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(7) ABSTRACT

The present disclosure provides a beamforming apparatus,
ultrasonic probe having the same, ultrasonic diagnostic
apparatus, and controlling method thereof, which increases
the quality of an image in a region of interest by adjusting
time delays of analog and digital beamformers in a two
dimensional (2D) transducer of the ultrasonic diagnostic
apparatus. In accordance with an aspect of the present
disclosure, a beamforming apparatus for beamforming ultra-
sound received through a two dimensional (2D) arrayed
ultrasonic transducer is provided. The apparatus includes an
analog beamformer for delaying analog signals received
from a subarray including at least one array of the trans-
ducer; an analog-to-digital converter (ADC) for converting
an analog signal to a digital signal; a digital beamformer for
beamforming the digital signal; and a beamformer controller
for calculating an initial time delay based on a reference
focus point corresponding to a region of interest, and deter-
mining a starting point of a sample and hold (S/H) circuit
included in the analog beamformer.
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BEAMFORMING APPARATUS, ULTRASONIC
PROBE HAVING THE SAME, ULTRASONIC
DIAGNOSTIC APPARATUS, AND
CONTROLLING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0008512, filed
on Jan. 25, 2016, the disclosure of which is incorporated
herein by reference in its entirety.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to a beamforming

apparatus, ultrasonic probe having the same, ultrasonic
diagnostic apparatus, and controlling method thereof, and
more particularly, to a beamforming apparatus, ultrasonic
probe having the same, ultrasonic diagnostic apparatus, and
controlling method thereof that provides an image optimized
in a region of interest.

[0004] 2. Discussion of Related Art

[0005] An ultrasonic diagnostic apparatus is used for
medical purposes, such as non-invasively acquiring images
of layers of soft tissue or blood flows of an internal part of
an object by irradiating ultrasound signals generated from
transducers of a probe from the surface of the object toward
a target part inside the object and receiving information of
reflected ultrasound signals (echo ultrasound signals),
observing the internal part of the object, detecting foreign
materials, analyzing damage, etc.

[0006] Compared to other diagnostic imaging apparatuses,
such as X-ray diagnostic apparatuses, X-ray Computerized
Tomography (CT) scanners, Magnetic Resonance Imaging
(MRI) apparatuses, nuclear medicine diagnostic appara-
tuses, etc., the ultrasonic diagnostic apparatus has many
advantages that they are compact, inexpensive, able to
display in real time, and safe because of no exposure to
radiation, and is thus widely used with other kinds of
diagnostic imaging apparatus. A typical ultrasonic diagnos-
tic apparatus provides information about a cross-section of
an internal part of a target in two dimensional (2D) images
by using a transducer of one dimensional (1D) array. In
general, a user (or an examiner, e.g., a doctor) manually or
mechanically moves the 1D array transducer (free-hand scan
or mechanical scan) to acquire volume information (or three
dimensional (3D) information) of an internal part of a target.

[0007] However, such a method for acquiring a 3D image
through manual or mechanical movement of the 1D array
transducer has performance limitations in the aspect of
temporal resolution or spatial resolution, so there is a
growing interest in a technology to obtain 3D images with
a 2D arrayed transducer.

[0008] The 2D transducer is required in creating a 3D
ultrasound image among images created by the ultrasonic
diagnostic apparatus, which makes the hardware that imple-
ments beamforming excessively big to support the 2D
transducer.

[0009] In addition, the use of the 2D arrayed transducer
requires more amount of calculations than using the 1D
array transducer, thus making the system more complicated.
A need exists to develop a technology to prevent an increase
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in complications of a system and achieve improvement in
image resolution and scanning speed.

SUMMARY OF THE INVENTION

[0010] The present disclosure provides a beamforming
apparatus, ultrasonic probe having the same, ultrasonic
diagnostic apparatus, and controlling method thereof, which
increases the quality of an image in a region of interest by
adjusting time delays of analog and digital beamformers in
a two dimensional (2D) transducer of the ultrasonic diag-
nostic apparatus.

[0011] In accordance with an aspect of the present disclo-
sure, a beamforming apparatus for beamforming ultrasound
received through a two dimensional (2D) arrayed ultrasonic
transducer is provided. The apparatus includes an analog
beamformer for delaying analog signals received from a
subarray including at least one array of the transducer; an
analog-to-digital converter (ADC) for converting an analog
signal to a digital signal; a digital beamformer for beam-
forming the digital signal; and a beamformer controller for
calculating an initial time delay based on a reference focus
point corresponding to a region of interest, and determining
a starting point of a sample and hold (S/H) circuit included
in the analog beamformer.

[0012] The beamformer controller may determine the
starting point by calculating an ideal time delay to be applied
for each array from the reference focus point.

[0013] The beamformer controller may calculate a first
system delay based on the ideal time delay, and calculate the
initial time delay based on the first system delay.

[0014] The beamformer controller may calculate a second
system delay depending on depth.

[0015] The beamformer controller may calculate a
dynamic time delay based on the second system delay and
the initial time delay.

[0016] The beamformer controller may control an opera-
tion frequency of at least one shift register included in the
analog beamformer based on the dynamic time delay.
[0017] the beamformer controller may control the digital
beamformer based on the first system delay and the second
system delay.

