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DIRECTIONAL ACOUSTIC SENSOR AND
METHOD OF DETECTING DISTANCE
FROM SOUND SOURCE USING THE
DIRECTIONAL ACOUSTIC SENSOR

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Pat-
ent Application No. 10-2019-0059131, filed on May 20,
2019, in the Korean Intellectual Property Office, the disclo-
sure of which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Field

[0002] Apparatuses and methods consistent with example
embodiments relate to directional acoustic sensors, and
more particularly, to directional acoustic sensors and meth-
ods of detecting a distance from a sound source using the
same.

2. Description of the Related Art

[0003] The application of acoustic sensors, which are
installed in home electric appliances, image display devices,
virtual reality devices, augmented reality devices, and arti-
ficial intelligent speakers detect a direction from which
sound comes and recognize speech, increases. Recently, a
directional acoustic sensor that converts a mechanical
motion caused by a pressure difference into an electrical
signal and detects an acoustic signal has been developed.

SUMMARY

[0004] Provided are directional acoustic sensors and meth-
ods of detecting a distance from a sound source using the
same.

[0005] According to an aspect of an example embodiment,
there is provided a directional acoustic sensor including: a
plurality of resonators arranged in different directions; and a
processor configured to calculate a time difference between
a first signal that is received by the plurality of resonators
directly from a sound source and a second signal that is
received by the plurality of resonators from the sound source
after being reflected on a wall surface around the sound
source, and determine a distance between the sound source
and the directional acoustic sensor based on the time dif-
ference.

[0006] The plurality of resonators may include a first
resonator configured to receive the first signal and a second
resonance unit configured to receive the second signal.
[0007] The processor may be further configured to calcu-
late the distance between the sound source and the direc-
tional acoustic sensor by using an equation below,

2.d}  Arev

h=g5 "7

[0008] wherein d, denotes the distance between the sound
source and the directional acoustic sensor, d, denotes a
distance between the sound source and the wall surface, and
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At denotes the time difference between the first signal and
the second signal, and v denotes a speed of sound.

[0009] The processor may be further configured to deter-
mine the distance between the sound source and the wall
surface based on a time taken for a sound generated by the
directional acoustic sensor to be reflected from the wall
surface and return to the directional acoustic sensor.

[0010] The processor may be further configured to deter-
mine the time difference between the first signal and the
second signal based on a difference between a time taken for
the first signal to reach the first resonator and a time taken
for the second signal to reach the second resonator.

[0011] The plurality of resonators may include a plurality
of substrates each having a cavity penetrating therethrough;
and at least one cantilever beam is provided on each of the
plurality of substrates.

[0012] The plurality of substrates may be arranged in
different directions.

[0013] The at least one cantilever beam may include a
plurality of cantilever beams arranged in parallel with one
another or a plurality of cantilever beams arranged radially.

[0014] According to an aspect of another example
embodiment, there is provided a method of detecting a
distance between a sound source and a directional acoustic
sensor using the directional acoustic sensor comprising a
plurality of resonators arranged in different directions, the
method including: determining a time difference between a
first signal that is received by the plurality of resonators
directly from the sound source and a second signal that is
received by the plurality of resonators from the sound source
after being reflected on a wall surface around the sound
source, and determining the distance between the sound
source and the directional acoustic sensor based on the time
difference.

[0015] The plurality of resonators may include a first
resonator configured to receive the first signal and a second
resonator configured to receive the second signal.

[0016] The determining the distance between the sound
source and the directional acoustic sensor comprises deter-
mining the distance between the sound source and the
directional acoustic sensor using an equation below,

2-d} Ar-v
d1=

Ar-v 2

[0017] wherein d, denotes the distance between the sound
source and the directional acoustic sensor, d, denotes a
distance between the sound source and the wall surface, At
denotes the time difference between the first signal and the
second signal, and v denotes a speed of sound.

[0018] The determining the distance between the sound
source and the directional acoustic sensor may further
include: calculating the distance between the sound source
and the wall surface by measuring a time taken for a sound
generated by the directional acoustic sensor to be reflected
from the wall surface and return to the directional acoustic
sensor.

[0019] The determining the distance between the sound
source and the directional acoustic sensor may further
include: calculating the time difference between the first
signal and the second signal is by measuring a difference
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between a time taken for the first signal to reach the first
resonator and a time taken for the second signal to reach the
second resonator.

