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(54) APPARATUS AND METHOD FOR FORMING BEAM FOR ENHANCING BEAM-FORMING 
RESOLUTION

(57) The present disclosure in one or more embodi-
ments provides a beamforming apparatus and method
for enhancing beamforming resolution. The beamform-
ing method comprises quasi-randomly selecting a driving
frequency for each channel from two or more candidate
frequencies; setting a phase for each channel based on
a wavelength of the driving frequency for each channel
and a distance between a physical position of each chan-
nel and a focal point; and generating the ultrasound
waves at the multiple channels, according to the driving
frequency and phase selected for each channel.
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Description

[Technical Field]

[0001] The present disclosure in one or more embodiments relates to an apparatus and a method for forming a beam
for enhancing beamforming resolution. More particularly, the present disclosure relates to a beamforming apparatus
and method for reducing a beamforming error and a grating lobe by enhancing focal resolution of a beam formed in a
medical device using, for example, HIFU (High-Intensity Focused Ultrasound) technology.

[Background]

[0002] The statements in this section merely provide background information related to the present disclosure and
may not constitute prior art.
[0003] An ultrasound diagnosis and treatment of the human body has been under active research and development
since it obviates the need for an incision of the human body and thus leaves neither a surgical scar nor risk of secondary
infection. Exemplary applications of the ultrasonic wave or ultrasound in medical area include diagnosis such as fetal
diagnosis or cancer diagnosis and treatment such as a lipectomy or destruction of a cancer cells or malignant tumors.
[0004] A HIFU treatment is a medical procedure such as burning cancer cells by intensively irradiating cancer tissue
with ultrasound waves. Although HIFU was originally developed for treating prostate cancer, applications thereof have
gradually extended to non-solid tumors such as brain cancer, uterine myoma and arrhythmia beyond a solid cancer
such as liver cancer, breast cancer, pancreatic cancer and the like. Especially, HIFU presents excellent performance in
the treatment of liver cancer and the treatment of pancreatic cancer, a surgical operation against which is impossible.
[0005] HIFU treatment has various aspects such as a thermal effect, a cavitation effect, a mechanical effect, destruction
of capillaries near a tumor and an immunity effect. Herein, the thermal effect serves to cause blood coagulation and
necrose tumor cells by use of heat above 65 degrees. The cavitation effect denatures the structure of protein and thereby
destroys DNA of a tumor by pressurizing cells. In addition, the mechanical effect severs a chemical link between cancer
cells. The destruction of capillaries adjacent to a tumor is to prevent the tumor from proliferating by destroying the nearby
capillaries so as not to supply nutrition to the tumor as well as a lesion to be treated. The immunity effect relates to
increasing the level of immunity as with increasing lymphocyte by recognizing a tumor cell destroyed after treatment as
an antigen. Among these effects, HIFU based treatment using the thermal effect is one of the most popular kinds.
[0006] FIG. 1 is a diagram of an example of a HIFU transducer and a beam generated from the HIFU transducer.
[0007] Ultrasonic sound energy irradiated from the HIFU transducer is focused on one point, thereby forming a focal
point. However, in the HIFU transducer according to the related art, the size of a beam focus formed on a lateral coordinate
is 1 to 3 mm, whereas a beam focus formed on an axial coordinate is as large as 5 to 10 mm. This possibly ends up
damaging untargeted surrounding organs in addition to cancer cells or tumors during HIFU treatment of a patient because
of poor axial resolution in spite of precise treatment available in the direction of the lateral coordinate.

[Disclosure]

[Technical Problem]

[0008] Therefore, the present disclosure has been made in an effort to reduce a beamforming error and a grating lobe
by increasing resolution of a focal point formed by an ultrasound wave in a medical device using HIFU or other technol-
ogies.

