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METHODS AND DEVICES FOR PROCESSING AUDIO INPUT USING
UNIDIRECTIONAL AUDIO INPUT DEVICES

TECHNICAL FIELD

[1] The present disclosure relates to the technical field of communications and, more
particularly, to methods and devices for processing audio input using unidirectional audio input
devices.

BACKGROUND

[2] With the development of smart terminals with audio input devices, a user may
receive various services in environments with high levels of background noise, such as ordering
a beverage, reserving a table, and the like. To use such services, a user of a terminal associated
with the service often needs to speak their request, and the smart terminal needs to receive and
accurately interpret the request.

[3] Conventionally, the reception and interpretation of the service request in
environments with high levels of background noise relies on filtering out the background noise
by employing a linear array of audio input devices, (e.g., microphones) to accurately receive and
interpret the request. Filtering methods, however, are unable to determine if the desired sound
source 1s 1n the front or in the back of the smart terminals, and are therefore unable to determine
if the sound source is the user of the smart terminal or if the sound source is a nonuser speaking
behind the terminal. This inability to determine the relative position of the sound source to the
smart terminal results in inefficiencies in reception and inaccurate interpretation.

SUMMARY
[4] The present disclosure provides a method for processing audio input. The method

includes receiving audio inputs from a plurality of unidirectional audio input devices, including
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at least two unidirectional audio input devices oriented to face forward and at least one
unidirectional audio input device oriented to face rearward; analyzing the received audio inputs
from the plurality of unidirectional audio input devices to obtain audio information
corresponding to the received audio inputs; comparing the audio information corresponding to
the audio input from at least one of the two forward facing unidirectional audio input devices and
the audio information corresponding to the audio input from the rearward facing unidirectional
audio input device; obtaining, from the comparison, a subset of sections of the audio information
corresponding to the received audio inputs from the sound source; determining a position of the
sound source based on the audio information corresponding to the audio inputs from the plurality
of unidirectional audio input devices and the subset of sections of the audio information; and
filtering the audio information corresponding to the audio inputs from the plurality of
unidirectional audio input devices based on the subset of sections of the audio information and
the position of the sound source.

[5] Consistent with some embodiments, the present disclosure provides another
method for processing audio input. The method includes receiving audio inputs from a plurality
of unidirectional audio input devices, including at least two unidirectional audio input devices
oriented to face forward and at least one unidirectional audio input device oriented to face
rearward; analyzing the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs; comparing the
audio information corresponding to the audio input from at least one of the two forward facing
unidirectional audio input devices and the audio information corresponding to the audio input

from the rearward facing unidirectional audio input device; and determining if a sound source,
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corresponding to the received audio inputs, confronts the at least two forward facing
unidirectional audio input devices, based on the comparison.

[6] Consistent with some embodiments, the present disclosure also provides a device
for processing audio input. The device includes an array of a plurality of unidirectional audio
input devices, at least two of the unidirectional audio input devices oriented to face forward and
at least one of the unidirectional audio input devices oriented to face rearward.

[7] Consistent with some embodiments, the present disclosure provides another
device for processing audio input. The device includes a memory configured to store a set of
instructions; and a processor configured to execute the set of instructions to cause the device to:
receive audio inputs from a plurality of unidirectional audio input devices, including at least two
unidirectional audio input devices oriented to face forward and at least one unidirectional audio
input device oriented to face rearward; analyze the received audio inputs from the plurality of
unidirectional audio input devices to obtain audio information corresponding to the received
audio inputs; compare the audio information corresponding to the audio input from at least one
of the two forward facing unidirectional audio input devices and the audio information
corresponding to the audio input from the rearward facing unidirectional audio input device;
obtain, from the comparison, a subset of sections of the audio information corresponding to the
received audio inputs from the sound source; determine a position of the sound source based on
the audio information corresponding to the audio inputs from the plurality of unidirectional audio
input devices and the subset of sections of the audio information; and filter the audio information
corresponding to the audio inputs from the plurality of unidirectional audio input devices based

on the subset of sections of the audio information and the position of the sound source.
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[8] Consistent with some embodiments, the present disclosure provides another
device for processing audio input. The device includes a memory configured to store a set of
instructions; and a processor configured to execute the instructions to cause the device to: receive
audio inputs from a plurality of unidirectional audio input devices, including at least two
unidirectional audio input devices oriented to face forward and at least one unidirectional audio
input device oriented to face rearward; analyze the received audio inputs from the plurality of
unidirectional audio input devices to obtain audio information corresponding to the received
audio inputs; compare the audio information corresponding to the audio input from at least one
of the two forward facing unidirectional audio input devices and the audio information
corresponding to the audio input from the rearward facing unidirectional audio input device; and
determine if a sound source, corresponding to the received audio inputs, confronts the at least
two forward facing unidirectional audio input devices, based on the comparison.

[9] Consistent with some embodiments, the present disclosure further provides a non-
transitory computer-readable medium that stores a set of instructions executable by at least one
processor of a device for processing audio input to cause the device to perform a method for
processing audio input. The method includes receiving audio inputs from a plurality of
unidirectional audio input devices, including at least two unidirectional audio input devices
oriented to face forward and at least one unidirectional audio input device oriented to face
rearward; analyzing the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs; comparing the
audio information corresponding to the audio input from at least one of the two forward facing
unidirectional audio input devices and the audio information corresponding to the audio input

from the rearward facing unidirectional audio input device; obtaining, from the comparison, a
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subset of sections of the audio information corresponding to the received audio inputs from the
sound source; determining a position of the sound source based on the audio information
corresponding to the audio inputs from the plurality of unidirectional audio input devices and the
subset of sections of the audio information; and filtering the audio information corresponding to
the audio inputs from the plurality of unidirectional audio input devices based on the subset of
sections of the audio information and the position of the sound source.