[0018] In accordance with another aspect of the present
disclosure, an ultrasonic diagnostic apparatus is provided.
The ultrasonic diagnostic apparatus includes a probe includ-
ing a two dimensional (2D) arrayed transducer; an image
processor for processing an image sent from the probe; a
display for displaying an image sent from the image pro-
cessor and a region of interest; and a controller for control-
ling the probe and the display, calculating an initial time
delay based on a reference focus point corresponding to the
region of interest, and determining a starting point of a
sample and hold (S/H) circuit included in the analog beam-
former, wherein the probe comprises an analog beamformer
for delaying analog signals received from a subarray includ-
ing at least one array of the transducer; an analog-to-digital
converter (ADC) for converting an analog signal to a digital
signal; a digital beamformer for beamforming the digital
signal; and a beamformer controller for controlling at least
one of the analog beamformer and the digital beamformer
under the control of the controller.

[0019] The controller may determine the starting point by
calculating an ideal time delay to be applied for each array
from the reference focus point.
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[0020] The controller may calculate a first system delay
based on the ideal time delay, and calculate the initial time
delay based on the first system delay.

[0021] The controller may calculate a second system delay
depending on depth.

[0022] The controller may calculate a dynamic time delay
based on the second system delay and the initial time delay.
[0023] The controller may control an operation frequency
of at least one shift register included in the analog beam-
former based on the dynamic time delay through the beam-
former controller.

[0024] The controller may control the digital beamformer
based on the first system delay and the second system delay
through the beamformer controller.

[0025] The ultrasonic diagnostic apparatus may further
include an input unit for receiving the region of interest set
by a user.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and other objects, features and advan-
tages of the present disclosure will become more apparent to
those of ordinary skill in the art by describing in detail
exemplary embodiments thereof with reference to the
accompanying drawings, in which:

[0027] FIG. 1 is a perspective view of an ultrasonic
diagnostic apparatus, according to an embodiment of the
present disclosure;

[0028] FIG. 2 is a control block diagram of an ultrasonic
diagnostic apparatus, according to an embodiment of the
present disclosure;

[0029] FIG. 3 illustrates operation of beamforming by
means of one dimensional (1D) array transducer;

[0030] FIG. 4; illustrates time delays in received signals to
be applied in receive beamforming

[0031] FIG. 5 is a detailed control block diagram of a
beamforming apparatus;

[0032] FIG. 6 is a block diagram of a beamformer, accord-
ing to an embodiment of the present disclosure;

[0033] FIG. 7 is a detailed arrangement of an analog
Random Access Memory (RAM) shown in FIG. 6;

[0034] FIG. 8 illustrates subarrays in a 2D transducer;
[0035] FIG. 9 illustrates time delays of subarrays;
[0036] FIG. 10 is a flowchart for providing a sharp image

in a region of interest, according to an embodiment of the
present disclosure;

[0037] FIG. 11 illustrates a 2D transducer in which sub-
arrays and arrays are mathematically distinguished from
each other;

[0038] FIG. 12 is a diagram for explaining a common
equation for calculating a time delay from a focus point to
a transducer;

[0039] FIG. 13 is a diagram for explaining how to calcu-
late a first system delay from a reference focus point (RFP);
[0040] FIG. 14 is a diagram to distinguish a RFP from an
arbitrary focus point; and

[0041] FIG. 15 is a graph illustrating an effect of an
ultrasonic diagnostic apparatus, according to an embodiment
of the present disclosure.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0042] Embodiments of a beamforming apparatus, probe
having the same, ultrasonic diagnostic apparatus and con-
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trolling method thereof will be described in detail with
reference to accompanying drawings. Like reference numer-
als refer to like components throughout the drawings, and
thus the related descriptions that overlap will be omitted.
[0043] The term “object” as herein used may include a
person or animal, or a part of the person or animal. For
example, the object may include an organ, such as the liver,
heart, uterus, brain, breasts, abdomen, etc., or a vein as well
as a mass. The term ‘user’ as herein used may be a doctor,
anurse, a medical technologist, a medical image expert, etc.,
or a technician who fixes medical equipment, but is not
limited thereto.

[0044] The terms “ultrasound image” and “object image”
as herein used may include an image of an object, which is
obtained not only using ultrasounds, but also using an X-ray
diagnostic apparatus, a Computerized Tomography (CT)
scanner, a Magnetic Resonance Image (MRI) device, or a
nuclear medicine diagnostic apparatus.

[0045] A diagnostic apparatus for which technologies of
an ultrasonic diagnostic apparatus and method for creating
an ultrasound image in accordance with embodiments of the
present disclosure may be applied or used may be expanded
to one of an X-ray scanning apparatus, an X-ray fluoroscopic
apparatus, a CT scanner, an MRI, a positron emission
tomography apparatus, and an ultrasonic diagnostic appara-
tus. Embodiments of the present disclosure takes the ultra-
sonic diagnostic apparatus as an example, without being
limited thereto.

[0046] FIG. 1 is a perspective view of an ultrasonic
diagnostic apparatus, according to an embodiment of the
present disclosure. FIG. 2 is a control block diagram of an
ultrasonic apparatus, according to an embodiment of the
present disclosure.

[0047] Referring to FIG. 1, an ultrasonic diagnostic appa-
ratus 1 may include an ultrasonic probe P that transmits
ultrasound to an object, receives echo ultrasound from the
object and converts the echo ultrasound to an electric signal,
and a main body M connected to the ultrasonic probe P and
equipped with an input unit 540 and a display 550 for
displaying ultrasound images.

[0048] The ultrasonic probe P may be connected to the
main body M of the ultrasonic diagnosis apparatus via a
cable 5, for receiving various signals required to control the
ultrasonic probe P or forwarding analog or digital signals
that correspond to ultrasonic echo signals received by the
ultrasonic probe P to the main body M.

