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METHOD AND APPARATUS FOR
PERFORMING 3-DIMENSIONAL
ULTRASOUND VOLUME SCANNING BY
USING 2-DIMENSIONAL TRANSDUCER
ARRAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2012-0063401, filed on Jun. 13,2012, 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 an ultrasound
imaging method and an apparatus therefor, and more particu-
larly, to a method and an apparatus for performing three-
dimensional ultrasound volume scanning by using a two-
dimensional transducer array.

[0004] 2. Description of the Related Art

[0005] In an ultrasound diagnostic device, a probe has a
plurality of transducers. When ultrasound waves which have
frequencies ranging from several MHz to hundreds of MHz
are transmitted from a probe of a three-dimensional (3D)
imaging device to a particular region in the body of a patient,
the ultrasound waves are partially reflected by various differ-
ent tissues. In particular, ultrasound waves are reflected dif-
ferently based on changes in densities of regions inside the
body, e.g., blood cells in blood plasma, small structures inside
organs, and/or other factors. The reflected ultrasound waves
cause oscillations in the transducer of the probe, and the
transducer outputs electrical pulses based on the oscillations.
The electrical pulses are converted to form an image.

[0006] A recently developed ultrasound scanner forms an
ultrasound beam by focusing ultrasound waves by using
between 64 and 256 transducers. The ultrasound beam is
steered electrically rather than mechanically. Ina one-dimen-
sional (1D) transducer array, a plurality of transducers are
linearly arranged, and therefore, the ultrasound beam is steet-
able only in a lateral direction. As a result, the ultrasound
beam cannot be steered in an elevation direction. Thus, only
two-dimensional (2D) images may be obtained.

[0007] In a 2D transducer array in which transducers are
arranged both in an elevation direction and in a lateral direc-
tion, an ultrasound beam may be steered both in the elevation
direction and in the lateral direction, and thus dynamic focus-
ing may be performed both in the elevation direction and in
the lateral direction. As a result, devices which are capable of
obtaining 3D volume ultrasound images have been intro-
duced.

SUMMARY

[0008] Provided are methods and apparatuses for obtaining
three-dimensional (3D) volume ultrasound images in real
time by using a relatively small number of transducers and
reducing an amount of data processed per hour.

[0009] Provided are computer readable recording media
having recorded thereon computer programs for executing
the methods on a computer.

[0010] Additional aspects will be set forth in part in the
description which follows and, in part, will be apparent from
the description, or may belearned by practice ofthe presented
exemplary embodiments.
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[0011] According to an aspect of one or more exemplary
embodiments, a method for performing three-dimensional
(3D) ultrasound volume scanning by using a two-dimen-
sional (2D) transducer array, in which a plurality of trans-
ducer elements are two-dimensionally arranged, the method
includes applying at least two codes that are orthogonal to
each other to at least one one-dimensional (1D) transducer
array which is included in the 2D transducer array, the at least
one 1D transducer array having at least two transducer ele-
ments which are arranged linearly from among the plurality
of transducer elements; obtaining signals which respectively
correspond to the applied at least two codes that are orthogo-
nal to each other from signals which are reflected by a target
object and received by the plurality of transducer elements;
and generating image data which relates to the target object
by using the obtained signals.

[0012] According to another aspect of one or more exem-
plary embodiments, there is provided a non-transitory com-
puter readable recording medium having recorded thereon a
computer program for implementing the above method.
[0013] According to another aspect of one or more exem-
plary embodiments, a three-dimensional (3D) ultrasound vol-
ume scanning apparatus includes a two-dimensional (2D)
transducer array, in which a plurality of transducer elements
are two-dimensionally arranged; a transmitter which is con-
figured to apply at least two codes that are orthogonal to each
other to at least one one-dimensional (1D) transducer array,
the at least one 1D transducer array having at least two trans-
ducer elements which are arranged linearly from among the
plurality of transducer elements; a receiver which is config-
ured to obtain signals which respectively correspond to each
other from signals which are reflected by a target object and
received by the plurality of transducer elements; and an image
processor which is configured to generate image data which
relates to the target object by using the obtained signals.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] These and/or other aspects will become apparent
and more readily appreciated from the following description
of exemplary embodiments, taken in conjunction with the
accompanying drawings of which:

[0015] FIG. 1is a diagram which illustrates an ultrasound
imaging system, according to an exemplary embodiment;
[0016] FIG.2isadiagram which illustratesa 1D transducer
array which is configured to obtain image data with respect to
one pixel of a 2D image;

[0017] FIG. 3 is a diagram which illustrates a transmission
beam plane or a reception beam plane which is formed ofa 1D
transducer array in an elevation direction;

[0018] FIG. 4 is a diagram which illustrates dynamic beam
focusing in a 1D transducer array;

[0019] FIG. 5 is a diagram which illustrates formation of a
scan line by using cross transducer arrays;

[0020] FIG. 6is ablock diagram which illustrates the probe
and the ultrasound volume scanning device shown in FIG. 1,
[0021] FIGS.7A,7B,7C, and 7D are diagrams which illus-
trate 2D transducer arrays, according to exemplary embodi-
ments;

[0022] FIG. 8isadiagram which illustratesa 1D transducer
array which is included in a 2D transducer array according to
an exemplary embodiment which is configured to form a
beam plane;

[0023] FIG.9is adiagram which illustrates the structure of
a reception decoder;

[0024] FIG. 10 is a flowchart which illustrates a method for
scanning a 3D ultrasound volume by using a cross-transducer
array;
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[0025] FIG. 11 is a diagram which illustrates dynamic
focusing of an ultrasound beam using a plurality of 1D trans-
ducer arrays, according to an exemplary embodiment;
[0026] FIG. 12 is a diagram which illustrates structures of
the transmitter and the receiver, according to an exemplary
embodiment;

[0027] FIG.13A is a diagram which illustrates an example
of type A Golay codes;

[0028] FIG. 13B is a diagram which illustrates an example
of type B Golay codes;

[0029] FIG.13Cisadiagram which illustrates sound waves
which are generated by a transducer when the code shown in
FIG. 13A is output by the pulser 601;

[0030] FIG. 13D is a diagram which illustrates sound
waves which are generated by a transducer when the code
shown in FIG. 13B is output by the pulser 601;

[0031] FIG. 14 is a diagram which illustrates a 2D trans-
ducer array which is configured to transmit two types of code
to a focus point;

[0032] FIG. 15 is a diagram which illustrates the cross-
transducer arrays of FIG. 14 as being configured to receive
two types of code;

[0033] FIG. 16 is a diagram which illustrates the structure
of a reception decoder;

[0034] FIG. 17 s a flowchart which illustrates a method for
scanning a 3D ultrasound volume by using a cross-transducer
array; and

[0035] FIG. 18 1is a flowchart whichillustrates a method for
scanning a 3D ultrasound volume by using the cross-trans-
ducer array shown in FIG. 14.

DETAILED DESCRIPTION

[0036] Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. In this regard, the present
exemplary embodiments may have different forms and
should not be construed as being limited to the descriptions
set forth herein. Accordingly, the exemplary embodiments are
merely described below, by referring to the figures, to explain
aspects of the present disclosure.

[0037] Hereinafter, with reference to the accompanying
drawings, an exemplary embodiment will be described in
detail.

[0038] FIG. 1is a diagram which illustrates an ultrasound
imaging system, according to an exemplary embodiment.
Referring to FIG. 1, the ultrasound imaging system shown in
FIG. 1 includes a probe 101, an ultrasound volume scanning
device 102, and an image display device 103. The probe 101
includes a two-dimensional (2D) transducer array. The 2D
transducer array comprises two 1D transducer arrays which
are respectively arranged in an elevation direction and in a
lateral direction. The two 1D transducer arrays intersect each
other. When a corresponding electrical signal is input to each
of the transducers included in the 1D transducer arrays of the
probe 101 by the ultrasound volume scanning device 102,
each of the transducers converts the electrical signal to a
source signal for detecting image data which relates to the
interior of a target object.

[0039] Inparticular, the target object may be a human body,
an animal body, a metal object, or any other suitable target
object. Hereinafter, exemplary embodiments will be
described assuming that the target object is a human body.
However, it will be understood by one of ordinary skill in the
art that the target object in the exemplary embodiment shown
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in FIG. 1 and the exemplary embodiments to be described
below may also be an animal body or a metal object, for
example.

[0040] Further, the probe 101 uses a plurality of transducer
array elements which are similar to those of the transducer
array instead of using just one transducer, because an inten-
sity of a source signal which is generated by one transducer is
not strong enough to detect image data which relates to the
inside of a target object. Therefore, both of an intensity of a
source signal and a resolution of an image may be improved
by condensing signals to adesired point by using a plurality of
transducers.

[0041] AsshowninFIG. 1, the ultrasound volume scanning
device 102 may be embodied as a separate device from the
probe101. It will be understood by one of ordinary skill in the
art that the probe 101 and the ultrasound volume scanning
device 102 may be embodied as a single device. The ultra-
sound volume scanning device 102 may generate a 2D medi-
cal image as described below. Source signals which are
received from the probe 101 are focused towards a first focal
point inside a human body, and the ultrasound volume scan-
ning device 102 detects image data of a pixel which corre-
sponds to the first focal point from a reflected signal that is
formed due to reflection of the focused source signals. Next,
source signals which are received from the probe 101 are
focused towards a second focal point inside the human body,
and the ultrasound volume scanning device 102 detects image
data of a pixel which corresponds to the second focal point
from a reflected signal that is formed as the focused source
signals are reflected. The ultrasound volume scanning device
102 detects image data of pixels constituting a 2D imaging
region representative of the inside the human body by repeat-
ing the above-described processes with respect to all points
constituting the 2D imaging region representative of the
inside the human body, and may generate a medical image of
the 2D imaging region representative of the inside the human
body by merging the detected image data of the pixels.
[0042] FIG. 2isadiagram which illustrates a 1D transducer
array 21 which is configured to obtain image data with respect
to one pixel of a 2D image. In FIG. 2, the 1D transducer array
21 includes nine transducers that are linearly arranged, and
the transducers are numbered in an order starting from 1
aboveto 9 below. However, the definition of the term “linear”
is not limited to a straight line herein, and may include a
curved line. For example, a modification may be made to the
present exemplary embodiment to form a closed-curve, that
is, anannulararray by increasing curvature ofa 1D transducer
array, according to an exemplary embodiment. A focal point
20 refers to a point at which source signals are focused.
Because image data is obtained from the focal point, the focal
point corresponds to a pixel of the 2D image. The ultrasound
volume scanning device 102 outputs a plurality of electrical
signals 23 that may be converted to source signals by trans-
ducers of the transducer array 21 inside the probe 101. The
number of electrical signals output by the ultrasound volume
scanning device 102 is the same as the number of transducers
inside the probe 101. In FIG. 2, the ultrasound volume scan-
ning device 102 outputs nine electrical signals to which there
are nine transmitting transducers arranged. In particular, in
order to focus the nine source signals generated by the probe
101 ata focal point 20 at the same time, it is necessary for the
source signals to arrive at the focal point 20 simultaneously.
Meanwhile, distances between the arbitrary focal point 20
and respective transducers are different from one another.
Therefore, if it is assumed that transducers generate source
signals simultaneously, the source signals arrive at the arbi-
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trary focal point 20 at different points of time, due to the
different distances between the arbitrary focal point 20 and
the respective transducers. In other words, as shown in FIG. 2,
a first transducer of the transducer array 21 is the closest to the
focal point 20, and respective distances between the focal
point 20 and the remaining transducers increase in the order
from the second transducer to the ninth transducer. Accord-
ingly, for a plurality of source signals generated by the probe
101 to arrive at the focal point 20 simultaneously, it is neces-
sary for a transducer which is relatively far from the focal
point 20 to generate a source signal before a transducer which
is relatively close to the focal point 20 generates a source
signal. In this regard, it is necessary for the first transducer to
generate a source signal last. Lines connecting positions of
signals generated by other transducers when the first trans-
ducer generates a source signal constitute a delay pattern 22
which corresponds to the focal point 20.

[0043] In particular, in order for transducers inside the
probe 101 to generate source signals at different points of
time, it is necessary to input the plurality of electrical signals
23 (in FIG. 2, nineelectrical signals) to respective transducers
inside the probe 101 at different points of time.

[0044] As described above, the probe 101 outputs the nine
electrical signals as nine source signals. In particular, the
ultrasound volume scanning device 102 delays electrical sig-
nals to be input to the transducers by periods of time which are
inversely proportional to differences in distances between the
focal point 20 and the transducers, respectively, and outputs
the electrical signals, and thus source signals output by the
transducers may be focused at the one focal point 20. An
electrical signal is delayed by a particular period of time and
input to a corresponding transducer. An electrical signal
which is input to the transducer 9 which is farthest from the
focal point 20 may be input without being delayed. Control-
ling the probe 101 so that a plurality of source signals arrive
at the arbitrary focal point 20 simultaneously is referred to as
transmission beamforming,

[0045] The beamforming may not only be applied to trans-
mission, but may also be applied to reception of signals by the
ultrasound volume scanning device 102. Source signals trans-
mitted by the transducer array 21 are merged at the focal point
20 via the transmission beamforming as described above, and
the merged source signals are reflected by the focal point 20
and returned to the transducer array 21. Each of the transduc-
ers of the transducer array 21 converts a reflected signal back
to an electrical signal and outputs the electrical signal to the
ultrasound volume scanning device 102. As described above,
because intensities of the converted electrical signals are very
weak, the ultrasound volume scanning device 102 does not
use each of the electrical signals individually to form an
image, but instead forms an image by merging the electrical
signals into one signal. However, due to differences in respec-
tive distances between the transducers and the focal point 20,
the reflected source signals respectively arrive at the corre-
sponding transducers at different points of time, and thus the
transducers generate electrical signals at different points of
time, respectively.