[10] Consistent with some embodiments, the present disclosure provides another non-
transitory computer-readable medium that stores a set of instructions executable by at least one
processor of a device for processing audio input to cause the device to perform a method for
processing audio input. The method includes receiving audio inputs from a plurality of
unidirectional audio input devices, including at least two unidirectional audio input devices
oriented to face forward and at least one unidirectional audio input device oriented to face
rearward; analyzing the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs; comparing the
audio information corresponding to the audio input from at least one of the two forward facing
unidirectional audio input devices and the audio information corresponding to the audio input
from the rearward facing unidirectional audio input device; and determining if a sound source,
corresponding to the received audio inputs, confronts the at least two forward facing
unidirectional audio input devices, based on the comparison.

[11] Additional features and advantages of the disclosed embodiments will be set forth
in part in the following description, and in part will be apparent from the description, or may be

learned by practice of the embodiments. The features and advantages of the disclosed
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embodiments may be realized and attained by the elements and combinations set forth in the
claims.

[12] TItis to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not restrictive of the
disclosed embodiments, as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[13] The accompanying drawings, which are incorporated in and constitute a part of
this specification, illustrate embodiments consistent with the invention and, together with the
description, explain the principles of the invention.

[14] FIG. 1 illustrates an exemplary system environment for implementing methods
and devices for processing audio input using unidirectional audio input devices, consistent with
some embodiments of this disclosure.

[15] FIG. 2 is a block diagram of an exemplary service terminal, consistent with some
embodiments of this disclosure.

[16] FIG. 3 is a block diagram of an exemplary array of unidirectional audio input
devices, consistent with some embodiments of this disclosure.

[17] FIGS. 4A-4D are diagrams of exemplary audio pickup patterns for unidirectional
audio input devices, consistent with some embodiments of this disclosure.

[18] FIG. S is a block diagram of an exemplary device for processing audio input from
unidirectional audio input devices, consistent with some embodiments of this disclosure.

[19] FIG. 6 is a diagram of an exemplary spatial layout of an array of unidirectional

audio input devices, consistent with some embodiments of this disclosure.
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[20] FIG. 7 is a flowchart of an exemplary method for processing audio input from
unidirectional audio input devices, consistent with some embodiments of this disclosure.
DESCRIPTION OF THE EMBODIMENTS

[21] Reference will now be made in detail to exemplary embodiments, examples of
which are illustrated in the accompanying drawings. The following description refers to the
accompanying drawings in which the same numbers in different drawings represent the same or
similar elements unless otherwise represented. The implementations set forth in the following
description of exemplary embodiments do not represent all implementations consistent with the
invention. Instead, they are merely examples of apparatuses and methods consistent with aspects
related to the invention as recited in the appended claims.

[22] In conventional systems in environments with high levels of background noise, to
isolate and interpret information spoken by a user of a smart terminal, two methods may be used:
either omnidirectional audio input devices are used to receive the spoken information, or an array
of unidirectional audio input devices are used with all of the unidirectional audio input devices
facing the same direction toward the user. However, both of these methods have drawbacks and
shortcomings.

[23] When omnidirectional audio input devices are used to receive spoken information
from a user of a smart terminal, such as a service terminal for providing a service to a customer,
there may be significant pickup of background noise, and complex algorithms may be needed to
filter the spoken information from the background noise. Further, MEMS omnidirectional audio
input devices have a relatively low signal-to-noise ratio and signal-to-interference rejection as
compared to unidirectional audio input devices. As a result, the reception and filtering of the

spoken information from such omnidirectional audio input devices is inefficient when it is only
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desired to 1solate and interpret spoken information from a single direction. This leads to longer
processing times and less predictable results.

[24] More importantly, when omnidirectional audio input devices forming a linear
array mounted on the top of smart terminal are used to receive spoken information from a user of
a smart terminal, there is no way to determine if the speaker is in front of the array or behind the
array. For example, if there are two smart terminals placed back to back or if there is another
speaker behind the smart terminal, the omnidirectional audio input devices will receive spoken
information from both in front of and behind the array. There is no way for the smart terminal to
determine if the speaker is in front of the array. As a result, the reception and filtering of the
desired spoken information will include undesired spoken information from behind the array.
This also leads to less predictable results.

[25] Alternatively, a linear array of unidirectional audio input devices with all of the
unidirectional audio input devices facing the same direction toward the user may be mounted at
the top of a smart display to receive spoken information from a user of a smart terminal, such as
a service terminal for providing a service to a customer. When these arrays are used, there may
still be pickup of some background noise from behind the array. Additionally, there may be
significant pickup of background noise from sides of the array. As a result, the reception and
filtering of the spoken information from the array of unidirectional devices is unreliable,
especially in environments in which high levels of background noise from the sides of the array
are expected. Results of interpreting a user’s spoken information are therefore less predictable,
which consequently affects user experience.

[26] Additionally, when arrays of unidirectional audio input devices with all of the

unidirectional audio input devices facing the same direction toward the user are used to receive
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spoken information from a user of a smart terminal, there is no way to determine if the speaker is
in front of the array or behind the array. For example, if there are two smart terminals placed
back to back or if there is another speaker behind the smart terminal, the arrays of unidirectional
audio input devices with all of the unidirectional audio input devices facing the same direction
toward the user will receive spoken information from both in front of and behind the array. There
1s no way for the smart terminal to determine if the speaker is in front of the array. As a result,
the reception and filtering of the desired spoken information will include undesired spoken
information from behind the array. This also leads to less predictable results.

[27] Embodiments of the present disclosure are directed to methods and devices for
processing audio input using unidirectional audio input devices. For example and without
limitation, embodiments of the present disclosure may include a service terminal in a service
facility, such as a coffee shop, which may have high levels of background noise, e.g., operating
machinery and people talking. The service terminal may be automated and controlled by one or
more processors to receive spoken information from a user, e.g., a customer who orally makes a
request for a service, e.g., an order for a beverage. The spoken information from the user is
received by an array of unidirectional audio input devices, the outputs of which are sent to the
one or more processors operating on software that causes the one or more processors to perform
filtering and interpretation to determine the service requested by the user.