[0049] However, embodiments of the ultrasonic probe P
are not limited thereto, and may be implemented with a
wireless probe to exchange signals with the main body M
over a network formed between the ultrasonic probe P and
the main body M.

[0050] One end of the cable 5 may be connected to the
ultrasonic probe P, and the other end of the cable 5 may be
connected to a connector 6 that may be combined with or
detachable from a slot 7 of the main body M. The main body
M and the ultrasonic probe P may exchange control com-
mands or data via the cable 5.

[0051] For example, if the user sets a focal depth or a
region of interest on a created ultrasound image through the
input unit 540, the information may be forwarded to the
ultrasonic probe P via the cable 5 and used by a beamform-
ing apparatus 100.

[0052] Alternatively, in the case that the ultrasonic probe
P is implemented with a wireless probe as described above,
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the ultrasonic probe P is connected to the main body M not
through the cable 5§ but through a wireless network. Even in
the case that the ultrasonic probe P is connected to the main
body M over a wireless network, control commands or data
may be exchanged between the main body M and the
ultrasonic probe P.

[0053] Referring to FIG. 2, the main body M may include
a controller 500, an image processor 530, an input unit 540,
and a display 550.

[0054] The controller 500 controls general operation of the
ultrasonic diagnostic apparatus 1. Specifically, the controller
500 generates control signals to control the respective com-
ponents of the ultrasonic diagnostic apparatus 1, e.g., a T/R
switch 10, the beamforming apparatus 100, the image pro-
cessor 530, the display 550, etc., as shown in FIG. 2.

[0055] Especially, the controller 500 may calculate a delay
profile for a plurality of ultrasonic transducer elements (e)
that constitute a 2D ultrasonic transducer array (TA), and
calculate time delays depending on differences in distance
between the plurality of ultrasonic transducer elements (e)
included in the 2D ultrasonic transducer array (TA) and a
focal point based on the calculated delay profile.

[0056] The controller 500 may then control a beamformer
300 of the probe P accordingly to generate transmit/receive
signals.

[0057] The controller 500 may also generate a sharp image
by calculating a time delay at a particular point in a region
of interest while performing beamforming on the region of
interest. This will be described in detail later in connection
with FIG. 3.

[0058] Meanwhile, the controller 500 may generate con-
trol commands for the respective components of the ultra-
sonic diagnostic apparatus 1 to control the ultrasonic diag-
nostic apparatus 1, according to instructions or commands
from the user input through the input unit 540.

[0059] The controller 500 may also control a beamformer
controller 350 of the probe P. That is, the controller 500 may
control operation of the beamformer 300 by controlling the
beamformer controller 350 through the calculated time
delays.

[0060] While the controller 500 and the beamformer con-
troller 350 are separately described herein, a process of
calculation required for beamforming may be performed by
the beamformer controller 500.

[0061] The image processor 530 may create an ultrasound
image of a target part inside an object based on ultrasound
signals focused by the beamforming apparatus 100.

[0062] Specifically, the image processor 530 may create a
coherent 2D or 3D image of the target part inside the object
based on the focused ultrasound signals.

[0063] The image processor 530 may also convert the
coherent image information to ultrasound image information
for a diagnostic mode, such as Brightness mode (B-mode),
Doppler mode (or D-mode), etc. For example, if the diag-
nostic mode is set to the B-mode, the image processor 530
may perform e.g., an analog-to-digital (A/D) conversion
process and compose ultrasound image information in real
time for an image of the B-mode.

[0064] In another example, if a scan mode is set to the
D-mode, the image processor 530 may extract phase-change
information from an ultrasound signal, calculate information
about e.g., blood flow at each point in the scanned cross-

Jul. 27,2017

section, such as speed, power, or dispersion, and compose
ultrasound image information in real time for a D-mode
image.

[0065] The input unit 540 may allow the user to input a
command to operate the ultrasonic diagnostic apparatus 1.
[0066] The user may input or set a command to start
diagnosis, a command to select a diagnostic mode, such as
Amplitude mode (A-mode), B-mode, Color mode (C-mode),
D-mode, and Motion mode (M-mode), a location of a region
of interest, setting information, etc., through the input umt
540.

[0067] The input unit 540 may include various means for
the user to input data, instructions, or commands, such as a
keyboard, a mouse, a trackball, a tablet, a touch screen
module, etc.

[0068] The display 550 may display menus or instructions
required in ultrasonic diagnosis, and an ultrasound image
obtained in the process of the ultrasonic diagnosis. The
display 550 may display an ultrasound image of a target part
inside an object, which is created by the image processor
530. The ultrasound image to be displayed in the display 550
may be an ultrasound image in the A-mode or B-mode, or
may be a 3D ultrasound image. The display 550 may be
implemented in various display schemes known to the
public, such as Cathode Ray Tube (CRT), Liquid Crystal
Display (LCD), etc.

[0069] Meanwhile, the ultrasonic diagnostic apparatus 1
may include other components in addition to what are
described above, without being limited thereto.

[0070] In an embodiment, as shown in FIG. 2, the ultra-
sonic probe P may include the transducer array TA, the T/R
switch 10, and the beamforming apparatus 100.

[0071] The transducer array TA is arranged at an end of the
ultrasonic probe P. The ultrasonic transducer array TA refers
to an array of a plurality of ultrasonic transducer elements e.
[0072] In anembodiment, the transducer array TA is in the
form of a 2D array.

