131] FIGS. 12A and 12B are graphs showing a case
where a plurality of plane wave sets in which intervals
between sine values of a plurality of steering angles are
different from one another are used according to other
exemplary embodiments.

and a.,,,,, of

[0132] Referring to FIGS. 12A and 12B, ¢,,,,, e

a first plane wave angle function A, (o) and a second plane
wave angle function A,(c) are the same and the numbers N,
and N, of steering angles included in the first and second
plane wave angle functions A, (at) and A, () are different
from each other. That is, although minimum steering angles
and maximum steering angles of the first plane wave angle
function A, (c) and the second plane wave angle function
A, () are the same, the numbers N, and N, of the steering
angles are different from each other. Accordingly, intervals
Aa,; and Aa, between sine values of the plurality of steering
angles are different from each other.

[0133] When a plane wave angle function A, (c)+A,(at)
obtained by summing the first and second plane wave angle
functions A, (o) and A,(0.) in which the numbers N, and N,
of the steering angles are different from each other are used,
a plurality of plane wave angle functions in which the
intervals Ac,, and Ao, between sine values of a steering
angles are different from each other may be used as shown

Jan. 18, 2018

in FIGS. 11A through 11C. Accordingly, the controller 120
may reduce an intensity of a grating lobe to be less than an
intensity of a main lobe.

[0134] As shown in FIGS. 12A and 12B, a plurality of
plane waves determined by the controller 120 may include
a plurality of plane wave sets, minimum steering angles and
maximum steering angles of the plurality of plane wave sets
may be the same, and the numbers of steering angles of the
plurality of plane wave sets may be different from one
another.

[0135] FIG. 13 is a graph showing a case where a plane
wave angle function is formed by using sine values of
arbitrary steering angles according to some exemplary
embodiments.

[0136] Referring to FIG. 13, a plane wave angle function
A(c) may be formed by using sine values o. of arbitrary
steering angles. Although a plane wave angle function in
which intervals between sine values of steering angles are
constant has been used in the previous exemplary embodi-
ments, intervals between sine values of adjacent steering
angles are not constant in FIG. 13.

[0137] As shown in FIG. 13, a plurality of steering angles
of a plurality of plane waves determined by the controller
1250 may be arbitrary. Accordingly, the controller 120 may
reduce an intensity of a grating lobe to be less than an
intensity of a main lobe.

[0138] FIGS. 14A and 14B are graphs showing a case
where a plurality of plane waves in which intervals between
steering angles are different from one another are used
according to some exemplary embodiments.

[0139] FIG. 14A shows a first plane wave angle function
A (0) in which an interval between steering angles, that is,
a difference between adjacent steering angles, is a first angle
AB,. FIG. 14B shows a second plane wave angle function
A,(0) in which an interval between steering angles is a
second angle AD,.

[0140] Accordingly, when a plane wave angle function
obtained by summing the first plane wave angle function
A,(8) and the second plane wave angle function A,(0) is
used, it may be similar to a case where a plurality of plane
wave sets (e.g., see FIGS. 11A through 11C) in which
intervals between sine values of a plurality of steering angles
are different from one another are used.

[0141] The second exemplary embodiment in which a
plurality of plane waves are determined so that an intensity
of a grating lobe is less than an intensity of a main lobe in
a synthetic transmit focusing beam pattern using a plurality
of plane waves has been described with reference to FIGS.
11A through 14B. A plurality of plane waves may be
determined in various ways according to the second exem-
plary embodiment as shown in FIGS. 11A through 14B.
Also, methods of FIGS. 11A through 14B may be used by
being combined in various ways.

[0142] Also, according to methods other than the methods
of FIGS. 11A through 14B, the controller 120 may deter-
mine a plurality of plane waves so that an intensity of a
grating lobe is less than an intensity of a main lobe.
[0143] For example, the controller 120 may use different
plane wave combinations whenever compounding for syn-
thesizing a series of received ultrasound images is per-
formed. Accordingly, the effect of a grating lobe during the
compounding may be reduced.

[0144] Also, although the first exemplary embodiment in
which a plurality of plane waves are determined so that a
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grating lobe is located outside an ROI and the second
exemplary embodiment in which a plurality of plane waves
are determined so that an intensity of a grating lobe is less
than an intensity of a main lobe have been separately
described, the first exemplary embodiment and the second
exemplary embodiment may be used by being combined
with each other.

