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FIG. 9A

181 Tx/Rx Event 2™ 7Tx/Rx Event N Tx/Rx Event
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FIG. 9B

181 Tx/Rx Event 2" Tx/Rx Event N' Tx/Rx Event
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ULTRASONIC DIAGNOSTIC APPARATUS
AND CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2013-0154977, filed on Dec. 12, 2013 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments relate to generating an
ultrasound image of an object.

[0004] 2. Description of the Related Art

[0005] In general, an ultrasonic diagnostic apparatus
applies an ultrasonic signal from the surface of an object, for
example, a human body, to a target site inside the object, and
non-invasively acquires tomograms of soft tissues or images
regarding blood flow using information of reflected ultrasonic
signals, i.e., ultrasonic echo signals. The ultrasonic diagnostic
apparatus displays images in real time and may be used for
heart, abdomen, urinary, and obstetric and gynecologic diag-
nosis.

[0006] Related artultrasonic diagnostic apparatuses mostly
provide information of cross-sections of an object through
two-dimensional (2D) images using a one dimensional (1D)
transducer array and acquire three-dimensional (3D) volume
information of the object while shifting the 1D transducer
array with hands of a user, i.e., free-hand scan, or mechani-
cally, i.e., mechanical scan.

[0007] However, performance of such a 3D image acquisi-
tion method through free-hand scan or mechanical scan of the
1D transducer array is restrictive in terms of an image gen-
eration speed, i.e., temporal resolution or spatial resolution,
and, thus, interest in 3D image acquisition techniques using a
2D transducer array has increased.

[0008] Inorderto use 3D imaging, which may be achieved
using the 2D transducer array, improvement in resolution and
scanning speed of the images (improvement in system per-
formance) and a compact system size (prevention of increase
in system complexity) should be achieved. However, existing
systems are limited in satisfaction of all of these require-
ments.

SUMMARY

[0009] Exemplary embodiments address at least the above
problems and/or disadvantages and other disadvantages not
described above. Also, the exemplary embodiments are not
required to overcome the disadvantages described above, and
may not overcome any of the problems described above.
[0010] One or more exemplary embodiments provide an
ultrasonic diagnostic apparatus which, when 3D ultrasonic
images are generated using a 2D ultrasonic transducer array,
may improve resolution and scanning speed of the images,
and a control method thereof.

[0011] One or more exemplary embodiments provide an
ultrasonic diagnostic apparatus which, when 3D ultrasonic
images are generated using a 2D ultrasonic transducer array,
may generate 3D ultrasonic images of an object even with a
compact system having a relatively low complexity and a
control method thereof.
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[0012] In accordance with an aspect of an exemplary
embodiment, an ultrasonic diagnostic apparatus includes a
2D ultrasonic transducer array in which a plurality of ultra-
sonic transducer elements is two-dimensionally arranged,
and a controller controlling all of the ultrasonic transducer
elements of the 2D ultrasonic transducer array to transmit
ultrasonic signals and controlling the ultrasonic transducer
elements of one of rows of the 2D ultrasonic transducer array
to sequentially receive ultrasonic echo signals.

[0013] The controller may control all of the ultrasonic
transducer elements of the 2D ultrasonic transducer array to
transmit defocused plane waves, in transmission of the ultra-
sonic signals.

[0014] The controller may control the ultrasonic transducer
elements of one of rows of the 2D ultrasonic transducer array
to sequentially transmit defocused plane waves, in transmis-
sion of the ultrasonic signals.

[0015] The controller may control all of the ultrasonic
transducer elements of the 2D ultrasonic transducer array
transmit ultrasonic waves and perform fixed focusing of the
ultrasonic waves, in transmission of the ultrasonic signals.
[0016] The controller may control the ultrasonic transducer
elements of one of rows of the 2D ultrasonic transducer array
to sequentially transmit ultrasonic waves and perform fixed
focusing of the ultrasonic waves, in transmission of the ultra-
sonic signals.

[0017] The controller may control one or plural ultrasonic
transducer elements of one of rows of the 2D ultrasonic
transducer array to sequentially receive the ultrasonic echo
signals, in reception of the ultrasonic echo signals.

[0018] Thecontroller may control rows of the 2D ultrasonic
transducer array to be sequentially switched one by one so as
to receive the ultrasonic echo signals while shifting the posi-
tion of the switched row in the elevation direction, in recep-
tion of the ultrasonic echo signals.

[0019] The controller may prepare a plurality of ultrasonic
transducer elements arranged in the elevation direction and
forming one column, and control the ultrasonic transducer
elements of one of rows of the 2D ultrasonic transducer array
to generate ultrasonic echo signals for reception beamform-
ing in the elevation direction by sequentially using the ultra-
sonic echo signals.

[0020] The controller may control execution of dynamic
reception focusing or synthetic aperture focusing in the eleva-
tion direction using the generated ultrasonic echo signals for
reception beamforming in the elevation direction.

[0021] The controller may control execution of volume
beamforming by sequentially using the ultrasonic transducer
elements of one of rows of the 2D ultrasonic transducer array
based on the ultrasonic echo signals or the generated ultra-
sonic echo signals for reception beamforming in the elevation
direction.

[0022] In accordance with an aspect of an exemplary
embodiment, a control method of an ultrasonic diagnostic
apparatus having a 2D ultrasonic transducer array in which a
plurality of ultrasonic transducer elements is two-dimension-
ally arranged includes controlling all of the ultrasonic trans-
ducer elements of the 2D ultrasonic transducer array to trans-
mit ultrasonic signals and controlling the ultrasonic
transducer elements of one of rows of the 2D ultrasonic
transducer array to sequentially receive ultrasonic echo sig-
nals.

[0023] In the control of all of the ultrasonic transducer
elements of the 2D ultrasonic transducer array to transmit
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ultrasonic signals, all of the ultrasonic transducer elements of
the 2D ultrasonic transducer array may be controlled to trans-
mit defocused plane waves.

[0024] In the control of all of the ultrasonic transducer
elements of the 2D ultrasonic transducer array to transmit
ultrasonic signals, the ultrasonic transducer elements of one
of rows of the 2D ultrasonic transducer array may be con-
trolled to sequentially transmit defocused plane waves.

[0025] In the control of all of the ultrasonic transducer
elements of the 2D ultrasonic transducer array to transmit
ultrasonic signals, all of the ultrasonic transducer elements of
the 2D ultrasonic transducer array may be controlled to trans-
mit ultrasonic waves and perform fixed focusing of the ultra-
sonic waves.

[0026] In the control of all of the ultrasonic transducer
elements of the 2D ultrasonic transducer array to transmit
ultrasonic signals, the ultrasonic transducer elements of one
of rows of the 2D ultrasonic transducer array may be con-
trolled to sequentially transmit ultrasonic waves and perform
fixed focusing of the ultrasonic waves.

[0027] In the control of the ultrasonic transducer elements
of one of rows of the 2D ultrasonic transducer array to sequen-
tially receive ultrasonic echo signals, one or plural ultrasonic
transducer elements of one of rows of the 2D ultrasonic
transducer array may be controlled to sequentially receive the
ultrasonic echo signals.

[0028] In the control of the ultrasonic transducer elements
of one of rows of the 2D ultrasonic transducer array to sequen-
tially receive ultrasonic echo signals, rows of the 2D ultra-
sonic transducer array may be sequentially switched one by
one so as to receive the ultrasonic echo signals while shifting
the position of the switched row in the elevation direction.

[0029] The control method may further include preparing a
plurality of ultrasonic transducer elements arranged in the
elevation direction and forming one column and controlling
the ultrasonic transducer elements of one of rows of the 2D
ultrasonic transducer array to generate ultrasonic echo signals
for reception beamforming in the elevation direction by
sequentially using the ultrasonic echo signals.

[0030] Dynamic reception focusing or synthetic aperture
focusing in the elevation direction may be executed using the
generated ultrasonic echo signals for reception beamforming
in the elevation direction.

