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BEAMFORMING METHOD AND
APPARATUS USING UNFOCUSED
ULTRASONIC WAVES

TECHNICAL FIELD

[0001] The present disclosure relates to a method and an
apparatus for performing a beamforming by using unfocused
ultrasounds.

BACKGROUND

[0002] The statements in this section merely provide back-
ground information related to the present disclosure and do
not necessarily constitute prior art.

[0003] An ultrasound system transmits an ultrasound to a
subject by using a probe, receives a reflected signal from the
subject, and generates an ultrasound image by converting
the reflected signal into an electrical signal. The ultrasound
system has noninvasive and nondestructive property, and
hence it is widely used in a medical field for obtaining
biometric data. Configured to provide an image of an
internal tissue of a body in real time instead of a surgery for
incising and observing the body, the ultrasound system is
generally used in the medical field.

[0004] Inrecentyears, an image processing technology for
achieving high-speed image processing has become influ-
ential, in which a plane wave is transmitted to a subject, a
reflected signal corresponding to the plane wave is received
from the subject, and an image frame is processed at high
speed based on the reflected signal. Utilizing the plane wave
for the high-speed image processing, however, has an issue
of increasing the frame rate of an ultrasound image gener-
ated thereby while degrading the image quality more or less
than when a focused ultrasound is used.

DISCLOSURE

Technical Problem

[0005] It is an object of some embodiments of the present
disclosure to provide a method and an apparatus for pet-
forming a beamforming, when processing an ultrasound
image obtained by transmitting unfocused ultrasounds to a
field-of-view and receiving reflection signals from the field-
of-view, which include calculating transmission delay times
taken by ultrasounds transmitted by transmit elements of a
transducer to arrive at a receive focusing point, calculating
reception delay times taken by reflection ultrasound signals
reflected at the receive focusing point to arrive at receive
elements of the transducer, and applying the calculations of
the transmission delay times and the reception delay times to
reception signals at the receive elements.

SUMMARY

[0006] According to some embodiments of the present
disclosure, a method for performing a beamforming by an
ultrasound medical apparatus includes transmitting, by a
transducer, an unfocused ultrasound to a field-of-view, cal-
culating a transmission delay time of a transmission path
through which an ultrasound is transmitted by one of a
plurality of transmit elements of the transducer and arrives
at a receive focusing point and calculating reception delay
times of reception paths through which the ultrasound
reflected at the receive focusing point arrives at a plurality
of receive elements, respectively, generating a plurality of
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delay signals for respective reception signals of the receive
elements by applying the calculating of the transmission
delay time and the reception delay times to remaining
transmit elements of the plurality of transmit elements, and
performing the beamforming by summing the plurality of
delay signals.

[0007] According to some embodiments of the present
disclosure, an ultrasound medical apparatus includes a trans-
ducer and a beamformer. The transducer is configured to
transmit unfocused ultrasounds to a field-of-view. And the
beamformer is configured to calculate a transmission delay
time of a transmission path through which an ultrasound is
transmitted by one of a plurality of transmit elements of the
transducer and arrives at a receive focusing point and
calculate reception delay times of reception paths through
which the ultrasound reflected at the receive focusing point
arrives at a plurality of receive elements, respectively, to
generate a plurality of delay signals for respective reception
signals of the receive elements by applying calculations of
the transmission delay time and the reception delay times to
remaining transmit elements of the plurality of transmit
elements, respectively, and to perform a beamforming by
summing the plurality of delay signals.

Advantageous Effects

[0008] As described above, according to some embodi-
ments of the present disclosure, when processing an ultra-
sound image obtained by transmitting an unfocused ultra-
sound to a field-of-view and receiving a reflected signal
from the field-of-view, a signal can be delayed by applying
a transmission delay time required for an ultrasound trans-
mitted by a transmit element of a transducer to arrive at a
receive focusing point and a reception delay time for the
reflected signal reflected at the receive focusing point to
arrive at a receive element of the transducer on a signal
received by the receive element.

[0009] Further, according to some embodiments of the
present disclosure, when processing an ultrasound image
obtained by transmitting an unfocused ultrasound to a field-
of-view and receiving a reflected signal from the field-of-
view, the ultrasound image can be generated considering
time delays of transmission and reception paths of all
reflected signals corresponding to an ultrasound transmitted
by at least one transmit element of the transducer. Moreover,
according to some embodiments of the present disclosure, as
the ultrasound image is generated considering all the
reflected signals, signal-to-noise ratio, contrast, and resolu-
tion can be improved compared to an ultrasound image
generated by a typical plane wave.

[0010] Further, according to some embodiments of the
present disclosure, as the image processing can be per-
formed with a single frame, the frame rate of the ultrasound
image is not degraded, and no moving artifact is caused by
a movement of the subject. Moreover, as there is no artifact
caused by a movement of the subject, the embodiments of
the present disclosure can be applied to various image
modes including a color flow mode and a Doppler mode. In
addition, when storing raw data on which no beamforming
is performed in a storage unit, a size of the stored data can
be reduced.

BRIEF DESCRIPTION OF DRAWINGS

[0011] FIG. 1 is a block diagram of an ultrasound medical
apparatus according to some embodiments of the present
disclosure.
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[0012] FIG. 2 is a schematic diagram for illustrating a
dynamic focusing according to some embodiments of the
present disclosure.

[0013] FIGS. 3A and 3B are schematic diagrams for
illustrating a receive dynamic focusing and a transmit and
receive dynamic focusing according to some embodiments
of the present disclosure.

[0014] FIGS. 4A and 4B are schematic diagrams for
illustrating a beamforming process according to some
embodiments of the present disclosure.

[0015] FIGS. 5A to 5D are schematic diagrams for illus-
trating a beamforming in a process of receiving a reflected
signal according to some embodiments of the present dis-
closure.

[0016] FIG. 6 is a flowchart of a process procedure for a
method for performing a beamforming by using an unfo-
cused ultrasound according to some embodiments of the
present disclosure.

[0017] FIG. 7 is a schematic diagram for illustrating
various beamforming processes according to some embodi-
ments of the present disclosure.

DETAILED DESCRIPTION

[0018] Exemplary embodiments of the present disclosure
are described in detail below with reference to the accom-
panying drawings.