[0020] The plurality of resonators may include a plurality
of substrates each having a cavity penetrating therethrough;
and at least one cantilever beam may be provided on each of
the plurality of substrates.

[0021] The plurality of substrates may be arranged in
different directions.

[0022] The at least one cantilever beam may include a
plurality of cantilever beams arranged in parallel with one
another or a plurality of cantilever beams arranged radially.
[0023] According to an aspect of another example
embodiment, there is provided a non-transitory computer-
readable storage medium storing a program that is execut-
able by a computer to perform a method of detecting a
distance between a speaker and an acoustic sensor, the
method including: determining a time difference between a
first acoustic signal that travels in a direct path from the
speaker to the acoustic sensor and a second acoustic signal
that travels in an indirect path from the speaker to the
acoustic sensor via a sound reflection surface; determining
the distance between the speaker and the acoustic sensor
based on the time difference; and executing a voice com-
mand that is output from the speaker based on the distance
between the speaker and the acoustic sensor.

[0024] The method may further include retrieving from a
memory, information of a distance between the acoustic
sensor and the sound reflection surface. The determining the
time difference may include determining the time difference
between the first acoustic signal and the second acoustic
signal further based on the retrieved information.

[0025] The method may further include causing a third
acoustic signal to be emitted from the acoustic sensor toward
the sound reflection surface and then collected by the
acoustic sensor, and determining a distance between the
acoustic sensor and the sound reflection surface based on the
third acoustic signal collected by the acoustic sensor. The
determining the distance between the speaker and the acous-
tic sensor may include determining the distance between the
speaker and the acoustic sensor further based on the distance
between the acoustic sensor and the sound reflection surface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The above and/or other aspects will be more appar-
ent by describing certain example embodiments, with ref-
erence to the accompanying drawings, in which:

[0027] FIG. 1 illustrates an example of a directional
acoustic sensor;

[0028] FIG. 2 illustrates a cross-section of a resonator
shown in FIG. 1;

[0029] FIG. 3 illustrates an example of a result of detect-
ing a frequency response characteristic of the directional
acoustic sensor shown in FIG. 1;

[0030] FIG. 4 illustrates an example of a result of detect-
ing a directional characteristic of the directional acoustic
sensor shown in FIG. 1;

[0031] FIG. 5 illustrates an example of paths in which
sound generated from a sound source provided inside a room
reaches a listener;

[0032] FIG. 6 schematically illustrates a directional acous-
tic sensor according to an embodiment;

[0033] FIG. 7 is a perspective view of the directional
acoustic sensor shown in FIG. 6;
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[0034] FIG. 8 is a block diagram showing a schematic
configuration of the directional acoustic sensor shown in
FIG. 6;

[0035] FIGS. 9A to 9F illustrate simulation results of
waveforms of a first signal directly received by a first
resonance unit and a second signal reflected from a wall
surface and received by a second resonance unit according
to a change in a distance between a sound source and the
wall surface, in the directional acoustic sensor according to
the embodiment shown in FIG. 6;

[0036] FIG. 10 illustrates distances between a sound
source and a directional acoustic sensor calculated by using
the results shown in FIGS. 9A to 9F;

[0037] FIG. 11 illustrates a sound waveform of a sound
source used for an experiment in the directional acoustic
sensor according to the embodiment shown in FIG. 6;
[0038] FIGS. 12A to 12E illustrate experimental results of
waveforms of a first signal directly received by a first
resonance unit and a second signal reflected from a wall
surface and received by a second resonance unit according
to a change in a distance between a sound source and the
wall surface in the directional acoustic sensor according to
the embodiment shown in FIG. 6;

[0039] FIG. 13 illustrates the distances dl between a sound
source and a directional acoustic sensor calculated by using
results shown in FIGS. 12A to 12E; and

[0040] FIG. 14 schematically illustrates a directional
acoustic sensor according to another embodiment.

DETAILED DESCRIPTION

[0041] Example embodiments are described in greater
detail below with reference to the accompanying drawings.
[0042] Inthe following description, like drawing reference
numerals are used for like elements, even in different
drawings. The matters defined in the description, such as
detailed construction and elements, are provided to assist in
a comprehensive understanding of the example embodi-
ments. However, it is apparent that the example embodi-
ments can be practiced without those specifically defined
matters. Also, well-known functions or constructions are not
described in detail since they would obscure the description
with unnecessary detail.