[28] According to embodiments of the present disclosure, the array of unidirectional
audio input devices includes at least one unidirectional audio input device oriented to face away
from the user, 1.e., opposite the direction of the other unidirectional audio input devices, which
face toward the user, to receive spoken information from a sound source, such as a customer.

The at least one unidirectional audio input device oriented to face opposite the direction of the
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other unidirectional audio input devices is hereinafter referred to as the unidirectional audio input
device oriented to face rearward or as the at least one rearward facing unidirectional audio input
device. The remaining unidirectional audio input devices are hereinafter referred to as the
unidirectional audio input devices oriented to face forward or as the forward facing
unidirectional audio input devices.

[29] Each of the unidirectional audio input devices in the array sends audio inputs,
corresponding to the received spoken information to one or more processors. The one or more
processors receive and analyze the audio inputs from each of the unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs.

[30] The one or more processors then compare the audio information corresponding to
the audio inputs from at least one of the forward facing unidirectional audio input devices and
the audio information corresponding to the audio input from the rearward facing unidirectional
audio input device to determine if a sound source, corresponding to the received audio inputs,
confronts the forward facing unidirectional audio input devices. A sound source confronts the
forward facing unidirectional audio input devices if the sound source is in a position in front of
the array, defined as a position in front of the forward facing unidirectional audio input devices
and the service terminal. A position behind the array is defined as a position in front of the
rearward facing unidirectional audio input device.

[31] The one or more processors then obtain from the comparison of the audio
information a subset of sections of the audio information corresponding to the received audio
inputs from the desired sound source.

[32] The one or more processors then determine a position of the desired sound source

based on the audio information corresponding to the audio inputs from the unidirectional audio
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input devices, the comparison of the audio information, and the subset of sections of the audio
information.

[33] Insome embodiments, the determination of the position of the sound source is
based only on the subset of sections of the audio information corresponding to the received audio
inputs from the desired sound source. As a result, the sound source localization is more precise
since audio information corresponding to the positions in the rear, is suppressed.

[34] Insome embodiments, the position from which the audio input is being received
may be used to determine, for example, whether a user is speaking to the service terminal to
initiate a service request, e.g., place an order, or whether a nonuser behind or to the side of the
array is having a conversation.

[35] The one or more processors then filter the audio information corresponding to the
audio inputs from the unidirectional audio input devices based on the audio information
corresponding to the audio inputs from the unidirectional audio input devices, the comparison of
the audio information, the subset of sections of the audio information, and the position of the
sound source.

[36] Insome embodiments, the filtering of the audio information is based only on the
subset of sections of the audio information corresponding to the received audio inputs from the
sound source. As a result of the more precise sound source localization, these beamforming
algorithms are able to further optimize the audio information and interpret information from the
sound source with very minimal, if any, background noise included.

[37] FIG. 1 illustrates an exemplary system environment 100 for implementing
methods and devices for processing audio input using unidirectional audio input devices,

consistent with some embodiments of this disclosure. As shown in FIG. 1, the system
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environment 100 may be, for example, a busy coffee shop with background noise including
people conversing. As shown in FIG. 1, devices and methods for processing audio input using
unidirectional audio input devices may receive desired spoken information from a sound source,
e.g., a spoken request by a user ordering a beverage, e.g., coffee, while filtering out undesired
background noise, e.g., a conversation between nonusers. As shown in FIG. 1, the exemplary
system environment 100 for implementing methods and devices for processing audio input using
unidirectional audio input devices includes a service terminal 102.

[38] Insome embodiments, the system environment 100 may include users not directly
in front of the service terminal 102, or nonusers in positions all around the service terminal. For
example, although in an exemplary system environment the user would be directly in front of
and facing the service terminal 102, the system is designed to be able to isolate and interpret
spoken information from the user in a multitude of positions relative to the service terminal 102.
Likewise, while an exemplary system environment would include sources of background noise,
e.g., nonusers, conversing at the side of or behind the service terminal 102, the devices and
methods disclosed herein are still able to effectively filter the desired spoken information from
the user regardless of the positions of nonusers.

[39] FIG. 2 is a block diagram of an exemplary service terminal 200 that may serve as
service terminal 102, consistent with some embodiments of this disclosure. As shown in FIG. 2,
the exemplary service terminal 200 includes one or more processors 202, a display screen 204, a
memory 206 that may further include a nonvolatile storage, and an array of unidirectional audio
input devices 208.

[40] The one or more processors 202 may be configured to perform various functions

and data processing under control of instructions in operating programs and modules stored in
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the memory 206. For example, the one or more processors 202 may be configured to execute
instructions to perform all or part of steps of methods disclosed herein. In some embodiments,
instructions for processing audio input using unidirectional audio input devices may be read from
the nonvolatile storage in the memory 206, such as instructions that are executable by the one or
more processors 202 to perform the methods disclosed herein. Each of the display screen 204,
the memory 206, and the array of unidirectional audio input devices 208 is operatively coupled
to the one or more processors 202. In some embodiments, each unidirectional audio input device
in the array of unidirectional audio input devices 208 is separately coupled to the one or more
processors 202. Similar structures may be implemented in the service terminal 200 to perform
methods for processing audio input using unidirectional audio input devices described above.
The service terminal 200 may also include other components not shown in FIG. 2.

[41] The one or more processors 202 are provided for executing instructions and
performing data processing. In some embodiments, the one or more processors 202 include a
digital signal processor configured to receive and process digital signals from the array of
unidirectional audio input devices 208. Additionally, the one or more processors 202 also include
a processor capable of communicating through a bus and running a real time operating system
(RTOS).