[0145] As described above, the controller 120 of the
ultrasound diagnosis apparatus 100 may determine a plural-
ity of plane waves according to at least one of the first
exemplary embodiment and the second exemplary embodi-
ment. The controller 120 may control the probe 110 to
transmit the determined plurality of plane waves.

[0146] The probe 110 may receive echo signals reflected
from an object. The controller 120 may apply an apodization
window to the echo signals received by the probe 110. In this
case, the controller 12 may use an apodization window
having a low side lobe. For example, an apodization window
having a low side lobe such as a Hanning window or a
Hamming window may be used. Accordingly, a grating lobe
of the echo signals may be reduced.

[0147] FIGS. 15A and 15B are graphs showing a Hanning
window W1 and a rectangular window W2 according to
some exemplary embodiments. In some exemplary embodi-
ments, the controller 120 may apply the Hanning window
W1 to echo signals received by the probe 110 as shown in
FIG. 15A. Since the Hanning window W1, instead of the
rectangular window W2, is used, an intensity of a grating
lobe may be reduced compared to an intensity of a main lobe
in the received echo signals.

[0148] An apodization window having a low side lobe
such as a Hamming window, instead of the Hanning window
W2 of FIG. 15A, may be used.

[0149] FIGS. 16A and 16B are views illustrating a simu-
lation result for explaining the effect of a synthetic transmit
focusing beam pattern in which a grating lobe is located
outside an ROI according to the first exemplary embodi-
ment. FIG. 16A is a view illustrating a simulation result of
a synthetic transmit focusing beam pattern in which a
grating lobe is located inside an ROL. FIG. 16B is a view
illustrating a simulation result of a synthetic transmit focus-
ing beam pattern in which a grating lobe is located outside
an ROL

[0150] FIG. 16A illustrates a synthetic transmit focusing
beam pattern when a plurality of plane waves that are plane
wave combinations having Aa=0.05 (2.866°) and N=5 are
used. An intensity of the synthetic transmit focusing beam
pattern constantly increases within an ROI (-20 mm<x<20
mm) This is because grating lobes are located in the ROI
(-20 mm<x<20 mm) in addition to a region (x=0) where a
main lobe is located. Since the grating lobes are located in
the ROI (<20 mm<x<20 mm) that is to be imaged, the
quality of an ultrasound image is reduced.

[0151] FIG. 16B illustrates a synthetic transmit focusing
beam pattern when a plurality of plane waves that are plane
wave combinations having Aa=0.005 (0.287°) and N=40 are
used. An intensity of the synthetic transmit focusing beam
pattern is not large in an ROI (-20 mm<x<20 mm) except
in a region (x=0) where a main lobe is located. This is
because grating lobes are located outside the ROI (-20
mm<x<20 mm) by reducing an interval Ac. Since an
ultrasound beam does not strongly reach a region outside the
ROI (-20 mm<x<20 mm), an intensity of a grating lobe is
reduced to be less than an intensity of the main lobe.

Jan. 18, 2018

[0152] FIGS. 17A through 18B are views illustrating
simulation results for explaining the effect of a synthetic
transmit focusing beam pattern when a plane wave combi-
nation is used so that an intensity of a grating lobe is less
than an intensity of a main lobe according to the second
exemplary embodiment. FIGS. 17A and 17B illustrate a
synthetic transmit focusing beam pattern when a plane wave
combination using one interval Ac is used. FIGS. 18A and
18B illustrate a synthetic transmit focusing beam pattern
when a plane wave combination using a plurality of intervals
Ao is used.

[0153] FIGS. 17A and 17B illustrate a synthetic transmit
focusing beam pattern when a plane wave combination
having Aa=0.019 (1.083°) and N=23 is used. FIG. 17A
illustrates an intensity of a synthetic transmit focusing beam
pattern according to a lateral distance and an axial distance.
FIG. 17B is an intensity of a synthetic transmit focusing
beam pattern according to a lateral distance.

[0154] Referring to FIGS. 17A and 17B, two grating lobes
are located in an ROI (-20 mm<x<20 mm), and an intensity
of each of the two grating lobes is almost the same as an
intensity of a main lobe. Thus, the quality of an ultrasound
image may be reduced.