[0043] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items. Expressions such as “at least one of,” when preceding
a list of elements, modify the entire list of elements and do
not modify the individual elements of the list. For example,
the expression, “at least one of a, b, and ¢,” should be
understood as including only a, only b, only ¢, both a and b,
both a and ¢, both b and ¢, all of a, b, and ¢, or any variations
of the aforementioned examples.

[0044] Reference will now be made in detail to embodi-
ments, examples of which are illustrated in the accompany-
ing drawings, wherein like reference numerals refer to like
elements throughout. The thickness or size of each layer
illustrated in the drawings may be exaggerated for conve-
nience of explanation and clarity. In this regard, the present
embodiments may have different forms and should not be
construed as being limited to the descriptions set forth
herein.

[0045] Hereinafter, when a constituent element is disposed
“above” or “on” to another constituent element, the con-
stituent element may be only directly on the other constitu-
ent element or above the other constituent elements in a
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non-contact manner. The expression of singularity in the
present specification includes the expression of plurality
unless clearly specified otherwise in context. Also, terms
such as “comprise” and/or “comprising” may be construed
to denote a constituent element, but may not be construed to
exclude the existence of or a possibility of addition of
another constituent element.

[0046] The use of the terms “a” and “an” and “the” and
similar referents in the context of describing the disclosure
(especially in the context of the following claims) are to be
construed to cover both the singular and the plural. Also,
operations of all methods described herein may be per-
formed in any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The
present disclosure is not limited to the described order of the
operations. The use of any and all examples, or language
(e.g., “such as”) provided herein, is intended merely to better
illuminate the disclosure and does not pose a limitation on
the scope of the disclosure unless otherwise claimed.

[0047] FIG. 1 illustrates an example of a directional
acoustic sensor 10. FIG. 2 illustrates a cross-section of one
of resonators 12 shown in FIG. 1.

[0048] Referring to FIGS. 1 and 2, the directional acoustic
sensor 10 may include a substrate 11 and resonators 12. The
substrate 11 may be formed with a cavity 15 penetrating
therethrough. The substrate 11 may include, for example, a
silicon substrate, but the substrate 11 is not limited thereto.

[0049] The plurality of resonators 12 may be arranged on
the cavity 115 of the substrate 11 in a predetermined form.
The resonators 12 may be arranged in a planar manner
without overlapping each other. For example, the resonators
12 may be arranged in parallel with each other. Each of the
resonators 12 may have one end fixed to the substrate 11 as
shown in FIG. 2 and may be provided to extend toward the
cavity 15. Each of the resonators 12 may include a fixing
unit 16 fixed to the substrate 11, a moving unit 18 moving
or vibrating in response to an input acoustic signal, and a
sensing unit (e.g., a sensor) 17 sensing a movement of the
moving unit 18. In addition, the resonator 12 may further
include a mass body 19 for providing a predetermined mass
to the moving unit 18.

[0050] The resonators 12 may be provided, for example, to
sense acoustic frequencies of different bands. That is, the
resonators 12 may be provided to have different center
frequencies. To this end, the resonators 12 may be provided
with different dimensions. For example, the resonators 12
may be provided to have different lengths, widths, or thick-
nesses.

[0051] The moving unit 18 may be also referred to as a
cantilever beam, or a cantilever arm. The moving unit 18
may be anchored at one end only while the other end may
be free and unsupported.

[0052] FIG. 3 illustrates an example of a result of detect-
ing a frequency response characteristic of the directional
acoustic sensor 10 shown in FIG. 1. FIG. 4 illustrates an
example of a result of detecting a directional characteristic
of the directional acoustic sensor 10 shown in FIG. 1. As
shown in FIG. 4, it may be seen that the directional acoustic
sensor 10 has bi-directionality, that is, directionality in a
z-axis direction, which is a direction of O degrees and a
direction of 180 degrees. Although FIG. 1 illustrates a case
where the plurality of resonators 12 are provided on the
substrate 11, only one resonator 12 may be provided.
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[0053] FIG. 5 illustrates an example of paths P1 and P2 in
which sound generated from a sound source SP provided
inside a room reaches a listener L.