[0073] The ultrasonic transducer array TA generates ultra-
sound while oscillating due to a pulse signal or alternate
current (AC) applied to the ultrasonic transducer array. The
ultrasound is transmitted to the target part inside the object.
In this case, the ultrasound generated by the ultrasonic
transducer array TA may be focused on and transmitted to
multiple target parts inside the object. That is, the ultrasound
may be multi-focused and transmitted to the multiple target
parts.

[0074] The ultrasound generated by the ultrasonic trans-
ducer array TA may be reflected off at least one target part
inside the object and may return to the ultrasonic transducer
array TA. The ultrasonic transducer array TA may then
receive the echo ultrasound reflected back from the at least
one target part.

[0075] When the echo ultrasound arrives at the ultrasonic
transducer array TA, the ultrasonic transducer array TA may
oscillate at a certain frequency corresponding to a frequency
of the echo ultrasound and output alternate current at a
frequency corresponding to the oscillation frequency of the
ultrasonic transducer array TA. Accordingly, the ultrasonic
transducer TA may convert the received echo ultrasound to
a certain electric signal.

[0076] Since each transducer element e receives the echo
ultrasound and outputs the electric signal, the ultrasonic
transducer array TA may output electric signals on multiple
channels. The number of the channels may be the same as
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the number of ultrasonic transducer elements (e) that con-
stitute the ultrasonic transducer array TA.

[0077] However, if the transducer array TA forms a 2D
array as in the embodiment of the disclosure, the number of
the channels increases drastically compared to when the
transducer array TA forms a 1D array. The increased number
of channels make the system complicated, increase costs
required to implement the system, and make it difficult to
implement compact system.

[0078] Accordingly, in an embodiment, provided is an
ultrasonic diagnostic apparatus 1 that creates a sharp image
in a region of interest using the 2D arrayed transducer
without increasing the number of channels. This will be
described in more detail later.

[0079] The ultrasonic transducer elements (e) may include
piezoelectric oscillators or thin films. When alternate current
is applied to the piezoelectric oscillators or thin films from
a power source, the piezoelectric oscillators or thin films
oscillate at a certain frequency due to the applied alternate
current and generate ultrasound with the certain frequency.
On the other hand, the piezoelectric oscillators or thin films
oscillate at a certain frequency of an echo ultrasound when
the echo ultrasound arrives at the piezoelectric oscillators or
thin films, and output alternate current of a frequency
corresponding to the oscillation frequency.

[0080] For the ultrasonic transducers, e.g., magnetostric-
tive ultrasonic transducers that use magnetostrictive effect of
a magnetic substance, piezoelectric ultrasonic transducers
that use piezoelectric effect of a piezoelectric substance, or
capacitive Micromachined Ultrasonic Transducers (cMUTs)
that transmit and receive ultrasounds by means of oscillation
of hundreds or thousands of micromachined thin films may
be used.

[0081] In addition, other types of transducer that may
generate ultrasound from an electrical signal or generate an
electrical signal from ultrasound may also be an example of
the aforementioned ultrasonic transducer.

[0082] The beamforming apparatus 100 may apply trans-
mit pulses for the transducer array TA to transmit an
ultrasound signal to a target part inside the object. The
beamforming apparatus 100 may also perform a certain
process and receive beamforming on the echo ultrasound
signal received from the transducer array TA.

[0083] A series of processes and beamforming performed
by the beamforming apparatus 100 in accordance with an
embodiment will now be described in more detail in con-
nection with FIGS. 3 to 5.

[0084] FIG. 3 illustrates operation of beamforming by
means of a 1D array transducer, and FIG. 4 illustrates time
delays in a received signal to be applied in receive beam-
forming, and FIG. 5 is a detailed control block diagram of
a beamforming apparatus.

[0085] Although a 2D transducer array is used in this
embodiment, beamforming will be described by taking an
example of a 1D transducer array for convenience of expla-
nation.

[0086] Referring to FIG. 3, a 3D space subject to ultra-
sonic imaging may be defined by the x-axis corresponding
to a lateral direction, the y-axis corresponding to an eleva-
tional direction, and the z-axis corresponding to an axial
direction.

[0087] Spatial resolution of a 2D ultrasound image may be
determined based on axial and lateral resolution. Axial
resolution refers to an ability to distinguish two objects that
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lie along the axis of an ultrasound beam, and the lateral
resolution refers to an ability to distinguish two objects that
lie in the lateral direction.

[0088] Axial resolution is determined by the pulse width
of a transmit ultrasound signal, and a higher frequency
ultrasound signal with a shorter pulse width yields better
axial resolution. Since the lateral resolution and elevational
resolution are determined by the width of the ultrasound
beam, the narrower the width of the ultrasound beam, the
better the lateral resolution.

[0089] Accordingly, to improve the resolution of an ultra-
sound image, in particular, the lateral resolution of the
ultrasound image, an ultrasound beam with narrow beam-
width may be formed by focusing ultrasound signals trans-
mitted from a plurality of transducer elements (e) to a
transmit focal point on the scan line, which is called transmit
beamforming.

[0090] The 1D arrayed transducer is comprised of a plu-
rality of transducer elements (e) arrayed in one dimension.
To obtain 2D ultrasound cross sectional images, a plurality
of scan lines are required and beamforming may be per-
formed for the focal point, as described above, from the first
scan line to the last scan line.