[0046] Therefore, in order to merge electrical signals out-
put by the transducers into one signal, the ultrasound volume
scanning device 102 delays the electrical signals output by the
transducers respectively by periods of time which are
inversely proportional to respective differences in distances
between the transducers and the focal point 20, and merges
the electrical signals output by the transducers when electri-
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cal signals are output by all of the transducers. In particular,
because an electrical signal which is input to the transducer 9
which is farthest from the focal point 20 is input last from
among electrical signals input to the transducers of the trans-
ducer array 21, the particular electrical signal may be merged
with electrical signals output by the other transducers without
being delayed.

[0047] Merging the electrical signals from the transducers
of the transducer array 21 in consideration of time differences
betweenthe electrical signals as described above is referred to
as reception beamforming.

[0048] The ultrasound volume scanning device 102 pet-
forms reception beamforming with respect to a plurality of
electrical signals output by the transducer array 21, and
obtains information regarding brightness at the focal point 20
by using an intensity of a beam-formed signal. Next, the
ultrasound volume scanning device 102 generates a 2D medi-
cal image by repeatedly performing the processes described
above with respect to a plurality of points in a 2D imaging
region inside the human body. Such a 2D medical image
which is generated based on the brightness information is
referred to as a B mode image. However, it would have been
obvious to one of ordinarv skill in the art to use similar
processes for generating notonly a B mode image, but also an
A mode image and a M mode image, and thus detailed
descriptions thereof will be omitted. The generated medical
image is transmitted to the image display device 103.
Although a 2D image may be generated by using the 1D
transducer array 21 of FIG. 2, a 3D ultrasound volume image
may be obtained by using a cross-transducer array, according
to an exemplary embodiment.

[0049] The image display device 103 receives the medical
image from the ultrasound volume scanning device 102 and
displays the medical image.

[0050] Further, the focal point 20 of the transmission or
reception beamforming may be switched to another focal
point 24 via phase shift or time delay of a transmitted signal
orareceived signal. The switching is referred to as steering of
an ultrasound beam. Hereinafter, the term “delay” will be
interpreted to include both phase shift and time delay. In case
of steering of transmission beamforming, delay patterns
applied to the transducer array 21 vary based on locations of
focal points, and thus multiple focal points may not be formed
at the same time in a general transmission beamforming. For
example, after transmission beamforming is completed with
respect to the focal point 20, transmission beamforming is
performed with respect to another focal point 24. During
steering of transmission beamforming, a number of times for
forming transmission beams increases as a number of focal
points increases, and thus a period of time elapsed for obtain-
ing a single 3D image increases in proportion to the number of
times for forming transmission beams. Conversely, in a case
of steering of reception beamforming, signals received by
transducers of the transducer array 21 may be stored in a
recording medium, such as a memory, and the delay pattern
22 and the delay pattern 25 may be applied to the stored
signals in parallel. Therefore, a period of time which is
required for obtaining a 3D image does not increase. In par-
ticular, steering of reception beamforming may be considered
as changing delay patterns while received signals are being
processed.

[0051] FIG. 3 is a diagram which illustrates a transmission
beam plane 2021 or a reception beam plane 2022 which is
formed by a 1D transducer array 21 in an elevation direction.
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In FIG. 3, each of the cubes indicates a transducer, whereas a
plurality of transducers combined in series indicate the trans-
ducerarray 21. When an electrical signal is applied to each of
the transducers, according to Huygens’ principle, a source
signal is propagated from the transducer in an eventail shape
(i.e., a fan shape). When the beamforming described above is
performed as shown in FIG. 2, source signals propagated
from the transducers in eventail shape are merged. Referring
to FIG. 3, the merged source signals form an eventail shape
plane having a radius r from the transducer at the center of the
transducer array 21. The plane is referred to as the transmis-
sion beam plane 2021. In the related art, U.S. Pat. No. 5,305,
756 and U.S. Pat. No. 5,417,219 disclose focusing a beam on
a transmission beam plane or a reception beam plane.

[0052] An angle formed between a plane extending in a
lateral direction 203 and a depth-wise direction 204 and the
transmission beam plane 2021 may be indicated as @.
Because the depth-wise direction is a direction identical to the
axis of an ultrasound beam, the depth-wise direction is con-
sidered as being identical to the axial direction. The ultra-
sound volume scanning device 102 may change the angle @
for the transmission beam plane 2021 via steering of the
beamforming, as described above with reference to FIG. 2. In
the same regard, the reception beam plane 2022 refers to an
eventail-shaped plane which is formed while reflected source
signals are being beam-formed. The value @ for the reception
beam plane 2022 may also be changed via the steering. In case
of employing transducer arrays that perpendicularly intersect
each other, two 1D transducer arrays are arranged to be pet-
pendicular to each other. Because formations of a transmis-
sion beam plane and a reception beam plane of the 1D trans-
ducer array in a lateral direction are the same as formations of
a transmission beam plane and a reception beam plane of the
1D transducer array in an elevation direction, detailed
descriptions thereof will be omitted.

[0053] FIG. 4is a diagram which illustrates dynamic beam
focusing in a 1D transducer array. The dynamic beam focus-
ing refers to the transducer array focusing an ultrasound beam
by changing a focal distance Rf of the ultrasound beam along
the axial direction (Z direction) of the beam. If a plurality of
transducers form an ultrasound beam to a fixed focal point,
resolution in the elevation direction is excellent. However, as
a distance gets farther from the focal point, resolution in the
elevation direction is deteriorated. Despite that fact, a general
ultrasound volume scanning method employs 1-way dynamic
focusing for fixedly focusing transmission beams and for
dynamically focusing reception beams. Compared to the one-
way dynamic focusing, two-way dynamic focusing for
dynamically focusing both transmission beams and reception
beams may provide superior resolution in the elevation direc-
tion. However, in the case of two-way dynamic focusing,
ultrasound signals are transmitted for a number of times for
obtaining a single 3D image, and a period of time which is
required for obtaining the 3D image increases in proportion to
the number of times the ultrasound signals are transmitted.
Generally, two-way dimensional focusing is not used for
obtaining a 3D image in real time. In detail, in a case in which
dynamic focusing is performed during transmission, a gen-
eral ultrasound volume scanning device sequentially per-
forms beamforming by applying delay patterns which respec-
tively correspond to focal distances RF1, RF2, and RF3 to
ultrasound signals. Therefore, in dynamic focusing during
transmission, a number of times for forming ultrasound
beams increases based on a number of focal points. Con-
versely, in a case in which dynamic focusing is performed
during reception, delay patterns which respectively corre-
spond to focal points may be applied to signals in parallel,
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which are received by a transducer array. Therefore, a period
of time which is required for obtaining a 3D image does not
increase in dynamic focusing during reception.

[0054] Both the steering of the beamforming described
above with reference to FIG. 3 and the dynamic focusing of
the beamforming described above with reference to FIG. 4
use time delays for focusing ultrasound signals. The differ-
ence therebetween is that in FIG. 3, the steering of the beam
changes by the angle @, and in FIG. 4, the dynamic focusing
of beam changes the focal distance Rf. However, both of the
steering and the dynamic focusing are performed by varying
time delays for switching focal points in a space. Different
scan lines are formed by the steering, whereas ultrasound
beams are focused to different locations on a single scan line
by the dynamic focusing.

[0055] FIG. 5 is a diagram which illustrates formation of a
scan line by using cross transducer arrays 1011 and 1012. An
example of an apparatus which is configured to implement
methods for obtaining a 3D image by using the cross-trans-
ducer arrays 1011 and 1012 is a cross-array which uses fixed
focusing (CA-FF) in which only one of two transducer arrays
transmits signals and the other transducer array only receives
signals. A technical configuration for such a cross-array is
disclosed in U.S. Pat. No. 5,901,708 (“Method and apparatus
for forming ultrasonic three-dimensional image using cross
array”). In particular, when transmission signal patterns from
a pulser are input to transducers of the transducer array 1011
in an elevation direction, source signals to be propagated to a
target object are generated. The transducer array 1012 in the
lateral direction may receive reflected signals, which are the
reflections of the source signals as reflected by the target
object, convert the reflected signals to electrical signals, and
output the converted electrical signals. Therefore, if the trans-
ducer array 1011 in the elevated direction is a transmission
array, the transmission beam plane 401 of FIG. 4 1s formed. If
the transducer array 1012 in the lateral direction is a reception
array, the reception beam plane 402 is formed. Hereinafter, 1t
will be assumed that the elevation direction corresponds to
the y-axis direction, the lateral direction corresponds to the
x-axis direction, and the depth-wise direction corresponds to
the z-axis direction. ® denotes an angle between an x-z plane
and the transmission beam plane 401, whereas 6 denotes an
angle between a y-z plane and the reception beam plane 402.
The transmission beam plane 401 which has the angle ® may
be formed by applying transmission signal patterns which
correspond to ® to transducers in the transmission array
1011. A straight line at which the transmission beam plane
401 and the reception beam plane 402 intersect each other is
formed, where the straight line is a scan line. A scan line refers
to a path via which image data may be obtained. In particular,
a scan line may be defined by specifying ® and 6. Image data
corresponds to a location on a predetermined scan line, and
the location corresponds to a focal distance. Therefore, a 3D
volume ultrasound image is formed by changing the angles ®
and 0 by a predetermined amount (e.g., by 1 degree) by
adjusting delays of electrical signals applied to the cross-
transducer arrays 1011 and 1012, thereby changing the focal
distance.

[0056] In particular, a plurality of steered reception beam
planes may be simultaneously formed by applying a plurality
of reception delay patterns to signals received by the recep-
tion array 1012 in parallel.

[0057] Further, for the cross-transducer arrays 1011 and
1012 to form a scan line, it is necessary for the transmission
beam plane 401 and the reception beam plane 402 to not be
formed in parallel. When a plurality of beam planes are
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formed by adjusting 6, a plurality of scan lines may be formed
with respect to a single transmission beam plane.

[0058] Because a 3D volume ultrasound image is obtained
via one-way dynamic focusing for fixedly focusing transmis-
sion beams and for dynamically focusing reception beams
based on the CA-FF technique described above, resolution of
the 3D volume ultrasound image in the elevation direction is
poor outside the focal distance of the transmission beam. In
this aspect, it is impossible to perform two-way dynamic
focusing by using the CA-FF technique. Furthermore, for a
3D volume ultrasound image obtained by using the CA-FF
technique, it is necessary to transmit ultrasound beams N
times in order to form N transmission beam planes with
different ® values, and thus a period of time which is required
for forming a 3D volume ultrasound image via a plurality of
beam transmissions increases.

[0059] However, even if two-way dynamic focusing and
steering of a transmission beam plane are performed, the
ultrasound volume scanning device 102 according to the
present exemplary embodiment uses codes that are orthogo-
nal to each other, and thus a period of time which is required
for obtaining a 3D volume ultrasound image does not
increase. Hereinafter, a method of obtaining a 3D volume
ultrasound image by applying codes that are orthogonal to
each other to a 2D transducer array in correspondence with a
plurality of scan lines, a plurality of beam planes, and/or a
plurality of focal distances will be described.

[0060] FIG. 6isablock diagram which illustrates the probe
101 and the ultrasound volume scanning device 102 shown in
FIG. 1. A probe 101 according to the present exemplary
embodiment includes a 2D transducer array 640 in which a
plurality of transducers are two-dimensionally arranged. In
the 2D transducer array 640, at least two 1D transducer arrays
are arranged in different directions. The 2D transducer array
640 may not only be the cross-transducer array as shown in
FIG. 5, but also be in any of various forms as described below
with reference to FIGS. 7A, 7B, 7C, and 7D.

[0061] The system which comprises the probe 101 and the
ultrasound volume scanning device 102, as shown in FIG. 6,
includes a 2D transducer array 640, a transmit/receive (T/R)
switch 604, a transmitter 630, a receiver 620, and an image
processor 610. The transmitter 630 includes a pulser 601, a
transmission signal delaying unit 602, a transmission beam-
forming unit 603, and a code outputting unit 611, whereas the
receiver 620 includes a converting unit 605, a reception signal
delaying unit 606, a reception beam-forming unit 607, and a
reception decoder 609. Each of the pulser 601, the transmis-
sion signal delaying unit 602, the transmission beam-forming
unit 603, the code outputting unit 611, the converting unit
605, the reception signal delaying unit 606, the reception
beam-forming unit 607, and the reception decoder 609 may
be embodied, for example, as a hardware component which
includes a microprocessor or integrated circuitry or any other
suitable type of hardware, or as a software module which
includes instructions which can be executed by a computer in
order to perform the corresponding function.