[0054] Referring to FIG. 5, the sound generated from the
sound source SP may reach the listener L directly, but may
be also reflected on wall surfaces W to reach the listener L.
In FIG. 5, the first path P1 may represent a direct path
through which the sound generated from the sound source
SP directly reaches the listener L, and the second path P2
may represent a reflected path through which the sound
generated from the sound source SP is reflected from the
wall surfaces W to reach the listener L.

[0055] In the following embodiments, a directional sound
sensor may be used to calculate a difference between a time
taken for sound generated from a sound source to directly
reach a listener and a time taken for the sound generated
from the sound source to be reflected from a wall surface to
reach the listener and detect a distance between the sound
source and the directional sound sensor.

[0056] FIG. 6 schematically illustrates a directional acous-
tic sensor 100 according to an embodiment, and FIG. 7 is a
perspective view of the directional acoustic sensor 100
shown in FIG. 6. FIG. 8 is a block diagram showing a
schematic configuration of the directional acoustic sensor
100 shown in FIG. 6. FIG. 6 illustrates a case in which the
directional acoustic sensor 100 is positioned in a front
direction of the sound source SP and the wall surface W
reflecting sound generated in the sound source SP is pro-
vided in one side direction of the sound source SP. Here, the
directional acoustic sensor 100 may be placed at a position
that allows a distance between the sound source SP and the
wall surface W to be substantially the same as a distance
between the directional acoustic sensor 100 and the wall
surface W. In FIG. 6, a signal processing unit (e.g., a
processor) 150 of FIG. 8 is not shown for the sake of
convenience.

[0057] Referring to FIGS. 6 to 8, the directional acoustic
sensor 100 according to an embodiment may include a
plurality of resonance units R1 to R6é and the signal pro-
cessing unit 150. Here, the plurality of resonance units R1 to
R6 may be arranged in different directions.

[0058] FIG. 6 illustrates a case in which the six resonance
units R1 to R6, that is, the first to sixth resonance units R1
to R6, are arranged at right angles to each other to form a
cubic shape. However, the present disclosure is not limited
thereto, and the number and arrangement of resonance units
arranged in different directions may be variously modified.

[0059] Each of the first to sixth resonance units R1 to R6
may have the same configuration as the directional acoustic
sensor 10 shown in FIG. 1 described above. Therefore, each
of the first to sixth resonance units R1 to R6 may have
directionality. As described above, each of the first to sixth
resonance units R1 through R6 may include a substrate 111
with a cavity 115 penetrating therethrough and at least one
resonator arranged on the cavity 115 of the substrate 111.
Here, the six substrates 111 constituting the first to sixth
resonance units R1 to R6 may be arranged at right angles to
each other to form a cubic shape. At least one resonator 112
may have one end fixed to the substrate 111 and may extend
toward the cavity 115.

[0060] Some of the first to sixth resonance units R1 to R6
may be arranged such that the sound generated from the
sound source SP directly reaches and the others may be
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arranged such that the sound generated from the sound
source SP is reflected from the wall surface W and reaches.
[0061] As a specific example, referring to FIG. 6, the first
resonance unit R1 among the first to sixth resonance units
R1 to R6 may be arranged to directly receive the sound
generated from the sound source SP, and the second reso-
nance unit R2 may be arranged to receive the sound gener-
ated from the sound source SP and reflected from the wall
surfaces W. Accordingly, when the sound is generated from
the sound source SP, the first resonance unit R1 may receive
a first signal traveling along the first path P1, which is the
direct path, and the second resonance unit R2 may receive
a second signal traveling along the second path P2, which is
a reflection path.

[0062] The signal processing unit 150 may process signals
received by the resonance units R1 to Ré to calculate a time
difference of the received signals and detect a distance d,
between the sound source SP and the directional acoustic
sensor 100 using the time difference. The signal processing
unit 150 may store the signals received from the resonance
units R1 to R6 in a memory 160 and may retrieve the signals
from the memory 160 to determine the distance d, between
the sound source SP and the directional acoustic sensor 100.
Alternatively, the signal processing unit 150 may directly
use the signals received from the resonance units R1 to R6.
[0063] As a specific example, referring to FIG. 6, the
signal processing unit 150 may calculate a time difference of
the first signal directly received by the first resonance unit
R1 among the signals received by the resonance units R1 to
R6 and the second signal reflected from the wall surface W
around the sound source SP and received by the second
resonance unit R2 and detect the distance d, between the
sound source SP and the directional acoustic sensor 100
using the time difference between the first signal and the
second signal.