[0019] An ultrasound medical apparatus 100 has a trans-
ducer 110 including a plurality of elements, of which an
element that transmits an unfocused ultrasound to a field-
of-view (FOV) is referred to as a “transmit element”. An
element that receives a reflected signal from a receive
focusing point in the field-of-view, among the elements of
the transducer 110, is referred to as a “receive element”. A
path through which the unfocused ultrasound is transmitted
from the transmit element to the receive focusing point in the
field-of-view is defined as a “transmission path”, and a path
through which the reflected signal travels from the receive
focusing point in the field-of-view to the receive element is
referred to as a “reception path”. The receive focusing point
can be selected by a user instruction, and the number of
transmit elements is not necessarily the same as that of
receive elements.

[0020] FIG. 1 is a block diagram of'the ultrasound medical
apparatus 100 according to some embodiments of the pres-
ent disclosure.

[0021] The ultrasound medical apparatus 100 according to
some embodiments of the present disclosure performs a
beamforming based on software, and includes the transducer
110, a front-end processing unit 120 and a host device 130.
The constituent elements of the ultrasound medical appara-
tus 100 are not limited to the above-mentioned elements.
[0022] The front-end processing unit 120 includes a trans-
mission and reception unit 122 and an analog-to-digital
converter 124. The host device 130 includes a beamformer
132, a signal processing unit 134 and a scan converting unit
136. The host device 130 performs a software-based parallel
processing for achieving high-speed image processing, and
its architecture includes a multicore central processing unit
(CPU) and a graphic processing unit (GPU) performing a
parallel processing in a plurality (e.g., several thousands) of
processors in a simultaneous manner.

[0023] The front-end processing unit 120 and the host
device 130 can be connected to each other with a full parallel
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path to perform the software-based high-speed image pro-
cessing by using, e.g., a peripheral component interconnect
(PCT) Express interface.

[0024] As the ultrasound medical apparatus 100 according
to some embodiments of the present disclosure performs the
software-based high-speed image processing, the full paral-
lel path connection structure between the front-end process-
ing unit 120 and the host device 130 facilitates the process-
ing of the ultrasound image at high speed. When a user
desires to view the ultrasound image processed at high speed
depending on a type of the subject in the field-of-view or
serving the purpose of diagnosis, the ultrasound medical
apparatus 100 can provide the ultrasound image generated
based on the unfocused vltrasound in a short time.

[0025] After transmitting the unfocused ultrasound to the
field-of-view, the transducer 110 receives a reflected signal
from the receive focusing point corresponding to the unfo-
cused ultrasound. The unfocused ultrasound includes at least
one of a plane wave or a wide beam. The reflected signal
corresponding to the plane wave can be processed with the
software-based high-speed image processing. The trans-
ducer 110 can transmit unfocused ultrasounds having dif-
ferent frequencies to the field-of-view under a control of the
beamformer 132 (or a separate control unit). In some
embodiments, the transducer 110 is implemented as a trans-
ducer array, and is configured to transmit the unfocused
ultrasound to the field-of-view by using a transducer element
in the transducer array and to receive the reflected signal
reflected at the field-of-view. Further, the transducer 110 is
configured to transmit a focused ultrasound to a focusing
area under a control of the transmission and reception unit
122, and to receive a reflected signal from the focusing area
corresponding to the focused ultrasound.

[0026] A configuration of the front-end processing unit
120 is described below.

[0027] The transmission and reception unit 122 applies a
voltage pulse to the transducer 110 to allow each transducer
element of the transducer 110 to output a focused ultrasound
or an unfocused ultrasound. The transmission and reception
unit 122 performs a function of switching between trans-
mission and reception to allow the transducer 110 to perform
the transmission and the reception in an alternate manner.
The analog-to-digital converter 124 converts the analog
reflected signal received from the transmission and reception
unit 122 into a digital signal, and sends the digital signal to
the beamformer 132.

[0028] A configuration of the host device 130 is described
below.
[0029] The beamformer 132 generates a delay time

required to transmit the unfocused ultrasound to the field-
of-view when processing an ultrasound image by using the
unfocused ultrasound. In other words, the beamformer 132
applies the same delay time (e.g., zero) to each of the
elements to allow the unfocused ultrasound to be transmitted
to the front, or applies a predetermined delay time to each of
the elements to allow the unfocused ultrasound to be trans-
mitted in a direction other than the front.

[0030] The beamformer 132 provides a time delay for
focusing the reflected signal received from the transducer
110, and adjusts a dynamic focusing of the reflected signal.
The beamformer 132 generates a receive focusing signal by
summing electrical digital signals outputted from the ana-
log-to-digital converter 124 to form a beam. The beam-
former 132 combines the digitalized signals into a single
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signal. At this time, reflected signals having the same phase
are combined at the beamformer 132, applied with various
signal processing schemes by the signal processing unit 134,
and then outputted to a display unit via the scan converting
unit 136. The beamformer 132 performs the dynamic focus-
ing by applying different amounts of delay (determined
based on a receive focusing position) to the signals received
from the analog-to-digital converter 124 and combining
delayed signals. For example, the beamformer 132 combines
the reflected signals received from the transducer elements
into a single signal for a subsequent signal processing. The
beamformer 132 generates a combined signal that is
obtained by combining the reflected signals received from
all the transmit elements in order to make a single reflected
signal for each receive focusing point in the field-of-view.
The combined signal generated in the above manner is sent
to the signal processing unit 134 by the beamformer 132,
and is eventually sent to the display unit that changes the
combined signal to a digital format to store image data.

[0031] An operation of the beamformer 132 is described
below.
[0032] The beamformer 132 generates delay signals for

delaying signals by applying a transmission delay time T,
and a reception delay time T, to signals received by
receive elements Rx, (where i=1 to N, N being an integer
equal to or larger than 2). Here, the transmission delay time
Tj( 18 the time required for ultrasounds transmitted from a
plurality of transmit elements Tx; (where j=1 to M, and M is
an integer equal to or larger than 2) selected from the
transmit elements of the transducer 110 to arrive at the
receive focusing point in the field-of-view, and the reception
delay time T, is the time required for signals from the
receive focusing point to arrive at the receive elements (Rx).
The beamformer 132 performs the beamforming based on
NxM delay signals generated from the above-mentioned
operation of generating the delay signals. The beamformer
132 performs the beamforming by generating the NxM
delay signals by performing the above-mentioned process of
generating the delay signals for each of the M transmit
elements and the N receive elements.

[0033] In some embodiments, the plurality of transmit
elements refers to such transducer elements selectively
determined as having transmitted the unfocused ultrasounds
that are estimated to have arrived at the receive focusing
point, and the plurality of transmit elements determined may
change according to the receive focusing point.