[0062] The 2D transducer array 640 is arranged inside the
probe 101 and, as shown in FIGS. Sand 7A, 7B, 7C, and 7D,
includes at least two 1D transducer arrays. If the transducer
array 640 is a cross-transducer array as shown in FIG. 5, the
transducer array 610 includes a transducer array in an eleva-
tiondirection 1011 and a transducer array in a lateral direction
1012. The cross-transducer arrays 1011 and 1012 intersect
each other and may share one transducer at the origin of the
x-axis and the y-axis. When transmission signal patterns are
received by respective transducers of the 2D transducer array
640 from the pulser 601 via the T/R switch 604, the 2D
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transducer array 640 converts the transmission signal patterns
to source signals. When the signals are reflected by a target
object and towards the 2D transducer, the 2D transducer array
640 converts the reflected source signals back to electrical
signals.

[0063] Further, examples of methods for forming a 3D
volume image by using a single 1D transducer array include
a free-hand scanning method or a wobbling method for per-
forming mechanical scanning by using a motor. However,
resolutions or frame rates of images formed by using the
free-hand scanning method or the wobbling method are lim-
ited. Therefore, a 2D transducer array may be used to provide
ahigh-resolution 3D image at a high speed. For example, if 96
transducers are arranged in each of an elevation direction and
in a lateral direction, a total number of necessary transducers
is 96 times 96, that is, 9216. In order to be able to use a general
2D transducer array which includes such a large number of
transducers, it is necessary to increase the size of an ultra-
sound volume scanning device for controlling and analyzing
signals which are applied to the respective transducers. As a
result, costs for manufacturing the transducer array and the
ultrasound volume scanning device increase. According to
the present exemplary embodiment, if the cross-transducer
arrays 1011 and 1012 include 96 transducers each, a total
number of necessary transducers is only 96 times 2, that is,
192. Therefore, an ultrasound volume scanning device and a
probe employing the cross-transducer arrays 1011 and 1012
may embodied with a significantly small number of devices
as compared to those employing a general 2D transducer
array, and thus images of the same quality may be generated
at a much lower cost. Furthermore, as a number of arrays
increases, a number of cables which are required for inter-
connecting the probe 101 and the ultrasound volume scan-
ning device 102 also increases, thus increasing the overall
cable weight. Generally, an ultrasound diagnosis requires
from 20 to 30 minutes on average to complete, and may take
longer. Therefore, it is necessary to reduce the overall cable
weight.

[0064] The pulser 601 may be a bipolar pulser. The pulser
601 receives delayed transmission signal patterns from the
transmission beam-forming unit 603, amplifies the transmis-
sion signal patterns into bipolar pulses with predetermined
voltages, and applies the bipolar pulses to the 2D transducer
array 640 via the T/R switch 604. In response to voltages of
the bipolar pulses input by the pulser 601, the 2D transducer
array 640 generates ultrasound pulses and transmits the ultra-
sound pulses to a particular location within the human body.
[0065] The transmission signal delaying unit 602 stores
patterns for delaying ultrasound pulses in order to compen-
sate for differences in points of time at which ultrasound
waves arrive at a target object based on corresponding entries
which are provided a look-up table in the transmission beam-
forming unit 603, where the patterns vary based on positions
of transducers of the 2D transducer array 640. The reason for
this is that it is necessary to set different points of time at
which transmission signal patterns are applied by the pulser
601 to respective transducers in order to change the steering
angles and the radius r of an arbitrary transmission beam
plane of each of the predetermined 1D transducer arrays
which are included in the 2D transducer array 640 (i.e., the
beamforming as described above with reference to FIG. 2).
Therefore, the transmission signal delaying unit 602 stores
tables which are inclusive of points of time at which signal
patterns are applied with respect to the steering angles and the
focal distance of arbitrary transmission beam planes of each
of the predetermined 1D transducer arrays included in the 2D
transducer array 640. When the steering angles and the focal
distance of transmission beam plane are input by a control
unit (not shown), the transmission signal delaying unit 602
outputs a delay look-up table which corresponds to the steer-
ing angles to the transmission beam-forming unit 603.
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[0066] The transmission beam-forming unit 603 receives
delay values for arbitrary focal points from the transmission
signal delaying unit 602 in the form of a look-up table.
[0067] The code outputting unit 611 stores transmission
signal patterns to be provided to the transmission beam-form-
ing unit 603. For example, it is assumed below that the code
outputting unit 611 stores type A codes and type B codes that
are orthogonal to each other and outputs the codes to the
transmission beam-forming unit 603.

[0068] The T/R switch 604 connects and disconnects the
pulser 601, the converting unit 605, and the 2D transducer
array 640 to and from one another. When the pulser 601
outputs transmission signal patterns to the 2D transducer
array 640, the T/R switch 604 disconnects the converting unit
605. When the 2D transducer array 640 receives reflected
signals, generates electrical signals therefrom, and outputs
the electrical signals to the converting unit 605, the T/R
switch 604 disconnects the pulser 601 and only connects the
2D transducer array 640 and the converting unit 605. In
particular, the T/R switch 604 functions as a duplexer for
preventing the converting unit 605 from being affected by
high voltage power emitted by the pulser 601, and connects
and disconnects the pulser 601 and the converting unit 605 to
the 2D transducer array 640.

[0069] Source signals of the simultaneously transmitted
type A codes and type B codes are reflected by a target object
and are received by the 2D transducer array 640. In particular,
the reflected codes which are received by the 2D transducer
array 640 include both of the type A codes and type B codes.
The 2D transducer array 640 converts the signals, which
include both of the type A codes and type B codes, to electri-
cal signals via transducers of the 2D transducer array 640, and
output a plurality of electrical signals to the converting unit
305 via the T/R switch 304. Further, a number of the electrical
signals is identical to the total number of transducers.
[0070] The reception unit 620 obtains codes which are
transmitted by the transducer array 1011 in the elevation
direction from signals that are reflected by a target object and
received by the transducer array 1012 in the lateral direction,
and obtains codes which are transmitted by the transducer
array 1012 in the lateral direction from signals that are
reflected by a target object and received by the transducer
array 1011 in the elevation direction.

[0071] The converting unit 605 amplifies the reflected sig-
nals which are supplied by the 2D transducer array 640 via the
T/R switch 604, and converts the amplified reflected signals
into digital signals. For example, the converting unit 605 may
include a pre-amplifier, a time gain compensation (TGC) unit
for compensating for reductions in amplitude incurred by
ultrasound waves due to the propagation of the ultrasound
waves propagate inside a body, and an analog-to-digital con-
verter (ADC).

[0072] The reception signal delaying unit 606 provides
beamforming based on a delay look-up table to the reception
beam-forming unit 607. The delay look-up table refers to
information which relates to periods of time which corre-
spond to respective differences in distances between the
transducers and the focal point 20, which are stored in the
form of a table and which are usable by the reception beam-
forming unit 607 in order to merge electrical signals output by
transducers into one signal.

[0073] When the reception beam-forming unit 607 receives
the delay look-up table from the reception signal delaying
unit 606, the reception beam-forming unit 607 delays electri-
cal signals which have been converted by the converting unit
605 based on the delay look-up table, merges the electrical
signals from predetermined transducers of the 2D transducer
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array 640 when all of the predetermined transducers of the
transducer array 604 finish outputting the electrical signals,
and outputs a merged signal to the reception decoder 609.
[0074] The reception decoder 609 receives signals which
have been output by the reception beam-forming unit 607,
separates the received signals into signals which include type
A codes and signals which include type B codes, obtains
image data from each of the separated signals, and outputs the
image data to the image processor 610. The reason for sepa-
rating the codes is that if a transducer in the 2D transducer
array 640 array transmits a source signal for forming a 3D
image, the transducer shall not receive the signal reflected by
a target object, and another transducer array shall receive the
reflected signal. Therefore, as described above in relation to
the cross-transducer array, the transducer array 1012 in the
lateral direction receives reflected signals which include type
A codes if the transducer array 1011 in the elevation direction
transmits type A codes, whereas the transducer array 1011 in
the elevation direction receives reflected signals which
include type B codes if the transducer array 1012 in the lateral
direction transmits type B codes. It is necessary for the recep-
tion decoder 609 to perform a correlation process upon elec-
trical signals which are received by the transducer array 1012
in the lateral direction with type A codes and obtain type A
signals only, and to perform a correlation process on electrical
signals which are received by the transducer array 1011 in the
elevation direction with type B codes and obtain type B sig-
nals only.

[0075] FIGS.7A,7B,7C, and 7D are diagrams which illus-
trate 2D transducer arrays, according to exemplary embodi-
ments.

[0076] First, in a 2D transducer array 700a shown in FIG.
7A, six transducers are arranged in a lateral direction (shown
as direction j), whereas six transducers are arranged in an
elevation direction (shown as direction 1). Therefore, the 2D
transducer array 700a has a 6x6 matrix-like structure which
includes a total of 36 transducers. In particular, the 2D trans-
ducer array 700a is provided to exemplify a MxN 2D trans-
ducer array, where values of both of M and N are equal to 6.
The vltrasound volume scanning device 102 according to the
present exemplary embodiment applies codes that are
orthogonal to each other to transducers which are included in
the 2D transducer array 700a. The ultrasound volume scan-
ning device 102 applies codes that are orthogonal to each
other to at least one 1D transducer array which is included in
the 2D transducer array 700a. Detailed description regarding
application of codes that are orthogonal to each other by the
ultrasound volume scanning device 102 will be provided
below with reference to FIG. 8. In particular, a 1D transducer
array to which orthogonal codes are applied will be described.
The 2D transducer array 700a includes a plurality of 1D
transducer arrays. For example, when the 2D transducer array
7004 is indicated as a matrix, each row and column corre-
sponds to arespective 1D transducer array. Therefore, the 2D
transducer array 700qa includes a total of 12 1D transducer
arrays. Transducers included in each of 1D transducer arrays
which respectively correspond to rows and columns may be
linearly arranged, and it is not necessary to arrange exactly six
transducers in each of the 1D transducer array. For example,
if each of transducers is indicated as (i, j), a group of five
transducers which includes (0, 1), (0, 2), (0, 3), (0, 4), and (0,
5)may form a single 1D transducer array. Furthermore, trans-
ducers in a 1D transducer array may be linearly arranged and
may not be parallel to a lateral direction or an elevation
direction (see, for example, FIG. 7B). For example, a group of
transducers (0, 0), (1, 1), (2, 2), (3, 3), (4,4), and (5, 5) which
is arranged in a diagonal direction forms another 1D trans-
ducer array, as illustrated, for example, in FIG. 7C. The ultra-
sound volume scanning device 102 uses at least one 1D trans-
ducer array which is included in a 2D transducer array as an
array for transmitting ultrasound signals. As described above,
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it is necessary to arrange a 1D transducer array for receiving
ultrasound signals in a direction which is different from the
direction in which the 1D transducer array for transmitting
the ultrasound signals is arranged, according to the present
exemplary embodiment. Therefore, as shown in FIG. 7A, a
2D transducer array according to the present exemplary
embodiment includes at least one transmission array and at
least one reception array. In particular, it is necessary fora 2D
transducer array according to the present exemplary embodi-
ment to include at least two 1D transducer arrays. Further,
although the ultrasound volume scanning device 102 may
transmit and receive ultrasound signals by using all of the 36
transducers included in the 2D transducer array 700a, the
ultrasound volume scanning device 102 may also transmit
and receive ultrasound signals without using all of the 36
transducers included in the 2D transducer array 700q, and
rather may do so just by using at least two 1D transducer
arrays, as described above. Therefore, the ultrasound volume
scanning device 102 according to the present exemplary
embodiment may use a 2D transducer array which corre-
sponds to the 2D transducer array 700a from which transduc-
ers not used for transmission and reception of ultrasound
signals are removed.

[0077] The above descriptions are provided under an
assumption that transducers in each of linear 1D transducer
arrays which are included in the 2D transducer array 700a are
arranged in a straight line. However, the definition of the term
linear is not limited to a straight line herein, and may include,
for example, a curved line. Furthermore, a modification may
be made to the present exemplary embodiment to form a
closed-curve, that is, an annular array by increasing curvature
of a 1D transducer array, according to the present exemplary
embodiment.

[0078] FIGS. 7B, 7C, and 7D show 2D transducer arrays
from which transducers not used for transmission and recep-
tion of ultrasound signals are removed, according to exem-
plary embodiments. However, the 2D transducer arrays
shown in FIGS. 7B, 7C, and 7D are merely examples of 2D
transducer arrays which include at least two 1D transducer
arrays each, and the present inventive concept is not limited
thereto.

[0079] A method by which the ultrasound volume scanning
device 102 applies a plurality of orthogonal codes to a single
1D transducer array which is included in the 2D transducer
array 640 will be described below with reference to FIGS. 8,
9,10, 11, and 12. In particular, a method by which the ultra-
sound volume scanning device 102 applies M orthogonal
codes (wherein M>N) to N 1D transducer array(s) (wherein N
is 1 or greater) which are included in the 2D transducer array
640 will be described.