[0064] First, the signal processing unit 150 may calculate
the time difference between the first signal and the second
signal. Here, the time difference between the first signal and
the second signal may be determined by calculating a
difference between a time taken for the sound generated
from the sound source SP to directly reach the first reso-
nance unit R1 and a time taken for the sound generated from
the sound source SP to be reflected from the wall surface W
to reach the second resonance unit R2.

[0065] Next, the signal processing unit 150 may determine
the distance d, between the sound source SP and the direc-
tional acoustic sensor 100 by using the following Equation
1 using the time difference between the first signal and the
second signal.

2 Ay (0
T Ay 2

dy

[0066] Here, At denotes the time difference between the
first signal and the second signal and d, denotes the distance
between the sound source SP and the wall surface W. v may
be a sound speed of about 340 m/sec.

[0067] The distance d, between the sound source SP and
the wall surface W in Equation 1 may be determined by
measuring a time taken for sound generated by the direc-
tional acoustic sensor 100 to be reflected from the wall
surface W and return. The distance d, may be stored in the
memory 160. For example, when the directional acoustic
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sensor 100 according to an embodiment is employed in an
electronic device such as an artificial Intelligence (AI)
speaker, etc., a distance between the Al speaker and the wall
surface W, that is, the distance d; between the sound source
SP and the directional acoustic sensor 100, may be known by
measuring a time taken for sound generated from the Al
speaker at an initial setup of the Al speaker to be reflected
from the wall surface W and return. Accordingly, the dis-
tance d, between the sound source SP and the wall surface
W may be known in advance of determining the distance d,
between the sound source SP and the directional acoustic
sensor 100 based on Equation 1. The Al speaker may
execute a voice command based on the distance between the
sound source SP and the directional acoustic sensor 100.
[0068] As described above, the signal processing unit 150
may calculate the time difference At between the first signal
received by the first resonance unit R1 and the second signal
received by the second resonance unit R2, and then detect
the distance d; between the sound source SP and the direc-
tional acoustic sensor 100 using Equation 1 described above.
[0069] In the directional acoustic sensor 100 according to
an embodiment, the plurality of resonance units R1 to R6
arranged in different directions may separate and receive
signals in which the sound generated from the sound source
SP travels in different directions (specifically, the direct path
and the reflection path) and the signal processing unit 150
may detect the distance between the sound source SP and the
directional acoustic sensor 100 using a time difference of the
received signals.

[0070] Meanwhile, an example in which the resonance
units R1 to Ré are arranged such that the first resonance unit
R1 directly receives the sound generated from the sound
source SP and the second resonance unit R2 receives the
sound generated from the sound source SP and reflected
from the wall surface W are arranged is described above.
However, the present disclosure is not limited thereto, and
the plurality of resonance units R1 to R6 may be arranged in
various forms to separate and receive signals traveling in
different paths.

[0071] FIGS. 9A to 9F and 10 illustrate simulation experi-
mental results of the directional acoustic sensor 100 accord-
ing to the embodiment shown in FIG. 6. Here, in a simula-
tion experiment, the distance d, between the sound source
SP and the wall surface W changes by moving the wall
surface W while a distance between the sound source SP and
the directional acoustic sensor 100 is fixed at 1 m.

[0072] FIGS. 9A to 9F illustrate simulation results of
waveforms of a first signal directly received by the first
resonance unit R1 and a second signal reflected from the
wall surface W and received by the second resonance unit
R2 according to a change in the distance d, between the
sound source SP and the wall surface W, in the directional
acoustic sensor 100 according to the embodiment shown in
FIG. 6.

[0073] Referring to FIGS. 9A to 9F, when the distance d,
between the sound source SP and the wall surface W is 0.7
m, 0.85 m, 1 m, 1.15 m, and 1.3 m, the time difference At
between the first signal and the second signal is detected as
2.0 ms, 2.8 ms, 3.6 ms, 4.4 ms, and 5.1 ms, respectively.
[0074] FIG. 10 illustrates the distances d, between the
sound source SP and the directional acoustic sensor 100
calculated by using detection results shown in FIGS. 9A to
9F. FIG. 10 illustrates results of calculating the distances d,
between the sound source SP and the directional acoustic
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sensor 100 by applying the time difference At between the
first signal and the second signal shown in FIGS. 9A to 9F
to Equation 1 described above. Referring to FIG. 10, the
distance d, between the sound source SP and the directional
acoustic sensor 100 calculated by using Equation 1
described above is detected with 1 m, which is an actual
distance at an error within about 3%. Therefore, it may be
seen that the distance d, between the sound source SP and
the directional acoustic sensor 100 may be detected rela-
tively and accurately.