[0034] For example, the plurality of transmit elements
selected from the transmit elements of the transducer 110 is
determined based on a focal depth of the receive focusing
point. Typically, when determining the number of transmit
elements at the time of transmitting an ultrasound, the
number of transmit elements is adjusted based on a user
instruction (focal depth and F number, i.e. ratio of aperture
size depending on depth) inputted from the user input unit.
However, in some embodiments, the beamformer 132 selec-
tively determines a plurality of transmit elements which had
transmitted unfocused ultrasounds that are estimated to have
arrived at the receive focusing point based on the focal depth
of the receive focusing point and the F number according to
the determined position of the receive focusing point in the
field-of-view. Although the beamformer 132 is described as
having a function of determining the number of the plurality
of transmit elements to be selected from the transmit ele-
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ments of the transducer 110, this function can also be
achieved by providing a separate control unit.

[0035] The number of the plurality of transmit elements
selected from the transmit elements of the transducer 110
increases in proportion to the focal depth of the receive
focusing point. In some embodiments, the receive focusing
point is a position selected in a region-of-interest (POI).
When the image is in a multi-gate Doppler mode, the receive
focusing point may be a gate position.

[0036] A transmit apodization can be achieved in the
process of performing the beamforming. The beamformer
132 determines a first weight (W) based on the receive
focusing point and positions of the plurality of transmit
elements (Tx)) selected from the transmit elements of the
transducer 110. The beamformer 132 generates weighted
delay signals by applying the first weight (W, ) to the delay
signals on which the transmission delay time T, has been
applied. The beamformer 132 performs the beamforming by
weighted summing NxM weighted delay signals generated
by the process of generating the weighted delay signals.
[0037] Further, a receive apodization can be achieved in
the process of performing the beamforming. In its process of
applying a receive weight, the beamformer 132 determines
a second weight (W,,) based on the receive focusing point
and positions of the receive elements (Rx;). The beamformer
132 generates weighted delay signals by applying the second
weight (W,)) to the delay signals on which the reception
delay time T, has been applied. The beamformer 132
performs the beamforming by weighted summing NxM
weighted delay signals generated by the process of gener-
ating the weighted delay signals.

[0038] Moreover, both the transmit apodization and the
receive apodization can be achieved in the process of
performing the beamforming. The beamformer 132 deter-
mines a first weight (W, ) based on the receive focusing
point and positions of the plurality of transmit elements
(Tx,) selected from the transmit elements of the transducer
110. The beamformer 132 determines a second weight (W)
based on the receive focusing point and positions of the
receive elements (Rx,). The beamformer 132 generates
weighted delay signals by applying the first weight (W)
and the second weight (W,)) to the delay signals on which
the transmission delay time v, and the reception delay
time Ty have been applied. The beamformer 132 performs
the beamforming by weighted summing NxM weighted
delay signals generated by the process of generating the
weighted delay signals.

[0039] The above-mentioned unfocused ultrasound beam-
forming process can also be performed in an image recon-
struction mode for reconstructing an image by using pre-
stored data, such as a cine mode and a virtual rescan mode.
More specifically, the beamformer 132 operates to store a
reflected signal (data) reflected at the receive focusing point
corresponding to the unfocused ultrasound in a separate
storage unit. Thereafter, when an image reconstruction mode
is selected by the user instruction, the beamformer 132
performs the above-mentioned processes of generating the
delay signal and performing the beamforming by using the
reflected signal corresponding to the unfocused ultrasound
stored in the storage unit. For example, the beamformer 132
stores the reflected signal (data) reflected at the receive
focusing point corresponding to the unfocused ultrasound in
a separate storage unit, and when reconstructing an image in
an image mode such as the cine mode or the virtual rescan
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mode, performs the above-mentioned processes of generat-
ing the above-mentioned delay signal and performing the
beamforming by using the previously stored data.

[0040] An operation of the beamformer 132 according to
some embodiments of the present disclosure is described
below.

[0041] The beamformer 132 calculates a transmission
delay time caused by a transmission path through which an
ultrasound transmitted from any one transmit element
among the transmit elements of the transducer 110 arrives at
the receive focusing point, and calculates a reception delay
time caused by a reception path through which the reflected
signal reflected at the receive focusing point arrives at each
of the receive elements. The beamformer 132 generates a
plurality of delay signals for the respective reception signals
of the receive elements by applying the process of calculat-
ing the transmission delay time and the reception delay time
to the rest of the transmit elements, and performs the
beamforming by summing the generated plurality of delay
signals. In some embodiments, the beamformer 132 does not
impose upon all the respective transmit elements the beam-
forming performed by applying the delay times T depending
on the transmission and reception paths to the respective
receive elements’ receive signals but impose such beam-
forming upon some of all of the transmit elements.

[0042] Depending on the depth of the receive focusing
point in the field-of-view, the beamformer 132 performs the
beamforming by applying a transmission weight corre-
sponding to the transmission path and applying a reception
weight corresponding to the reception path.

[0043] In response to the ultrasound transmitted by every
single element among a plurality of selected transmit ele-
ments from the elements of the transducer 110, the beam-
former 132 generates reflection signals reflecting at a receive
focusing point with concurrently defined time delays
applied, and then combines the generated reflection signals
into a combined signal. The beamformer 132 then combines
a set of combined signals corresponding respectively to the
selected transmit elements of the transducer 110 with the
concurrently defined time delays applied, in order to gen-
erate a reception signal.

[0044] The beamformer 132 performs the beamforming
by summing a transmission time delay T, and a reception
time delay 7,,,;, wherein the transmission time delay 7, is
the time for a J-th unfocused ultrasound transmitted from a
J-th element among the selected transmit elements of the
transducer 110 to arrive at the receive focusing point, and the
reception time delay 7, is the time for a j-th reflected
signal corresponding to the j-th unfocused ultrasound to
arrive at an i-th element. In the beamforming operation, the
beamformer 132 applies a transmission weight to a trans-
mission path through which the j-th ultrasound arrives at the
receive focusing point depending on the depth of the receive
focusing point in the field-of-view, and it applies a reception
weight to a reception path through which the j-th reflected
signal arrives at the i-th element among the receive ele-
ments. The beamformer 132 performs the beamforming on
frequency compound frame data when it is generated.
[0045] The beamformer 132 allows the frame data to be
generated based on the reception signal generated by per-
forming the beamforming for each of the elements selected
from the transmit elements of the transducer 110. The
beamformer 132 generates at least one frame data based on
reflected signals corresponding to unfocused ultrasounds
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having different frequencies from each other before per-
forming the beamforming, and generates the frequency
compound frame data by frequency compounding at least
one frame data.