[Summary]

[0009] In accordance with some embodiments of the present disclosure, a beamforming apparatus is provided for
forming a beam focus by generating ultrasound waves at multiple channels. The beamforming apparatus comprises a
frequency selector, a phase selector and a beamforming signal generator. The frequency selector is configured to quasi-
randomly select a driving frequency for each channel from two or more candidate frequencies. The phase selector is
configured to set a phase for each channel based on a wavelength of the driving frequency for each channel and a
distance between a physical position of each channel and a focal point. The beamforming signal generator is configured
to control generation of the ultrasound waves at the multiple channels, according to the driving frequency and the phase
selected for each channel.
[0010] The candidate frequencies may be frequencies exhibiting a response characteristic of 3 dB or more.
[0011] The driving frequency for each channel may be selected randomly and differently from that of an adjacent
channel.
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[0012] The driving frequency for each channel may be randomly selected so that selected driving frequencies have
a uniform distribution.
[0013] The driving frequency for each channel may be randomly selected, so that the driving frequency for each
channel is different from that of an adjacent channel and selected driving frequencies have uniform distribution.
[0014] The beamforming apparatus may further comprise an amplitude selector configured to set an amplitude for
each channel, wherein the beamforming signal generator generates the ultrasound waves according to the driving
frequency, the phase and the amplitude selected for each channel.
[0015] The amplitude for each channel may be differently set according to a distance from a center of a transducer of
the beamforming apparatus to each channel.
[0016] The amplitude for each channel may be selected randomly and differently from that of an adjacent channel.
[0017] The amplitude for each channel may be set such that amplitudes are distributed by equal ratio with respect to
individual channels.
[0018] In accordance with some embodiments of the present disclosure, a beamforming method performed by a
beamforming apparatus is provided for forming a beam focus by generating ultrasound waves at multiple channels. The
beamforming method comprises quasi-randomly selecting a driving frequency for each channel from two or more can-
didate frequencies; setting a phase for each channel based on a wavelength of the driving frequency for each channel
and a distance between a physical position of each channel and a focal point; and generating the ultrasound waves at
the multiple channels, according to the driving frequency and the phase selected for each channel.
[0019] The driving frequency for each channel may be selected randomly and differently from that of an adjacent
channel.
[0020] The driving frequency for each channel is randomly selected so that the driving frequency for each channel is
different from that of an adjacent channel and selected driving frequencies have uniform distribution.
[0021] The beamforming method may further comprise differently setting an amplitude for each channel according to
a distance from a center of a transducer of the beamforming apparatus to each channel. The ultrasound waves are
generated according to the driving frequency, the phase and the amplitude selected for each channel.

[Advantageous Effects]

[0022] According to the present disclosure as described above, a beamforming error can be reduced by increasing
resolution of a focal point formed by an ultrasound wave generated in a medical device using HIFU or other technologies.
[0023] In addition, according to the present disclosure as described above, a grating lobe can be reduced.

[Description of Drawings]

[0024]

FIG. 1 is a diagram of an example of a HIFU transducer and a beam generated from the HIFU transducer.

FIG. 2 is a block diagram of a beamforming apparatus according to at least one embodiment of the present disclosure.

FIG. 3 is an exemplary diagram of types of a HIFU transducer.

FIG. 4 is an enlarged diagram of some channel elements in a rectangular transducer array.

FIG. 5 is an exemplary diagram of a frequency response of each channel in a HIFU transducer.

FIG. 6 is an exemplary diagram of distances between a focal point and two channels.

FIG. 7 is an exemplary diagram of a transducer divided into multiple regions from a center point of the transducer.

FIG. 8 is an exemplary diagram of a conventional waveform (dotted) together with the patterns of waveform at
various depths of irradiation with candidate frequencies set at an interval of 0.1 MHz within a range of 0.8 MHz to
1.2 MHz and after generating signals randomly over 92 channels for each driving frequency from the candidate
frequencies.