[0031] Volume beamforming may be executed by sequen-
tially using the ultrasonic transducer elements of one of rows
of the 2D ultrasonic transducer array based on the ultrasonic
echo signals or the generated ultrasonic echo signals for
reception beamforming in the elevation direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and/or other aspects will become more
apparent by describing certain exemplary embodiments with
reference to the accompanying drawings, in which:

[0033] FIG.1isa view illustrating an ultrasonic diagnostic
apparatus;
[0034] FIG. 2 is a view illustrating the structure and

arrangement direction of a 2D ultrasonic transducer array;
[0035] FIGS. 3, 4, 5, 6, 7, and 8 are views exemplarily
illustrating various 3D ultrasonic scanning methods and
transmission/reception beamforming methods using the 2D
ultrasonic transducer array;
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[0036] FIGS. 9A, 9B, 9C, and 9D are views exemplarily
illustrating various ultrasonic transmission/reception meth-
ods for 3D ultrasonic scanning using the 2D ultrasonic trans-
ducer array;

[0037] FIG. 10 is a control block diagram of the ultrasonic
diagnostic apparatus; and

[0038] FIG. 11 is a flowchart illustrating a control method
of the ultrasonic diagnostic apparatus.

DETAILED DESCRIPTION

[0039] Certain exemplary embodiments are described in
greater detail below with reference to the accompanying
drawings.

[0040] Inthe following description, like drawing reference
numerals are used for like elements, even in different draw-
ings. The matters defined in the description, such as detailed
construction and elements, are provided to assist in a com-
prehensive understanding of the exemplary embodiments.
However, it is apparent that the exemplary embodiments can
be practiced without those specifically defined matters. Also,
well-known functions or constructions are not described in
detail since they would obscure the description with unnec-
essary detail.

[0041] FIG. 1isa view illustrating an ultrasonic diagnostic
apparatus.

[0042] As exemplarily shown in FIG. 1, an ultrasonic diag-
nostic apparatus 100 may include an ultrasonic probe 102
transmitting ultrasonic waves to an object, receiving echo
ultrasonic waves from the object, and converting the echo
ultrasonic waves into electrical signals, i.e., ultrasonic sig-
nals, and a main body 101 connected to the ultrasonic probe
102 and provided with an input unit 104 and adisplay 108. An
ultrasonic transducer array 112 is provided at the end portion
of the ultrasonic probe 102 and includes a plurality of ultra-
sonic transducer elements 114. The plurality of ultrasonic
transducer elements 114 may be arranged in a linear array or
be arranged in a convex array.

[0043] FIG. 2 is a view illustrating the structure and
arrangement direction of a 2D ultrasonic transducer array.
[0044] As exemplarily shown in FIG. 2, the 2D ultrasonic
transducer array 112 has a structure in which total of T ultra-
sonic transducer elements 114 are two-dimensionally
arranged as MxN array. In an exemplary embodiment, a 2D
ultrasonic transducer array 112 including total of 8,192 (64x
128) ultrasonic transducer elements 114 is illustrated. For
example, a transversal direction, i.e., azimuth direction, is
defined as an X-axis, an elevation direction is defined as a
Y-axis, and an axial direction, i.e., depth direction, is defined
as a Z-axis-. A number N of ultrasonic transducer elements
114 arranged in one row in the transversal direction, i.e.,
X-axis direction is 128, and a number M of ultrasonic trans-
ducer elements 114 arranged in one column in the elevation
direction, i.e., Y-axis direction, is 64. Further, the ultrasonic
signals transmitted from the respective ultrasonic transducer
elements 114 of the 2D ultrasonic transducer array 112 pro-
ceed in the axial direction, i.e., Z-axis direction.

[0045] Various 3D ultrasonic scanning methods and trans-
mission/reception beamforming methods using the 2D ultra-
sonic transducer array 112 using the MxN ultrasonic trans-
ducer elements 114 shown in FIG. 2 are described in detail
below.

[0046] FIG. 3 is a view illustrating a method in which
defocused plane waves are transmitted using the 2D ultra-
sonic transducer array, reflected signals are received using
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ultrasonic transducer elements 114 of the respective rows of
the 2D ultrasonic transducer array, and dynamic reception
focusing is performed using the received signals. In FIG. 3,
portions shown by a thick solid line indicate active elements
or active channels. Further, in FIG. 3, among 2D ultrasonic
transducer arrays illustrated in parallel in the vertical direc-
tion, the upper 2D ultrasonic transducer array represents the
array during transmission (Tx) and the lower 2D ultrasonic
transducer array represents the same array during reception
(Rx).

[0047] Referringto FIG. 3, ina first Tx/Rx event, defocused
plane waves are transmitted through all of the ultrasonic
transducer elements 114 of the 2D ultrasonic transducer array
112, ultrasonic echo signals are received through the ultra-
sonic fransducer elements 114 of the first row 116 of the 2D
ultrasonic transducer array 112, and thus, a first plane P1, i.e.,
atransversal plane P1, formed by the signals received through
the ultrasonic transducer elements 114 of the first row 116 of
the 2D ultrasonic transducer array 112, may be acquired.

[0048] Next, in a second Tx/Rx event, defocused plane
waves are transmitted through all of the ultrasonic transducer
elements 114 ofthe 2D ultrasonic transducer array 112, ultra-
sonic echo signals are received through the ultrasonic trans-
ducer elements 114 of the second row 118 of the 2D ultra-
sonic transducer array 112, and thus, a second plane P2, i.e.,
atransversal plane P2, formed by the signals received through
the ultrasonic transducer elements 114 of the second row 118
of the 2D ultrasonic transducer array 112, may be acquired.

[0049] Consequently, in an M™ Tx/Rx event, forexample, a
64" event, defocused plane waves are transmitted through all
of the ultrasonic transducer elements 114 of the 2D ultrasonic
transducer array 112, ultrasonic echo signals are received
through the ultrasonic transducer elements 114 of the M? row
119 of the 2D ultrasonic transducer array 112, and thus, an
M? plane PM, i.e., a transversal plane PM, formed by the
signals received through the ultrasonic transducer elements
114 of the M” row 119 of the 2D ultrasonic transducer array
112, may be acquired.

[0050] When ultrasonic echo signals are received, N ultra-
sonic transducer elements of each of the rows 116, 118, . . .,
119 of the 2D ultrasonic transducer array 112 are sequentially
switched, for example, 128 ultrasonic transducer elements
arranged in the transversal direction are switched. For
example, the switching of the transducer elements is per-
formed in the first row, in the second row, . . . , in the M” row,
and thus, the ultrasonic echo signals are received while also
shifting the position of the receiving transducer elements in
the elevation direction.

[0051] Referring to the right side of FIG. 3, M ultrasonic
transducer elements 114 in the elevation direction of one
column are illustrated. The ultrasonic data for reception beam
focusing in the elevation direction are formed by using the
ultrasonic echo signals sequentially received in an order of
the respective rows of the 2D ultrasonic transducer array 112.

[0052] That is, the ultrasonic echo signals sequentially
received from the respectiverows 116,118, . .., 119 of the 2D
ultrasonic transducer array 112 are arranged in the elevation
direction and sequentially stored in positions corresponding
to ultrasonic transducer elements of one column to form a full
aperture in the elevation direction, and dynamic reception
focusing or synthetic aperture focusing in the elevation direc-
tion is performed using the full aperture, thus generating a
longitudinal plane P, .
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[0053] Thatis, onecolumn151,i.e.,a virtual column, in the
elevation direction is formed by storing an ultrasonic echo
signal, received through the first ultrasonic transducer 152 of
the first row 116, at a position corresponding to the first
ultrasonic transducer 152 of the column 151, storing an ultra-
sonic echo signal, received through the second ultrasonic
transducer 156 of the second row 118, at a position corre-
sponding to the second ultrasonic transducer 156 of the col-
umn 151, . . ., and storing an ultrasonic echo signal, received
through the Mth ultrasonic transducer 156 of the M™ row 119,
at a position corresponding to the M? ultrasonic transducer
158 the column 151. In this mannet, all of the columns of the
elevation direction in correspondence to the ultrasonic trans-
ducer 112 are acquired and the dynamic reception focusing or
synthetic aperture focusing in the elevation direction is per-
formed using the full aperture, thus generating a longitudinal
plane P;.