[42] The display screen 204 is provided for displaying service options to a user, €.2. a
customer, and the results of the customer placing a service request, e.g., an order. In some
embodiments, the display screen 204 may be a touch screen used to both display information and
receive user input. The display screen 204 may also be a standard computer monitor capable only

of displaying information.
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[43] The memory 206 is provided for storing instructions for the one or more
processors 202 and other necessary data. In some embodiments, the memory 206 may include
nonvolatile storage and random access memory (RAM). The instructions may be stored in the
nonvolatile storage, read into the RAM, and then executed by the one or more processors 202.
The memory 206 may further include a signal processing program and instructions for a method
for processing audio input using unidirectional audio input devices.

[44] The array of unidirectional audio input devices 208 is provided for receiving
spoken information (e.g., an order request) from a sound source (e.g., a customer) and converting
it into digital signals. In some embodiments, the array of unidirectional audio input devices 208
includes one unidirectional audio input device oriented to face rearward, away from a customer
placing an order request at the service terminal 200, and four unidirectional audio input devices
oriented to face forward toward a customer placing an order request at the service terminal 200.

[45] FIG. 3 is a block diagram of an exemplary array of unidirectional audio input
devices 300, corresponding to the array of unidirectional audio input devices 208, consistent with
some embodiments of this disclosure. As shown in FIG. 3, the exemplary array of unidirectional
audio input devices 300 includes four unidirectional audio input devices oriented to face forward
302, 304, 308, 310, and one unidirectional audio input device oriented to face rearward 306
(denoted by the “X”). The array of unidirectional audio input devices 300 may be configured to
include one or more rearward facing audio input devices 306 and two or more forward facing
audio input devices 302, 304, 308, 310. For example, the array of unidirectional audio input
devices 300 may be configured to include only one rearward facing audio input device 306 and
four forward facing audio input devices 302, 304, 308, 310. In some embodiments, the forward

facing unidirectional audio input devices 302, 304, 308, and 310 are placed at an equal distance
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apart from one another. Additionally, the rearward facing unidirectional audio input device 306
is placed next to one of the forward facing unidirectional audio input devices, 1.e., the device 308,
closer than the spacing between the forward facing unidirectional audio input devices 302, 304,
308, 310. In some embodiments, the rearward facing unidirectional audio input device 306 is
abutting one of the forward facing unidirectional audio input devices, i.e., the device 308.
Similar structures may be implemented in the array of unidirectional audio input devices 300.
The array of unidirectional audio input devices 300 may also include other components not
shown in FIG. 3.

[46] FIG. 3 is intended solely as a block diagram to illustrate components of the array
of unidirectional audio input devices and one spatial layout of the array of unidirectional audio
input devices. The array, however, may be configured to include fewer or greater than five
unidirectional audio input devices. For example, the array may be configured to include the
rearward facing unidirectional audio input device in positions other than the center of the array.
The array may also be configured to include more than one rearward facing unidirectional audio
input devices. Additionally, the array may be configured to include different spatial
arrangements for the unidirectional audio input devices such as an even spacing between forward
facing unidirectional audio input devices and the rearward facing unidirectional audio input
device placed next to one of the forward facing unidirectional audio input devices, i.e., device
308.

[47] Insome embodiments, the array of unidirectional audio input devices 300 may
include audio input devices oriented to face forward and rearward 302, 304, 306, 308, and 310,
each exhibiting a unidirectional audio pickup pattern. These patterns may include one or more of

the following: a cardioid audio pickup pattern, a subcardioid audio pickup pattern, a
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supercardioid audio pickup pattern, a hypercardioid audio pickup pattern, or combinations of
these patterns. The array of unidirectional audio input devices 300 may also include other
unidirectional audio pickup patterns not explicitly disclosed herein.

[48] FIGS. 4A-4D are diagrams of exemplary audio pickup patterns for unidirectional
audio input devices, corresponding to audio pickup patterns exhibited by the unidirectional audio
input devices 302, 304, 306, 308, and 310, consistent with some embodiments of this disclosure.
As shown in FIGS. 4A-4D, the exemplary audio pickup pattern exhibited by each of the
unidirectional audio input devices may correspond to a polar plot of: a cardioid polar audio
pickup pattern shown in FIG. 4A, a supercardioid audio pickup pattern shown in FIG. 4B, a
hypercardioid audio pickup pattern shown in FIG. 4C, or a subcardioid audio pickup pattern
shown in FIG. 4D, or a combination of one or more of these patterns. These unidirectional audio
pickup patterns as shown if FIGS. 4A-4D as well as the combinations of one or more of these
patterns are referred to as cardioid-type audio pickup patterns. In each of these polar plots of
exemplary audio pickup patterns, the unidirectional audio input device is situated at the center of
the circle depicting the audio pickup pattern. The top of each polar plot represents a position in
front of the unidirectional audio input device whereas the bottom of the polar plot represents a
position behind the unidirectional audio input device. Additionally, the concentric circles around
the center represent decibel levels that increase as the concentric circles become larger, 1.e., with
distance from the center.

[49] FIG. S is a block diagram of an exemplary device 500 for processing audio input
using unidirectional audio input devices, consistent with some embodiments of this disclosure.
As shown in FIG. §, the exemplary device 500 for processing audio input using unidirectional

audio input devices 500 includes an array of unidirectional audio input devices 502
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corresponding to the array of unidirectional audio input devices 208, a receiving unit 504, an
analyzing unit 506, a comparing unit 508, a frontal talk determining unit 510, an obtaining unit
512, a position determining unit 514, and a filtering unit 516. The receiving unit 504, analyzing
unit 506, comparing unit 508, frontal talk determining unit 510, obtaining unit 512, position
determining unit 514, and filtering unit 516 may be configured to perform various functions and
data processing. For example, the receiving unit 504, analyzing unit 506, comparing unit 506,
frontal talk determining unit 510, obtaining unit 512, position determining unit 514, and filtering
unit 516 may be configured to perform all of or a part of the steps in the methods described
herein.