[0080] FIG. 8isa diagram which illustrates thata 1D trans-
ducer array 810 which is included in a 2D transducer array,
according to an exemplary embodiment, forms a beam plane.
[0081] Referring to FIG. 8, the 1D transducer array 810
simultaneously forms three transmission beam planes 8§20,
830, and 840 with a single transmission. The transducer array
810 shown in FIG. 8 may be any of 1D transducer arrays
which are included in the 2D transducer arrays as shown in
FIGS. 5 and 7A through 7D.

[0082] In the related art, the 1D transducer array 810
sequentially forms the transmission beam planes 820, 8§30,
and 840 by steering angles of focused ultrasound beams.
However, according to the present exemplary embodiment,
the transmission beam planes 820, 830, and 840 may be
simultaneously formed by applying transmission delay pat-
terns which correspond to respective steering angles of the
transmission beam planes to codes that are orthogonal to each
other. If it is assumed that N scan lines are formed in a single
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transmission beam plane, N scan lines may be formed via a
single beam transmission in the related art, whereas 3*N scan
lines may be formed via a single beam transmission accord-
ing to the present exemplary embodiment. Although FIG. 8
shows the three beam planes 820, 830, and 840, it is merely an
example for convenience of explanation, and K (wherein
K>1) beam planes may be formed.

[0083] To distinguish the transmission beam planes 820,
830, and 840 from each other, the code outputting unit 611
outputs a code set A which includes codes that are orthogonal
to each other to transmission beam-forming unit 603. The
code set A includes codes al, a2, and a3 that are orthogonal to
each other. In particular, being orthogonal indicates that auto-
correlation is equal to one and cross-correlation is equal to
zero. Therefore, correlation between example codes ai and aj
(here, i) is zero. More particularly, being orthogonal indi-
cates a state or a property in which two or more signal systems
with the same properties may operate without interfering with
each other. By using orthogonal codes, reflected signals may
be analyzed without interference from other signals, even 1f
two or more signals are simultaneously transmitted and sub-
sequently reflected.

[0084] However, codes having a pseudo-orthogonal prop-
erty may be used as orthogonal codes. The pseudo-orthogonal
property indicates that a result of auto-correlation is similar to
an impulse function (an “impulse function,” as used herein,
generally refers to a Dirac-delta function or a function which
has properties including d(t)=1 at t=0 and &(t)=0 at t=0) and a
result of cross-correlation is nearly equal to zero. In particu-
lar, being similar indicates that results of auto-correlation and
cross-correlation at t=0 are smaller than 30 dB, for example,
as compared to a result of correlation at t=0.

[0085] Hereinafter, a method for forming the transmission
beam planes 820, 830, and 840 by using the orthogonal code
set A will be described. The 1D transducer array 810 includes
M transducers.

[0086] A first transmission delay pattern Z1 regarding the
transmission beam plane 820 defines respective delay times
regarding M transducers. In the same regard, there are a
second transmission delay pattern 72 and a third transmission
delay pattern Z3 which respectively correspond to the trans-
mission beam plane 830 and the transmission beam plane
840. The transmission signal delaying unit 602 receives
inputs of steering angles ® and focal distances r for the
respective transmission beam planes 820, 8§30, and 840 from
a control unit (not shown) and outputs the respective trans-
mission delay patterns Z1, 72, and 73 to the transmission
beam-forming unit 603.

Z1=fd1,d2,d3, ... dm]"
22=[eL 203, ... fm]"

AL, f]t

[0087] The transmission beam-forming unit 603 receives
the transmission delay patterns 71, 72, and 73 from the
transmission signal delaying unit 602 and delays a transmis-
sion signal g(t). In particular, signals generated by delaying
the transmission signal g(t) based on transmission delay pat-
terns may be expressed as a matrix G as shown in Equation 2
below.

[Equation 1]

[Equation 2]
Matrix G =

gli—dm) glt—em) gt- fm)
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[0088] Thei™ transducer in the transducer array 810 corre-
sponds to the i?” row of the matrix G, whereas the transmission
beam planes 820, 830, and 840 respectively correspond to
columns of the matrix G. The signals in the matrix G are
generated by time-delaying the same signal g(t), thus being
correlated to each other. Therefore, if the signals in the matrix
G are applied to the transducer array 810 without any further
process, components of signals reflected by a target object
may not be separated based on transmission beam planes.
Therefore, according to the present exemplary embodiment,
the orthogonal code set A and elements of the matrix G are
convolved. The convolved elements are combined and
applied to the transducer array 810. In particular, the trans-
mission beam plane 603 convolves the delayed transmission
signal matrix G with the orthogonal code set A. Further, the
transmission beam-forming unit 603 includes an encoder for
delaying the transmission signal g(t) and convolving delayed
transmission signals with orthogonal codes. Detailed descrip-
tion of the transmission beam-forming unit 603 including the
encoder will be provided below with reference to FIG. 12.

alwgt—dl)+a2=gt—el)+a3=gt- f1)
alxglt—d2)+al=g(t—e2)+a3xgt- [2)
alzglt—d3)+a2=glt-e3)+a3=gt- f3)

[Equation 3]

GxA=

al =g(t—dm) +a2=g(t—em) +a3=g(t - fm)

gy

[0089] The operator indicates convolution. Each of
rows of the matrix shown in Equation 3 indicates a signal
which is applied to each transducer of the transducer array
810.

[0090] Because signals which are respectively transmitted
by transducers of the transducer array 810 are overlapped at
the focal distance r of the transmission beam plane 820,
beamforming is performed, and the signals become Mxal *g
(t=q1). In particular, M indicates an amplitude of a signal at
the focal distance r under an assumption that there is no signal
loss due to a medium during propagation of transmission
signals transmitted by M transducers. q1 represents a sum of
propagation delay times of the transmission signals which are
transmitted by M transducers and delay times of the trans-
mission delay pattern Z1, and has the same value at the focal
distance r with respect to all transducers. For example, it is
assumed that a propagation delay time for a transmission
signal from a first transducer to arrive at the transmission
beam plane 820 is t1, and that a propagation delay time for a
transmission signal from a M transducer to arrive at the
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transmission beam plane 820 is tm. In this case, t1+d1=t2+
d2= . . . =tm+dm, and thus ultrasound signals which are
transmitted by respective transducers may be focused on the
transmission beam plane 820 at the same time point. In the
same regard, signals at the focal distance r of the transmission
beam plane 830 become Mxa2*g(t—q2), and signals at the
focal distance r of the transmission beam plane 840 become
Mxa3*g(t-q3).

[0091] Hereinafter, a method for forming a reception beam
plane by receiving signals which are reflected with respect to
ultrasound beams which are focused on the transmission
beam planes 820, 830, and 840 will be described. A trans-
ducer array 850 receives ultrasound signals which are
reflected by the respective transmission beam planes 820,
830, and 840. The transducer array 850 is arranged in a
direction which is different from the direction in which the
transducer array 810 is arranged for forming the transmission
beam planes 820, 830, and 840. For example, in any of the 2D
transducer arrays shown in FIGS. 5 and 7A through 7D, when
two 1D transducer arrays which are arranged in different
directions on the same plane are selected, one of the two 1D
transducer arrays is referred to as the transducer array 810,
and the other one of the two 1D transducer arrays is referred
to as the transducer array 850.

[0092] Reflected signals which are expressible as Mxal*g
(t=q1), Mxa2*g(t-q2), and Mxa3*g(t-q3) arrive at the trans-
ducer array 850. When ultrasound signals are focused on a
target object, signals are not totally reflected and are partially
absorbed by the target object, and thus amplitudes of reflected
signals are reduced. For convenience of explanation, it is
assumed that amplitudes of reflected signals are reduced to
1/M. The transducer array 850 forms a reception beam plane
860 which has a focal distance r. As the reception beam plane
860 crosses the transmission beam planes 820, 830, and 840,
three scan lines are formed. A reception delay pattern 74 for
forming the reception beam plane 860 which has a steering
angle 6 may be expressed as shown in Equation 4 below.
When a steering angle 6 and the focal distance r of the recep-
tion beam plane 860 are input by a control unit (not shown),
the reception signal delaying unit 606 outputs the reception
delay pattern 74 regarding the reception beam plane 860 to
the reception beam-forming unit 607.

ZA=[wl,w2,w3, ..., Wm]T

[0093] Thereceptionbeam-forming unit 607 delays signals
which are received by the respective transducers of the trans-
ducer array 850 based on the reception delay pattern 74 input
by the reception signal delaying unit 606. A result of applying
the reception delay pattern Z4 to the signals which are
received by the respective transducers of the transducer array
850 may be expressed as a matrix R as shown in Equation 5.

[Equation 4]

Matrix R =

alxglt—-gl—ul —wD+a2=gt—g2 —ul —wl)+a3xglt —g3 —ul —wl)
alxgt—ql —u2 - w2+ a2=g(t—g2 —u2 —w2)+ a3 = glt —g3 —u2 —w2)

( ( )

( ( )

alxgt-gl —u3-wd)+a2xg(t—g2 —u3 —w3)+a3xg(t —g3 -3 —w3)

alxgt—qgl —ud-wh)+ a2 +g(t— g2 —ud —wd) + a3 x g(t — g3 — ud —wd)
( ( )

alxglt—gl—ud-wd)+a2=g(t—g2 —ud —wS)+a3xg(t —g3 —ud —wb)

alxg(t—gl —um—wm) + a2 = g(t— g2 —um —wm) + a3 = g(t — g3 —ul — wm)

[Equation 5]
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[0094] Rows of the matrix R respectively indicate ultra-
sound signals which are received by the respective transduc-
ers of the transducer array 850 and delayed by applying the
reception delay pattern Z4. In particular, ul through um indi-
cate propagation delays until respective ultrasound signals
transmitted from the transmission beam plane 820 arrive at
respective transducer elements of the transducer array 850.
The reception beam-forming unit 607 performs reception
beam formation by combining all elements of the matrix R to
which the reception delay pattern 74 is applied. In particular,
in order to simultaneously form three scan lines, it is neces-
sary to separate combined signals for each of the transmission
beam planes 820, 830, and 840.

[0095] Thereceptiondecoder 609 uses the orthogonal code
set A which is received from the code outputting unit 611 in
order to separate the combined signals of the matrix R for
each of the transmission beam planes 820, 830, and 840.
Hereinafter, a method for separating signals for the transmis-
sion beam plane 820 will be described. Thereception decoder
609 performs correlation between the combined signals and a
code al. Due to the orthogonal property of the code set A,
polynomial terms which are convolved with code a2 or code
a3 are eliminated from the combined signals as a result of the
correlation. Therefore, only terms which are convolved with
code al remain. When all of the remaining terms are com-
bined, image information regarding scan lines formed by the
transmission beam plane 820 and the reception beam plane
860 may be obtained. A result thereof may be expressed as
shown in Equation 6.

R1=g(t-ql-ul-wl)+g(t-ql-ul-w2)+g(t—ql-ul-

w3+ ... +glt-gl-ul-wm) [Equation 6]

[0096] In Equation 6, ql+ul+wl=ql+ul+w2=...=ql+
ul+wm, because the reception delay pattern 74 compensates
propagation delays which have occurred as a result of recep-
tion. Therefore, signals received by the respective transducers
of the transducer array 850 may be focused as a single ultra-
sound signal.

[0097] In the same regard, image information may be
obtained from scan lines which are formed by the transmis-
sion beam planes 830 and 840 and the reception beam plane
860 by applying the same method described above to codes a2
and a3 of the code set A. However, although correlation with
the code set A is performed above after all elements of the
matrix R are combined, an identical result may be obtained by
performing correlations and combining results of the corre-
lations. The codes al, a2, and a3 of the code set A may be
sequentially applied. Alternatively, correlations with the
codes al, a2, and a3 may be performed in parallel by arrang-
ing a plurality of reception decoders in parallel. In this case,
three scan lines may be simultaneously formed. A structure of
the reception unit 620 in which a plurality of reception decod-
ers are arranged in parallel will be described below with
reference to FIG. 12.

[0098] Further, the formation of scan lines as described
above may also be applied to other reception beam planes
which have steering angles 6 which are different from that of
the reception beam plane 860 in the same regard. In this case,
itis necessary to apply reception delay patterns 75, 76, and so
on in correspondence to the steering angles 0, instead of the
reception delay pattern Z4. A plurality of reception beam
planes may be simultaneously formed by applying reception
delay patterns in parallel. If s transmission beam planes are
simultaneously formed and t reception beam planes are
simultaneously formed, image information may be obtained

Dec. 19, 2013

from sxt scan lines. In particular, image information may be
obtained from sxt scan lines by performing single ultrasound
transmission and single ultrasound reception, and thus a
period of time which is required for forming a 3D image may
be reduced. Furthermore, the values s and t may be suitably
adjusted to obtain 3D images in real time. For example,
higher s and t values are needed for 3D images of 30 frames/
sec, as compared to 3D images of 10 frames/sec.