[0075] FIGS. 11 to 13 show actual experimental results of
the directional acoustic sensor 100 according to the embodi-
ment shown in FIG. 6. Here, in an experiment, the distance
d, between the sound source SP and the wall surface W
changes by moving the wall surface W while a distance
between the sound source SP and the directional acoustic
sensor 100 is fixed at 1 m.

[0076] FIG. 11 illustrates a sound waveform of the sound
source SP used for the experiment. FIGS. 12A to 12E
illustrate experimental results of waveforms of a first signal
S1 directly received by the first resonance unit R1 and a
second signal S2 reflected from the wall surface W and
received by the second resonance unit R2 according to a
change in the distance d, between the sound source SP and
the wall surface W when a sound waveform shown in FIG.
11 occurs in the sound source SP.

[0077] Referring to FIGS. 12A to 12E, when the distance
d, between the sound source SP and the wall surface W is 0.7
m, 0.85 m, 1 m, 1.15 m, and 1.3 m, the time difference At
between the first signal S1 and the second signal S2 is
detected as 2.0 ms, 2.7 ms, 3.4 ms, 4.2 ms, and 4.0 ms,
respectively.

[0078] FIG. 13 illustrates the distances dl between the
sound source SP and the directional acoustic sensor 100
calculated by using detection results shown in FIGS. 12A to
12E. FIG. 13 illustrates results of calculating the distances
d, between the sound source SP and the directional acoustic
sensor 100 by applying the time difference At between the
first signal S1 and the second signal S2 shown in FIGS. 12A
to 12E to Equation 1 described above. Referring to FIG. 13,
the distance d,; between the sound source SP and the direc-
tional acoustic sensor 100 calculated by using Equation 1
described above is detected with 1 m, which is an actual
distance at an error within about 10%. In FIG. 13, when the
distance d, between the sound source SP and the wall
surface W is greater than the distance d, between the sound
source SP and the directional acoustic sensor 100, although
there is a relatively great error in the calculation of the
distance d, between the sound source SP and the directional
acoustic sensor 100, this error is a result of an experiment
using only one wall surface W. When all of the six resonance
units R1 to R6 of the wall surface W and the directional
acoustic sensors 100 are used, the distance d, between the
sound source SP and the directional acoustic sensor 100 may
be more accurately detected without a large error.

[0079] As described above, in the directional acoustic
sensor 100 according to an embodiment, the plurality of
resonance units R1 to R6 arranged in different directions
may calculate a difference between a time taken for sound
generated from the sound source SP to directly reach the
directional acoustic sensor 100 and a time taken for the
sound to be reflected from the wall surface W and directly
reach the directional acoustic sensor 100 and accurately
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detect the distance between the sound source SP and the
directional acoustic sensor 100 by using the calculated time
difference.

[0080] FIG. 14 schematically illustrates a directional
acoustic sensor 200 according to another embodiment.
[0081] Referring to FIG. 14, the directional acoustic sen-
sor 200 may include three resonance units arranged in
different directions, i.e., first, second and third resonance
units R1', R2', and R3'. Here, each of the first, second and
third resonance units R1', R2', and R3' may have direction-
ality, and the first, second and third resonance units R1', R2',
and R3' may be arranged obliquely with respect to each other
at a predetermined angle. For example, the first, second and
third resonance units R1', R2', and R3' may be disposed at
right angles to each other, but are not limited thereto.
[0082] Each of the first, second and third resonance units
R1', R2', and R3' may include a substrate 211 and a plurality
of resonators 212. The substrate 211 may be formed with a
cavity 215 in a circular shape penetrating therethrough, and
the plurality of resonators 212 may be radially arranged on
the cavity 115 of the substrate 211. Each of the resonators
212 may have one end fixed to the substrate 211 and extend
toward the cavity 215. The resonators 212 may be provided
to have, for example, different center frequencies. To this
end, the resonators 212 may be provided to have different
dimensions.