[50] The array of unidirectional audio input devices 502 is operatively coupled to the
receiving unit 504. The receiving unit 504 is operatively coupled to the analyzing unit 506. The
analyzing unit 506 is operatively coupled to the comparing unit 508, the position determining
unit 514, and the filtering unit 516. The comparing unit 508 is operatively coupled to the frontal
talk determining unit 510 and the obtaining unit 512. The obtaining unit 512 is operatively
coupled to the position determining unit 514 and the filtering unit 516. The position determining
unit 514 is operatively coupled to the filtering unit 516.

[51] Insome embodiments, as shown in FIG. 5, the spoken information from the user
is received by the array of unidirectional audio input devices 502. The array of unidirectional
audio input devices 502 then sends the audio inputs to the receiving unit 504. For example, the
array of unidirectional audio input devices 502 may receive spoken information and convert it
into a digital signal to send to the receiving unit. Consistent with the exemplary array of
unidirectional audio input devices 300, array 502 includes five unidirectional audio input devices

of which one faces rearward (denoted by the “X”).
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[52] Insome embodiments, as shown in FIG. §, the receiving unit 504 receives the
audio inputs from the array of unidirectional audio input devices 502 and then sends the audio
inputs to the analyzing unit 506. For example, the receiving unit 504 may have a different
connection for each device of the array of unidirectional audio input devices 502. The receiving
unit 504 may receive a digital signal corresponding to spoken information from each of the array
of unidirectional audio input devices 502 and send the digital signal to the analyzing unit.

[53] Insome embodiments, as shown in FIG. 5, the analyzing unit 506 then analyzes
the audio inputs and obtains audio information that it sends to the comparing unit 508. For
example, the analyzing unit 506 may analyze the received audio inputs to obtain waveforms for
each frequency band of the audio inputs, power for each frequency band of the audio inputs, and
times corresponding to the reception of the audio inputs, for each of the unidirectional audio
input devices.

[54] Insome embodiments, as shown in FIG. 5, the comparing unit 508 compares the
relevant audio information and sends the result of its comparison to the frontal talk determining
unit 510. The relevant audio information corresponds to the two arrows comparing from the
analyzing unit representing the audio information from the rearward facing unidirectional audio
input device and the neighboring forward facing audio input device. Additionally, the comparing
unit 508 may also send the result of its comparison to the obtaining unit 512. For example, for
one or more selected frequency bands, the comparing unit S08 may compare the power for each
frequency band between the forward facing unidirectional audio input device and the rearward
facing unidirectional audio input device.

[55] Insome embodiments, as shown in FIG. §, the frontal talk determining unit 510

determines whether a sound source corresponding to the received audio inputs confronts the
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array of unidirectional audio input devices. For example, based on the comparison result from
the comparing unit 510, the frontal talk determining unit may make a determination that a sound
source confronts the array of unidirectional audio input devices 502 if there are more frequency
bands with higher power in the audio input from the forward facing unidirectional audio input
device than from the rearward facing unidirectional audio input device.

[56] Insome embodiments, as shown in FIG. §, the obtaining unit 512 obtains a subset
of sections of audio information based on the comparison result from the comparing unit 510.
For example, the obtaining unit 512 may obtain the frequency bands in which the power
corresponding to the audio input received by the forward facing unidirectional audio input device
is greater than the power corresponding to the audio input received by the rearward facing
unidirectional audio input device based on the comparison results from the comparing unit 508.
These obtained frequency bands are referred to herein as frontal dominant frequency bands.

[57] Insome embodiments, as shown in FIG. 5, the position determining unit 514
determines a position of a sound source based on the audio information corresponding to the
audio inputs from the array of unidirectional audio input devices 502 and the subset of sections
of the audio information obtained by the obtaining unit 512. For example, the one or more
processors may only use power and waveforms from the frontal dominant frequency bands to
localize the sound source with triangulation and/or time difference algorithms.

[58] Insome embodiments, as shown in FIG. §, the filtering unit 516 filters the audio
information corresponding to the audio inputs from the array of unidirectional audio input
devices 502 based on the audio information corresponding to the audio inputs from the plurality
of unidirectional audio input devices, the subset of sections of the audio information, and the

position of the sound source. For example, the one or more processors may only use power and
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waveforms from the frontal dominant frequency bands to employ beamforming algorithms to
filter the audio information. These beamforming algorithms isolate the sections of the spoken
information corresponding to the desired sound source. The filtered audio inputs corresponding
to the spoken information may be subjected to speech recognition to enable processing of the
customer’s order. As a result of the beamforming algorithms, the filtered audio input has a high
signal-to noise ratio and a speech recognition algorithm applied to the filtered audio output can
provide a more accurate result.

[59] FIG. 6 is a diagram of an exemplary spatial layout of an array 600 of
unidirectional audio input devices, consistent with some embodiments of this disclosure. As
shown in FIG. 6, the array of unidirectional audio input devices 600, corresponding to the array
of unidirectional audio input devices 208 and 300, includes the forward facing unidirectional
audio input devices 302, 304, 308, and 310 placed at an equal distance apart from one another.
Additionally, the rearward facing unidirectional audio input device 306 is placed next to one of
the forward facing unidirectional audio input devices, 1.e., the device 308. As a result, the
unidirectional polar audio pickup pattern of these unidirectional audio input devices is nearly
mirrored across an imaginary axis running through the unidirectional audio input devices 302,
304, 306, 308, and 310. This mirroring allows the rearward facing unidirectional audio input
device 306 to be utilized to reduce unwanted background noise from behind and the sides of the
forward facing unidirectional audio input device 308.

[60] For example, as shown in FIG. 6, a sound source may be positioned behind the
array (above the array in FIG. 6). The unidirectional audio input devices 302, 304, 306, 308, and
310 receive the spoken information from the sound source and send audio input corresponding to

the spoken information to the one or more processors 202. The one or more processors 202 then
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analyze the audio inputs and determine power corresponding to the audio input from the
rearward facing audio input device 306 and the power corresponding to the audio input from the
neighboring forward facing audio input device 308. These determined powers are compared by
the one or more processors 202 for each frequency band. In the example shown in FIG. 6, the
one or more processors 202 determine that the sound source does not confront the array of
unidirectional audio input devices because there are fewer frequency bands with higher power
corresponding to the audio input from the forward facing audio input device 308 than frequency
bands with higher power corresponding to the audio input from the rearward facing audio input
device 306.