[0099] FIG. 9 is a diagram which illustrates dynamic beam
focusing according to an exemplary embodiment. As
described above, although the dynamic beam focusing is
different from the steering of an ultrasound beam, the
dynamic beam focusing is based on the same mechanism as
the steering of an ultrasound beam. Therefore, descriptions
similar to those given above with reference to FIG. 8 will be
omitted.

[0100] Referring to FIG. 9, a 1D transducer array 910
focuses ultrasound beams to three focal distances 920, 930,
and 940 via a single transmission. The 1D transducer array
910 of FIG. 9 is any of 1D transducer arrays included in the
2D transducer arrays as shown in FIGS. 5 and 7A through 7D.

[0101] Ultrasound beams may be focused at the plurality of
focal distances 920,930, and 940 by applying reception delay
patterns which respectively correspond to the focal distances
920, 930, and 940 to codes which are orthogonal to each
other. In the related art, a number of ultrasound beam trans-
missions increases in proportion to a number of focal dis-
tances for dynamic focusing during transmitting ultrasound
signals. Therefore, in the related art, a period of time which is
required for obtaining a 3D image increases, and thus it is
difficult to obtain 3D images in real time. However, according
to the present exemplary embodiment, dynamic focusing of
ultrasound beams may be performed with a single transmis-
sion of ultrasound signals, and thus a 3D image with
improved resolution in the elevation direction may be
obtained without increasing a period of time which is
required for obtaining the 3D image. Although FIG. 9 shows
that ultrasound beams are focused at three different focal
distances, it is merely an example for convenience of expla-
nation, and ultrasound beams may be focused at K (wherein
K>1) focal distances.

[0102] The code outputting unit 611 outputs code set B,
which includes codes that are orthogonal to each other, to the
reception beam-forming unit 607 in order to distinguish ultra-
sound beams which are respectively focused at the focal
distances 920, 930, and 940. The code set B={bl, b2, b3}
includes codes b1, b2, and b3 that are orthogonal to each
other. The 1D transducer array includes M transducers.

[0103] A first transmission delay patternY 1 defines respec-
tive delay times for the M transducers with respect to the focal
distance 920. In the same regard, there are a second transmis-
sion delay pattern Y2 and a third transmission delay pattern
Y3 which respectively correspond to the focal distance 930
and the focal distance 940. The transmission signal delaying
unit 602 receives inputs of r values of the focal distances 920,
930, and 940 from a control unit (not shown) and outputs the
transmission delay patterns Y1, Y2, and Y3 to the reception
beam-forming unit 607.

YI=/hLh2, k3, . . . hm]*
Y2=/i1,i2,43, ... im]*

B3=[f17273, ... jm]* [Equation 7]
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[0104] The transmission beam-forming unit 603 delays the
transmission signal g(t) based on the transmission delay pat-
terns Y1, Y2, and Y3. Signals which are generated as the
transmission beam-forming unit 603 delays the transmission
signal g(t) based on the transmission delay patterns Y1, Y2,
and Y3 may be expressed as a matrix G as shown in Equation
8 below.

[Equation 8]

Matrix G =

Matrix R =

[0105] Similar to the direction of transmission beam as
described above, the transmission beam-forming unit 603
convolves the orthogonal code set B with elements of the
matrix G and combines the convolved elements. The com-
bined signal is applied to the transducer array 910 via the T/R
switch 604.

blxglt—hl) +b2+g(r—il) + b3+ gt — jl)
blxglt—h) +b2xg(r—i2) +b3xg(t— j2)
blxgt—h3) +b2+g(r—i3) + b3+ gt — j3)

[Equation 9]

GxB=

blxg(t—hm) + b2 glt —im) + b3+ glt — jm)

[0106] Rows of the matrix shown in Equation 9 respec-
tively indicate signals applied to respective transducers of the
transducer array 910.

[0107] At each of the focal distances 920, 930, and 940,
signals which are transmitted by the respective transducers of
the transducer array 910 are overlapped and become Mxb1*g
(t=q1). q1 represents a sum of propagation delay times of the
transmission signals which are transmitted by M transducers
and delay times of the transmission delay pattern Y1. In the
same regard, signals at the focal distance 930 become
Mxb2*g(t-q2), and signals at the focal distance 940 become
Mxb3*g(t-q3).

[0108] Hereinafter, a method for receiving signals which
are reflected by the respective focal distances 920, 930, and
940 and performing dynamic reception focusing will be
described. A transducer array 950 receives ultrasound signals
which are reflected by the respective focal distances 920, 930,
and 940. The transducer array 950 is arranged in a direction

blegt—gl —ul)+D2xg(t—g2 —v]) + b3 gt - g3 -11)
bleglt—gl —u2)+D2xg(t—g2 —v2) + b3 gt - g3 -12)
bleglt—gl —u3)+b2+g(t—q2 -v3)+b3xg(t-g3-13)

blug(t—ql —um)+b2xg(t—g2 —vm)+b3xg(t - g3 —tm)
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which is different from the transducer array 910. For
example, when two 1D transducer arrays which are arranged
in different directions are selected from any of the 2D trans-
ducer arrays shown in FIGS. 5 and 7A through 7D, one of the
selected 1D transducer arrays becomes the transducer array
910, whereas the other one becomes the transducer array 950.

[0109] Reflected signals which are expressible as Mxal*g
(t-q1), Mxa2*g(t-q2), and Mxa3*g(t-q3) arrive at the trans-
ducer array 950. When ultrasound signals are actually
reflected by a target object, signals are not totally reflected
and are partially absorbed by the target object. For conve-
nience of explanation, it is assumed that amplitudes of
reflected signals are reduced to 1/M.

[0110] The signals received by the respective transducers
of the transducer array 950 may be expressed as a matrix R as
shown in Equation 10 below.

[Equation 10]

[0111] At an i” row, ui, vi, and i indicate propagation
delays until the ultrasound signals reflected with respect to
the respective focal distances 920, 930, and 940 arrive at
respective components of the transducer array 850. The code
outputting unit 611 outputs the orthogonal code set B to the
reception decoder 609 in order to separate the signals which
correspond to the matrix R for each of the focal distances 920,
930, and 940. Hereinafter, a method for separating signal
components which correspond to the focal distance 920 will
be described. The reception decoder 609 performs correla-
tions between each row of the matrix R and the code bl. Asa
result, elements of the i row may be expressed as shown in
Equation 11 below.

Ri(f)=g(t-q1-ui)

[0112] For the transducer array 950 to perform reception
beam formation with respect to a location which corresponds
to the focal distance r, a control unit (not shown) provides a
value of the focal distance r to the reception signal delaying
unit 606. The reception signal delaying unit 606 outputs a
reception delay pattern Y4 to the reception beam-forming unit
607. The focal distance r may correspond to an arbitrary
location in the depth-wise direction. However, for conve-
nience of explanation, it is assumed that the focal distance r
corresponds to the same location as the focal distance 920.
The reception delay pattern Y4 corresponding to the focal
distance r may be expressed as shown in Equation 12 below.

[Equation 11]

Y4=/x1,x2,%3, ... xm]¥ [Equation 12]

[0113] The reception delay pattern Y4 compensates propa-
gation delay times of reflected signals. In particular, a recep-
tion beam may be focused by applying the reception delay
pattern Y4 to signals which are reflected with respect to the
focal distance 920. More particularly, ul+x1=u2+x2= . . .
=um+xm. The reception beam-forming unit 607 combines
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reflected signals by applying the reception delay patternY4. A
result thereof may be expressed as shown in Equation 13
below.

Rl =glt—gl-ul -x1)+ [Equation 13]

glt—gl—w2—xD)+... +g(i-gl —um—x1)

=Ma=glr-pl)

[0114] In the same regard, dynamic reception focusing
regarding the focal distances 930 and 940 may be performed
by applying the same method described above with respect to
the codes b2 and b3 of the code set B. The codes b1, b2, and
b3 of the code set B may be sequentially applied. Alterna-
tively, correlations with the codes b1, b2, and b3 may be
performed in parallel by arranging a plurality of correlation
calculators in parallel. In this case, the reception decoder 609
includes a plurality of decoders that are arranged in parallel in
order to perform correlations of a plurality of codes in paral-
lel. A structure of the reception decoder 609 will be described
below with reference to FIG. 12.

[0115] FIG. 10 is a diagram which illustrates steering and
dynamic focusing of ultrasound beams, according to an
exemplary embodiment.

[0116] Referring to FIG. 10, a method for transmitting and
receiving ultrasound beams by simultaneously applying the
steering of ultrasound beam as shown in FIG. 8 and dynamic
focusing of ultrasound beam as shown in FIG. 9 is illustrated.
As described above, the dynamic focusing and steering of
ultrasound beams are common for changing locations at
which ultrasound signals are focused by using delay patterns.
Furthermore, orthogonal codes which are different from one
another are used in correspondence to the delay patterns,
respectively. Therefore, performing steering and dynamic
focusing of ultrasound beams as shown in FIG. 10 may be
understood as focusing ultrasound beams by using delay pat-
terns which are different from one another and by using
orthogonal codes which respectively correspond to the delay
patterns. Descriptions similar to those given above with ref-
erence to FIGS. 8 and 9 will be omitted below.

[0117] Referring to FIG. 10, a transducer array 1010 forms
a first transmission beam plane 1020 and a second transmis-
sion beam plane 1030. A first focal distance r1 and a second
focal distance r2 are located on the first transmission beam
plane 1020, whereas a third focal distance r3 and a fourth
focal distance r4 are located on the second transmission beam
plane 1030. In particular, the transducer array 1010 performs
two-way dynamic focusing of ultrasound beams at the two
focal distances rl and r2 in correspondence with steering
angle ¢1 of the first transmission beam plane 1020 and pet-
forms dynamic focusing of ultrasound beams at the two focal
distances 13 and r4 in correspondence with steering angle ¢2
ofthe second transmission beam plane 1030. According to the
present exemplary embodiment, k (wherein k>1) transmis-
sion beam planes and I (wherein [>1) reception beam planes
may be formed. However, for convenience of explanation, a
method for forming two transmission beam planes and two
reception beam planes will be described below.

[0118] First, the transmission delay patterns 71, 72, 73,
and 74 may be expressed as shown in Equation 14 below. The
transmission delay pattern 71 corresponds to the steering
angle ¢1 and the first focal distance r1, the transmission delay
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pattern 72 corresponds to the steering angle ¢1 and the sec-
ond focal distance r2, the transmission delay pattern Z3 cor-
responds to the steering angle ¢2 and the third focal distance
r3, and the transmission delay pattern 74 corresponds to the
steering angle ¢2 and the fourth focal distance r4. The trans-
mission signal delaying unit 602 receives (¢1, r1), (¢1, r2),
(92, r3), and (¢2, r4) from a control unit (not shown) and
outputs the transmission delay patterns 71, 72, 73, and Z4 to
the transmission beam-forming unit 603.

Zl1=[al,a2,a3, . .. ,am]T
Z2=[b1,b2,b3, ... bm]"
Z3=[cl,c2,c3, ... ,cm]T

ZA=[dl,d2,d3, . . . dm]T

[0119] The code outputting unit 611 outputs a code set
E=lel, €2, €3, e4} which includes codes that are orthogonal
to each other to the reception beam-forming unit 607. The
reception beam-forming unit 607 applies the orthogonal code
set E to transmission signals. The transmission signals to
which the code set E are applied may be expressed as shown
in Equation 15 below. In Equation 15, Gi(t) indicates a signal
applied to an i transducer of the transducer array 1010.

[Equarion 14]

Gi(t)=el*(t-aiy+e2*(1-bi)+e3*(t-ci)+ed* (t-di)

[0120] A transducer array 1040 receives signals which are
reflected by a target object. Similarly as shown in FIGS. 8 and
9, the transducer array 1010 and the transducer array 1040 are
1D transducer arrays which are included in a 2D transducer
array and are arranged in different directions. A signal Ri(t)
which is received by an i transducer of the transducer array
1040 may be expressed as shown in Equation 16 below.

[Equation 15]

Ri(H)=el*(t-q1-E)+e2* (1-q2-yi)+e3*(t-q3-wi)+ed*
(t-q4-zi)

[0121] Hereinafter, a method for obtaining signal compo-
nents which are reflected with respect to the first focal dis-
tance r1 of the first transmission beam plane 1020 from ultra-
sound signals received by the transducer array 1040 will be
described. The reception decoder 609 may obtain Ri(t)=e1*
(t-q1-xi) by removing signal components from Ri(t) other
than terms which are convolved with the code el from among
the code set E.
[0122] In order for the transducer array 1040 to form a
reception beam plane 150 which has a steering angle 0, the
reception signal delaying unit 606 outputs a reception delay
pattern Z5 which corresponds to the angle 0 and the first focal
distance rl to the reception beam-forming unit 607. The
reception beam-forming unit 607 delays Ri(t)' by using the
reception delay pattern Z5 and combines delayed signals. As
described above with reference to FIG. 8, a plurality of scan
lines may be formed at the first focal distance r1 of the first
transmission beam plane 1020 by changing the angle 0. In the
same regard, the reception unit 620 may form a plurality of
scan lines at each of the second focal distance r2 of the first
transmission beam plane 1020 and the third and fourth focal
distances 13 and r4 of the second transmission beam plane
1030.
[0123] FIG. 11 is a diagram which illustrates dynamic
focusing of an ultrasound beam by using a plurality of 1D
transducer arrays, according to an exemplary embodiment.
Referring to FIG. 11,two 1D transducer arrays 1110 and 1120
are arranged in different directions. In particular, each of the
1D transducer arrays 1110 and 1120 performs two-way

[Equation 16]
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dynamic focusing of an ultrasound beam and forms a plural-
ity of transmission beam planes, similarly as the transducer
array 1010 of FIG. 10. Therefore, descriptions same as those
given above with reference to FIGS. 8 through 10 will be
omitted.