[0083] In the directional acoustic sensor 200 shown in
FIG. 14, some of the first, second and third resonance units
R1', R2', and R3' may directly receive sound generated from
the sound source (SP in FIG. 6) and the others may receive
the sound generated from the sound source SP and reflected
from the wall surface (W in FIG. 6). A signal processing unit
may calculate a time difference between sound that directly
reaches the directional acoustic sensor 200 and sound that is
reflected from the wall surface W and reaches the directional
acoustic sensor 200 and detect a distance between the sound
source SP and the directional acoustic sensor 200 by using
the time difference. FIG. 14 illustrates an example in which
a plurality of resonance units include the three resonance
units R1', R2', and R3' arranged in different directions, but
the present disclosure is not limited thereto, and the direc-
tional acoustic sensor 200 may also include various numbers
of resonance units.

[0084] On the other hand, although the case where the
directional acoustic sensor 100 or 200 includes the reso-
nance units R1 to R6 shown in FIG. 7 or the resonance units
R1', R2', and R3' shown in FIG. 14 is described above, this
is merely an example, and a shape of each of resonance units
constituting a directional acoustic sensor may be variously
modified.

[0085] According to the directional acoustic sensors
according to embodiments described above, a plurality of
resonance units arranged in different directions may calcu-
late a difference between a time taken for sound generated
from a sound source to directly reach the directional acoustic
sensor and a time taken for the sound to be reflected from a
wall surface and directly reach the directional acoustic
sensor and accurately detect a distance between the sound
source and the directional acoustic sensor by using the
calculated time difference.

[0086] The directional acoustic sensor according to an
embodiment may be utilized in various electronic devices.
For example, when the directional acoustic sensor according
to an embodiment is employed in an Al speaker, the Al
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speaker may determine a location of a user, thereby per-
forming a speech command of the user more accurately. For
example, the directional acoustic sensor according to an
embodiment may turn on light provided at the location of
user or operate a surveillance camera or the like mainly at a
place where sound is generated. Although the embodiments
have been described above, the present disclosure is not
limited thereto, and various modifications may be made by
those skilled in the art.

[0087] While not restricted thereto, an example embodi-
ment can be embodied as computer-readable code on a
computer-readable recording medium. The computer-read-
able recording medium is any data storage device that can
store data that can be thereafter read by a computer system.
Examples of the computer-readable recording medium
include read-only memory (ROM), random-access memory
(RAM), CD-ROMs, magnetic tapes, floppy disks, and opti-
cal data storage devices. The computer-readable recording
medium can also be distributed over network-coupled com-
puter systems so that the computer-readable code is stored
and executed in a distributed fashion. Also, an example
embodiment may be written as a computer program trans-
mitted over a computer-readable transmission medium, such
as a carrier wave, and received and implemented in general-
use or special-purpose digital computers that execute the
programs. Moreover, it is understood that in example
embodiments, one or more units of the above-described
apparatuses and devices can include circuitry, a processor, a
microprocessor, etc., and may execute a computer program
stored in a computer-readable medium.

[0088] The foregoing exemplary embodiments are merely
exemplary and are not to be construed as limiting. The
present teaching can be readily applied to other types of
apparatuses. Also, the description of the exemplary embodi-
ments is intended to be illustrative, and not to limit the scope
of the claims, and many alternatives, modifications, and
variations will be apparent to those skilled in the art.

What is claimed is:

1. A directional acoustic sensor comprising:

a plurality of resonators arranged in different directions;

and

a processor configured to determine a time difference

between a first signal that is received by the plurality of
resonators directly from a sound source and a second
signal that is received by the plurality of resonators
from the sound source after being reflected on a wall
surface around the sound source, and determine a
distance between the sound source and the directional
acoustic sensor based on the time difference.

2. The directional acoustic sensor of claim 1, wherein the
plurality of resonators comprise a first resonator configured
to receive the first signal and a second resonator configured
to receive the second signal.

3. The directional acoustic sensor of claim 2, wherein the
processor is further configured to determine the distance
between the sound source and the directional acoustic sensor
based on an equation below,

2-d} Ar-v

di = -
YSary T T2

and wherein d, denotes the distance between the sound
source and the directional acoustic sensor, d, denotes a
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distance between the sound source and the wall surface, At
denotes the time difference between the first signal and the
second signal, and v denotes a speed of sound.