[61] Insome embodiments, the forward facing unidirectional audio input devices 302,
304, 308, and 310 may be placed at unequal distances apart from one another.

[62] Insome embodiments, the unidirectional audio input devices 302, 304, 306, 308,
and 310 may exhibit audio pickup patterns other than the cardioid audio pickup pattern shown in
FIG. 6. For example, the unidirectional audio input devices 302, 304, 306, 308, and 310 may
exhibit a subcardioid audio pickup pattern, a supercardioid audio pickup pattern, a hypercardioid
audio pickup pattern, or a combination of one or more of these patterns.

[63] FIG. 7 is a flowchart of an exemplary method 700 for processing audio input
using unidirectional audio input devices, consistent with some embodiments of this disclosure.
The exemplary method 700 may be performed by a processor (e.g., one or more processors 202)
of a service terminal, such as a smart phone, a tablet, a Personal Computer (PC), or the like.

[64] In step 702, the processor may act as receiving unit 504 to receive audio inputs.
For example, the array of unidirectional audio input devices 208 receives spoken information

such as a spoken request by a user. The processor receives audio inputs corresponding to the
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spoken information from each of the unidirectional audio input devices 302, 304, 306, 308, and
310 of the array of unidirectional audio input devices 300.

[65] Insome embodiments, the reception by all unidirectional audio input devices may
be caused by user input into the service terminal 200. For example, a user may select an option
on the display screen 204 of the service terminal 200, and the one or more processors 202 may
begin reception for the unidirectional audio input devices.

[66] In step 704, the processor may act as analyzing unit 506 to analyze the audio
inputs and obtain audio information corresponding to the audio inputs from the array of
unidirectional audio input devices 208. For example, the processor may sample the audio inputs
to obtain waveforms for each frequency band within a predetermined frequency range, e.g., the
human vocal range. The processor may then perform frequency analysis, such as performing a
Fourier Transform, on the waveforms to determine power for each frequency band. The
processor may also record the times corresponding to the reception of the audio inputs, for the
unidirectional audio input devices. In step 704, the processor may act a receiving unit 506.

[67] Insome embodiments, the processor may then select the unidirectional audio
input device oriented to face rearward 306 and the nearest neighboring unidirectional audio input
device oriented to face forward 308.

[68] Insome embodiments, the analysis of the audio input from the unidirectional
audio input devices 302, 304, 306, 308, and 310 may be performed using a subset of the audio
information. For example, the processor may sample the audio inputs to obtain waveforms only
for frequency bands associated with the human vocal range. The processor may then perform
frequency analysis, such as performing a Fourier Transform, on the waveforms to determine

power only for the frequency bands associated with the human vocal range.
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[69] Insome embodiments, the reception and analysis for all unidirectional audio input
devices may be continually executed until the highest power received from the unidirectional
audio input devices meets a certain threshold. For example, the processor may be continuously
receiving and analyzing the audio inputs for all unidirectional audio input devices until the
highest power determined by the frequency analysis, such as performing a Fourier Transform,
meets a certain threshold such as a decibel level consistent with a user speaking near the
unidirectional audio input devices.

[70] Insome embodiments, the reception and analysis may be caused by sensory input
into the service terminal 200. For example, a motion detector may detect presence of a user
within a predetermined distance and send information corresponding to a user standing in front
of the service terminal 200 to the processor.

[71] In step 706, the processor detects frontal talk. The processor may act as
comparing unit 508 to compare the audio information corresponding to the audio input from at
least one of the forward facing unidirectional audio input devices 308 with the audio information
corresponding to the audio input from the rearward facing unidirectional audio input device 306.
The processor may act as a determining unit 510 to determine if the sound source confronts the
forward facing unidirectional audio input devices based on this comparison. For example, the
processor may compare the number of frequency bands with higher power in the neighboring
forward facing unidirectional audio input device 308 to the number of frequency bands with
higher power in the rearward facing unidirectional audio input device 306. If there are more
frequency bands with higher power in the forward facing unidirectional audio input device 308
than in the rearward facing unidirectional audio input device 306, then the processor makes a

determination that frontal talk 1s detected.

23



WO 2020/051836 PCT/CN2018/105500

[72] Insome embodiments, if the processor determines that frontal talk is not detected,
the algorithm ends and does not perform steps 708, 710, and 712. The processor will then start
the algorithm again and begin receiving audio inputs as explained for step 702.

[73] Instep 708, the processor may act as obtaining unit 512 to obtain frontal
dominant frequency bands. The processor compares the audio information corresponding to the
audio input from at least one of the forward facing unidirectional audio input devices 308 with
the audio information corresponding to the audio input from the rearward facing unidirectional
audio input device 306. The processor then obtains a subset of sections of the audio information
corresponding to the received audio inputs from the desired sound source. For example, the
processor may compare the power corresponding to the audio inputs from the forward facing
unidirectional audio input devices 308 and the rearward facing unidirectional audio input device
306 in each frequency band. The processor may then obtain the frontal dominant frequency
bands as the frequency bands in which the power from the forward facing unidirectional audio
input device 308 is greater than the power from the rearward facing unidirectional audio input
device 306.

[74] In some embodiments, the processor obtains the frontal dominant frequency
bands as the frequency bands in which the power from one of the forward facing unidirectional
audio input device 308 is a predetermined amount greater than the power from the rearward
facing unidirectional audio input device 306.

[75] Insome embodiments, steps 706 and 708 may be performed using the same
comparison of power to both detect frontal talk and obtain the frontal dominant frequency bands.