[0124] Each of the transducer arrays 1110 and 1120 not
only transmits ultrasound signals, but also receives ultra-
sound signals which are reflected by a target object. Ultra-
sound signals which are reflected by transmission beam
planes 1130 and 1140 formed by the transducer array 1110
are received by the transducer array 1120, whereas ultrasound
signals which are reflected by transmission beam planes 1150
and 1160 formed by the transducer array 1120 are received by
the transducer array 1110. Further, in order to distinguish
ultrasound signals which are transmitted by the transducer
array 1110 from ultrasound signals which are transmitted by
the transducer array 1120, the code outputting unit 611 out-
puts a code set Y={y1, y2} which includes codes that are
orthogonal to each other to the transmission beam-forming
unit 603. In particular, signals which are applied to the trans-
ducer arrays 1110 and 1120 are signals which correspond to
the Gi(t) signal shown in Equation 15 convolved with another
orthogonal code set Y. More particularly, when a signal to be
applied to the transducer array 1110 is Si(t) and a signal to be
applied to the transducer array 1120 is Ti(t), Si(t) and Ti(t)
may be expressed as shown in Equation 17 below

Si(H)=y1%Gi(?)
T2 5Gi(h)

[0125] Equation 17 is set forth under an assumption that the
transducer array 1110 uses Gi(t) as shown in Equation 15.
Although it will be obvious to one of ordinary skill in the art
that signals other than Gi(t) shown in FIG. 15 may be used by
applying transmission delay patterns other than the transmis-
sion delay patterns shown in Equation 14, a case in which
Gi(t) is used will be described below.

[0126] As described above with reference to FIG. 11, the
transducer array 1110 performs dynamic focusing during
transmission of ultrasound signals with respect to a plurality
of transmission beam planes which correspond to Si(t),
whereas the transducer array 1120 performs dynamic focus-
ing during transmission of ultrasound signals with respect to
a plurality of transmission beam planes which correspond to
Ti(1).

[0127] Signals which are received by the transducer array
1110 may be expressed by using Ri(t) as shown in Equation
16. The signals which are received by the transducer array
1110 include not only reflected signals of ultrasound signals
which are transmitted by the transducer array 1120, but also
reflected signals of ultrasound signals which are transmitted
by the transducer array 1110. A signal Qi(t) which s received
by the transducer array 1110 may be expressed as shown in
Equation 18 below.

[Equation 17]

Oi(t)=v1 *Ri()+y2 *Ri(t)

[0128] However, because the transducer array 1110 may
not form a scan line with respect to a transmission beam plane
formed by the transducer array 1110, it is necessary for the
transducer array 1110 to form a scan line with respect to a
transmission beam plane formed by the transducer array
1120. Therefore, it is necessary for the transducer array 1110
to remove signal components which correspond to the
reflected signals of the ultrasound signals which are transmit-
ted by the transducer array 1110. To this end, the reception

[Equation 18]
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decoder 609 performs correlation between the received signal
Qi(t) and the orthogonal code y2 and removes terms which
are convolved with the code y1. After the terms which are
convolved with the code y1 are removed, dynamic reception
focusing and steering of reception beam planes are performed
in the same regard as described above with reference to FIG.
10. Furthermore, formation of a scan line by using reflected
signals which are received by the transducer array 1120 is
substantially the same as the formation of a scan line by the
transducer array 1110 except for usage of the orthogonal code
v1, and thus detailed description thereof will be omitted.
Although FIG. 11 shows that two 1D transducer arrays are
used, the method described above may be applied to K
(wherein K>1) 1D transducer arrays by using K orthogonal
codes.

[0129] FIG. 12 is a diagram which illustrates structures of
the transmitter 630 and the receiver 620, according to an
exemplary embodiment. The transmitter 630 and the receiver
620 shown in FIG. 12 have structures for one 1D transducer
array which is included in a 2D transducer array in order to
simultaneously form a plurality of beam planes or to perform
dynamic focusing by using orthogonal codes, as described
above with reference to FIGS. 8, 9, 10, and 11. The transmit-
ter 630 includes the pulser 601, the transmission beam-form-
ing unit 603, and the code outputting unit 611. Descriptions of
the pulser 601 and the code outputting unit 611 are provided
above.

[0130] The transmission beam-forming unit 603 includes
N encoders 1210 and a combining unit 1220. The N encoders
1210 are arranged in parallel, and the combining unit 1210
combines signals which are output by the respective encoders
1210. The N encoders 1210 receive N transmission delay
patterns from the transmission signal delaying unit 602 and
receive N codes that are orthogonal to each other from the
code outputting unit 611. In the case where N=3 as shown in
FIG. 8, each encoder receives a transmission delay pattern
and an orthogonal code regarding one transmission beam
plane. Each encoder delays a transmission signal g(t) based
on the transmission delay pattern and performs convolution
with the orthogonal code. For example, from among the N
encoders 1210, a first encoder receives a transmission delay
pattern Z1 which relates to the transmission beam plane 820
from the transmission signal delaying unit 602 and receives
the code al from among the orthogonal code set A from the
code outputting unit 611. The first encoder delays the trans-
mission signal g(t) based on the transmission delay pattern Z1
and convolves the same with the code al. In the same regard,
asecond encoder and a third encoder encode the transmission
signal g(t) with respect to the transmission beam plane 830
and the transmission beam plane 840, respectively.

[0131] The combining unit 1220 combines signals which
are received from the N encoders 1210. When the N encoders
1210 encode and output the transmission signal g(t), the
combining unit 1220 combines the output transmission sig-
nals and outputs signals which respectively correspond to
rows of a matrix as shown in Equation 3. The signal combined
by the combining unit 1220 is applied to the 2D transducer
array 640 via the pulser 601 and the T/R switch 604. Although
the case shown in FIG. 8 is provided as an example in the
above description, the description may also be applied to the
transmission delay patterns and the orthogonal codes shown
in FIGS. 9 and 10 in the same regard. In particular, FIG. 10
provides the four transmission delay patterns 71, 72, 73, and
74 and the orthogonal code set E, which includes four codes
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that are orthogonal to each other. Therefore, the transmission
beam-forming unit 603 shown in FIG. 10 has a structure in
which four encoders are arranged in parallel.

[0132] Comparing FIG. 11 to FIG. 10, the transmission
beam-forming unit 603 of FIG. 11 uses the orthogonal code
set E of FIG. 10 and also uses the orthogonal code set Y to
distinguish the transducerarrays 1110 and 1120. In particular,
the transmission beam-forming unit 603 of FIG. 11 uses two
orthogonal code sets, that is, the orthogonal code set E and the
orthogonal code set Y. The N encoders 1210 described above
encode a transmission signal g(t), and the combining unit
1220 combines encoded signals by using the orthogonal code
set E and outputs the signal Gi(t) of Equation 15. Meanwhile,
in FIG. 11, an encoder 1230 is used to convolve the signal
Gi(t) of Equation 15 with the orthogonal code set E in order to
distinguish signals which are transmitted by the transducer
arrays 1110 and 1120. In particular, the encoder 1230 encodes
the signal Gi(t) which is received from the combining unit
1220 by using the code y1. A signal which is output by the
encoder 1230 is applied to the transducer array 1110 via the
pulser 601 and the T/R switch 604. In addition, it is necessary
for a signal to be applied to the transducer array 1120 to be
processed in the same manner as the signal applied to the
transducer array 1110. The transmission beam-forming unit
603 may sequentially apply signals to each of the transducer
array 1110 and the transducer array 1120. However, the trans-
mission beam-forming unit 603 may also simultaneously
apply signals to the transducer array 1110 and the transducer
array 1120. In a case where the transmission beam-forming
unit 603 simultaneously applies signals to the transducer
array 1110 and the transducer array 1120, the N encoders
1210, the combining unit 1220, and the encoder 1230 operate
with respect to the transducer array 1110. N encoders (not
shown), a combining unit (not shown) and an encoder (not
shown) may be arranged in parallel to the N encoders 1210,
the combining unit 1220, and the encoder 1230 and operate
with respect to the transducer array 1120.

[0133] The receiver 620 includes the converting unit 605,
the reception signal delaying unit 606, the reception beam-
forming unit 607, and the reception decoder 609. Detailed
descriptions of the converting unit 605 and the reception
signal delaying unit reception signal delaying unit 606 are as
provided above with reference to FIG. 6.

[0134] The reception decoder 609 includes N decoders
1240 that are arranged in parallel. In particular, N is propor-
tional to a number of used orthogonal codes. In FIG. 8,
because there are three codes al, a2, and a3 in the orthogonal
code set, the reception decoder 609 includes three decoders
1240. Each of the decoders 1240 outputs reception signals of
Equation 6 by convolving each of the rows of the matrix R of
Equation 5 with the codes al, a2, and a3. Although the above
description is based on the case shown in FIG. 8, the same
may be applied to the orthogonal codes in FIGS. 9 and 10.
Further, because FIG. 10 shows the orthogonal code set E
which includes four codes, the reception decoder 609 of FIG.
10 may have a configuration in which four decoders are
arranged in parallel.

[0135] Further, FIG. 11 uses the two orthogonal code set,
that is, the orthogonal code set E and the orthogonal code set
Y. In particular, as described above, the reception decoder 609
convolves the orthogonal code set E with the Ri(t) of Equation
16. The receiver 620 of FIG. 12 includes a decoder 1250 for
calculating a correlation between the Qi(t) of Equation 18 and
the orthogonal code set Y before the reception decoder 609
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calculates a correlation between Qi(t) of Equation 18 and the
orthogonal code set E. FIG. 11 shows that the decoder 607 is
included in the reception beam-forming unit 607, however the
decoder 1250 may be arranged before the decoders 1240 for
processing signals before the decoders 1240 do. The decoder
1250 may include a plurality of decoders for processing cor-
relations with orthogonal codes y1 and y2 in parallel. In FIG.
11, the decoder 1250 includes two decoders arranged in par-
allel. The decoder 1250 outputs Ri(t) of Equation 16 to the
reception decoder 609 by correlating Qi(t) of Equation 18
with the orthogonal code set Y.

[0136] An example of an orthogonal code may include a
Golay code. The Golay code is one of error correction codes
whichisused in digital communication and is a set of comple-
mentary bi-phase sequences. From among bi-phase codes, as
known in the art, the Golay code features complete removal of
aside lobe from a pulse-compressed output. Therefore, there
have been many prior attempts to apply the Golay code to
ultrasound imaging devices which use long pulses. For
example, it is assumed that, in the Golay code, type A codes
and type B codes are orthogonal to each other, where the type
A codes include a code al and a code a2, whereas the type B
codes include a code b1 and a code b2. There may be two or
more codes per code type.

[0137] FIG. 13A is a diagram which illustrates an example
of type A Golay codes. FIG. 13B is a diagram which illus-
trates an example of type B Golay codes. A code ai is shown
in FIG. 13A, whereas a code bi is shown in FIG. 13B. The
code ai is a code which has a sequence of {1,-1,-1,-1,1,1,-
1,1,1,-1,-1,-1,-1,-1,1,-1,1,-1,-1,-1,1,1,-1,1,-1,1,1,1,1,
1,-1,1}. The code bi is a code which has a sequence of
{1,-1,-1,-1,1,1,-1,1,1,-1,-1,-1,-1,-1,1,-1,-1,1,1,1,-1,
-1,1,-1,1,-1,-1,-1,-1,-1,1,-1}. FIG. 13C is a diagram
which illustrates sound waves which are generated by a trans-
ducer when the code shown in FIG. 13A is output by the
pulser 601. FIG. 13D is a diagram which illustrates sound
waves which are generated by a transducer when the code
shown in FIG. 13B is output by the pulser 601.

[0138] A method by which the ultrasound volume scanning
device 102 applies a plurality of orthogonal codes to a single
1D transducer array which is included in a 2D transducer
array is described above with reference to FIGS. 8 through 12.
In particular, a method by which the ultrasound volume scan-
ning device 102 applies M (wherein M>N) orthogonal codes
to N 1D transducer array(s) (wherein N is one or greater)
which are included in a 2D transducer array is described.
However, the ultrasound volume scanning device 102 accord-
ing to the present exemplary embodiment may apply at least
two orthogonal codes to at least two 1D transducer arrays
which are included in a 2D transducer array, so that only one
orthogonal code may be applied to each 1D transducer array.
Hereinafter, a method for applying N codes that are orthogo-
nal to each other to a 2D transducer array in a case where N
(wherein N>1) 1D transducer arrays are included in the 2D
transducer array will be described. For convenience of expla-
nation, it will be assumed that N=2.