[0054] When M transmission/reception events, for
example, 64 events, are completed, 3D beamforming and 3D
image generation of a region of interest (ROI) may be per-
formed using the transversal planes P1, P2, . . ., PM generated
based on the ultrasonic echo signals received through the
ultrasonic transducer elements of the respective rows 116,
118, . . ., 119 and the longitudinal plane P, generated by
dynamic reception focusing or synthetic aperture focusing in
the elevation direction based on the ultrasonic data in the
elevation direction, formed by using the ultrasonic echo sig-
nals sequentially received according to the respective rows.

[0055] FIG. 4 is a view illustrating a method in which
ultrasonic waves are transmitted, fixed, and focused using the
2D ultrasonic transducer array, reflected signals are received
using ultrasonic transducer elements 114 of the respective
rows of the 2D ultrasonic transducer array, and dynamic
reception focusing is performed using the received signals. In
FIG. 4, portions shown by a thick solid line indicate active
elements or active channels. Also, in FIG. 4, among 2D ultra-
sonic transducer arrays illustrated in parallel in the vertical
direction, the upper 2D ultrasonic transducer array represents
the array during transmission (Tx) and the lower 2D ultra-
sonic transducer array represents the array during reception
(Rx). The applicable features described above with reference
to FIG. 3 will not be repeated.

[0056] Referring to FIG. 4, in order to acquire a first plane
P1, i.e., a transversal plane P1, formed by signals received
through the ultrasonic transducer elements 114 of the first row
112 of the 2D ultrasonic transducer array 112, in a first Tx/Rx
event, ultrasonic waves are transmitted, fixed, and focused
through all of the ultrasonic transducer elements 114 of the
2D ultrasonic transducer array 112 based on a first delay
profile dp1 performing first angle steering, and ultrasonic
echo signals are received through the ultrasonic transducer
elements 114 of the first row 116 of the 2D ultrasonic trans-
ducer array 112. In a second Tx/Rx event, ultrasonic waves
are transmitted, fixed, and focused through all of the ultra-
sonic transducer elements 114 of the 2D ultrasonic transducer
array 112 based on the first delay profile dpl performing
second angle steering, and ultrasonic echo signals are
received through the ultrasonic transducer elements 114 of
the first row 112 of the 2D ultrasonic transducer array 112.
Consequently, in an N* Tx/Rx event, for example, in a 128”
event if the 2D ultrasonic transducer array 112 has 128 col-
umns, ultrasonic waves are transmitted, fixed, and focused
through all of the ultrasonic transducer elements 114 of the
2D ultrasonic transducer array 112 based on the first delay



US 2015/0164473 Al

profile dp1 performing N* angle steering, and ultrasonic echo
signals are received through the ultrasonic transducer ele-
ments 114 of'the first row 116 of the 2D ultrasonic transducer
array 112.

[0057] Through such a method, the first plane P1, i.e., the
transversal plane P1, formed by signals received through the
ultrasonic transducer elements 114 of the first row 116 of the
2D ultrasonic transducer array 112, may be acquired by
receiving ultrasonic echo signals through the ultrasonic trans-
ducer elements 114 of the first row 116 of the 2D ultrasonic
transducer array 112 and performing dynamic reception
focusing of the received ultrasonic echo signals.

[0058] Next, in order to acquire a second plane P2, ie., a
transversal plane P2, formed by signals received through the
ultrasonic transducer elements 114 of the second row 118 of
the 2D ultrasonic transducer array 112, in a first Tx/Rx event,
ultrasonic waves are transmitted, fixed, and focused through
all of the ultrasonic transducer elements 114 of the 2D ultra-
sonic transducer array 112 based on a second delay profile
dp2 performing first angle steering, and ultrasonic echo sig-
nals are received through the ultrasonic transducer elements
114 of the second row 118 of the 2D ultrasonic transducer
array 112. In a second Tx/Rx event, ultrasonic waves are
transmitted, fixed, and focused through all of the ultrasonic
transducer elements 114 of the 2D ultrasonic transducer array
112 based on the second delay profile dp2 performing second
angle steering, and ultrasonic echo signals are received
through the ultrasonic transducer elements 114 of the second
row 118 of the 2D ultrasonic transducer array 112. In an N*
Tx/Rx event, ultrasonic waves are transmitted, fixed, and
focused through all of the ultrasonic transducer elements 114
of the 2D ultrasonic transducer array 112 based on the second
delay profile dp2 performing N angle steering, and ultra-
sonic echo signals are received through the ultrasonic trans-
ducer elements 114 of the second row 118 of the 2D ultra-
sonic transducer array 112.

[0059] Through such a method, the second plane P2, i.e.,
the transversal plane P2, formed by signals received through
the ultrasonic transducer elements 114 of the second row 118
of the 2D ultrasonic transducer array 112, may be acquired by
receiving ultrasonic echo signals through the ultrasonic trans-
ducer elements 114 of the second row 118 of the 2D ultra-
sonic transducer array 112 and performing dynamic reception
focusing of the received ultrasonic echo signals.

[0060] In such a manner, in order to acquire an M™ plane
PM, i.e., a transversal plane PM formed by signals received
through the ultrasonic transducer elements 114 of the M™ row
119 of the 2D ultrasonic transducer array 112, in a first Tx/Rx
event, ultrasonic waves are transmitted, fixed, and focused
through all of the ultrasonic transducer elements 114 of the
2D ultrasonic transducer array 112 based on an M™ delay
profile dpM performing first angle steering, and ultrasonic
echo signals are received through the ultrasonic transducer
elements 114 of the M” row 119 of the 2D ultrasonic trans-
ducer array 112.

[0061] Next, in a second Tx/Rx event, ultrasonic waves are
transmitted, fixed, and focused through all of the ultrasonic
transducer elements 114 of the 2D ultrasonic transducer array
112 based on the M” delay profile dpM performing second
angle steering, and ultrasonic echo signals are received
through theultrasonic transducer elements 114 of the M™ row
119 of the 2D ultrasonic transducer array 112. Inan N* Tx/Rx
event, ultrasonic waves are transmitted, fixed, and focused
through all of the ultrasonic transducer elements 114 of the
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2D ultrasonic transducer array 112 based on the M™ delay
profile dpM performing N* angle steering, and ultrasonic
echo signals are received through the ultrasonic transducer
elements 114 arranged in the M” row 119 forming the 2D
ultrasonic transducer array 112.

[0062] Through such a method, the M™ plane PM, i.e., the
transversal plane PM formed by signals received through the
ultrasonic transducer elements 114 arranged in the M™ row
119 forming the 2D ultrasonic transducer array 112, may be
acquired by receiving ultrasonic echo signals through the
ultrasonic transducer elements 114 arranged in the M* row
119 forming the 2D ultrasonic transducer array 112 and per-
forming dynamic reception focusing of the received ultra-
sonic echo signals.

[0063] As exemplarily shown on the right side of F1G. 4, M
ultrasonic transducers elements arranged in the elevation
direction and forming one column are provided, and ultra-
sonic echo signals for reception beam focusing in the height
direction are formed by using the ultrasonic echo signals
sequentially received in order of the respective rows forming
the 2D ultrasonic transducer array 112.

[0064] FIG. 5 is a view illustrating a method in which
ultrasonic waves are transmitted, fixed, and focused by
sequentially using the ultrasonic transducer elements 114 of
one of the rows ofthe 2D ultrasonic transducer array, reflected
signals are received using ultrasonic transducer elements 114
of the respective rows of the 2D ultrasonic transducer array,
and dynamic reception focusing is performed using the
received signals. Descriptions redundant to FIGS. 3 and 4 will
be omitted.

[0065] As compared to the ultrasonic scanning method and
transmission/reception beamforming method shown in FIG.
4, the ultrasonic scanning method and transmission/reception
beamforming method shown in FIG. 5 is the same except that
the ultrasonic waves are transmitted, fixed, and focused by
sequentially using the ultrasonic transducer elements 114 of
one of the rows ofthe 2D ultrasonic transducer array 112, i.e.,
the ultrasonic waves are transmitted, fixed, and focused
through the ultrasonic transducer elements 114 of the first row
116, the ultrasonic waves are transmitted, fixed, and focused
through the ultrasonic transducer elements 114 of the second
row 118, . .., and finally the ultrasonic waves are transmitted,
fixed, and focused through the ultrasonic transducer elements
114 of the M” row 119.