[0046] The signal processing unit 134 obtains data for a
single scanline by converting the reflected signal of a
reception scanline focused by the beamformer 132 into a
baseband signal and detecting an envelope by using a
quadrature demodulator. The signal processing unit 134
processes the data generated by the beamformer 132 as
digital signals.

[0047] The scan converting unit 136 records the data
obtained by the signal processing unit 134 in a memory,
aligns a scan direction of the data with a pixel direction of
a display unit (e.g., a monitor), and maps the relevant data
to pixel positions of the display unit. The scan converting
unit 136 converts a format of the ultrasound image data into
a data format used in the display unit in a scanline display
format.

[0048] In some embodiments, the ultrasound medical
apparatus 100 further includes a user input unit that receives
an instruction from an operation or an input of a user. In
some embodiments, the user instruction includes a setting
instruction for controlling the ultrasound medical apparatus
100. In some embodiments, the ultrasound medical appara-
tus 100 further includes a storage unit that stores therein a
reflected signal (a pre-receive-beamforming signal) having
passed through the analog-to-digital converter 124 or a
reflected signal on which the receive beamforming is per-
formed (a post-receive-beamforming signal).

[0049] FIG. 2 is a schematic diagram for illustrating a
dynamic focusing according to some embodiments of the
present disclosure.

[0050] A dynamic receive focus is described with refer-
ence to FIG. 2. When the transducer 110 of the ultrasound
medical apparatus 100 is a transducer array, the beamformer
132 focuses the reflected signal received from the receive
focusing position in the field-of-view. After transmitting the
ultrasound, the ultrasound medical apparatus 100 receives
the reflected signal from the receive focusing point in the
field-of-view by using a group of oscillators (receive ele-
ments) of the transducer 110. The reflected signals are
amplified as they reach the group of oscillators (receive
elements), and they are combined at the beamformer 132
that generates a single signal from each receive focusing
point. However, in this case, a slight compensation for a time
difference is needed due to a difference in a distance (e.g., as
shown in FIG. 2) through which a return pulse travels before
the reflected signals are combined. If the reflected signals
reflected at the receive focusing point in the field-of-view
were directly combined without being temporally tuned, the
signals are partially canceled out. For example, a positive
duration of a signal from an oscillator (any one element
among the receive elements) occurs at a time during which
a signal from another oscillator (another element among the
receive elements) is negative, these two signals are canceled
out when being combined.

[0051] Compensating for the time difference can be
achieved by applying a delay signal that is set based on the
depth of the receive focusing point in the field-of-view. FIG.
2 shows the reflected signals tuned to be in-phase after they
underwent the time delay process. The required time delay
depends on the depth of the receive focusing point.
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[0052] Unlike a transmission from an array-type oscillator
of the transducer 110, the reflected signals during the recep-
tion undergo a dynamic focusing. When an acoustic pulse is
transmitted, a focal length of the reception at the array-type
oscillator is determined in a cursory manner at first. As the
transmission pulse increases and depending on time after the
reflected signal returns from the receive focusing point
deeper inside the field-of-view, the receive focus automati-
cally shifts by following or tracking a position where an
acoustic pulse hits the receive focusing point deep inside the
field-of-view. The tracking for achieving the dynamic
receive focus is a rapid progress performed at all positions
being within a time limit required for the reflected signal to
return from all depths. Using the dynamic focus enables a
single oscillator transducer to expand the depth of focus
much more than using a single focal length in an array. A
transmission focal length can be selected by the user in a
transducer array. The dynamic receive focus can be applied
to all depths of the receive focusing point in the field-of-
view.

[0053] FIGS. 3A and 3B are schematic diagrams for
illustrating a receive dynamic focusing and a transmit and
receive dynamic focusing according to some embodiments
of the present disclosure.

[0054] A receive dynamic focusing by using an unfocused
ultrasound is described below with reference to FIG. 3A. In
FIG. 3A, with respect to a single element 310 among a
plurality of selected transmit elements 310, 320, 330 from
the elements of the transducer 110, the ultrasound medical
apparatus 100 performs a beamforming taking account of
time delays corresponding to the paths through which an
ultrasound is transmitted from the element 310, reflected at
a receive focusing point (x, z) in the field-of-view and
arrives at respective receive elements 310, 320 and 330, by
applying the time delays to reception signals at the respec-
tive receive elements.

[0055] In FIG. 3A, a time required for the ultrasound
transmitted from the element 310 among the plurality of the
selected transmit elements of the transducer 110 to reach the
receive focusing point (%, z) in the field-of-view is defined
as a transmission delay time Td. A time delay caused by a
path through which the ultrasound is reflected at the receive
focusing point (x, z) and arrives at the element 310 among
the receive elements is defined as T, ., a time delay caused
by a path through which the ultrasound is reflected at the
receive focusing point (x, z) and arrives at the element 320
among the receive elements is defined as <), and a time
delay caused by a path through which the ultrasound is
reflected at the receive focusing point (X, z) and arrives at the
element 330 among the receive elements is defined as v, ...

[0056] A delay time for the element 310 among the receive
elements of the transducer 110 is equal t0 T(,,+T (), a time
delay for the element 320 among the receive elements of the
transducer 110 is equal t0 T,y +Ty,.,- When the element 330
among the receive elements of the transducer 110 is an i-th
element, a delay time for the i-th element 330 is equal to
Ty FTigr> @0d @ beamforming signal is defined by Equation

Ryt (VT Equation 1

[0057] where R, is a signal received by i-th element 330,
T () 18 @ time required for the ultrasound transmitted from the
element 310 to arrive at the receive focusing point, and ;.
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is a time required for the reflected signal to arrive at the i-th
element 330 from the receive focusing point.

[0058] When using Equation 1, the ultrasound medical
apparatus 100 according to some embodiments of the pres-
ent disclosure can apply a receive weight for the i-th element
330 as Equation 2.

Z WiRi(t = (Tix) + Tirm) Equation 2

[0059] where W, is a receive weight for the i-th element
330, R, is a signal received by the i-th element 330, 7, is
a time required for the ultrasound transmitted from the
element 310 to arrive at the receive focusing point, and ;.
is a time required for the reflected signal to arrive at the i-th
element 330 from the receive focusing point.

[0060] A transmission and reception dynamic focusing by
using an unfocused ultrasound is described below with
reference to FIG. 3B. In FIG. 3B, with respect to a plurality
of elements 310 and 312 selected from the elements 310,
320, 330 in the transducer 110, the ultrasound medical
apparatus 100 performs a beamforming taking account of
time delays corresponding to the paths through which an
ultrasound is transmitted from the plurality of selected
elements 310 and 312, reflected at a receive focusing point
(X, z) in the field-of-view and arrives at the respective
receive elements 310, 320 and 330, by applying the time
delays to reception signals at the respective receive ele-
ments.