[0091] A 2D ultrasound cross sectional image on the XY
plane may be obtained by transmitting ultrasound signals to
all the scan lines and receiving the ultrasound echo signals
bouncing back from the internal substances of the object.
[0092] To focus ultrasound beams on a spot, the ultra-
sound signals transmitted from the plurality of transducer
elements (e) have to simultaneously arrive at the spot.
[0093] However, since the distances from the respective
transducer elements (e) to the focal point are different,
appropriate time delays are applied to the ultrasound signals
to be transmitted from the transducer elements (e) (herein-
after, simply referred to as ‘elements’) such that the ultra-
sound signals may arrive at the focal point at the same time.
[0094] If the ultrasound signals are transmitted from all
the elements (e) to the focal point at the same time, an
ultrasound signal transmitted from an element nearest to the
focal point arrives first at the focal point and arrival of an
element farther from the focal point is delayed.

[0095] Accordingly, in applying a transmit signal to the
respective elements (e), taking into account the time delay,
the transmit signal may be the last to be applied to the
element nearest to the focal point while applied earlier to an
element farther from the focal point. The transmit signal
herein refers to an electric signal applied to the element (e).
[0096] Meanwhile, the receive beamforming process is
performed backwards from the transmit beamforming pro-
cess. The ultrasound echo signal reflecting back from the
focal point is input to the transducer array (TA), which in
turn converts the input ultrasound echo signal to an analog
electric signal (hereinafter, simply called electric signal).
[0097] Receive beamforming will be described in detail in
connection with FIG. 4. As described above in connection
with FIG. 3, when ultrasound signals in phase arrive at the
focal point by performing transmit beamforming, echo ultra-
sound signals are produced at the focal point and return to
the transducer array TA.

[0098] Similar to when the ultrasound signals are to be
transmitted to the focal point, distances from the respective
transducer elements (e) to the focal point are different when
the echo ultrasound is received from the focal point, so the
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echo ultrasound signals arrive at the respective transducer
elements (e) at different points of time.

[0099] Specifically, the echo ultrasound signal arrives first
at an element nearest to the focal point, and arrives last at an
element farthest from the focal point.

[0100] Since the magnitude of the echo ultrasound signal
is very small, a single echo ultrasound signal received by
each element (e) is not enough to obtain necessary infor-
mation. Therefore, similar to the transmit beamforming
process, the receive beamforming process includes applying
appropriate time delays to the receive signals arriving at the
respective elements (e) at certain intervals and combining
the received signals with time delays applied at the same
time, thereby improving the signal to noise ratio (SNR).
[0101] Referring to FIG. 5, the beamforming apparatus
100 may include a signal processor 200 and a beamformer
300.

[0102] An electric signal converted by the transducer array
TA may be input to the signal processor 200. The signal
processor 200 may amplify the electric signal converted
from the echo ultrasound signal prior to performing a signal
process or time-delay process, and adjust the gain or com-
pensate for attenuation from the depth.

[0103] More specifically, a receive signal processor 220
may include a low noise amplifier (LNA) for reducing noise
of the electric signal input from the ultrasonic transducer
array TA, and a variable gain amplifier (VGA) for adjusting
a gain value based on the input signal. The VGA may
correspond to a time gain compensation (TGC) amplifier
that compensates for a gain based on a distance to the focal
point, without being limited thereto.

[0104] The beam former 300 may perform the aforemen-
tioned beamforming on the electric signal received from the
signal processor 200. The beamformer 300 may perform
signal intensification through superposition of the electric
signals received from the signal processor 200.

[0105] How the beamformer 300 assigns an appropriate
time delay in accordance with an embodiment will now be
described in detail.

[0106] FIG. 6 is a block diagram of a beamformer, accord-
ing to an embodiment of the present disclosure. FIG. 7 is a
detailed arrangement of an analog Random Access Memory
(RAM) shown in FIG. 6.

[0107] Referring to FIG. 6, the beamformer 300 may
include an analog beamformer 310 that has a certain number
of analog RAMs 320, an analog-to-digital converter (ADC)
330, a digital beamformer 340, and a beamformer controller
350 for controlling the analog and digital beamformers 310
and 340.

[0108] As described above, in the case of beamforming by
means of a 2D probe, 1D probes in which transducer
elements are arrayed in the horizontal direction are arranged
in the vertical direction.

[0109] Using the 2D probe in digital beamforming, how-
ever, may make the beamformer hardware that supports the
2D transducer too big.

[0110] For example, since the digital beamformer 340
performs beamforming or other signal processing only after
the analog echo signals in the respective channels are
converted to digital signals, each channel requires an ADC.
If as many ADCs as the number of the transducer elements
(e) are to be installed, the hardware size and complexity used
in beamforming may unacceptably increase.
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[0111] To address this problem, a hybrid beamforming
scheme may be used in an embodiment of the present
disclosure. Hybrid beamforming means a beamforming
scheme that carries out both analog beamforming and digital
beamforming. In other words, in the hybrid beamforming,
analog beamforming is performed within respective subar-
rays, and then digital beamforming is performed for subar-
rays. Herein, a subarray represents a combination of arrays,
when a predetermined number of elements of the transduc-
ers are grouped as an array, and a predetermined number of
arrays are grouped as a subarray.

[0112] As described above in connection with FIG. 4, the
analog beamforming is performed by delaying the analog
echo signals of the elements (e) or the arrays by different
periods of time and then combining values sampled from the
elements (e) or the array within the subarray at a particular
point of time in an analog method. The ADC 330 may then
convert the analog signal that went through beamforming to
a digital signal and forward the digital signal to the digital
beam former 340.

[0113] As such, in the hybrid beamforming, analog beam-
forming is performed within the subarrays and digital beam-
forming is performed through the ADC. This may reduce the
number of ADCs, and is thus effective in reducing the
hardware dimension.