[0066] FIG. 6 is a view illustrating a method in which
defocused plane waves are transmitted by sequentially using
the ultrasonic transducer elements 114 of one of the rows of
the 2D ultrasonic transducer array, reflected signals are
received by sequentially using the ultrasonic transducer ele-
ments 114 of one of the rows of the 2D ultrasonic transducer
array, and dynamic reception focusing is performed using the
received signals. Descriptions redundant to FIGS. 3 to 5 will
be omitted.

[0067] As exemplarily shown in FIG. 6, in order to acquire
afirstplane P1, i.e., a transversal plane P1, formed by signals
received through the ultrasonic transducer elements 114 of
the first row 116 of the 2D ultrasonic transducer array 112, in
a first Tx/Rx event, defocused plane waves are transmitted
through the ultrasonic transducer elements 114 of the first row
116 of the 2D ultrasonic transducer array 112, and ultrasonic
echo signals are received through the ultrasonic transducer
elements 114 of the first row 116 of the 2D ultrasonic trans-
ducer array 112. In a second Tx/Rx event, defocused plane
waves are transmitted through the ultrasonic transducer ele-
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ments 114 of the second row 118 of the 2D ultrasonic trans-
ducer array 112, and ultrasonic echo signals are received
through the ultrasonic transducer elements 114 of the second
row 118 of the 2D ultrasonic transducer array 112. Conse-
quently, in an M” Tx/Rx event, defocused plane waves are
transmitted through the ultrasonic transducer elements 114 of
the M™ row 119 of the 2D ultrasonic transducer array 112, and
ultrasonic echo signals are received through the ultrasonic
transducer elements 114 of the M™ row 119 of the 2D ultra-
sonic transducer array 112.

[0068] Through such a method, the first plane P1, i.e., the
transversal plane P1, formed by signals received through the
ultrasonic transducer elements 114 of the first row 116 of the
2D ultrasonic transducer array 112, may be acquired by
receiving ultrasonic echo signals through the ultrasonic trans-
ducer elements 114 of the first row 116 of the 2D ultrasonic
transducer array 112 and performing dynamic reception
focusing of the received ultrasonic echo signals.

[0069] In order to acquire a second plane P2, i.e., a trans-
versal plane P2, formed by signals received through the ultra-
sonic transducer elements 114 of the second row 116 of the
2D ultrasonic transducer array 112, in a first Tx/Rx event,
defocused plane waves are transmitted through the ultrasonic
transducer elements 114 of the first row 116 of the 2D ultra-
sonic transducer array 112, and ultrasonic echo signals are
received through the ultrasonic transducer elements 114 of
the first row 116 of the 2D ultrasonic transducer array 112. In
asecond Tx/Rx event, defocused plane waves are transmitted
through the ultrasonic transducer elements 114 of the second
row 118 of the 2D ultrasonic transducer array 112, and ultra-
sonic echo signals are received through the ultrasonic trans-
ducer elements 114 of the second row 118 of the 2D ultra-
sonic transducer array 112. In an M” Tx/Rx event, defocused
plane waves are transmitted through the ultrasonic transducer
elements 114 of the M” row 119 of the 2D ultrasonic trans-
ducer array 112, and ultrasonic echo signals are received
through the ultrasonic transducer elements 114 of the M™ row
119 of the 2D ultrasonic transducer array 112.

[0070] Through such a method, the second plane P2, i.e.,
the transversal plane P2, formed by signals received through
the ultrasonic transducer elements 114 of the second row 118
of the 2D ultrasonic transducer array 112, may be acquired by
receiving ultrasonic echo signals through the ultrasonic trans-
ducer elements 114 of the second row 118 of the 2D ultra-
sonic transducer array 112 and performing dynamic reception
focusing of the received ultrasonic echo signals.

[0071] Consequently, in order to acquire an M? plane PM,
i.e., a transversal plane PM, formed by signals received
through the ultrasonic transducer elements 114 of the M™ row
119 of the 2D ultrasonic transducer array 112, in a first Tx/Rx
event, defocused plane waves are transmitted through the
ultrasonic transducer elements 114 of the first row 116 of the
2D ultrasonic transducer array 112, and ultrasonic echo sig-
nals are received through the ultrasonic transducer elements
114 of the first row 116 of the 2D ultrasonic transducer array
112. In a second Tx/Rx event, defocused plane waves are
transmitted through the ultrasonic transducer elements 114 of
the second row 118 of the 2D ultrasonic transducer array 112,
and ultrasonic echo signals are received through the ultra-
sonic transducer elements 114 of the second row 118 of the
2D ultrasonic transducer array 112. In an M Tx/Rx even,
defocused plane waves are transmitted through the ultrasonic
transducer elements 114 of the M” row 119 of the 2D ultra-
sonic transducer array 112, and ultrasonic echo signals are
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received through the ultrasonic transducer elements 114 of
the M” row 119 of the 2D ultrasonic transducer array 112.
[0072] Through such a method, the M plane PM, i.e., the
transversal plane PM, formed by signals received through the
ultrasonic transducer elements 114 of the M” row 119 of the
2D ultrasonic transducer array 112, may be acquired by
receiving ultrasonic echo signals through the ultrasonic trans-
ducer elements 114 of the M” row 119 of the 2D ultrasonic
transducer array 112 and performing dynamic reception
focusing of the received ultrasonic echo signals.

[0073] As exemplarily shown on the right side of FIG. 6, M
ultrasonic transducer elements 114 of the elevation direction
of one column are provided, and ultrasonic echo signals for
reception beam focusing in the elevation direction are formed
by using the ultrasonic echo signals sequentially received in
an order of the respective rows of the 2D ultrasonic transducer
array 112.

[0074] FIG. 7 is a view illustrating a method in which
defocused plane waves are transmitted, fixed and focused
onto a near field, i.e., a beam is dispersed and transmitted
through point (single) transmission, by sequentially using the
ultrasonic transducer elements 114 of one of the rows of the
2D ultrasonic transducer array, reflected signals are received
by sequentially using the ultrasonic transducer elements 114
of one of the rows of the 2D ultrasonic transducer array, and
dynamic reception focusing is performed using the received
signals. Descriptions redundant to FIGS. 3 to 6 will be omit-
ted.

[0075] As compared to the ultrasonic scanning method and
transmission/reception beamforming method shown in FIG.
6, the ultrasonic scanning method and transmission/reception
beamforming method shown in FIG. 7 is the same except that
defocused plane waves are transmitted, fixed and focused
onto a near fleld by sequentially using the ultrasonic trans-
ducer elements 114 of one of the rows of the 2D ultrasonic
transducer array 112. That is, the ultrasonic waves are trans-
mitted, fixed, and focused onto the near field through the
ultrasonic transducer elements 114 of the first row 116, the
ultrasonic waves are transmitted, fixed, and focused onto the
near field through the ultrasonic transducer elements 114 of
the secondrow 118, . . ., the ultrasonic waves are transmitted,
fixed, and focused onto the near field through the ultrasonic
transducer elements 114 of the M™ row 119.

[0076] FIG. 8 is a view illustrating a method in which
defocused plane waves are transmitted, fixed and focused
onto a far field, i.e., a beam is dispersed and transmitted
through point (single) transmission, by sequentially using the
ultrasonic transducer elements 114 of one of the rows of the
2D ultrasonic transducer array, reflected signals are received
by sequentially using the ultrasonic transducer elements 114
of one of the rows of the 2D ultrasonic transducer array, and
dynamic reception focusing is performed using the received
signals. Descriptions redundant to FIGS. 3 to 7 will be omit-
ted.

[0077] As compared to the ultrasonic scanning method and
transmission/reception beamforming method shown in FIG.
6, the ultrasonic scanning method and transmission/reception
beamforming method shown in FIG. 8 is the same except that
defocused plane waves are transmitted, fixed and focused
onto a far field by sequentially using the ultrasonic transducer
elements 114 of one of the rows of the 2D ultrasonic trans-
ducerarray 112. That is, the ultrasonic waves are transmitted,
fixed, and focused onto the far field through the ultrasonic
transducer elements 114 of the first row 116, the ultrasonic
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waves are transmitted, fixed, and focused onto the far field
through the ultrasonic transducer elements 114 of the second
row 118, . .., the ultrasonic waves are transmitted, fixed, and
focused onto the far field through the ultrasonic transducer
elements 114 of the M” row 119. Therefore, a detailed
description of the ultrasonic scanning method and transmis-
sion/reception beamforming method shown in FIG. 8 will be
omitted.