[0061] In FIG. 3B, a time, which is required for the
ultrasound transmitted from the element 310 among the
plurality of elements selected from the transmit elements of
the transducer 110 to arrive at the receive focusing point (x,
7) in the field-of-view, is defined as a transmission delay
time T, (,,), and a time, which is required for the ultrasound
transmitted from the element 312 among the selected trans-
mit elements of the transducer 110 to arrive at the receive
focusing point (x, z) in the field-of-view, is defined as a
transmission delay time T,

[0062] A time delay, which is caused by a path through
which the ultrasound is reflected at the receive focusing
point (x, z) and arrives at the element 310 among the receive
elements, is defined as T, .. A time delay, which is caused
by a path through which the ultrasound is reflected at the
receive focusing point (%, z) and arrives at an element 320
among the receive elements, is defined as T,,,,. And a time
delay, which is caused by a path through which the ultra-
sound is reflected at the receive focusing point (x, z) and
arrives at an element 330 among the receive elements, is
defined as T,

[0063] A delay time for the reflected signal corresponding
to the ultrasound transmitted from the element 310 is equal
10 T (4)+T1 (g @t the element 310, and a delay time for the
reflected signal corresponding to the ultrasound transmitted
from the element 312 is equal {0 T;q+T) (e

[0064] At the element 320 among the receive elements of
the transducer 110, a delay time for the reflected signal
corresponding to the ultrasound transmitted from the trans-
mit element 310 is equal to T, +Ts,., and a delay time for
the reflected signal corresponding to the ultrasound trans-
mitted from the transmit element 312 is equal {0 T;)+Ta(,m.
[0065] At the element 330 among the receive elements of
the transducer 110, a delay time for the reflected signal
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corresponding to the ultrasound transmitted from the trans-
mit element 310 is equal to T,y +T, (), and a delay time for
the reflected signal corresponding to the ultrasound trans-
mitted from the transmit element 312 is equal {0 T, +T;,..)

with the resultant beamforming signal defined as Equation 3.

Ri(- (Tj(a)”i(rx))) Equation 3

[0066] where R, is a signal received by the i-th element
330, 7, is a time required for the ultrasound transmitted
from the j-th element 312 to arrive at the receive focusing
point, and T, is a time required for the reflected signal to
arrive at the i-th element 330 from the receive focusing
point.

[0067] When using Equation 3, the ultrasound medical
apparatus 100 according to some embodiments of the pres-
ent disclosure can apply transmission and reception weights
as Equation 4.

Z Z Wi Ri(z = (T jen + i) Equation 4

i

[0068] where W, is a transmission weight for the ultra-
sound transmitted from the j-th element 312 and a reception
weight for the i-th element 330, R, is a signal received by the
i-th element 330, T, is a time required for the ultrasound
transmitted from the j-th element 312 to arrive at the receive
focusing point, and T, is a time required for the reflected
signal to arrive at the i-th element 330 from the receive
focusing point.

[0069] FIGS. 4A and 4B are schematic diagrams for
illustrating a beamforming process according to some
embodiments of the present disclosure.

[0070] A beamforming at the time of transmitting an
ultrasound at the element 310 according to some embodi-
ments of the present disclosure is described with reference
to FIG. 4A.

[0071] For respective ones of a plurality of selected trans-
mit elements from the elements of the transducer 110, the
ultrasound medical apparatus 100 performs the beamform-
ing taking account of time delays corresponding to trans-
mission and reception paths through which an ultrasound is
transmitted from the single element 310, reflected at a
receive focusing point (X, z) in the field-of-view and arrives
at respective receive elements 310, 314, 316, 320 and 330,
by applying the time delays to reception signals at the
respective receive elements.

[0072] In FIG. 4A, a time required for the ultrasound
transmitted from the element 310 among the selected trans-
mit elements of the transducer 110 to arrive at the receive
focusing point (x, z) in the field-of-view is defined as a
transmission delay time T, ¢.

[0073] Further, a time delay caused by a path through
which the ultrasound transmitted from the element 310 is
reflected at the receive focusing point (x, z) and arrives at the
element 316 among the receive elements is defined as T, .,
a time delay caused by a path through which the ultrasound
is reflected at the receive focusing point (x, z) and arrives at
the element 314 among the receive elements is defined as
Ty @ time delay caused by a path through which the
ultrasound is reflected at the receive focusing point (x, z) and
arrives at the element 310 among the receive elements is
defined as T,,,, a time delay caused by a path through
which the ultrasound is reflected at the receive focusing
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point (x, z) and arrives at the element 320 among the receive
elements is defined as ,(,,), and a time delay caused by a
path through which the ultrasound is reflected at the receive
focusing point (x, z) and arrives at the element 330 among
the receive elements is defined as T,,.,.

[0074] A delay time for the element 316 among the receive
elements of the transducer 110 is equal to T,,)+7d, and a time
delay for the element 314 among the receive elements of the
transducer 110 is equal to T +T,,,,- A time delay for the
element 310 among the receive elements of the transducer
110 is equal 0 T, #+Ts,,.,, a time delay for the element 320
among the receive elements of the transducer 110 is equal to
T(pyFlagm - Durther, when the element 330 among the receive
elements of the transducer 110 is an i-th element, a time
delay for the element 330 is equal t© T(p*+T;,)-

[0075] Thereafter, in response to the ultrasound transmit-
ted by the single element 310 among a plurality of selected
transmit elements from the elements of the transducer 110,
the ultrasound medical apparatus 100 generates reception
signals with time delays applied, which are defined concur-
rently corresponding to the paths through which the trans-
mitted ultrasound is reflected at a receive focusing point (x,
7) and arrives at the receive elements 310, 314, 316, 320,
330, and then combines the generated reception signals into
a first combined signal.

[0076] A beamforming at the time of transmitting an
ultrasound at the element 316 according to some embodi-
ments of the present disclosure is described below.

[0077] For the respective ones of the plurality of selected
transmit elements from the elements of the transducer 110,
the ultrasound medical apparatus 100 performs the beam-
forming taking account of time delays corresponding to the
paths through which an ultrasound is transmitted from the
single element 316, reflected at the receive focusing point (x,
z) in the field-of-view and arrives at respective receive
elements 310, 314, 316, 320 and 330, by applying the time
delays to reception signals at the respective receive ele-
ments.