[0114] Meanwhile, the analog beamformer 310 may
include a plurality of analog RAMs 320. Referring to FIG.
7, in the embodiment of the present disclosure, the analog
RAM 320 of FIG. 6 may include two shift registers 321, 323
and a sample/hold (S/H) circuit 322. The analog RAM 320
may also include a charge integrator (not shown).

[0115] Specifically, the S/H circuit 322 may include
sample switches 3224, sampling capacitors 3225, and read-
out switches 322c.

[0116] A method implemented in hardware for applying
different time delays is achieved by shifting logic ‘1’ (flip-
flop method).

[0117] In an embodiment, the first shift register 321 may
set a single output of the S/H circuit 322, i.e., an output of
a D flip-flop at a starting point, to ‘1’ while setting all the
remaining outputs to ‘0’.

[0118] When the beamformer controller 350 applies first
and second sampling clock (system clock) signals, the logic
of each D flip-flop may be shifted to the left or right D
flip-flop at each rising edge of the clock.

[0119] At this time, a received analog signal (or analog
input) is sampled by the sampling capacitors 322b. Specifi-
cally, as the logic ‘1 is shifted in the first shift register 321
that drives the sample switches 322a, sampling is performed
at the respective capacitors 322b in sequence.

[0120] Read-out operation is also performed at the respec-
tive capacitors 3225 as the logic ‘1’ is shifted in the second
shift register 113 that drives the read-out switches 322¢.
[0121] As such, the analog RAM 320 makes signals of the
respective elements have different time delays by making a
difference in hold time between a sampling point in time and
a read-out point in time using the S/H circuit 322.

[0122] The operation of the beamformer controller 350
applying the first and second sampling clock (system clock)
signals is implemented by adjusting the operation frequency
of the shift register 321, 323 via a sampling clock control
cable.

[0123] As shown in FIG. 7, to adjust the operation fre-
quency, as many sampling clock control cables as the
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number of all the elements (e) are ideally required. This is
because the operation frequency of at least one shift register
needs to be adjusted to change the analog time delays of the
respective analog RAMs 320.

[0124] As such, the hybrid beamforming designed to
address the hardware complexity requires many cables, e.g.,
sampling clock control cables in addition to the system
cables that connect the data combined at the analog beam-
former 310 to the digital beam former 340.

[0125] To overcome this, the hybrid beamforming per-
forms time delaying by dividing the transducer into certain
subarrays.

[0126] Specifically, since it is very disadvantageous in the
hardware aspect to perform time delaying by installing a
plurality of sampling clock control cables for the analog
RAM 310 for all the elements (e), the number of the sample
clock control cables is reduced by using the same sample
clock control cables for a reference subarray in all the
subarrays.

[0127] FIG. 8 illustrates subarrays of a 2D transducer, and
FIG. 9 illustrates time delays of subarrays. Referring to
FIGS. 8 and 9, a problem that causes deterioration of image
quality in the beamforming for the divided subarrays will be
discussed.

[0128] Referring to FIG. 8, the 2D transducer array in
accordance with an embodiment of the present disclosure
may be comprised of arrays each corresponding to a trans-
ducer element (e) and may be divided into a number of
subarrays each comprised of a certain number of arrays.
[0129] As described above, to reduce the number of the
sample clock control cables, the operation frequency is
delivered to an analog RAM corresponding to each subarray
via a sample clock control cable connected an analog RAM
corresponding to a reference subarray.

[0130] In other words, it means that the time delay accord-
ing to a distance between an arbitrary array of each subarray
and a focus point is the same as a time delay of an arbitrary
array in the reference subarray.

[0131] However, since the distance between an array
within the subarray and the focus point is different for each
subarray, accurate time delays may not be applied. As a
result, the time delay applied to the transducers within each
subarray in the analog beamforming is the same as that
applied to transducers within the reference subarray, which
deteriorates quality of the image.

[0132] Referring to FIG. 9, values represented by solid
lines indicate time delays of an ideal subarray in analog
beamforming, and values represented by dotted lines indi-
cate time delays applied to the reference subarray.

[0133] If time delays were ideally applied with sample
clock control cables connected to the respective analog
RAMs 320, different time delays would be applied for the
respective distances to the focus point.

[0134] However, since the same time delay is applied to
the subarrays to reduce complexity of the hardware, the time
delay of the reference subarray may be equally applied to
each subarray.

[0135] Consequently, time delays are not properly
reflected in the near depth to the transducer array TA and the
region of interest of the object, which prevents clear dis-
tinction of an image the object in the region of interest from
surrounding images.

[0136] To solve this problem, in an embodiment of the
present disclosure, initial time delays applied to the respec-
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tive arrays in the subarray are calculated, thus reducing an
error that might occur when a time delay is uniformly
applied.

[0137] Specifically, the initial time delays determines the
position of a starting point as discussed above in connection
with FIG. 7. That is, the beamformer controller 350 calcu-
lates the initial delay by measuring distances to a reference
focus point (RFP), i.e., time delays, and applies different
positions of the starting point for the respective arrays,
thereby having the same effect of applying time delays via
cables.

[0138] The operation in accordance with an embodiment
of the present disclosure will be described in more detail
with reference to FIG. 10. FIG. 10 is a flowchart for
providing a sharp image in a region of interest, according to
an embodiment of the present disclosure. For further
description of the respective processes in the flowchart of
FIG. 10, reference will be made to FIGS. 11 to 14.

[0139] First, the input unit 540 of the ultrasonic diagnostic

apparatus 1 determines whether a region of interest is set, in
1001.