[0078] As described above with reference to FIGS. 3 to 8,
ultrasonic echo signals are received by sequentially using the
ultrasonic transducer elements 114 of one of the rows 116 to
119 of the 2D ultrasonic transducer array 112. However,
ultrasonic echo signals do not need to be received using the
ultrasonic transducer elements 114 of all of the rows of the 2D
ultrasonic transducer array 112, and may be received by
sequentially using only the ultrasonic transducer elements
114 of the first, third, fifth, . . . rows, i.e., only the ultrasonic
transducers of the odd-numbered rows, or sequentially using
only the ultrasonic transducer elements of the second, fourth,
sixth, . . .rows, 1.e., only the ultrasonic transducer elements of
the even-numbered rows.

[0079] Further, when ultrasonic echo signals are received
by sequentially using the ultrasonic transducer elements 114
of one of the rows 116 to 119 of the 2D ultrasonic transducer
array 112, all of the ultrasonic transducer elements 114 of
each row may be used or one or several ultrasonic transducer
elements 114 of each row may be used.

[0080] Setting of rows to be used in reception of ultrasonic
echo signals, for example, all of the rows forming the odd-
numbered rows, or the even-numbered rows, and the number
of ultrasonic transducer elements 114 in each row to be used,
for example, five ultrasonic transducers or one transducer in
each row, closely relates to scanning speed and beamforming
performance. That is, when the number of rows to be used in
reception of ultrasonic echo signals or the number of ultra-
sonic transducer elements 114 in each row to be used is small,
scanning speed is improved but beamforming performance is
lowered, and when the number of rows to be used in reception
of ultrasonic echo signals or the number of ultrasonic trans-
ducer elements 114 in each row to be used is large, beam-
forming performance is improved but scanning speed is low-
ered. The display 108 displays particulars, necessary for a
user to set the number of rows to be used in reception of
ultrasonic echo signals and the number of ultrasonic trans-
ducer elements 114 in each row to be used to perform selec-
tion between scanning speed and beamforming performance,
through a graphical user interface (GUI).

[0081] In an example illustrated in FIG. 9A, ultrasonic
waves are transmitted through all of the ultrasonic transducer
elements 114 of the ultrasonic transducer array 112, and
ultrasonic echo signals are received by sequentially using the
ultrasonic transducer elements 114 of one of the rows of the
ultrasonic transducer array 112, while the ultrasonic echo
signals are received by using only five ultrasonic transducer
elements 114 of one row. As the Tx/Rx events proceed, the
positions of five transducer elements in each row used in
reception of ultrasonic echo signals shift in the rightward
direction by one column.

[0082] In an example illustrated in FIG. 9B, ultrasonic
waves are transmitted through all of the ultrasonic transducer
elements 114 of the ultrasonic transducer array 112, and
ultrasonic echo signals are received by sequentially using the
ultrasonic transducer elements 114 of one of the odd-num-
bered rows of the ultrasonic transducer array 112, while the
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ultrasonic echo signals are received by using only five ultra-
sonic transducer elements 114 of one row. As the Tx/Rx
events proceed, the positions of five transducer elements in
each odd-numbered row used in reception of ultrasonic echo
signals shift in the rightward direction by two columns.
[0083] The ultrasonic transmission/reception method for
3D ultrasonic scanning shown in FIG. 9A has lower scanning
speed but has higher beamforming performance as compared
to that of FIG. 9B.

[0084] Further, in an example illustrated in FIG. 9C, ultra-
sonic waves are fransmitted through all of the ultrasonic
transducer elements 114 of the ultrasonic transducer array
112, and ultrasonic echo signals are received by sequentially
using the ultrasonic transducer elements 114 of one of the
rows of the ultrasonic transducer array 112, while an ultra-
sonic echo signal is received by using only one of the ultra-
sonic transducer elements 114 of one row. As the Tx/Rx
events proceed, the position of one transducer in each row
used in reception of ultrasonic echo signals shifts in the right-
ward direction by one column.

[0085] In an example illustrated in FIG. 9D, ultrasonic
waves are transmitted through all of the ultrasonic transducer
elements 114 of the ultrasonic transducer array 112, and
ultrasonic echo signals are received by sequentially using the
ultrasonic transducer elements 114 of one of the odd-num-
bered rows of the ultrasonic transducer array 112, while an
ultrasonic echo signal is received by using only one of the
ultrasonic transducer elements 114 of one row. As the Tx/Rx
events proceed, the position of one transducer in each row
used in reception of ultrasonic echo signals shifts in the right-
ward direction by two columns.

[0086] The ultrasonic transmission/reception method for
3D ultrasonic scanning shown in FIG. 9C has lower scanning
speed but has higher beamforming performance as compared
to that of FIG. 9D.

[0087] FIG. 10 is a control block diagram of the ultrasonic
diagnostic apparatus.

[0088] As exemplarily shown in FIG. 10, the ultrasonic
probe 102 may include an ultrasonic transducer array 112, an
ultrasonic transmitter 122, a transmission/reception switch
unit 140, and an ultrasonic receiver 142. The main body 101
may include a controller 110, an image processor 180, an
input unit 104, and a display 108. The features described
above with reference to FIGS. 1 to 9 are applicable here and
will not be repeated.

[0089] The ultrasonic transducer array 112 may include
ultrasonic transducer elements 114 which generate ultrasonic
waves according to applied voltage or current, transmit the
generated ultrasonic waves to at least one target site in an
object, receive echo ultrasonic waves reflected by the target
site, and convert the received echo ultrasonic waves into
electrical signals. The ultrasonic transducer array 112 may be
a 2D ultrasonic transducer array 112 in which the plurality of
ultrasonic transducer elements 114 is two-dimensionally
arranged, for example, in a planar fashion, as exemplarily
shown in FIG. 10.

[0090] An ultrasonic transducer may convert electrical
energy into wave energy and/or convert wave energy into
electrical energy. The ultrasonic transducer may perform
functions of both an ultrasonic generation element and an
ultrasonic reception element.

[0091] Theultrasonic transducer array 112 generates ultra-
sonic waves while vibrating due to a pulse signal applied to
the ultrasonic transducer array 112 according to a control



US 2015/0164473 Al

signal from a controller 110 provided in the main body 101 or
by AC current. The generated ultrasonic waves are transmit-
ted to the target site in the object. The ultrasonic waves gen-
erated from the ultrasonic transducer array 112 may be
focused and transmitted to a plurality of target sites within the
object. That is, the generated ultrasonic waves may be multi-
focused and transmitted to the plurality of target sites.
[0092] The ultrasonic waves generated from the ultrasonic
transducer array 112 are reflected by at least one target site in
the object and return to the ultrasonic transducer array 112.
The ultrasonic transducer array 112 receives the echo ultra-
sonic waves reflected by the target site. When the echo ultra-
sonic waves reach the ultrasonic transducer array 112, the
ultrasonic transducer array 112 vibrates at a designated fre-
quency corresponding to the frequency of the echo ultrasonic
waves, and outputs AC current of a frequency corresponding
to the vibrating frequency of the ultrasonic transducer array
112. Thereby. the ultrasonic transducer array 112 may convert
the received echo ultrasonic waves into electrical signals.
[0093] Since eachof'the ultrasonic transducer elements 114
receives external ultrasonic waves and outputs an electrical
signal, the ultrasonic transducer array 112 may output elec-
trical signals of multiple channels. For example, the number
of the channels is the same as the number of the ultrasonic
transducer elements 114 of the ultrasonic transducer array
112.