4. The directional acoustic sensor of claim 3, wherein the
processor is further configured to determine the distance
between the sound source and the wall surface based on a
time taken for a sound generated by the directional acoustic
sensor to be reflected from the wall surface and return to the
directional acoustic sensor.

5. The directional acoustic sensor of claim 3, wherein the
processor is further configured to determine the time differ-
ence between the first signal and the second signal based on
a difference between a time taken for the first signal to reach
the first resonator and a time taken for the second signal to
reach the second resonator.

6. The directional acoustic sensor of claim 1, wherein the
plurality of resonators comprise a plurality of substrates,
each of the plurality of substrates having a cavity penetrating
therethrough, and

at least one cantilever beam is provided on each of the

plurality of substrates.

7. The directional acoustic sensor of claim 6, wherein the
plurality of substrates are arranged in different directions.

8. The directional acoustic sensor of claim 6, wherein the
at least one cantilever beam comprises a plurality of canti-
lever beams arranged in parallel with one another or a
plurality of cantilever beams arranged radially.

9. A method of detecting a distance between a sound
source and a directional acoustic sensor using the directional
acoustic sensor comprising a plurality of resonators arranged
in different directions, the method comprising:

determining a time difference between a first signal that is

received by the plurality of resonators directly from the
sound source and a second signal that is received by the
plurality of resonators from the sound source after
being reflected on a wall surface around the sound
source, and

determining the distance between the sound source and

the directional acoustic sensor based on the time dif-
ference.

10. The method of claim 9, wherein the plurality of
resonators comprise a first resonator configured to receive
the first signal and a second resonator configured to receive
the second signal.

11. The method of claim 10, wherein the determining the
distance between the sound source and the directional acous-
tic sensor comprises determining the distance between the
sound source and the directional acoustic sensor using an
equation below,

2.4 Arv
d1=

Ar-v 27

and wherein d; denotes the distance between the sound
source and the directional acoustic sensor, d, denotes a
distance between the sound source and the wall surface, At
denotes the time difference between the first signal and the
second signal, and v denotes a speed of sound.

12. The method of claim 11, wherein the determining the
distance between the sound source and the directional acous-
tic sensor further comprises:

determining the distance between the sound source and

the wall surface by measuring a time taken for a sound
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generated by the directional acoustic sensor to be
reflected from the wall surface and return to the direc-
tional acoustic sensor .

13. The method of claim 11, wherein the determining the
distance between the sound source and the directional acous-
tic sensor further comprises:

determining the time difference between the first signal

and the second signal by measuring a difference
between a time taken for the first signal to reach the first
resonator and a time taken for the second signal to
reach the second resonator.

14. The method of claim 9, wherein the plurality of
resonators comprise a plurality of substrates each having a
cavity penetrating therethrough, and

at least one cantilever beam is provided on each of the

plurality of substrates.

15. The method of claim 14, wherein the plurality of
substrates are arranged in different directions.

16. The method of claim 14, wherein the at least one
cantilever beam comprises a plurality of cantilever beams
arranged in parallel with one another or a plurality of
cantilever beams arranged radially.

17. A non-transitory computer-readable storage medium
storing a program that is executable by a computer to
perform a method of detecting a distance between a speaker
and an acoustic sensor, the method comprising:

determining a time difference between a first acoustic

signal that travels in a direct path from the speaker to
the acoustic sensor and a second acoustic signal that
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travels in an indirect path from the speaker to the
acoustic sensor via a sound reflection surface;
determining the distance between the speaker and the
acoustic sensor based on the time difference; and
executing a voice command that is output from the
speaker based on the distance between the speaker and
the acoustic sensor.

18. The non-transitory computer-readable storage
medium of claim 17, wherein the method further comprises
retrieving from a memory, information of a distance between
the acoustic sensor and the sound reflection surface, and

wherein the determining the time difference comprises

determining the time difference between the first acous-
tic signal and the second acoustic signal further based
on the retrieved information.

19. The non-transitory computer-readable storage
medium of claim 17, wherein the method further comprises
causing a third acoustic signal to be emitted from the
acoustic sensor toward the sound reflection surface and then
collected by the acoustic sensor, and determining a distance
between the acoustic sensor and the sound reflection surface
based on the third acoustic signal collected by the acoustic
sensor, and

wherein the determining the distance between the speaker

and the acoustic sensor comprises determining the
distance between the speaker and the acoustic sensor
further based on the distance between the acoustic
sensor and the sound reflection surface.
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