[0078] In FIG. 4A, a time required for the ultrasound
transmitted from the element 316 among the selected trans-
mit elements of the transducer 110 to arrive at the receive
focusing point (x, z) in the field-of-view is defined as a
transmission delay time ..

[0079] Further, a time delay caused by a path through
which the ultrasound transmitted from the element 316 is
reflected at the receive focusing point (x, z) and arrives at the
element 316 among the receive elements is defined as T, ,.,),
a time delay caused by a path through which the ultrasound
is reflected at the receive focusing point (x, z) and arrives at
the element (314) among the receive elements is defined as
Ty, @ time delay caused by a path through which the
ultrasound is reflected at the receive focusing point (x, z) and
arrives at the element 310 among the receive elements is
defined as 7,,,, a time delay caused by a path through
which the ultrasound is reflected at the receive focusing
point (x, z) and arrives at the element 320 among the receive
elements is defined as ., and a time delay caused by a
path through which the ultrasound is reflected at the receive
focusing point (x, z) and arrives at the element 330 among
the receive elements is defined as T,,.
[0080] A delay time for the element 316 among the receive
elements of the transducer 110 is equal {0 T, #T, .y, and a
delay time for the element 314 among the receive elements
of the transducer 110 is equal {0 T; . +T,(y. A delay time for
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the element 310 among the receive elements of the trans-
ducer 110 is equal t0 T;(,\+T5(,), and a time delay for the
element 320 among the receive elements of the transducer
110 is equal t0 T, +T,,,- When the element 330 among the
receive elements of the transducer 110 is an i-th element, a
delay time for the element 330 is equal 10 T, 4T, ..
[0081] Thereafter, in response to the ultrasound transmit-
ted by the single element 316 among the plurality of selected
transmit elements from the elements of the transducer 110,
the ultrasound medical apparatus 100 generates reception
signals with time delays applied, which are defined concur-
rently corresponding to the paths through which the trans-
mitted ultrasound is reflected at a receive focusing point (X,
z) and arrives at the receive elements 310, 314, 316, 320,
330, and then combines the generated reception signals into
a second combined signal.

[0082] The following describes a generation of a reception
signal at the time of transmitting an ultrasound at the
elements 310 and 316 according to some embodiments of
the present disclosure with reference to FIG. 4A.

[0083] Theultrasound medical apparatus 100 concurrently
combines the combined signal resulting from the ultrasound
transmitted by the single element 310 among the plurality of
selected transmit elements from the elements of the trans-
ducer 110 and the reflected ultrasound signals with time
delays applied corresponding to the receive elements 310,
314, 316, 320 and 330 with the combined signal resulting
from the ultrasound transmitted by the single element 316
among the plurality of selected transmit elements of the
transducer 110 and the reflected ultrasound signals corre-
sponding to the receive elements 310, 314, 316, 320 and
330, in order to generate a combined reception signal.
[0084] On the other hand, as shown in FIG. 4B, the
ultrasound medical apparatus 100 may concurrently com-
bine the first combined signal generated in response to the
ultrasound transmitted by the single element 310 among a
plurality of selected transmit elements from the elements of
the transducer 110 by using reception signals with time
delays applied corresponding to the paths through which the
transmitted ultrasound is reflected at a receive focusing point
(%, z) and arrives at the receive elements 310, 314, 316, 320,
330 with the second combined signal generated in response
to the ultrasound transmitted by the single element 316
among the plurality of selected transmit elements of the
transducer 110 by using reception signals with time delays
applied corresponding to the paths through which the trans-
mitted ultrasound is reflected at a receive focusing point (X,
z) and arrives at the receive elements 310, 314, 316, 320,
330, so as to generate a third combined signal.

[0085] FIGS. SA to 5D are schematic diagrams for illus-
trating a beamforming in a process of receiving a reflected
signal according to some embodiments of the present dis-
closure.

[0086] In FIGS. 5A to 5D, the ultrasound medical appa-
ratus 100 designates the plurality of transmit elements
selected from the elements (all transmit elements) of the
transducer 110 as, for example, 1st to j-th elements, and sets
the receive elements to 1st to i-th elements.

[0087] As shown in FIG. 5A, for respective ones of a
plurality of selected transmit elements (1st to j-th elements)
from the elements of the transducer 110, the ultrasound
medical apparatus 100 performs the beamforming taking
account of time delays corresponding to the paths through
which an ultrasound is transmitted from a single element
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among the plurality of selected transmit elements, reflected
at a receive focusing point (x, z) in the field-of-view and
arrives at respective receive elements (1st to j-th elements),
by applying the time delays to reception signals at the
respective receive elements.

[0088] The following describes a process, in which
reflected signals corresponding to the ultrasounds transmit-
ted from the 1st to j-th transmit elements selected from the
elements of the transducer 110 are received with reference to
8th to i-th receive elements among the elements.

[0089] For example, when the 8th receive element among
the receive elements is closest to the receive focusing point
(X, z) in the field-of-view, the 8th receive element among the
receive elements receives a reflected signal 8-1 correspond-
ing to the ultrasound transmitted by the 8th transmit element
among the elements selected from the transmit elements of
the transducer 110, and then the 9th element next to the 8th
element receives a reflected signal 9-1 corresponding to the
ultrasound transmitted from the 8th transmit element among
the elements selected from the transmit elements of the
transducer 110. Thereafter, the 10th element next to the 9th
element among the receive elements receives a reflected
signal 10-1 corresponding to the ultrasound transmitted from
the 8th transmit element among the elements selected from
the transmit elements of the transducer 110, and the i-th
receive element among the receive elements located next to
the 10th element receives a reflected signal i-1 correspond-
ing to the ultrasound transmitted from the 8th transmit
element among the elements selected from the transmit
elements of the transducer 110.

[0090] Further, the 8th receive element among the receive
elements receives a reflected signal 8-2 corresponding to the
9th transmit element among the elements selected from the
transmit elements of the transducer 110, and then the 9th
element next to the 8th receive element among the receive
elements receives a reflected signal 9-2 corresponding to the
ultrasound transmitted from the 9th transmit element among
the elements selected from the transmit elements of the
transducer 110. Thereafter, the 10th element next to the 9th
receive element among the receive elements receives a
reflected signal 10-2 corresponding to the ultrasound trans-
mitted from the 9th transmit element among the elements
selected from the transmit elements of the transducer 110,
and the i-th receive element among the receive elements
located next to the 10th element receives a reflected signal
i-2 corresponding to the ultrasound transmitted from the 9th
transmit element among the elements selected from the
transmit elements of the transducer 110.