[0094] Theultrasonic transducer elements 114 may include
a piezoelectric vibrator or a thin film. If AC current from an
external power supply device or an internal electrical storage
device, for example, a power source (not shown), such as a
battery, is applied to the piezoelectric vibrator or the thin film
of one or all of the ultrasonic transducer elements 114, the
piezoelectric vibrator or the thin film vibrates at a designated
frequency according to the applied AC current and ultrasonic
waves of a designated frequency are generated according to
the vibrating frequency. On the other hand, if echo ultrasonic
waves of a designated frequency reach the piezoelectric
vibrator or the thin film, the piezoelectric vibrator or the thin
film vibrates according to the echo ultrasonic waves. For
example, the piezoelectric vibrator or the thin film outputs AC
current of a frequency corresponding to the vibrating fre-
quency.

[0095] For example, at least one of the ultrasonic trans-
ducer elements may be one of a magnetostrictive ultrasonic
transducer using the magnetostrictive effect of a magnetic
body, a piezoelectric ultrasonic transducer using the piezo-
electric effect of a piezoelectric material, and a capacitive
micromachined ultrasonic transducer (¢MUT) transmitting/
receiving ultrasonic waves using vibration of hundreds or
thousands of micromachined thin films. Further, at least one
the ultrasonic transducer elements may be one of other kinds
of transducer elements which may generate ultrasonic waves
according to an electrical signal or generate an electrical
signal according to ultrasonic waves.

[0096] The ultrasonic transmitter 122 causes the 2D ultra-
sonic transducer array 112 to transmit ultrasonic signals to a
target site in an object. The ultrasonic transmitter 122 may
include a transmission beamformer 120 and a transmission
signal generator 130.

[0097] The transmission beamformer 120 forms a trans-
mission beam and outputs the transmission beam to the trans-
mission signal generator 130 according to a control signal
from the controller 110. For example, transmission beam-
forming means that, when the transducer elements 114 trans-
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mit signals, the intensity of the signals is increased through
superposition. The transmission beamformer 120 forms a
transmission beam based on a time delay value of each of the
ultrasonic transducer elements 114 of the 2D ultrasonic trans-
ducer array 112, calculated through the controller 110, and
transmits the generated transmission beam to the transmis-
sion signal generator 130.

[0098] The transmission signal generator 130 generates an
ultrasonic transmission signal using the transmission beam
formed by the transmission beamformer 120. In more detail,
the transmission signal generator 130 generates a transmis-
sion pulse which is transmitted to the object through the
ultrasonic probe 102. For example, the transmission signal
generator 130 may be an ultrasonic transmission pulse gen-
erator or a waveform generator generating an ultrasonic trans-
mission pulse.

[0099] The transmission/reception switch unit 140 is
switched to transmit the ultrasonic transmission pulse gener-
ated by the transmission signal generator 130 to the ultrasonic
transducer array 112 in the ultrasonic probe 102, or to trans-
mit ultrasonic echo signals received by the ultrasonic trans-
ducer array 112 to the ultrasonic receiver 142, according to a
transmission control signal or a reception control signal trans-
mitted from the controller 110.

[0100] The ultrasonic receiver 142 performs processing of
ultrasonic echo signals received by the 2D ultrasonic trans-
ducer array 112. The ultrasonic receiver 142 may include a
multiplexer 150, a reception signal generator 160, and a
reception beamformer 170.

[0101] The multiplexer 150 is a combinational circuit
which selects one of multiple input lines and connects the
selected input line to a single output line. If ultrasonic echo
signals received by the rows of the 2D ultrasonic transducer
array 112 are defined as input signals of the multiplexer 150,
the multiplexer 150 selects only the ultrasonic echo signal
received by one row from the ultrasonic echo signals received
by the rows of the 2D ultrasonic transducer array 112 and
outputs the selected ultrasonic echo signal to the reception
signal generator 160. The multiplexer 150 selects and outputs
only a signal input from one row from signals input from the
rows of the 2D ultrasonic transducer array 112 and may thus
function as a row selector.

[0102] The reception signal generator 160 performs pro-
cessing of ultrasonic echo signals received from the 2D ultra-
sonic transducer array 112. For example, the reception signal
generator 160 may include a low noise amplifier (LNA)
reducing noise of analog signals received from the ultrasonic
transducer array 112 and a variable gain amplifier (VGA)
controlling a gain value according to the input signals. The
VGA may be a time gain compensator (TGC) compensating
for a gain according to a distance from a focal point, but
exemplary embodiments are not limited thereto.

[0103] The reception beamformer 170 performs beam-
forming based on ultrasonic signals, i.e., ultrasonic echo sig-
nals, of multiple channels transmitted from the ultrasonic
transducer array 112. For example, reception beamforming
means that, when the multiple ultrasound transducer ele-
ments 114 receive signals, the intensity of the signals is
increased through superposition. That is, through reception
beamforming, a proper ultrasonic image ofthe object may be
acquired by focusing the reception signals input through the
multiple channels. The reception beamformer 170 forms a
reception focused beam based on time delay values of the
respective ultrasonic transducer elements 114 of the 2D ultra-
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sonic transducer array 112, and transmits the formed recep-
tion focused beam to the image processor 180.

[0104] The controller 110 controls the operations of the
ultrasonic diagnostic apparatus 100. In more detail, the con-
troller 110 generates designated control signals of the respec-
tive elements of the ultrasonic diagnostic apparatus 100, for
example, the ultrasonic transmitter 122, the transmission/
reception switch unit 140, the ultrasonic receiver 142, the
image processor 180, and the display 108, shown in FIG. 10,
thus controlling operation of the respective elements. The
controller 110 calculates delay profiles ofthe ultrasonic trans-
ducer elements 114 of the 2D ultrasonic transducer array 112,
calculates time delay values according to distance differences
between the ultrasonic transducer elements 114 and a focal
point of the object based on the calculated delay profiles,
allows transmission and/or reception beams to be formed
according to the calculated time delay values, and allows
transmission and/or reception signals to be generated.
[0105] Further, the controller 110 may generate designated
control commands regarding the respective elements of the
ultrasonic diagnostic apparatus 100 according to predeter-
mined settings or according to user instructions or commands
input through the input unit 104, and thus controls the ultra-
sonic diagnostic device 100.

[0106] The image processor 180 generates a 3D ultrasonic
image of the target site of the object based on the ultrasonic
signals focused (beamformed) through the reception beam-
former 170. The image processor 180 may include an image
generator 181, a signal processor 182, a scan converter 183, a
storage unit 184, and a volume image generator 185.

[0107] The image generator 181 generates a coherent 2D
image or a 3D image data of the target site of the object based
on the ultrasonic signals focused through the reception beam-
former 170.

[0108] The signal processor 182 converts coherent image
information formed by the image generator 181 into ultra-
sonic image information according to a diagnostic mode,
such as a brightness mode (B-mode) or a Doppler mode
(D-mode). For example, if the B-mode is set as the diagnostic
mode, the signal processor 182 performs processing, such as
A/D conversion, and creates ultrasonic image information for
B-mode images in real time. Further, if the D-mode is set as
the diagnostic mode, the signal processor 182 extracts phase
change information from the ultrasonic echo signals, calcu-
lates information of flow, for example, a blood flow, corre-
sponding to each point of imaged cross-sections, such as
speed. power, and dispersion, and creates ultrasonic image
information for D-mode images in real time.

[0109] The scanconverter 183 converts the converted ultra-
sonic image information input from the signal processor 182
or converted ultrasonic image information stored in the stor-
age unit 184 into video signals for the display 108, i.e., per-
forms format conversion into a screen format, and transmits
the video signals to the volume image generator 185.

[0110] The storage unit 184 temporarily or non-tempo-
rarily stores the ultrasonic image information converted
through the signal processor 182.

[0111] The volume image generator 185 performs volume
rendering based on the video signals transmitted from the
scan converter 183, generating a final resultant image by
correcting rendered image information, and transmits the
generated final resultant image to the display 108.

[0112] Theinputunit 104 allows a user to input a command
regarding operation of the ultrasonic diagnostic device 100.
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The user may input an ultrasonic imaging start command, a
diagnostic mode selection command to select one of an
amplitude mode (A-mode), a brightness mode (B-mode), a
color mode, a Doppler mode (D-mode), and a motion mode
(M-mode), or set information of an ROT including the size and
position of the ROI, information regarding rows to be used in
reception of ultrasonic echo signals, as described above, and/
or information regarding the number of ultrasonic transducer
elements in each row to be used, as described above. For
example, various units with which a user may input data,
instructions or acommand, for example, a keyboard, amouse,
atrackball, a tablet, or a touchscreen module, may be used as
the input unit 104.