FIG. 9 is a flowchart of an example beamforming method according to at least one embodiment of the present
disclosure.
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[Detailed Description]

[0025] Hereinafter, at least one embodiment of the present disclosure will be described in detail with reference to the
accompanying drawings. In the following description, like reference numerals designate like elements although the
elements are shown in different drawings. Further, in the following description of the at least one embodiment, a detailed
description of known functions and configurations incorporated herein will be omitted for the purpose of clarity and brevity.
[0026] Additionally, in describing the components of the present disclosure, terms like first, second, A, B, (a), and (b)
are used. These are solely for the purpose of differentiating one component from another, and one of ordinary skill would
understand that the terms are not to imply or suggest the substances, order or sequence of the components. If a
component is described as ’connected’, ’coupled’, or ’linked’ to another component, one of ordinary skill in the art would
understand that the components are not necessarily directly ’connected’, ’coupled’, or ’linked’ but also are indirectly
’connected’, ’coupled’, or ’linked’ via a third component.
[0027] FIG. 2 is a block diagram of a beamforming apparatus according to at least one embodiment of the present
disclosure.
[0028] As illustrated in FIG. 2, a beamforming apparatus 200 according to at least one embodiment of the present
disclosure may include, as a HIFU transducer for example, a frequency selector 210, a phase selector 220, an amplitude
selector 230 and a beamforming signal generator 240. Herein, components included in the beamforming apparatus 200
are merely for exemplary description of the technological idea of at least one embodiment of the present disclosure.
Therefore, those skilled in the art will appreciate that various modifications and substitutions for the components included
in the beamforming apparatus 200 are possible, without departing from the essential characteristics of at least one
embodiment of the present disclosure.
[0029] FIG. 3 is an exemplary diagram of types of a HIFU transducer. FIG. 4 is an enlarged diagram of area "A" of
channel elements in a rectangular array of FIG. 3 and FIG. 5 is an exemplary diagram of a frequency response of each
channel in a HIFU transducer.
[0030] The HIFU transducer generates ultrasound waves from its plurality of channels and each of the channels
includes an element for irradiating an ultrasound beam.
[0031] As illustrated in FIG. 3, the HIFU transducer may have various types including (a) rectangular array, (b) annular
array, (c) oval array, and (d) random array. Each array includes a plurality of channel elements and the HIFU transducer
has various types according to an arranged form of the channel elements.
[0032] The frequency selector 210 selects two or more candidate frequencies from the frequencies exhibiting a re-
sponse characteristic of 3 dB or more in the HIFU transducer and quasi-randomly selects, from the two or more candidate
frequencies, a driving frequency per ultrasound beam for each channel. The meaning of quasi-random selection of a
driving frequency is that the driving frequency may be randomly selected but additional conditions may be applied.
[0033] FIG. 5 illustrates selecting frequencies of 3 dB or more for the candidate frequencies in consideration of char-
acteristics of individual frequencies of an ultrasound wave transmitted via the human body as a medium. Herein, fre-
quencies selected as the candidate frequencies are f1, f2, ..., fn. The candidate frequencies are at least two frequencies.
[0034] The frequency selector 210 may randomly select the driving frequency for each channel from the candidate
frequencies in such a manner that adjacent channels have different frequencies. As illustrated in FIG. 4, if f1 is randomly
selected as a driving frequency of an element of channel 1, frequencies other than f1 are selected as driving frequencies
of channel 2, channel 3, channel 4,..., channel 9. Herein, while channel 2 to channel 9 have been exemplified as adjacent
channels, channel 3, channel 5, channel 7, and channel 9 may be set as adjacent channels of channel 1. In addition,
adjacent channel elements may be defined in various manners.
[0035] Moreover, the frequency selector 210 may be configured to select driving frequencies for individual channels
so that the driving frequencies have a uniform distribution. For example, when driving frequencies are f1, f2, f3, and f4,
if the number of channel elements is 240, the number of channel elements allocated to generate ultrasound waves at
each driving frequency is 60.
[0036] FIG. 6 is a diagram of an example of distances between a focal point and two channels.
[0037] The phase selector 220 sets a phase in consideration of the wavelength of a driving frequency selected with
respect to each ultrasound wave for each channel and the distance between the physical position of a channel element
and the focal point.
[0038] As illustrated in FIG. 6, if the distance between channel 1 and the focal point is D1 and the distance between
channel 2 and the focal point is D2, phases of ultrasound waves generated in the channels are set such that an ultrasound
wave of channel 1 and an ultrasound wave of channel 2 have a phase difference of 2π(D2 - D1)/λ2 where λ2 is the
wavelength of the ultrasound wave of channel 2.
[0039] The beamforming signal generator 240 may generate an ultrasound wave for each channel according to the
driving frequency and the phase selected for each channel.
[0040] The amplitude selector 230 sets an amplitude for each channel.
[0041] FIG. 7 is a diagram of an example of a transducer divided into multiple regions based on a center point of the
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transducer.
[0042] The amplitude selector 230 may use a method for differently setting the amplitude for each channel according
to a distance between the center of the transducer (i.e. the center of position of an image probe) and each channel, as
illustrated in FIG. 7. For example, the amplitude may be set to increase as a channel nears the center of the transducer.
In other words, the following relationship may be satisfied: amplitude of an ultrasound wave of a channel in region 1 >
amplitude of an ultrasound wave of a channel in region 2 > amplitude of an ultrasound wave of a channel in region 3.
Such a method for setting the amplitude for each channel is not limited to the exemplary method of the present embodiment
and various other methods may be used.
[0043] The amplitude selector 230 may randomly select the amplitude for each channel within a prescribed range.
The amplitude selector 230 may randomly select the amplitude for each channel within a prescribed range with the
proviso that the amplitude for each channel is different from that of an adjacent channel.
[0044] In addition, the amplitude for each channel may be set such that amplitudes are distributed by equal ratio with
respect to channels.
[0045] The beamforming signal generator 240 may control generation of the ultrasound wave at each channel , ac-
cording to the driving frequency, the phase and the amplitude selected for each channel.
[0046] A beam-formed ultrasound signal generated from the control of the beamforming signal generator 240 may be
expressed as Equation 1.