[0155] FIGS. 18A and 18B illustrate a synthetic transmit
focusing beam pattern when a plane wave combination
including a plurality of plane wave sets having Aa=0.406,
0.207, 0.139. 0.084, 0.060 (24°, 12°, 8°, 4.8°, 3.43°) and
N=2, 3, 4, 6, 8 (23 in total) is used. FIG. 18A illustrates an
intensity of a synthetic transmit focusing beam pattern
according to a lateral distance and an axial distance. FIG.
18B illustrates an intensity of a synthetic transmit focusing
beam pattern according to a lateral distance. Positions of
grating lobes of plane wave sets having different intervals
Aq are different from one another. Although main lobes of
the plane wave sets overlap one another and thus intensities
of the main lobes are increased, since the grating lobes of the
plane wave sets do not overlap one another, intensities of the
grating lobes are reduced to be less than those of the main
lobes.

[0156] Accordingly, the quality of an ultrasound image
when the plurality of intervals Ao are used as shown in
FIGS. 18A and 18B may be higher than the quality of an
ultrasound image when one interval Act is used as shown in
FIGS. 17A and 17B.

[0157] FIGS. 19A and 19B are views of an ultrasound
image according to some exemplary embodiments.

[0158] FIG. 19A illustrates a simulation result of a plane
ultrasound image synthesized by reducing an intensity of a
grating lobe according to some exemplary embodiments.
FIG. 19B is an actual plane ultrasound image of a human
phantom synthesized by reducing an intensity of a grating
lobe.

[0159] FIGS. 20A and 20B are views of an ultrasound
image according to comparative examples.

[0160] FIG. 20A illustrates a simulation result of a plane
ultrasound image synthesized without considering a grating
lobe. FIG. 20B is an actual ultrasound image of a human
phantom synthesized without considering a grating lobe.
[0161] In FIGS. 20A and 20B, it is found that artifacts
occur around bright points in an image that is a point target
due to the effect of a grating lobe, unlike in FIGS. 19A and
19B.

[0162] According to some exemplary embodiments, the
quality of an ultrasound image using plane waves may be
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improved. An SNR and a contrast ratio of an ultrasound
image may be increased and artifacts may be removed or
reduced in the ultrasound image by allowing a grating lobe
that causes image quality degradation to be located outside
an ROI or reducing an intensity of a grating lobe relative to
a main lobe.

[0163] Some of the above exemplary embodiments have
been performed in the ultrasound diagnosis apparatus 100 of
FIGS. 1 and 2. However, the some exemplary embodiments
may be performed even in an ultrasound probe, instead of
the ultrasound diagnosis apparatus 100. An ultrasound probe
according to some exemplary embodiments will now be
explained.

[0164] FIG. 21 is a view for explaining an ultrasound
probe 200 according to some exemplary embodiments.
[0165] Referring to FIG. 21, the ultrasound probe 200 may
be wirelessly connected to a medical imaging apparatus 300.
The ultrasound probe 200 may be referred to as a “wireless
probe”.

[0166] The ultrasound probe 200 transmits ultrasound
signals to the object 10 and receives echo signals reflected
from the object 10. The ultrasound probe 200 may generate
ultrasound data from the echo signals. The ultrasound probe
200 may generate an ultrasound image based on the ultra-
sound data. The ultrasound probe 200 may wirelessly trans-
mit the ultrasound data or the ultrasound image to the
medical imaging apparatus 300.

[0167] The medical imaging apparatus 300 may display
the ultrasound image based on the ultrasound data or the
ultrasound image received from the ultrasound probe 200.
The medical imaging apparatus 300 may be any apparatus
that may be wirelessly connected to the ultrasound probe
200 and may display the ultrasound image. The medical
imaging apparatus 300 may be the ultrasound diagnosis
apparatus 100 of FIGS. 1 and 2.

[0168] FIG. 22 is a block diagram showing a configuration
of the ultrasound probe 200 according to some exemplary
embodiments.

[0169] Referring to FIG. 22, the ultrasound probe 200 may
include an ultrasound transceiver 210, a communication unit
220, and a controller 230,

[0170] The controller 230 may perform an operation simi-
lar to an operation performed by the controller 120 of the
ultrasound diagnosis apparatus 100.

[0171] The controller 230 may determine a plurality of
plane waves according to at least one of the first exemplary
embodiment and the second exemplary embodiment. The
above description may apply, and thus a repeated explana-
tion will not be given.

[0172] The controller 230 may control the ultrasound
transceiver 210 to transmit the plurality of plane waves
determined by the controller 230.

[0173] The ultrasound transceiver 210 may transmit the
plurality of plane waves and may receive echo signals under
the control of the controller 230.