[0091] Moreover, the 8th receive element among the
receive elements receives a reflected signal 8-3 correspond-
ing to the 10th transmit element among the elements
selected from the transmit elements of the transducer 110,
and then the 9th element next to the 8th receive element
among the receive elements receives a reflected signal 9-3
corresponding to the ultrasound transmitted from the 10th
transmit element among the elements selected from the
transmit elements of the transducer 110. Thereafter, the 10th
element next to the 9th receive element among the receive
elements receives a reflected signal 10-3 corresponding to
the ultrasound transmitted from the 10th transmit element
among the elements selected from the transmit elements of
the transducer 110, and the i-th element among the receive
elements located next to the 10th element receives a
reflected signal i-3 corresponding to the ultrasound trans-
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mitted from the 10th element among the elements selected
from the transmit elements of the transducer 110.

[0092] Further, the 8th element among the receive ele-
ments receives a reflected signal 8-/ corresponding to the j-th
element among the elements selected from the transmit
elements of the transducer 110, and then the 9th element
next to the 8th element among the receive elements receives
a reflected signal 9-i corresponding to the ultrasound trans-
mitted from the j-th element among the elements selected
from the transmit elements of the transducer 110. Thereafter,
the 10th element next to the 9th element among the receive
elements receives a reflected signal 10-i corresponding to
the ultrasound transmitted from the j-th element among the
elements selected from the transmit elements of the trans-
ducer 110, and the i-th element among the receive elements
located next to the 10th element receives a reflected signal
i-1 corresponding to the ultrasound transmitted from the j-th
element among the elements selected from the transmit
elements of the transducer 110.

[0093] Thereafter, as shown in FIG. 5B, the ultrasound
medical apparatus 100 generates a combined signal for the
8th element among the receive elements by applying a time
delay based on the same time to each of the reflected signals
(8-1, 8-2, 8-3, . . ., 8-i) corresponding to the ultrasounds
transmitted from the 8th to j-th transmit element among the
elements selected from the transmit elements of the trans-
ducer 110. Further, as shown in FIG. 5C, the ultrasound
medical apparatus 100 generates a combined signal for the
9th element, a combined signal for the 10th element, . . .,
and a combined signal for the j-th element by performing the
above-mentioned process for each of the transmit elements
(ninth to j-th elements) selected from the transmit elements
of the transducer 110. Thereafter, as shown in FIG. 5D, the
ultrasound medical apparatus 100 generates a reception
signal by applying a concurrently defined time delay to the
combined signals respectively corresponding to the 8th to
j-th transmit elements among the elements selected from the
transmit elements of the transducer 110 and combining the
combined signals.

[0094] FIG. 6 is a flowchart of a process procedure for a
method for performing a beamforming by using an unfo-
cused ultrasound according to some embodiments of the
present disclosure.

[0095] The ultrasound medical apparatus 100 transmits an
unfocused ultrasound to the field-of-view by using the
transducer (Step S610). Thereafter, the ultrasound medical
apparatus 100 receives reflection signals corresponding to
the unfocused ultrasound from the receive focusing point in
the field-of-view by using the transducer 110.

[0096] For respective ones of a plurality of selected trans-
mit elements from the elements of the transducer 110, the
ultrasound medical apparatus 100 utilizes the beamformer
132 to perform a beamforming taking account of a trans-
mission time delay T corresponding to a transmission path
through which an ultrasound is transmitted from a single
element among the plurality of selected transmit elements
and arrives at a receive focusing point in the field-of-view
and reception time delays T corresponding to reception paths
through which ultrasound reflection signals reflected at the
receive focusing point arrive at respective receive elements,
by applying the transmission and reception time delays to
the ultrasound reflection signals or reception signals at the
respective receive elements (Step S620). In Step S620, the
ultrasound medical apparatus 100 performs the beamform-
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ing with a transmission weight applied corresponding to the
transmission path according to the depth of the receive
focusing point in the field-of-view and a reception weight
applied corresponding to the reception path.

[0097] Theultrasound medical apparatus 100 performs the
beamforming on each of the elements selected from the
transmit elements of the transducer 110 in a parallel manner
(Step S630). In Step S630, the ultrasound medical apparatus
100 generates a combined signal by applying a time delay
based on the same time to a plurality of reflected signals
respectively corresponding to the ultrasounds transmitted
from the elements selected from the transmit elements of the
transducer 110 and combining the reflected signals, and
generates a reception signal by applying a time delay based
on the same time to the combined signals respectively
corresponding to the elements selected from the transmit
elements of the transducer 110 and combining the combined
signals.

[0098] The ultrasound medical apparatus 100 generates
frame data based on the reception signal generated by
performing the beamforming on each of the elements
selected from the transmit elements of the transducer 110
(Step S640). The ultrasound medical apparatus 100 allows
the generated frame data to be displayed on a display unit
(Step S650).

[0099] Although it is described that Steps S610 to S650
are sequentially performed in FIG. 6, the present disclosure
is not limited to this scheme. The steps shown in FIG. 6 can
also be performed by modifying one or more steps or by
performing at a plurality of steps in parallel; and therefore,
performing the steps shown in FIG. 6 is not limited to the
chronological order.

[0100] The method for performing the beamforming by
using an unfocused ultrasound according to some embodi-
ments of the present disclosure shown in FIG. 6 can be
implemented as a program and can be recorded in a com-
puter-readable recording medium. The computer-readable
recording medium that stores therein the program for imple-
menting the method for performing the beamforming by
using the unfocused ultrasound according to some embodi-
ments of the present disclosure includes any type of record-
ing device that stores therein computer-readable data.

[0101] FIG. 7 is a schematic diagram for illustrating
various beamforming processes according to some embodi-
ments of the present disclosure.

[0102] As shown in FIG. 7A, the ultrasound medical
apparatus 100 is configured to partially apply the beamform-
ing according to some embodiments of the present disclo-
sure to a live mode. Further, the ultrasound medical appa-
ratus 100 is configured to partially apply the beamforming
according to some embodiments of the present disclosure to
a Doppler mode. Moreover, the ultrasound medical appara-
tus 100 is configured to partially apply the beamforming
according to some embodiments of the present disclosure to
a cine mode or fully apply the beamforming according to
some embodiments of the present disclosure to the cine
mode by selecting a specific track.

[0103] As shown in FIG. 7B, the ultrasound medical
apparatus 100 is configured to change the number of ele-
ments selected from the transmit elements of the transducer
110 based on the depth of the receive focusing point in the
field-of-view. When the number of elements selected from
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the transmit elements of the transducer 110 is changed, the
number of receive elements of the transducer 110 is changed
accordingly.