[0113] The display 108 displays a menu or guidance notice
required for ultrasonic diagnosis and ultrasonic images
acquired during an ultrasonic imaging. The display 108 may
display an ultrasonic image of the target site of the object. The
ultrasonic image displayed on the display 108 may be an
A-mode ultrasonic image, a B-mode ultrasonic image, or a
3D stereoscopic ultrasonic image. For example, the display
108 may include a cathode ray tube (CRT) or a liquid crystal
display (LCD).

[0114] FIG. 11 is a flowchart illustrating a control method
of the ultrasonic diagnostic apparatus. The features described
above with reference to FIGS. 1 to 10 are applicable here and
will not be repeated.

[0115] In operation 210, the controller 110 acquires an
ultrasonic imaging start command from the input unit 104,
information regarding rows to be used in reception of ultra-
sonic echo signals, information regarding the number of
ultrasonic transducer elements in each row to be used, and
information of an ROI. The information of ROI includes the
size and position of the ROI set in a reference sectional image.
For example, the reference sectional image represents an
image of a section vertical to a contact surface between the
ultrasonic probe 102 and an object.

[0116] Inoperation 220, the controller 110 calculates delay
profiles of the ultrasonic transducer elements 114 of the 2D
ultrasonic transducer array 112. The controller 110 calculates
time delay values according to distance differences between
the plural ultrasonic transducer elements 114 of the 2D ultra-
sonic transducer array 112 and a focal point of the object
based on the calculated delay profiles, and transmits the cal-
culated time delay values to the transmission beamformer 120
within the ultrasonic probe 102. If defocused plane waves are
transmitted, as exemplarily shown in FIGS. 3 and 7, calcula-
tion of delay profiles and time delay values is not required and
thus, operation 220 may be omitted.

[0117] The controller 110 sends a control signal to the
transmission beamformer 120 and the transmission signal
generator 130 so that the 2D ultrasonic transducer array 112
transmits ultrasonic signals to the object (operation 230). For
example, the controller 110 may control transmission of
ultrasonic signals such that the ultrasonic signals may be
transmitted using all of the ultrasonic transducer elements
114 of the 2D ultrasonic transducer array 112, as exemplarily
shown in FIGS. 3 and 4. or be transmitted by sequentially
using the ultrasonic transducer elements of one of the rows of
the 2D ultrasonic transducer array 112, as exemplarily shown
in FIGS. 510 8.

[0118] In operation 240, the controller 110 selects trans-
ducer elements desired to be activated in reception of ultra-
sonic echo signals, i.e., active reception transducer elements,
from the ultrasonic transducer elements of the 2D ultrasonic
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transducer array 112 based on information regarding rows of
the 2D ultrasonic transducer array 112 to be used in reception
of ultrasonic echo signals and the number of ultrasonic trans-
ducer elements in each row to be used, received through the
input unit 104. The controller 110 generates a control signal to
activate the selected ultrasonic transducer elements and trans-
mits the generated control signal to the multiplexer 150.

[0119] In operation 250, the ultrasonic echo signals are
received by the selected active reception transducer elements.
The received ultrasonic echo signals undergo processing in
the reception signal generator 160 and are then transmitted to
the reception beamformer 170.

[0120] In operation 260, the reception beamformer 170
performs reception beamforming in the transversal direction
based on the received ultrasonic echo signals by sequentially
using the ultrasonic transducer elements of one of the rows of
the 2D ultrasonic transducer array 112. That is, the reception
beamformer 170 performs dynamic reception focusing in the
transversal direction using the ultrasonic echo signals
received through the ultrasonic transducer elements 114 of
each row of the 2D ultrasonic transducer array 112 and thus,
acquires transversal planes P1 to PM corresponding to the
respective rows of the 2D ultrasonic transducer array 112.

[0121] In operation 270, the reception beamformer 170
provides M ultrasonic transducer elements 114 of the eleva-
tion direction of one column and performs reception beam-
forming in the elevation direction by using the ultrasonic echo
signals sequentially received in an order of the respective
rows of the 2D ultrasonic transducer array 112. That is, the
reception beamformer 170 forms a full aperture by sequen-
tially storing the ultrasonic echo signals, sequentially
received from the respectiverows 116,118, . .., 119 of the 2D
ultrasonic transducer array 112, in positions corresponding to
the respective ultrasonic transducer elements of the elevation
direction of one column, performs dynamic reception focus-
ing or synthetic aperture focusing in the elevation direction
using the full aperture, and thus, acquires a longitudinal plane
pP,.

[0122] When the transmission/reception events are com-
pleted, the reception beamformer 170 performs 3D beam-
forming of the ROI using the transversal planes P1, P2, .. .,
PM generated by performing dynamic reception focusing the
ultrasonic echo signals received through the ultrasonic trans-
ducer elements of the respectiverows 116,118, .. ., 119 of the
2D ultrasonic transducer array 112 and the longitudinal plane
P; generated by performing dynamic reception focusing or
synthetic aperture focusing in the elevation direction based on
the ultrasonic echo signals in the elevation direction (the full
aperture in the elevation direction), formed by using the ultra-
sonic echo signals sequentially received according to the
respective rows. The reception beamformer 170 transmits 3D
beamformed ultrasonic signals to the image generator 181.

[0123] TInoperation 280, the image generator 181 generates
a coherent 3D image of the ROI based on the ultrasonic
signals focused (beamformed) through the reception beam-
former 170. The image generator 181 transmits the generated
3D image to the signal.

[0124] Inoperation 290, the signal processor 182 performs
image processing of the 3D image information transmitted
from the image generator 181, and the volume image genera-
tor 185 performs volume rendering based on the 3D image
information upon which image processing and format con-
version have been performed. The volume image generator
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185 corrects the rendered image information and thus gener-
ates a final resultant image, and transmits the final resultant
image to the display 108.
[0125] The 3D ultrasonic image (volume-rendered image)
of the ROI generated through the volume image generator
185 is displayed by the display 108 according to a control
signal from the controller 110.
[0126] Inan exemplary embodiment, ultrasonic signals are
transmitted by using all of the ultrasonic transducer elements
114 of the 2D ultrasonic transducer array 112 or by using the
ultrasonic transducer elements 114 of one or more rows of the
2D ultrasonic transducer array 112, and ultrasonic echo sig-
nals are received by using one or more ultrasonic transducer
elements 114 of one of the rows of the 2D ultrasonic trans-
ducer array 112. Therefore, an exemplary embodiment using
the 2D ultrasonic transducer array 112 maintains the same
number of system channels as when 1D ultrasonic transducer
array is used and may thus maximize resolution of an ultra-
sonic image during volume beamforming without increase in
the number of connection cables between the ultrasonic probe
102 and the system (main body).
[0127] Theabove-described exemplary embodiments illus-
trate the method in which the ultrasonic transducer elements
and the system channels are connected so that ultrasonic
signals may be transmitted from all of the ultrasonic trans-
ducer elements 114 of the 2D ultrasonic transducer array 112
or the ultrasonic transducer elements 114 of one or more rows
of the rows of the 2D ultrasonic transducer array 112, and
reception of ultrasonic echo signals is controlled by switching
the rows of the 2D ultrasonic transducer array 112 one by one,
so as to reduce the number of reception channels and to
improve resolution of a volume image. However, in order to
increasea volume rate, transmission of ultrasonic signals may
be controlled by switching the rows of the 2D ultrasonic
transducer array 112 one by one, and ultrasonic echo signals
may be received using all of the ultrasonic transducer ele-
ments 114 of the 2D ultrasonic transducer array 112 or the
ultrasonic transducer elements 114 of one or more rows of the
2D ultrasonic transducer array 112.
[0128] As apparent from the above description, an ultra-
sonic diagnostic apparatus and a control method thereof, in
accordance with an exemplary embodiment, generates a 3D
ultrasonic image using a 2D ultrasonic transducer array and
may improve resolution and scanning speed of the 3D ultra-
sonic image.
[0129] Further, the ultrasonic diagnostic apparatus and the
control method thereof, in generation of a 3D ultrasonic
image using a 2D ultrasonic transducer array, may generate a
3D ultrasonic image of an object even with a compact-size
system, i.e., a system having low complexity.
[0130] The foregoing exemplary embodiments and advan-
tages are merely exemplary and are not to be construed as
limiting. The present teaching can be readily applied to other
types of apparatuses. Also, the description of the exemplary
embodiments is intended to be illustrative, and not to limit the
scopeof'the claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.
What is claimed is:
1. An ultrasonic diagnostic apparatus comprising;
an ultrasonic transducer array in which ultrasonic trans-
ducer elements are two-dimensionally arranged; and
a controller configured to control the ultrasonic transducer
elements to transmit ultrasonic signals and control the
ultrasonic transducer elements arranged in rows of the