[0174] The controller 230 may apply an apodization win-
dow having a low side lobe to the echo signals. The
controller 230 may generate ultrasound data by focusing the
echo signals. The controller 230 may obtain an ultrasound
image based on the ultrasound data.

[0175] The controller 230 may control the communication
unit 220 to transmit the ultrasound data or the ultrasound
image to the medical imaging apparatus 300 through the
communication unit 220.
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[0176] The communication unit 220 may include a wire-
less communication module so that the ultrasound probe 200
wirelessly communications with the medical imaging appa-
ratus 300.

[0177] FIG. 23 is a block diagram showing a configuration
of an ultrasound diagnosis apparatus 1000 according to
some exemplary embodiments. Referring to FIG. 23, the
ultrasound diagnosis apparatus 1000 may include a probe
20, an ultrasound transceiver 1100, an image processor
1200, a communication unit 1300, a display 1400, a memory
1500, an input device 1600, and a controller 1700, which
may be connected to one another via buses 1800.

[0178] The ultrasound diagnosis apparatus 1000 of FIG.
23 may be some exemplary embodiments of the ultrasound
diagnosis apparatus 100 of FIGS. 1 and 2. The probe 20 and
the controller 1700 of the ultrasound diagnosis apparatus
1000 correspond to the probe 110 and the controller 120 of
the ultrasound diagnosis apparatus 100 of FIG. 2, and thus
a repeated explanation thereof will not be given.

[0179] The ultrasound diagnosis apparatus 1000 may be a
cart type apparatus or a portable type apparatus. Examples
of portable ultrasound diagnosis apparatuses may include,
but are not limited to, a PACS viewer, a smartphone, a laptop
computer, a PDA, and a tablet PC.

[0180] The probe 20 transmits ultrasound waves to the
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 a plurality
of transducers, and the plurality of transducers 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 diagnosis
apparatus 1000 by wire or wirelessly. According to some
exemplary embodiments, the ultrasound diagnosis apparatus
1000 may include a plurality of the probes 20.

[0181] The probe 20 according to some exemplary
embodiments may transmit a plurality of plane waves at a
plurality of steering angles.

[0182] A transmitter 1110 applies a driving signal to the
probe 20. The transmitter 1110 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.

[0183] A receiver 1120 generates ultrasound data by pro-
cessing echo signals received from the probe 20. The
receiver 1120 may include an amplifier 1122, an analog-to-
digital converter (ADC) 1124, a reception delaying unit
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. 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. Also, accord-
ing to some exemplary embodiments, the receiver 1120 may
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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.

[0184] 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.

[0185] A B mode processor 1212 in a data processor 1210
extracts B mode components 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.

[0186] Similarly, a Doppler processor 1214 in the data
processor 1210 may extract Doppler components from ultra-
sound 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.

[0187] According to some exemplary embodiments, 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.

[0188] The display 1400 displays the generated ultrasound
image. The display 1400 may display not only an ultrasound
image, but also various pieces of information processed by
the ultrasound diagnosis apparatus 1000 on a screen image
via a graphical user interface (GUI). In addition, the ultra-
sound diagnosis apparatus 1000 may include two or more
displays 1400 according to some exemplary embodiments.

[0189] 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.

[0190] 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 34,
e.g., a computed tomography (CT) apparatus, a magnetic
resonance 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
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only with a server or a medical apparatus in a hospital, but
also with a portable terminal of a medical doctor or patient.
[0191] The communication unit 1300 is connected to the
network 30 by wire or wirelessly to exchange data with a
server 32, the 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.
[0192] 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 some exemplary embodiments 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).
[0193] The wired communication module 1320 refers to a
module for communication using electric signals or optical
signals. Examples of wired communication techniques
according to some exemplary embodiments may include
communication via a twisted pair cable, a coaxial cable, an
optical fiber cable, and an Ethernet cable.

[0194] 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.

[0195] The memory 1500 stores various data processed by
the ultrasound diagnosis apparatus 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 diag-
nosis apparatus 1000.

[0196] The memory 1500 may be any of various storage
media, e.g., a flash memory, a hard disk drive, electrically
erasable programmable read-only memory (EEPROM), etc.
Furthermore, the ultrasound diagnosis apparatus 1000 may
utilize web storage or a cloud server that performs the
storage function of the memory 1500 online.