[0140] Specifically, the image processor 530 creates an
ultrasound image based on a signal input from the probe P.
The ultrasound image is displayed through the display 550.

[0141] The user may set the region of interest on the
displayed ultrasound image through the input unit 500, and
the controller 500 or the beamformer controller 350 may
control the following operations to be performed in relation
to the region of interest.

[0142] Once the region of interest is set, the controller 500
sets an RFP for the region of interest, in 1002.

[0143] The RFP herein refers to a particular focus point at
which an accurate time delay may be applied for every scan
line for each array of the subarray. In an embodiment of the
present disclosure, the initial time delay is calculated based
on the RFP to determine a position of the starting point of
FIG. 7 for each array of the subarray.

[0144] Once the RFP is set, the controller 500 calculates
an ideal time delay FSA to be applied for each subarray at
the RFP, in 1003.

[0145] Theideal time delay FSA is calculated based on the
distance between the transducer and the focus point.
[0146] FIG. 11 illustrates a 2D transducer, in which sub-
arrays and their arrays are mathematically distinguished.
[0147] Referring to FIG. 11, a transducer is comprised of
LxM subarrays, each subarray comprises of PxQ transducer
array TA. That is, the subarray and the array may be
distinguished by (L, M) and (P, Q), respectively.

[0148] FIG. 12 is a diagram for explaining a common
equation for calculating a time delay from a focus point to
a transducer.

[0149] In FIG. 12, a distance between an arbitrary focus

point and a particular transducer array (x; y;) may be
calculated in the following equation 1:

otry=

FSdyz, =rotr; *\/x2+y2+zz+\/ (=2, P+ (y-p. 422 )

where, r, represents a distance from the center of the
transducer to the focus point, and r,; represents a distance
from the focus point to the particular transducer array. That
is, a time delay from the focus point to the particular
transducer array is represented by a combination of r, andr,.
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[0150] Applying this to the ideal time delay FSA results in
the following equation 2:

FS4 RFm:\/xz+y2+zz+\/ (=X p P+ =Fmsq 2)

[0151] wherex,,,, and Y mgvq TEPIESENL the position of each
array of the subarray. In other words, the controller 500 may
calculate the ideal time delay FSA in equation 2.

[0152] Once the ideal time delay FSA is calculated, the
controller 500 calculates a first system delay, in 1004.
[0153] The term ‘system delay’ means a time delay
applied in the digital beamformer 340 of FIG. 6. Specifi-
cally, the system delay refers to a delay equally applied to a
plurality of arrays belonging to a particular subarray, and is
applied in the process of performing digital beamforming on
an output of the analog beamformer 310 stored in the
memory.

[0154] The first system delay refers to a system delay to be
applied at an ideal delay time (FSA).

[0155] FIG. 13 is a diagram for explaining how to calcu-
late a first system delay from a reference focus point (RFP).
[0156] Referring to FIG. 13, the first system delay is
calculated based on an array having the smallest delay
within the subarray. In the case of the subarray displayed in
FIG. 13, an array having the smallest delay is one located in
the lower left.

[0157] The controller 500 identifies the array having the
smallest delay from the subarray to the RFP and calculates
the first system delay using the following equation 3:

System delaygg, . =rret?s=Y XREHVREATREF

2 2, 2 N
\/(er'leermi,,) +(.VRP_me+q,m-,,) +IRF (3)

[0158] where rgz denotes a distance to the RFP, and r,
denotes a distance between the RFP and the array having the
smallest delay.

[0159] The position of the array having the smallest delay
is (XZP*'Pm'n’ Yom + i

[0160] After the first system delay is calculated, the con-
troller 500 calculates an initial delay, in 1005.

[0161] As described above, the initial delay refers to a
starting point of the S/H circuit 322 in the analog RAM 320
of FIG. 7. Specifically, when receiving the initial delay
calculated by the controller 500, the beamformer controller
350 determines a position of the starting point for each array
based on the initial delay.

[0162] In this way, the problem that might arise if a time
delay were equally applied for each subarray is solved, and
an increased quality of image of a region of interest is
provided.

[0163] The initial delay is calculated using the following
equation 4:

Initial delay( — System delayRF(Lm) 4

lprpmyta) = FSARFUPW'“QW)

[0164] Inother words, the initial delay may be obtained by
subtracting the first system delay from the ideal delay (FSA).
[0165] After the initial delay is calculated in this way, the
controller 500 calculates a second system delay, in 1006.
[0166] The second system delay is required to calculate a
dynamic delay. The dynamic delay refers herein to a delay
that changes with depth.

[0167] The dynamic delay is delivered to the shift register
of FIG. 7, meaning an operation frequency as described
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above. That is, the operation frequency delivered by the
beamformer controller 350 via the sampling clock control
cable is the dynamic delay.

[0168] The controller 500 calculates the delay to an arbi-
trary focus point while maintaining the imaging result for
the RFP. For this, the controller 500 obtains the dynamic
delay by calculating backwards from the result obtained for
the RFP, in 1007.

[0169] FIG. 14 is a diagram to distinguish an RFP and an
arbitrary focus point.

[0170] Incalculating a delay for an arbitrary focus point as
shown in FIG. 14, the controller 500 calculates the second
system delay using equation 5. In this case, if the position of
a particular array is

X
( ’P+p;{nin ’ me+q;{nin)

with the arbitrary focus point, the second system delay is
calculated as in the following equation 5:

System delay,(l = ro +rs (&)

=xF+yi+g o+

AR

[0171] Once the second system delay is calculated in this
way, the controller 500 calculates the dynamic delay using
equation 6.