[0104] When the ultrasound medical apparatus 100 is
configured to adjust the number of elements selected from
the transmit elements of the transducer 110 based on the
depth (location) of the receive focusing point in the field-
of-view when transmitting the unfocused ultrasound to the
field-of-view. Thereafter, the ultrasound medical apparatus
100 receives a reflected signal reflected at the receive
focusing point. The ultrasound medical apparatus 100
applies a transmission weight corresponding to a transmis-
sion path through which the ultrasound arrives at the receive
focusing point and a reception weight corresponding to a
reception path through which the reflected signal arrives
from the receive focusing point to each of the receive
elements on the reflected signal based on the depth of the
receive focusing point in the field-of-view, thus achieving an
effect of a transmission dynamic focusing similar to an
application of the apodization at the time of transmitting the
unfocused ultrasound.

[0105] As shown in FIG. 7C, the ultrasound medical
apparatus 100 allows unfocused ultrasounds having different
frequencies from each other to be transmitted to the field-
of-view, and generates frequency compound frame data of at
least one frame data having different frequencies before
performing the beamforming. Thereafter, the ultrasound
medical apparatus 100 performs the beamforming on the
frequency compound frame data.

[0106] Although exemplary embodiments of the present
disclosure have been described for illustrative purposes,
those skilled in the art will appreciate that various modifi-
cations, additions and substitutions are possible, without
departing from the idea and scope of the claimed invention.
Specific terms used in this disclosure and drawings are used
for illustrative purposes and not to be considered as limita-
tions of the present disclosure. Therefore, exemplary
embodiments of the present disclosure have been described
for the sake of brevity and clarity. Accordingly, one of
ordinary skill would understand the scope of the claimed
invention is not to be limited by the explicitly described
above embodiments but by the claims and equivalents
thereof.

CROSS-REFERENCE TO RELATED
APPLICATION

[0107] This application claims priority under 35 U.S.C.
§119(a) of Patent Application No. 10-2013-0146925, filed
on Nov. 29, 2013 in Korea, the entire content of which is
incorporated herein by reference. In addition, this non-
provisional application claims priority in countries, other
than the U.S., with the same reason based on the Korean
patent application, the entire content of which is hereby
incorporated by reference.

1. A method for performing a beamforming by an ultra-
sound medical apparatus, the method comprising:

transmitting, by a transducer, an unfocused ultrasound to
a field-of-view;

calculating a transmission delay time of a transmission
path through which an ultrasound transmitted by one of
a plurality of transmit elements of the transducer
arrives at a receive focusing point and calculating
reception delay times of reception paths through which
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the ultrasound reflected at the receive focusing point
arrives at a plurality of receive elements respectively;

generating a plurality of delay signals for respective
reception signals of the receive elements by applying
the calculating of the transmission delay time and the
reception delay times to remaining transmit elements of
the plurality of transmit elements; and

performing the beamforming by summing the plurality of

delay signals.

2. The method according to claim 1, wherein the transmit
elements are determined based on a depth of the receive
focusing point.

3. The method according to claim 1, wherein a number of
the transmit elements increases as a depth of the receive
focusing point increases.

4. The method according to claim 1, wherein the perform-
ing of the beamforming by summing comprises:

determining weights for respective ones of the transmit

elements based on the receive focusing point and
positions of the transmit elements;

generating weighted delay signals by applying the

weights to the plurality of delay signals; and
performing the beamforming by weighted summing the
weighted delay signals having been generated.

5. The method according to claim 1, wherein the perform-
ing of the beamforming by summing comprises:

determining first weights for respective ones of the trans-

mit elements based on the receive focusing point and
positions of the transmit elements;

determining second weights for respective ones of the

receive elements based on the receive focusing point
and positions of the receive elements;

generating weighted delay signals by applying the first

weights and the second weights to the plurality of delay
signals; and

performing the beamforming by weighted summing the

weighted delay signals having been generated.

6. The method according to claim 1, wherein the receive
focusing point comprises a point selected in a region-of-
Interest.

7. The method according to claim 1, wherein, in a
multi-gate Doppler mode, the receive focusing point com-
prises a gate position.

8. The method according to claim 1, further comprising:

storing one or more reflection signals reflected at the

field-of-view corresponding to the unfocused ultra-
sound; and

causing, when an image reconstruction mode is selected

by a user instruction, the generating of the plurality of
delay signals and the performing of the beamforming
by summing to proceed by using the reflected signals
stored at the storing.

9. An ultrasound medical apparatus, comprising:

a transducer configured to transmit unfocused ultrasounds

to a field-of-view; and

a beamformer configured to

calculate a transmission delay time of a transmission
path through which an ultrasound transmitted by one
of a plurality of transmit elements of the transducer
arrives at a receive focusing point and calculate
reception delay times of reception paths through
which the ultrasound reflected at the receive focusing
point arrives at a plurality of receive elements,
respectively,



US 2017/0023668 A1l

generate a plurality of delay signals for respective
reception signals of the receive elements by applying
calculations of the transmission delay time and the
reception delay times to remaining transmit elements
of the plurality of transmit elements, respectively,
and
perform a beamforming by summing the plurality of
delay signals.
10. The ultrasound medical apparatus according to claim
9, wherein the beamformer is configured to
determine weights for respective ones of the transmit
elements based on the receive focusing point and
positions of the transmit elements,
generate weighted delay signals by applying the weights
to the plurality of delay signals, and
perform the beamforming by weighted summing the
weighted delay signals.
11. The ultrasound medical apparatus according to claim
9, wherein the beamformer is configured to
determine first weights for respective ones of the transmit
elements based on the receive focusing point and
positions of the transmit elements,
determine second weights for respective ones of the
receive elements based on the receive focusing point
and positions of the receive elements,
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generate weighted delay signals by applying the first
weights and the second weights to the plurality of delay
signals, and

perform the beamforming by weighted summing the
weighted delay signals.

12. The ultrasound medical apparatus according to claim

9, wherein the beamformer is configured to

cause the unfocused ultrasounds having different frequen-
cies from each other to be transmitted to the field-of-
view,

generate at least one frame data based on reflection
signals corresponding to the unfocused ultrasounds
having different frequencies from each other before
performing the beamforming,

generate frequency compound frame data by frequency
compounding the at least one frame data, and

perform the beamforming on the frequency compound
frame data.

13. The ultrasound medical apparatus according to claim

9, wherein the unfocused ultrasounds comprise at least one
of plane waves or wide beams.
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