where pn is a sound field of an n-th channel, An is an amplitude of an n-th channel,
Φn (= 2π(Dn - D1)/λn) is a phase difference between an n-th channel and the first channel,
Dn is a distance between an n-th channel and a focal point, D1 is a distance between the first channel and a focal point, and,
λn is a wavelength of an ultrasound signal of an n-th channel.
[0047] FIG. 8 is an exemplary diagram of a conventional waveform (dotted) together with the patterns of waveform at
various depths of irradiation with candidate frequencies set at an interval of 0.1 MHz within a range of 0.8 MHz to 1.2
MHz and after generating signals randomly over 92 channels for each driving frequency from the candidate frequencies.
[0048] As illustrated in FIG. 8, as compared with a waveform (a dotted waveform) according to a conventional method
generating an ultrasound wave by using a single frequency, it is appreciated that a waveform (a solid waveform) according
to a method of at least one embodiment of the present disclosure reduces a grating lobe by -10 dB and improves the
axial resolution.
[0049] FIG. 9 is a flowchart of a beamforming method according to at least one embodiment of the present disclosure.
[0050] As illustrated in FIG. 9, a beamforming method according to at least one embodiment of the present disclosure
includes a process for selecting a frequency (S910), a process for selecting a phase (S920), a process for selecting an
amplitude (S930), and a process for generating a beamforming signal (S940). The processes included in the beamforming
method are merely for exemplary description of the technological idea of at least one embodiment of the present invention.
Therefore, those skilled in the art will appreciated that various modifications and substitutions for the processes are
possible, without departing from the essential characteristics of at least one embodiment of the present disclosure.
[0051] In selecting the frequency (S910), a driving frequency is randomly selected with respect to an ultrasound beam
for each channel among two or more candidate frequencies.
[0052] The selection of the phase (S920) is to set a phase in consideration of the wavelength of the driving frequency
selected with respect to each ultrasound wave for each channel and of the distance between a physical position of a
channel element and a focal point.
[0053] In selection of the amplitude (S930), a different amplitude is set according to a distance between the center of
a transducer and a channel.
[0054] The generation of the beamforming signal (S940) is to generate an ultrasound wave according to the driving
frequency and the phase selected per channel or generate an ultrasound wave according to the driving frequency, the
phase, and the amplitude selected per channel.
[0055] The selection of the frequency (S910), the selection of the phase (S920), the selection of the amplitude (S930),
and the generation of the beamforming signal (S940) correspond to the frequency selector 210, the phase selector 220,
the amplitude selector 230, and the beamforming signal generator 240, respectively, and therefore detailed descriptions
thereof are not given.
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[0056] Although exemplary embodiments of the present disclosure have been described for illustrative purposes,
those skilled in the art will appreciate that various modifications, additions and substitutions are possible, without departing
from the essential characteristics of the 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
disclosure is not limited by the explicitly described above embodiments but by the claims and equivalents thereof.