US 2015/0164473 Al

ultrasonic transducer array to sequentially receive ultra-
sonic echo signals, in an elevation direction.
2. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller is configured to control all of the
ultrasonic transducer elements to transmit defocused plane
waves, in a transmission of the ultrasonic signals.
3. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller is configured to control the ultra-
sonic transducer elements arranged in one of the rows of the
2D ultrasonic transducer array to sequentially transmit defo-
cused plane waves, in a transmission of the ultrasonic signals.
4. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller is configured to control all of the
ultrasonic transducer elements of the 2D ultrasonic trans-
ducer array to transmit ultrasonic waves and perform fixed
focusing of the ultrasonic waves, in a transmission of the
ultrasonic signals.
5. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller is configured to control the ultra-
sonic transducer elements arranged in one of the rows of the
ultrasonic transducer array to sequentially transmit ultrasonic
waves and perform fixed focusing of the ultrasonic waves, in
a transmission of the ultrasonic signals.
6. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller is configured to control one or more
of the ultrasonic transducer elements arranged in one of the
rows of the ultrasonic transducer array to sequentially receive
the ultrasonic echo signals, in a reception of the ultrasonic
echo signals.
7. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller is configured to control the rows of
the ultrasonic transducer array to be sequentially switched
one by one to receive the ultrasonic echo signals while shift-
ing a position of the switched row inthe elevation direction, in
a reception of the ultrasonic echo signals.
8. The ultrasonic diagnostic apparatus according to claim
1, wherein the controller is configured to form virtual col-
umns in the elevation direction in correspondence to columns
of the ultrasonic transducer elements forming the ultrasonic
transducer array, control the ultrasonic transducer elements of
the rows of the 2D ultrasonic transducer array to sequentially
receive the ultrasonic echo signals, by one row at a time, and
generate ultrasonic data for reception beamforming in the
elevation direction by sequentially storing the received ultra-
sonic echo signals, at positions in the virtual columns in
correspondence to positions of the ultrasonic transducer ele-
ments arranged in the ultrasonic transducer array.
9. The ultrasonic diagnostic apparatus according to claim
8, wherein the controller is configured to control a dynamic
reception focusing or a synthetic aperture focusing in the
elevation direction using the generated ultrasonic data for the
reception beamforming in the elevation direction.
10. The ultrasonic diagnostic apparatus according to claim
9, wherein the controller is configured to control an execution
ofavolume beamforming by using the ultrasonic echo signals
sequentially received from the rows of the ultrasonic trans-
ducer elements of the ultrasonic transducer array and the
generated ultrasonic data for the reception beamforming in
the elevation direction.
11. A control method of an ultrasonic diagnostic apparatus,
the control method comprising:
controlling ultrasonic transducer elements which are two-
dimensionally arranged in an ultrasonic transducer array
to transmit ultrasonic signals; and
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controlling the ultrasonic transducer elements arranged in
rows of the ultrasonic transducer array to sequentially
receive ultrasonic echo signals, in an elevation direction.

12. The control method according to claim 11, wherein the
controlling the ultrasonic transducer elements to transmit the
ultrasonic signals comprises:

controlling all of the ultrasonic transducer elements to

transmit defocused plane waves.

13. The control method according to claim 11, wherein the
controlling the ultrasonic transducer elements to transmit the
ultrasonic signals comprises:

controlling the ultrasonic transducer elements arranged in

one of the rows of the 2D ultrasonic transducer array to
sequentially transmit defocused plane waves.

14. The control method according to claim 11, wherein the
controlling the ultrasonic transducer elements to transmit the
ultrasonic signals comprises:

controlling all of the ultrasonic transducer elements to

transmit ultrasonic waves and perform fixed focusing of
the ultrasonic waves.

15. The control method according to claim 11, wherein the
controlling the ultrasonic transducer elements to transmit the
ultrasonic signals comprises:

controlling the ultrasonic transducer elements arranged in

one of the rows of the ultrasonic transducer array to
sequentially transmit ultrasonic waves and perform
fixed focusing of the ultrasonic waves.

16. The control method according to claim 11, wherein the
controlling the ultrasonic transducer elements to receive the
ultrasonic echo signals comprises:

controlling one or more of the ultrasonic transducer ele-

ments arranged in one of the rows of the ultrasonic
transducer array to sequentially receive the ultrasonic
echo signals.

17. The control method according to claim 11, wherein the
controlling the ultrasonic transducer elements to receive the
ultrasonic echo signals comprises:

sequentially switching the rows of the ultrasonic trans-

ducer array one by one; and

receiving the ultrasonic echo signals while shifting a posi-

tion of the switched row in the elevation direction.
18. The control method according to claim 11, further
comptrising:
forming virtual columns in an elevation direction in corre-
spondence to columns of the ultrasonic transducer ele-
ments forming the ultrasonic transducer array;

controlling the ultrasonic transducer elements of the rows
of the ultrasonic transducer artay to sequentially receive
the ultrasonic echo signals, by one row at a time; and

generating ultrasonic data for reception beamforming in
the elevation direction by sequentially storing the
received ultrasonic echo signals at positions in the vir-
tual columns in correspondence to positions of the ultra-
sonic transducer elements arranged in the ultrasonic
transducer array.

19. The control method according to claim 18, wherein a
dynamic reception focusing or a synthetic aperture focusing
in the elevation direction is executed using the generated
ultrasonic data forthe reception beamforming in the elevation
direction.

20. The control method according to claim 19, wherein a
volume beamforming is executed by using the ultrasonic echo
signals sequentially received from the rows of the ultrasonic



US 2015/0164473 Al

transducer elements and the generated ultrasonic data for the
reception beamforming in the elevation direction.

21. An ultrasonic apparatus comprising:

an ultrasonic probe comprising ultrasonic transducer ele-
ments which are two-dimensionally arranged in rows
and columns; and

a processor configured to perform steps of:

activating all or some of the ultrasonic transducer elements
arranged in respective rows in a transversal direction to
transmit ultrasonic signals to an object,

controlling scanning of all or some of the ultrasonic trans-
ducer elements arranged in the respective rows to
receive ultrasonic echo signals reflected by the object, in
a sequential order of the rows in an elevation direction
perpendicular to the transversal direction, and

storing the ultrasonic echo signals while performing the
scanning of the respective rows.

22. The ultrasonic apparatus of claim 21, wherein the con-
trolling the scanning to receive the ultrasonic echo signals
comprises:
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activating all or some of the ultrasonic transducer elements
of the respective rows in the transversal direction while
shifting a position of the scanned row in the elevation
direction.

23. The ultrasonic apparatus of claim 21, wherein the stor-

ing comprises:

storing the ultrasonic echo signals received by scanning of
the respective rows in virtual columns arranged in the
elevation direction in correspondence to the ultrasonic
transducer elements,

wherein the received ultrasonic echo signals are stored at
positions in the virtual columns in correspondence to
column positions of the ultrasonic transducer elements.

24. The ultrasonic apparatus of claim 23, wherein the pro-

cessor is further configured to perform the steps of:

generating ultrasonic data in the elevation direction from
the ultrasonic echo signals stored in the virtual columns;

generating a three-dimensional (3D) ultrasonic image by
using the generated ultrasonic data in the elevation
direction and the ultrasonic echo signals stored while
performing the scanning of the respective rows; and

displaying the 3D image on a display.
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