[76] Instep 710, the processor may act as position determining unit 514 to localize the

sound source using the audio information corresponding to the audio inputs from the array of
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unidirectional audio input devices 208 and the subset of sections of the audio information. For
example, once the frontal dominant frequency bands are obtained in step 708, the processor may
analyze audio information for all unidirectional audio input devices 302, 304, 306, 308, and 310
but only from the frontal dominant frequency bands to localize the sound source via time-
difference and/or triangulation algorithms.

[771 In some embodiments, the processor may use other methods to localize the sound
source such as particle velocity or intensity vectors, steered response power (SRP) methods, or
steered response power phase transform (SRP-PHAT). These methods would use the same audio
information previously described, including waveforms for each frequency band, power for each
frequency band, and times corresponding to the reception of audio inputs. The sound source
localization may also include other methods not explicitly disclosed here.

[78] Instep 712, the processor may act as filtering unit 516 to employ a beam forming
algorithm to filter remaining background noise. The processor filters the audio information
corresponding to the audio inputs from the array of unidirectional audio input devices 208 based
on the subset of sections of the audio information and the position of the desired sound source.
For example, once the sound source is localized in step 708, the processor may employ a
beamforming algorithm, such as Generalized Extreme Value Distribution (GEVD) or Minimum
Variance Distortionless Response (MDVR) using the sound source localization information
determined in step 710 as well as the frontal dominant frequency bands obtained in step 708.
Additionally, the beamforming algorithm may use the audio information corresponding to the
audio inputs from the array of unidirectional audio input devices 208. The beam forming
algorithm may also include other methods not explicitly disclosed here. The beamforming

algorithm isolates the sections of the spoken information corresponding to the desired sound
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source. The filtered audio inputs corresponding to the spoken information may be subjected to
speech recognition to enable processing of the customer’s order. As a result of the beamforming
algorithm, the filtered audio input has a high signal-to noise ratio and the speech recognition
algorithm applied to the filtered audio output can provide a more accurate result.

[79] Insome embodiments, the processor may employ the beamforming algorithm
separately on individual frequency bands such as each of the frontal dominant frequency bands
found in step 706.

[80] In some embodiments, a non-transitory computer-readable storage medium
including instructions is also provided, and the instructions may be executed by a device (such as
a terminal, a personal computer, or the like), for performing the above-described methods.
Common forms of non-transitory media include, for example, a floppy disk, a flexible disk, hard
disk, solid state drive, magnetic tape, or any other magnetic data storage medium, a CD-ROM,
any other optical data storage medium, any physical medium with patterns of holes, a RAM, a
PROM, and EPROM, a FLASH-EPROM or any other flash memory, NVRAM, a cache, a
register, any other memory chip or cartridge, and networked versions of the same. The device
may include one or more processors (CPUs), an input/output interface, a network interface,
and/or a memory.

[81] It should be noted that, the relational terms herein such as “first” and “second” are
used only to differentiate an entity or operation from another entity or operation, and do not
require or imply any actual relationship or sequence between these entities or operations.

2 <

Moreover, the words “comprising,” “having,” “containing,” and “including,” and other similar

forms are intended to be equivalent in meaning and be open ended in that an item or items
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following any one of these words is not meant to be an exhaustive listing of such item or items,
or meant to be limited to only the listed item or items.

[82] One of ordinary skill in the art will understand that the above described
embodiments can be implemented by hardware, or software (program codes), or a combination
of hardware and software. If implemented by software, it may be stored in the above-described
computer-readable media. The software, when executed by the processor can perform the
disclosed methods. The computing units and other functional units described in this disclosure
can be implemented by hardware, or software, or a combination of hardware and software. One
of ordinary skill in the art will also understand that multiple ones of the above described
modules/units may be combined as one module/unit, and each of the above described
modules/units may be further divided into a plurality of sub-modules/sub-units.

[83] Other embodiments of the invention will be apparent to those skilled in the art
from consideration of the specification and practice of the invention disclosed here. This
disclosure is intended to cover any variations, uses, or adaptations of the disclosed embodiments
following the general principles thereof and including such departures from the present
disclosure as come within known or customary practice in the art. It is intended that the
specification and examples be considered as exemplary only, with a true scope and spirit of the
invention being indicated by the following claims.

[84] It will be appreciated that the present invention is not limited to the exact
construction that has been described above and illustrated in the accompanying drawings, and
that various modifications and changes can be made without departing from the scope thereof. It

is intended that the scope of the invention should only be limited by the appended claims.
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WHAT IS CLAIMED IS:

1. A method for processing audio input, comprising;:

receiving audio inputs from a plurality of unidirectional audio input devices, including at
least two unidirectional audio input devices oriented to face forward and at least one
unidirectional audio input device oriented to face rearward;

analyzing the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs;

comparing the audio information corresponding to the audio input from at least one of the
two forward facing unidirectional audio input devices and the audio information corresponding
to the audio input from the rearward facing unidirectional audio input device;

obtaining, from the comparison, a subset of sections of the audio information
corresponding to the received audio inputs from the sound source;

determining a position of the sound source based on the audio information corresponding
to the audio inputs from the plurality of unidirectional audio input devices and the subset of
sections of the audio information; and

filtering the audio information corresponding to the audio inputs from the plurality of
unidirectional audio input devices based on the subset of sections of the audio information and

the position of the sound source.
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2. The method according to claim 1, wherein the audio information comprises:

waveforms for each frequency band of a received signal obtained from the audio inputs
from the plurality of unidirectional audio input devices;

power for each frequency band of a received signal obtained from the waveforms for
each frequency band of a received signal; and

times corresponding to the reception of audio inputs from the at least three unidirectional
audio input devices; and
wherein the subset of sections of the audio information comprises:

frequency bands in which the power corresponding to the audio input from the at least
one of the at least two forward facing unidirectional audio input devices in the frequency band is
greater than the power corresponding to the audio input from the rearward facing unidirectional

audio input devices in the frequency band.