[0172] As in FIG. 14, assuming that the coordinates of a
subarray, which becomes a reference, are (I', m') and the
coordinates of a transducer within the subarray is (x,, .
ym,Q+q), the dynamic delay is calculated in the following
equation 6.

Dynamic Delay(lpwymgw) =

FSAp, — System delay,(l, . Initial delay,
n

F(l/’;+p,mb+q) (ll/"J’p'me +‘7)

[0173] Once the dynamic delay is calculated, the control-
ler 500 performs beamforming based on the calculated
system delay, initial delay, and dynamic delay, in 1008. As
such, the ultrasonic diagnostic apparatus 1 in an embodi-
ment of the present disclosure may display an improved
image at the RFP, i.e., in a region of interest.

[0174] FIG. 15 is a graph illustrating an effect of an
ultrasonic diagnostic apparatus, according to an embodiment
of the present disclosure.

[0175] In FIG. 15, the x-axis represents the depth of an
object, i.e., the depth of focal points. The y-axis represents
errors produced while beamforming is performed, i.e.,
beamforming errors.

[0176] Referring to the conventional line of FIG. 15, it is
seen that a beamforming error increases with the distance
from the RFP.

[0177] However, according to the present disclosure, it is
seen that when a user sets a region of interest to a position
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of 5 ¢cm or 8 cm from the RFP, a beamforming error
corresponding to the set range decreases.

[0178] Specifically, in the case that the RFP is 5 cm, the
average error decreases from 65.19 ns to 12.08 ns, and thus
it is seen that there is 81% of performance improvement as
compared with the conventional technology. Accordingly,
the ultrasonic diagnostic apparatus 1 in accordance with
embodiments of the present disclosure may provide very
sharp images for the region of interest.

[0179] According to embodiments of the present disclo-
sure, the quality of an image in a region of interest may be
improved by adjusting time delays of analog and digital
beamformers in the 2D transducer of the ultrasonic diag-
nostic apparatus.

What is claimed is:

1. A beamforming apparatus for beamforming ultrasound
received through a two dimensional (2D) arrayed ultrasonic
transducer, the beamforming apparatus comprising:

an analog beamformer for delaying analog signals

received from a subarray including at least one array of
the transducer;

an analog-to-digital converter (ADC) for converting an

analog signal to a digital signal;

a digital beamformer for beamforming the digital signal;

and

a beamformer controller for calculating an initial time

delay based on a reference focus point corresponding to
a region of interest, and determining a starting point of
a sample and hold (S/H) circuit included in the analog
beamformer.

2. The beamforming apparatus of claim 1, wherein the
beamformer controller is configured to

determine the starting point by calculating an ideal time

delay to be applied for each array from the reference
focus point.

3. The beamforming apparatus of claim 2, wherein the
beamformer controller is configured to

calculate a first system delay based on the ideal time

delay, and calculate the initial time delay based on the
first system delay.

4. The beamforming apparatus of claim 3, wherein the
beamformer controller is configured to

calculate a second system delay depending on depth.

5. The beamforming apparatus of claim 4, wherein the
beamformer controller is configured to

calculate a dynamic time delay based on the second

system delay and the initial time delay.

6. The beamforming apparatus of claim 5, wherein the
beamformer controller is configured to

control an operation frequency of at least one shift register

included in the analog beamformer based on the
dynamic time delay.

7. The beamforming apparatus of claim 4, wherein the
beamformer controller is configured to

control the digital beamformer based on the first system

delay and the second system delay.
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8. An ultrasonic diagnostic apparatus comprising:
an input unit configured to receive a command related to
a transmit focal point;
a probe including a two dimensional (2D) arrayed trans-
ducer;
an image processor for processing an image sent from the
probe;
a display for displaying an image sent from the image
processor and a region of interest; and
a controller for controlling the probe and the display,
calculating an initial time delay based on a reference
focus point corresponding to the region of interest, and
determining a starting point of a sample and hold (S/H)
circuit included in the analog beamformer,
wherein the probe comprises
an analog beamformer for delaying analog signals
received from a subarray including at least one array of
the transducer;
an analog-to-digital converter (ADC) for converting an
analog signal to a digital signal;
a digital beamformer for beamforming the digital signal;
and
a beamformer controller for controlling at least one of the
analog beamformer and the digital beamformer under
the control of the controller.
9. The ultrasonic diagnostic apparatus of claim 8, wherein
the controller is configured to
determine the starting point by calculating an ideal time
delay to be applied for each array from the reference
focus point.
10. The ultrasonic diagnostic apparatus of claim 9,
wherein the controller is configured to
calculate a first system delay based on the ideal time
delay, and calculate the initial time delay based on the
first system delay.
11. The ultrasonic diagnostic apparatus of claim 10,
wherein the controller is configured to
calculate a second system delay depending on depth.
12. The ultrasonic diagnostic apparatus of claim 11,
wherein the controller is configured to
calculate a dynamic time delay based on the second
system delay and the initial time delay.
13. The ultrasonic diagnostic apparatus of claim 12,
wherein the controller is configured to
control an operation frequency of at least one shift register
included in the analog beamformer based on the
dynamic time delay through the beamformer controller.
14. The ultrasonic diagnostic apparatus of claim 11,
wherein the controller is configured to
control the digital beamformer based on the first system
delay and the second system delay through the beam-
former controller.
15. The ultrasonic diagnostic apparatus of claim 8,
wherein the input unit is configured to receive the region of
interest set by a user.
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