[Industrial Applicability]

[0057] As described above, the present disclosure is highly useful for applications in a medical device using HIFU or
other technologies for reducing a beamforming error and a grating lobe by increasing the resolution of a focal point
formed by an ultrasound wave.

Claims

1. A beamforming apparatus for forming a beam focus by generating ultrasound waves at multiple channels, the
beamforming apparatus comprising:

a frequency selector configured to quasi-randomly select a driving frequency for each channel from two or more
candidate frequencies;
a phase selector configured to set a phase for each channel based on a wavelength of the driving frequency
for each channel and a distance between a physical position of each channel and a focal point; and
a beamforming signal generator configured to control generation of the ultrasound waves at the multiple chan-
nels, according to the driving frequency and the phase selected for each channel.

2. The beamforming apparatus of claim 1, wherein the candidate frequencies are frequencies exhibiting a response
characteristic of 3 dB or more.

3. The beamforming apparatus of claim 1, wherein the driving frequency for each channel is selected randomly and
differently from that of an adjacent channel.

4. The beamforming apparatus of claim 1, wherein the driving frequency for each channel is randomly selected so that
selected driving frequencies have a uniform distribution.

5. The beamforming apparatus of claim 1, wherein the driving frequency for each channel is randomly selected so that
the driving frequency for each channel is different from that of an adjacent channel and selected driving frequencies
have uniform distribution.

6. The beamforming apparatus of claim 1, further comprising an amplitude selector configured to set an amplitude for
each channel,
wherein the beamforming signal generator generates the ultrasound waves according to the driving frequency, the
phase and the amplitude selected for each channel.

7. The beamforming apparatus of claim 6, wherein the amplitude selector is configured to set the amplitude for each
channel differently according to a distance from a center of a transducer of the beamforming apparatus to each
channel.

8. The beamforming apparatus of claim 6, wherein the amplitude for each channel is selected randomly and differently
from that of an adjacent channel.

9. The beamforming apparatus of claim 8, wherein the amplitude for each channel is set such that amplitudes are
distributed by equal ratio with respect to individual channels.

10. A beamforming method performed by a beamforming apparatus for forming a beam focus by generating ultrasound
waves at multiple channels, the beamforming method comprising:

quasi-randomly selecting a driving frequency for each channel from two or more candidate frequencies;
setting a phase for each channel based on a wavelength of the driving frequency for each channel and a distance



EP 2 799 112 A1

7

5

10

15

20

25

30

35

40

45

50

55

between a physical position of each channel and a focal point; and
generating the ultrasound waves at the multiple channels, according to the driving frequency and the phase
selected for each channel.

11. The beamforming method of claim 10, wherein the driving frequency for each channel is selected randomly and
differently from that of an adjacent channel.

12. The beamforming method of claim 10, wherein the driving frequency for each channel is randomly selected so that
the driving frequency for each channel is different from that of an adjacent channel and selected driving frequencies
have uniform distribution.

13. The beamforming method of claim 10, further comprising differently setting an amplitude for each channel according
to a distance from a center of a transducer of the beamforming apparatus to each channel,
wherein the ultrasound waves are generated according to the driving frequency, the phase and the amplitude
selected for each channel.
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