[0139] FIG. 14 is a diagram which illustrates a 2D trans-
ducer array which is configured to transmit two types of code
to a focus point. The 2D transducer array of FIG. 14 may be
any of the 2D transducer arrays shown in FIGS. § and 7A
through 7D. For convenience of explanation, it will be
assumed that the 2D transducer array of FIG. 14 is the cross-
transducer array of FIG. 5. Furthermore, it will be assumed
that the orthogonal codes of FIG. 14 are the Golay codes
shown in FIGS. 13A and 13B.
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[0140] Although FIG. 14 shows that the transducer array
1411 in the elevation direction includes five transducers and
the transducer array 1412 in the lateral direction includes five
transducers (the center transducer is shared) for convenience
of explanation, one of ordinary skill in the art will understand
that the number of transducers may vary. The transducer array
1411 in the elevation direction (i.e., the y-axis direction)
transmits the code al, whereas the transducer array 1412 in
the lateral direction (i.e., the x-axis direction) may transmit
the codebl. Two types of code may be transmitted at the same
time as described above, because, even if the two types of
code propagate together and are reflected, the two types of
code may be separated from each other due to their orthogo-
nality. In particular, one orthogonal code is applied to one 1D
transducer array in FIG. 14.

[0141] FIG. 15 is a diagram which illustrates the cross-
transducer array 1411 and 1412 of FIG. 14 as being config-
ured to receive two types of code. In particular, reflected
signals which are incident to the transducer array 1411 in the
elevation direction (i.e., the y-axis direction) include not only
the code b1, but also the code al. However, the transducer
array 1411 in the elevation direction (i.e., the y-axis direction)
only requires the reflected signal of the code b1, not the
reflected signal of the code al. The reason for this is that, as
described above, it is necessary for a transducer array which
is used for transmission and a transducer array which is used
for reception to intersect each other perpendicularly. There-
fore, the reception decoder 609 separates only the code bl
from signals which are incident to the transducer array 1411
in the elevation direction (i.e., the y-axis direction). In the
same regard, the transducer array 1412 in the lateral direction
(i.e., the x-axis direction) only requires the reflected signal of
the code al, and does not require the reflected signal of the
code bl. Therefore, the reception decoder 609 separates only
the code al from signals which are incident to the transducer
array 1412 in the lateral direction (i.e., the x-axis direction).
Therefore, although FIG. 15 shows that the transducer array
1411 in the elevation direction (i.e., the y-axis direction)
receives only the code b1 and the transducer array 1412 in the
lateral direction (i.e., the x-axis direction) receives only the
code al, the cross-transducer array of 1411 and 1412 actually
receives both types of code, and FIG. 15 only shows codes
which are separated and used by the reception decoder 609
after the reception of the codes. In this aspect, the transducer
array 1411 in the elevation direction (i.e., the y-axis direction)
separates only the code bl from received reflected signals,
whereas the transducer array 1412 in the lateral direction (i.e.,
the x-axis direction) separates only the code al from received
reflected signals. As described above, the reception decoder
609 separates signals which are received by the reception
decoder 609 based on the types of code.

[0142] Further, when the cross-transducer arrays 1411 and
1412 receive transmission signal patterns from the pulser 601
and transmit type A codes and type B codes, the cross-trans-
ducer arrays 1411 and 1412 may use a plurality of codes per
each type of code transmitted. For example, the codes al and
a2, which are type A codes, and the codes b1 and b2, which
are type B codes, may be successively transmitted. In this
aspect, the code al and the code b1 may be transmitted within
atype A code and a type B code, respectively. After the codes
al and b1 are reflected at a focus point and return, the codes
a2 and b2, which are also respectively transmitted within the
type A code and the type B code, may be transmitted imme-
diately.
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[0143] FIG. 16 is a diagram which illustrates the structure
of the reception decoder 609. The reception decoder 609 of
FIG. 16 includes a code A decoder 1601 and a code B decoder
1602.

[0144] Thecode A decoder 1601 separates code A reflected
signals from among signals, and outputs the separated code A
reflected signals to the image processor 610. Referring to the
above description, code A reflected signals include codes
which are transmitted by the transducer array 1411 in the
elevation direction (i.e., the y-axis direction), and the code A
reflected signals are received by the transducer array 1412 in
the lateral direction (i.e., the x-axis direction). Therefore,
regarding the signals separated by the code A decoder 1601,
the transducer array 1411 in the elevation direction (i.e., the
y-axis direction) becomes the transmitting transducer array
and the transducer array 1412 in the lateral direction (i.e., the
x-axis direction) becomes the receiving transducer array.
Conversely, the code B decoder 1602 separates code B
reflected signals from among signals, and outputs the sepa-
rated code B reflected signals to the image processor 610.
Regarding the code B reflected signals, the transducer array
1412 in the lateral direction (i.e., the x-axis direction)
becomes the transmitting transducer array and the transducer
array 1411 inthe elevation direction (i.e., the y-axis direction)
becomes the receiving transducer array. Hereinafter, a con-
figuration for categorizing signals based on codes with refer-
ence to structures of the code A decoder 1601 and the code B
decoder 1602 will be provided.

[0145] The code A decoder 1601 includes a code A switch-
ing unit 1611, an al correlator 1612, an a2 correlator 1613,
and a code A merging unit 1614. Because the number of
correlators may be the same as the number of codes, addi-
tional correlators, such as an a3 correlator, an a4 correlator,
and so on, may be further arranged. The code A switching unit
1611 outputs signals which are output by the reception beam-
forming unit 607 based on the types of code which are output
by the code outputting unit 611 to the al correlator 1612 or to
the a2 correlator 1613. In detail, the code A switching unit
1611 outputs codes which are output by the reception beam-
forming unit 607 to the al correlator 1612 if codes which are
output by the code outputting unit 611 are al codes, and
outputs codes which are output by the reception beam-form-
ing unit 607 to the a2 correlator 1613 if codes which are
output by the code outputting unit 611 are a2 codes. If only al
codes are output by the code outputting unit 611, the code A
switching unit 1611 may be fixed to the al correlator 1612.
When signals which are output by the code A switching umt
1611 are received, the al correlator 1612 obtains signals
which indicate an image of a target object which corresponds
to the focal point by using the signals which are output by the
code A switching unit 1611 and the al codes. In detail, the al
correlator 1612 obtains signals which indicate the image of
the target object which corresponds to the focal point from the
signal which is output by the code A switching unit 1611 by
performing a convolution calculation regarding the signals
whichare output by thecode A switching unit 1611 and the al
codes.

[0146] In the same regard, when signals which are output
by the code A switching unit 1611 are received, the a2 corr-
elator 1613 obtains signals which indicate an image of a target
object which corresponds to the focal point by using the
signals which are output by the code A switching unit 1611
and the a2 codes. In detail, the a2 correlator 1613 obtains
signals which indicate the image of the target object which
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corresponds to the focal point from the signal which is output
by the code A switching unit 1611 by performing a convolu-
tion calculation regarding the signals which are output by the
code A switching unit 1611 and the a2 codes.

[0147] Equation 25 below is a general equation for per-
forming a convolution calculation regarding x(t) and y(t). In
Equation 25, t denotes time, x denotes an integral constant,
and ® denotes convolution. x(t) denotes an electrical signal,
and y(t) denotes a code signal. Furthermore, a result of the
convolution is indicated by W, in which the subnotes x and
y denote signals.

OByt p(-0f L HOpTd =W,
[0148] As described above, because the type A codes and
the type B codes are orthogonal to each other, if the type A

codes and the type B codes are convolved, zero may be
obtained, as shown in Equation 26 below.

walblzal(l)® by (=0

[Equation 25]

wblalzbl([)® ay (=0
lIJasz:az(z)@ by(1)=0
lpz7z¢:z:bz(z)® ay()=0

[0149] Further, when the same type of codes are convolved,
an impulse function may be obtained, as shown in Equation
27 below.

¥,11=a,0® a,(0)=5()

[Equation 26]

W =00 a5 (1)=0(1)
W,1,=0,0® b, (1)=5()
W00 =bo()® b,0)=0()

[0150] When a signal which is output by the reception
beam-forming unit 607 is indicated as x(t), x(t) includes both
A type code signal components and B type code signal com-
ponents. Therefore, x(t) may be expressed as shown in Equa-
tion 28 below. In Equation 28, a, (t) indicates type A codes and
b, (1) indicates type B codes.

[Equation 27]

x(={a,(-t,~1 )+b,(-1,-1,)} [Equation 28]

[0151] The al correlator 1612 may obtain a signal W,
whichindicates animage of'a target object which corresponds
to the focal point from the signal x(t) which is output by the
code A switching unit 1611 by performing a convolution
calculation regarding the signal x(t) which is output by the
code A switching unit 1611 and a, (t) which corresponds to the
al codes by using Equation 29 below. In Equation 29, tr
denotes a period of time for al codes to be transmitted by the
cross-transducer arrays 1411 and 1412 and to be reflected by
a target object.

x(®ay(0) ={a,t-1,)+b (1 -1,)}®@a, (1) [Equation 29

=a(t-1)Qa +b1(1—1,)®a(r)

=Y¥a1a1

[0152] The bl correlator 1622 may obtain a signal W,
whichindicates animage of a target object which corresponds
to the focal point from the signal x(t) which is output by the
code B switching unit 1621 by performing a convolution
calculation regarding the signal x(t) which is output by the
code B switching unit 1621 and b (t) which corresponds to
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the b1 codes by using Equation 30 below. In Equation 30, tr
denotes a period of time for b1 codes to be transmitted by the
cross-transducer arrays 1411 and 1412, to be reflected by a
target object, and to return.

XN ={at—1)+bit— 1)} @b (D) [Equation 30]

=at-t)@b()+bi(t—-1)@ b1 (D)

=Yp1p1

[0153] The code A merging unit 1614 outputs merged
results of the al correlator 1612 and the a2 correlator 1613
performing the convolution to the image processor 610.
[0154] The code B decoder 1602 has the same structure as
the code A decoder 1601. The code B decoder 1602 includes
the code B switching unit 1621, the b1 correlator 1622, a b2
correlator 1623, and a code B merging unit 1624. Because the
number of correlators may be the same as the number of
codes, additional correlators, such as a b3 correlator, a b4
correlator, and so on, may be further arranged. The code B
switching unit 1621 outputs a signal which has been beam-
formed by the reception beam-forming unit 607 to the bl
correlator 1622 or the b2 correlator 1623. In particular, the
code B switching unit 1621 outputs a code b1 signal to the bl
correlator 1622 and outputs a code b2 signal to the b2 cort-
elator 1623. When signals are input by the code B switching
unit 1621, the bl correlator 1622 and the b2 correlator 1623
calculate a convolution integral by using a code b1 and a code
b2, respectively.

[0155] The code B merging unit 1624 outputs merged
results of the b1 correlator 1622 and the b2 correlator 1623
performing the convolution to the image processor 610.
[0156] A code merging unit (not shown) may be added for
merging the results which are output by the code A merging
unit 1614 and the code B merging unit 1624 and for output-
ting intensities of signals as image data to the image processor
610. In particular, the merging may simply be an average of
signal intensities of the two results.

[0157] According to another exemplary embodiment, the
image processor 610 may merge the results which are output
by the code A merging unit 1614 and the code B merging unit
1624 and obtain brightness information which relates to 3D
image pixels based on intensities of signals. A 3D image is
generated based on the brightness information and is output
to the image display device 103.

[0158] FIG. 17 is a flowchart which illustrates a method for
scanning 3D ultrasound volume by using a cross-transducer
array. Hereinafter, any of descriptions already given above
with reference to FIGS. 8 through 16 may be omitted.
[0159] Referring to FIG. 17, in operation S1710, the trans-
mitter 630 of FIG. 12 applies at least two codes that are
orthogonal to each other to at least one 1D transducer array
which is included in a 2D transducer array. The 2D transducer
array may include not only the transducer arrays shown in
FIGS. 5 and 7A through 7D, but also any of various other
transducer arrays which include a plurality of 1D transducer
arrays. Furthermore, the transmitter 630 may apply at least
two orthogonal codes to 1D transducer arrays which are
included in a 2D transducer array as described above with
reference to FIGS. 8 through 12, or the transmitter 630 may
apply one orthogonal code to an 1D transducer array which is
included in a 2D transducer array as described above with
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reference to FIG. 14. In particular, the former corresponds to
a case in which one 1D transducer array forms a plurality of
transmission beam planes or performs dynamic focusing of
ultrasound beams, whereas the latter corresponds to a case in
which one 1D transducer array forms one transmission beam
plane and performs fixed focusing of ultrasound beams. How-
ever, in the case of the latter, because codes which are
orthogonal to each other are respectively applied to at least
two 1D transducer arrays which are included in a 2D trans-
ducer array, resolution in the elevation direction may be
improved as compared to the CA-FF technique in the related
art,and 3D images may be obtained in real time, as described
above.