[0197] The input device 1600 refers to a means via which
a user inputs data for controlling the ultrasound diagnosis
apparatus 1000. The input device 1600 may include hard-
ware components, such as a keypad, a mouse, a touch pad,
a touch screen, and a jog switch. However, exemplary
embodiments of the inventive concept are not limited
thereto, and the input device 1600 may further include any
of various other input units including an electrocardiogram
(ECG) measuring module, a respiration measuring module,
a voice recognition sensor, a gesture recognition sensor, a
fingerprint recognition sensor, an iris recognition sensor, a
depth sensor, a distance sensor, etc.

[0198] The controller 1700 may control all operations of
the ultrasound diagnosis apparatus 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 of FIG. 23.

[0199] The controller 1700 may perform the above opera-
tions according to some exemplary embodiments.
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[0200] The controller 1700 may determine a plurality of
plane waves so that a grating lobe of a synthetic transmit
focusing beam pattern using the plurality of plane waves is
located outside an ROI according to the first exemplary
embodiment.

[0201] Alternatively, the controller 1700 may determine a
plurality of plane waves so that an intensity of a grating lobe
1s less than an intensity of a main lobe in a synthetic transmit
focusing beam pattern using the plurality of plane waves
according to the second exemplary embodiment.

[0202] Alternatively, the controller 1700 may determine a
plurality of plane waves according to at least one of the first
exemplary embodiment and the second exemplary embodi-
ment.

[0203] The first exemplary embodiment and the second
exemplary embodiment have been described above, and thus
a repeated explanation thereof will not be given.

[0204] The controller 1700 may apply an apodization
window having a low side lobe to echo signals.

[0205] 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. However, exemplary embodiments of the
inventive concept are not limited thereto, and some of the
components stated above may be implemented as hardware
modules. Furthermore, at least one selected from the ultra-
sound transceiver 1100, the image processor 1200, and the
communication unit 1300 may be included in the controller
1700. However, exemplary embodiments of the inventive
concept are not limited thereto.

[0206] FIG. 24 is a block diagram showing a configuration
of a wireless probe 2000 according to some exemplary
embodiments. As described above with reference to FIG. 23,
the wireless probe 2000 may include a plurality of trans-
ducers, and, according to some exemplary embodiments of
the inventive concept, may include some or all of the
components of the ultrasound transceiver 1000 of FIG. 23.
[0207] The wireless probe 2000 of FIG. 24 according to
some exemplary embodiments may include a transmitter
2100, a transducer 2200, and a receiver 2300. Since descrip-
tions thereof are given above with reference to FIG. 23,
detailed descriptions thereof will be omitted here. In addi-
tion, according to some exemplary embodiments, the wire-
less probe 2000 may selectively include a reception delaying
unit 2330 and a summing unit 2340.

[0208] The wireless probe 2000 may transmit ultrasound
signals to the object 10, receive echo signals from the object
10, generate ultrasound data, and wirelessly transmit the
ultrasound data to the ultrasound diagnosis apparatus 1000
shown in FIG. 23.

[0209] The wireless probe 2000 of FIG. 24 may be some
exemplary embodiments of the ultrasound transceiver 210 of
the ultrasound probe 200 of FIG. 22, and thus a repeated
explanation thereof will not be given. The wireless probe
2000 of FIG. 24 may further include the communication unit
220 and the controller 230, like in FIG. 22.

[0210] FIG. 25 is a flowchart of a method of controlling an
ultrasound probe according to some exemplary embodi-
ments.

[0211] Referring to FIG. 25, in operation S110, an ultra-
sound system may determine a plurality of plane waves to be
transmitted at a plurality of steering angles by using the
ultrasound probe. The plurality of plane waves may be
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determined according to at least one of the first exemplary
embodiment and the second exemplary embodiment. The
plurality of plane waves are determined in the first exem-
plary embodiment so that a grating lobe of a synthetic
transmit focusing beam pattern is located outside an ROI
and the plurality of plane waves are determined in the
second exemplary embodiment so that an intensity of a
grating lobe is less than an intensity of a main lobe in a
synthetic transmit focusing beam pattern. The first exem-
plary embodiment and the second exemplary embodiment
have been described above, and thus a repeated explanation
thereof will not be given.

[0212] In operation S120, the ultrasound system may
transmit the determined plurality of plane waves through the
ultrasound probe.