[0160] In operation S1720, the receiver 620 of FIG. 12
obtains signals which respectively correspond to the at least
two codes that are orthogonal to each other from among
signals that are reflected by a target object and received by a
2D transducer array. In particular, in order to obtain signal
components which relate to predetermined codes from
among codes that are orthogonal to each other from among
signals which are reflected by the target object, the receiver
620 performs correlation between reflected signals and the
predetermined signals. In this case, due to orthogonality of
the codes, signal components which relate to different codes
may be removed, as described above. Furthermore, the
receiver 620 performs dynamic reception focusing of the
reflected signals or applies a reception delay pattern which is
output by the reception signal delaying unit 606 to the
reflected signals for steering a reception beam plane. The
receiver 620 may perform a reception beamforming by com-
bining signals to which the reception delay pattern is applied.
Further, as described above with reference to FIGS. 8 through
16, the receiver 620 may apply at least two reception delay
patterns in parallel, such that a 2D transducer array simulta-
neously forms a plurality of reception beam planes or such
that a reception beam plane has at least two focal distances.
[0161] Inoperation S1730, the image processor 610 gener-
ates image data which relates to the target object by using
signals which are obtained by the receiver 620 from the
reflected signals. The image data which relates to the target
object is generated by combining intensities of the signals
which are obtained by the receiver 620 from the reflected
signals. For example, the image processor 610 may catego-
rize signals which are obtained by the receiver 620 based on
focal distances, and use the averages of the signals which are
categorized based on focal distances as image data which
relates to the respective focal distances. For example, the
image processor 610 may calculate the average of intensities
of N signals which relate to a predetermined focal distance
and use the average as the brightness of a B-mode ultrasound
image.

[0162] FIG. 181is a flowchart which illustrates a method for
scanning 3D ultrasound volume by using the cross-transducer
array shown in FIG. 14. Referring to F1G. 18, in an operation
S16, the transmitter 630 of FIG. 12 applies one of a pair of
codes that are orthogonal to each other to the transducer array
1411 in the elevation direction (i.e., the y-axis direction) and
applies the other one of the pair of codes to the transducer
array 1412 in the lateral direction (i.e., the x-axis direction).
Operation 816 includes operation 511 and operation S12.
[0163] IntheoperationS11,the pulser 601 generates trans-
mission signal patterns and outputs the generated transmis-
sion signal patterns to the cross-transducer arrays 1411 and
1412. In particular, different code transmission signal pat-
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terns are output to respective linear transducer arrays of the
cross-transducer array. For example, referring to FIG. 14, a
code B transmission signal pattern is output to the transducer
array in the x-axis direction, whereas a code A transmission
signal pattern is output to the transducer array in the y-axis
direction.

[0164] In the operation S12, when the transmission signal
patterns are output by the pulser 601, the cross-transducer
arrays 1411 and 1412 convert the transmission signal patterns
to ultrasound signals and transmit the ultrasound signals to a
target object. In particular, the transducer array in the x-axis
direction transmits type B code ultrasound signals, whereas
the transducer array in the y-axis direction transmits type A
code ultrasound signals.

[0165] In operation S17, the receiver 620 obtains codes
which are transmitted by the transducer array 1411 in the
elevation direction (i.e., the y-axis direction) from signals that
are reflected by the target object and received by the trans-
ducerarray 1412 in the lateral direction (i.e., the x-axis direc-
tion) and obtains codes which are transmitted by the trans-
ducer array 1412 in the lateral direction (i.e., the x-axis
direction) from signals that are reflected by the target object
and received by the transducer array 1411 in the elevation
direction (i.e., the y-axis direction). Operation S17 includes
operation S13 and operation S14.

[0166] In operation S13, the cross-transducer arrays 1411
and 1412 convert the type A code ultrasound signals and the
type B code ultrasound signals which are reflected by the
target object back into electrical signals.

[0167] In operation S14, the reception decoder 609 sepa-
rates the electrical signals into type A code signals and type B
code signals.

[0168] In operation S15, the image processor 610 obtains
image data from the separated type A code signals and type B
code signals and generates a 3D volume ultrasound image by
using the image data.

[0169] Theexemplary embodiments can be written as com-
puter programs and can be implemented in general-use digital
computers that execute the programs using a transitory or
non-transitory computer readable storage medium. Examples
of the non-transitory computer readable storage medium
include magnetic storage media (e.g., read-only memory
(ROM), floppy disks, hard disks, and/or any other suitable
type of magnetic storage medium), optical recording media
(e.g., compact disk-ROM (CD-ROMs), or digital versatile
disks (DVDs)), and any other suitable non-transitory com-
puter readable storage medium.

[0170] Itshould be understood that the exemplary embodi-
ments described herein should be considered in a descriptive
sense only and not for purposes of limitation. Descriptions of
features or aspects within each exemplary embodiment
should typically be considered as available for other similar
features or aspects in other exemplary embodiments.

What is claimed is:

1. A method for performing three-dimensional (3D) ultra-
sound volume scanning by using a two-dimensional (2D)
transducer array, in which a plurality of transducer elements
are two-dimensionally arranged, the method comprising:

applying at least two codes that are orthogonal to each

other to at least one one-dimensional (1D) transducer
array which is included in the 2D transducer array, the at
least one 1D transducer array having at least two trans-
ducer elements which are arranged linearly from among
the plurality of transducer elements;
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obtaining signals which respectively correspond to the
applied at least two codes that are orthogonal to each
other from signals which are reflected by a target object
and received by the plurality of transducer elements; and

generating image data which relates to the target object by
using the obtained signals.

2. The method of claim 1, wherein a number of the at least
one 1D transducer array is different from a number of the at
least two codes which are applied to the 1D transducer array.

3. The method of claim 2, wherein the applying the at least
two codes comprises more than N codes that are orthogonal to
one another being applied to N 1D transducer arrays which
are included in the 2D transducer array.

4. The method of claim 1, wherein the applying the at least
two codes comprises M codes that are orthogonal to one
another being applied to M 1D transducer arrays which are
included in the 2D transducer array.

5. The method of claim 1, wherein the applying the at least
two codes that are orthogonal to each other comprises:

applying at least two transmission delay patterns for delay-
ing the applied at least two codes that are orthogonal to
each other to the applied at least two codes;

combining the applied at least two codes to which the at
least two transmission delay patterns have been applied
to one another; and

outputting a result of the combining to the at least one 1D
transducer array.

6. The method of claim 5, wherein the applying the at least
two transmission delay patterns comprises respectively
applying different transmission delays to each of the applied
at least two codes such that ultrasound waves from the at least
one 1D transducer array are focused on at least two planes.

7. The method of claim 5, wherein the applying the at least
two transmission delay patterns comprises respectively
applying different transmission delays to the applied at least
two codes such that an ultrasound beam which is focused on
the target object by the 1D transducer array has at least two
focal distances in an axial direction.

8. The method of claim 1, wherein the applying the at least
two codes comprises applying a first code to a first 1D trans-
ducer array which is included in the 2D transducer array,
wherein transducer elements which are included in the first
1D transducer array are arranged in a first direction, and

applying a second code to a second 1D transducer array
which is included in the 2D transducer array, wherein
transducer elements which are included in the second
1D transducer array are arranged in a second direction.

9. The method of claim 8, wherein the first direction inter-
sects with the second direction.

10. The method of claim 8, wherein a signal which corre-
sponds to the applied first code is obtained from a signal
which is reflected by the target object and is received by the
second 1D transducer array, and

a signal which corresponds to the applied second code is
obtained from a signal which is reflected by the target
object and is received by the first 1D transducer array.

11. The method of claim 1, wherein a signal which corre-
sponds to a predetermined code from among the applied at
least two codes is obtained by calculating a correlation
between the predetermined code and the signals which are
reflected by the target object.

Dec. 19, 2013

12. The method of claim 1, wherein the obtaining the
signals comprises:

converting ultrasound signals which are respectively
received by each of the plurality of transducer elements
to electric signals;

applying at least one reception delay pattern for delaying
the electric signals to the electric signals;

combining the electric signals to which the at least one
reception delay pattern is applied; and

calculating the signals which respectively correspond to
the applied at least two codes that are orthogonal to each
other from the combined electric signals.

13. The method of claim 12, wherein the applying the at
least one reception delay pattern comprises delaying the elec-
tric signals by using at least two reception delay patterns such
that the signals which are reflected by the target object and
received by the plurality of the transducer elements form at
least two reception beam planes at the target object.

14. The method of claim 12, wherein the applying the at
least one reception delay pattern comprises delaying the elec-
tric signals by using at least two reception delay patterns such
that the signals which are reflected by the target object and
received by the plurality of the transducer elements have at
least two focal distances.

15. The method of claim 12, wherein the combining the
electric signals comprises combining electric signals to
which a same reception delay pattern is applied.

16. The method of claim 1, wherein the generating the
image data comprises combining intensities of the obtained
signals.

17. A three-dimensional (3D) ultrasound volume scanning
apparatus comprising:

a two-dimensional (2D) transducer array, in which a plu-
rality of transducer elements are two-dimensionally
arranged,

atransmitter which is configured to apply at least two codes
that are orthogonal to each other to at least one one-
dimensional (1D) transducer array, the at least one 1D
transducer array having at least two transducer elements
which are arranged linearly from among the plurality of
transducer elements;

a receiver which is configured to obtain signals which
respectively correspond to each other from signals
which are reflected by a target object and received by the
plurality of transducer elements; and

an image processor which is configured to generate image
data which relates to the target object by using the
obtained signals.

18. The 3D ultrasound volume scanning apparatus of claim
17, wherein the transmitter is further configured to apply
more than N codes that are orthogonal to one another to N 1D
transducer arrays which are included in the 2D transducer
array.

19. The 3D ultrasound volume scanning apparatus of claim
17, wherein the transmitter is further configured to apply M
codes that are orthogonal to one another to M 1D transducer
arrays which are included in the 2D transducer array.

20. The 3D ultrasound volume scanning apparatus of claim
17, wherein the transmitter comprises:

an encoder which is configured to apply at least two trans-
mission delay patterns for delaying the applied at least
two codes to the applied at least two codes; and

a combiner which is configured to combine the applied at
least two codes to which the at least two transmission
delay patterns have been applied and a result of the
combining to the at least one 1D transducer array.
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21. The 3D ultrasound volume scanning apparatus of claim
20, wherein the encoder is further configured to apply differ-
ent transmission delays respectively to each of the applied at
least two codes such that ultrasound waves from the at least
one 1D transducer array are focused on at least two planes.

22. The 3D ultrasound volume scanning apparatus of claim
20, wherein the encoder is further configured to apply differ-
ent transmission delays respectively to each of the applied at
least two codes such that an ultrasound beam which is focused
on the target object by the 1D transducer array has at least two
focal distances in the axial direction.

23. The 3D ultrasound volume scanning apparatus of claim
20, wherein the transmitter is further configured to apply a
first code to a first 1D transducer array which is included in
the 2D transducer array, wherein transducer elements which
are included the first 1D transducer array are arranged in a
first direction, and wherein the transmitter is further config-
ured to apply a second code to a second 1D transducer array
which is included in the 2D transducer array, wherein trans-
ducer elements which are included in the first 1D transducer
array are arranged in a second direction.

24. The 3D ultrasound volume scanning apparatus of claim
23, wherein the first direction intersects with the second
direction.

25. The 3D ultrasound volume scanning apparatus of claim
23, wherein the receiver is further configured to obtain a
signal which corresponds to the applied first code from a
signal which is reflected by the target object and is received by
the second 1D transducer array, and wherein the receiver is
further configured to obtain a signal which corresponds to the
applied second code from a signal which is reflected by the
target object and is received by the first 1D transducer array.

26. The 3D ultrasound volume scanning apparatus of claim
17, wherein the receiver is further configured to obtain a
signal which corresponds to a predetermined code from
among the applied at least two codes by calculating a corre-
lation between the predetermined code and the signals which
are reflected by the target object.
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27. The 3D ultrasound volume scanning apparatus of claim
17, wherein the receiver comprises:

a reception beam former which is configured to apply at
least one reception delay pattern to electric signals
which correspond to ultrasound signals which are
respectively received by each of the plurality of trans-
ducer elements and to combine the electric signals to
which the at least one reception delay pattern is applied;
and

a decoder which is configured to calculate signals which
respectively correspond to the applied at least two codes
from the combined electric signals.

28. The 3D ultrasound volume scanning apparatus of claim
27, wherein the reception beam former is further configured
to delay the electric signals by using at least two reception
delay patterns such that the signals which are reflected by the
target object and received by the plurality of transducer ele-
ments form at least two reception beam planes with respect to
the target object.

29. The 3D ultrasound volume scanning apparatus of claim
27, wherein the reception beam former is further configured
to delay the electric signals by using at least two reception
delay patterns such that the signals which are reflected by the
target object and received by the plurality of transducer ele-
ments have at least two focal distances.

30. The 3D ultrasound volume scanning apparatus of claim
27, wherein the reception beam former is configured to com-
bine electric signals to which a same reception delay pattern
is applied.

31. The 3D ultrasound volume scanning apparatus of claim
17, wherein the image processor is further configured to
generate the image data by combining intensities of the
obtained signals.

32. A non-transitory computer readable storage medium
having stored thereon a computer program, which when
executed by a computer, implements the method of any of
claim 1.
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