[0213] The ultrasound system that performs the method of
controlling the ultrasound probe of FIG. 25 may be the
ultrasound diagnosis apparatus 100 or 1000 or the ultra-
sound probe 200 or 2000. Each operation of the method of
controlling the ultrasound probe of FIG. 25 may be per-
formed in a manner as described above.

[0214] The above some exemplary embodiments may be
embodied as a program executed in a computer, and may be
implemented in a general-purpose digital computer for
executing the program by using a non-transitory computer-
readable recording medium.

[0215] Examples of the computer-readable recording
medium include storage media such as magnetic storage
media (e.g., read-only memories (ROMs), floppy discs, or
hard discs), optically readable media (e.g., compact disk-
read only memories (CD-ROMs), or digital versatile disks
(DVDs)), etc.

[0216] While the inventive concept has been particularly
shown and described with reference to exemplary embodi-
ments thereof, they are provided for the purposes of illus-
tration and it will be understood by one of ordinary skill in
the art that various modifications and equivalent other
embodiments can be made from the inventive concept.
Accordingly, the true technical scope of the inventive con-
cept is defined by the technical spirit of the appended claims.

1. An ultrasound diagnosis apparatus comprising:

a probe configured to transmit a plurality of plane waves

at a plurality of steering angles; and

a controller configured to determine the plurality of plane

waves so that a grating lobe of a synthetic transmit
focusing beam pattern using the plurality of plane
waves is located outside a region of interest.

2. The ultrasound diagnosis apparatus of claim 1, wherein
the controller determines the plurality of plane waves so that
an interval between sine values of the plurality of steering
angles is equal to or less than a first reference value.

3. The ultrasound diagnosis apparatus of claim 2, wherein
the controller sets a value obtained by dividing a wavelength
by a size of an aperture of the probe as the first reference
value.

4. The ultrasound diagnosis apparatus of claim 1, wherein
the controller fixes a minimum steering angle and a maxi-
mum steering angle, and determines the plurality of plane
waves so that a number of the plurality of steering angles is
equal to or greater than a second reference value.

5. The ultrasound diagnosis apparatus of claim 1, wherein
the controller adjusts a size of the region of interest so that
the size of the region of interest is less than a position of the
grating lobe.
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6. The ultrasound diagnosis apparatus of claim 1, wherein
the probe receives echo signals, and

the controller applies an apodization window having a

low side lobe to the echo signals.

7. The ultrasound diagnosis apparatus of claim 1, wherein
the controller determines the plurality of plane waves so that
an intensity of the grating lobe is less than an intensity of a
main lobe in the synthetic transmit focusing beam pattern
using the plurality of plane waves.

8. The ultrasound diagnosis apparatus of claim 7, wherein
the plurality of plane waves determined by the controller
comprise a plurality of plane wave sets, and grating lobes of
the plurality of plane wave sets do not overlap one another.

9. The ultrasound diagnosis apparatus of claim 7, wherein
the plurality of plane waves determined by the controller
comprise a plurality of plane wave sets, and intervals
between sine values of the plurality of steering angles of the
plurality of plane wave sets are different from one another.

10. The ultrasound diagnosis apparatus of claim 7,
wherein the plurality of plane waves determined by the
controller comprise a plurality of plane wave sets, minimum
steering angles and maximum steering angles of the plurality
of plane wave sets are the same, and numbers of the steering
angles of the plurality of plane wave sets are different from
one another.
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11. The ultrasound diagnosis apparatus of claim 7,
wherein the plurality of steering angles of the plurality of
plane waves determined by the controller are arbitrary.

12. The ultrasound diagnosis apparatus of claim 7,
wherein the plurality of plane waves determined by the
controller comprise a plurality of plane wave sets, and
intervals of the plurality of steering angles of the plurality of
plane wave sets are different from one another.

13. A method of controlling an ultrasound probe, the
method comprising:

determining a plurality of plane waves so that a grating

lobe of a synthetic transmit focusing beam pattern
using the plurality of plane waves to be transmitted by
the ultrasound probe at a plurality of steering angles is
located outside a region of interest; and

transmitting, by the ultrasound probe, the determined

plurality of plane waves.

14. The method of claim 13, wherein the determining of
the plurality of plane waves comprises the determining the
plurality of plane waves so that an intensity of the grating
lobe is less than an intensity of a main lobe in the synthetic
transmit focusing beam pattern.

15. A non-transitory computer-readable recording
medium having embodied thereon a program for executing
the method of claim 13.

I S S T
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