3. The method according to any one of claims 1 and 2, wherein the plurality of

unidirectional audio input devices exhibit a cardioid-type audio pickup pattern.

4. The method according to claim 3, wherein the cardioid-type audio pickup pattern
includes at least one:

a cardioid audio pickup pattern,

a subcardioid audio pickup pattern,

a supercardioid audio pickup pattern, or

a hypercardioid audio pickup pattern.
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S. A method for processing audio input, comprising;:

receiving audio inputs from a plurality of unidirectional audio input devices, including at
least two unidirectional audio input devices oriented to face forward and at least one
unidirectional audio input device oriented to face rearward;

analyzing the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs;

comparing the audio information corresponding to the audio input from at least one of the
two forward facing unidirectional audio input devices and the audio information corresponding
to the audio input from the rearward facing unidirectional audio input device; and

determining if a sound source, corresponding to the received audio inputs, confronts the

at least two forward facing unidirectional audio input devices, based on the comparison.

6. The method according to claim 5, wherein the audio information comprises:

waveforms for each frequency band of a received signal obtained from the audio inputs
from the plurality of unidirectional audio input devices;

power for each frequency band of a received signal obtained from the waveforms for
each frequency band of a received signal; and

times corresponding to the reception of audio inputs from the at least three unidirectional

audio input devices.

7. The method according to any one of claims 5 and 6, wherein the plurality of

unidirectional audio input devices exhibit a cardioid-type audio pickup pattern.
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8. The method according to claim 7, wherein the cardioid-type audio pickup pattern
includes at least one:

a cardioid audio pickup pattern,

a subcardioid audio pickup pattern,

a supercardioid audio pickup pattern, or

a hypercardioid audio pickup pattern.

9. A device for processing audio input, comprising:
an array of a plurality of unidirectional audio input devices, at least two of the
unidirectional audio input devices oriented to face forward and at least one of the unidirectional

audio input devices oriented to face rearward.

10. The device according to claim 9, wherein the plurality of unidirectional audio

input devices exhibit a cardioid-type audio pickup pattern.

11. The device according to claim 10, wherein the cardioid-type audio pickup pattern
includes at least one:

a cardioid audio pickup pattern,

a subcardioid audio pickup pattern,

a supercardioid audio pickup pattern, or

a hypercardioid audio pickup pattern.
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12. A device for processing audio input, comprising:
a memory configured to store a set of instructions; and
a processor configured to execute the set of instructions to cause the device to:
receive audio inputs from a plurality of unidirectional audio input devices,
including at least two unidirectional audio input devices oriented to face forward and at
least one unidirectional audio input device oriented to face rearward;
analyze the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs;
compare the audio information corresponding to the audio input from at least one
of the two forward facing unidirectional audio input devices and the audio information
corresponding to the audio input from the rearward facing unidirectional audio input
device;
obtain, from the comparison, a subset of sections of the audio information
corresponding to the received audio inputs from the sound source;
determine a position of the sound source based on the audio information
corresponding to the audio inputs from the plurality of unidirectional audio input devices
and the subset of sections of the audio information; and
filter the audio information corresponding to the audio inputs from the plurality of
unidirectional audio input devices based on the subset of sections of the audio information

and the position of the sound source.
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13. The device according to claim 12, wherein the audio information comprises:

waveforms for each frequency band of a received signal obtained from the audio inputs
from the plurality of unidirectional audio input devices;

power for each frequency band of a received signal obtained from the waveforms for
each frequency band of a received signal; and

times corresponding to the reception of audio inputs from the at least three unidirectional
audio input devices; and
wherein the subset of sections of the audio information comprises:

frequency bands in which the power corresponding to the audio input from the at least
one of the at least two forward facing unidirectional audio input devices in the frequency band is
greater than the power corresponding to the audio input from the rearward facing unidirectional

audio input devices in the frequency band.

14. The device according to any one of claims 12 and 13, wherein the plurality of

unidirectional audio input devices exhibit a cardioid-type audio pickup pattern.

15. The device according to claim 14, wherein the cardioid-type audio pickup pattern
includes at least one:

a cardioid audio pickup pattern,

a subcardioid audio pickup pattern,

a supercardioid audio pickup pattern, or

a hypercardioid audio pickup pattern.
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16. A device for processing audio input, comprising:
a memory configured to store a set of instructions; and
a processor configured to execute the instructions to cause the device to:

receive audio inputs from a plurality of unidirectional audio input devices,
including at least two unidirectional audio input devices oriented to face forward and at
least one unidirectional audio input device oriented to face rearward;

analyze the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs;

compare the audio information corresponding to the audio input from at least one
of the two forward facing unidirectional audio input devices and the audio information
corresponding to the audio input from the rearward facing unidirectional audio input
device; and

determine if a sound source, corresponding to the received audio inputs, confronts

the at least two forward facing unidirectional audio input devices, based on the comparison.

17. The device according to claim 16, wherein the audio information comprises:

waveforms for each frequency band of a received signal obtained from the audio inputs
from the plurality of unidirectional audio input devices;

power for each frequency band of a received signal obtained from the waveforms for
each frequency band of a received signal; and

times corresponding to the reception of audio inputs from the at least three unidirectional

audio input devices.
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18. The device according to any one of claims 16 and 17, wherein the plurality of

unidirectional audio input devices exhibit a cardioid-type audio pickup pattern.

19. The device according to claim 18, wherein the cardioid-type audio pickup pattern
includes at least one:

a cardioid audio pickup pattern,

a subcardioid audio pickup pattern,

a supercardioid audio pickup pattern, or

a hypercardioid audio pickup pattern.
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20. A non-transitory computer-readable medium that stores a set of computer
executable instructions that are executable by at least one processor of a device for processing
audio input to cause the device to perform a method for processing audio input, the method
comprising:

receiving audio inputs from a plurality of unidirectional audio input devices, including at
least two unidirectional audio input devices oriented to face forward and at least one
unidirectional audio input device oriented to face rearward;

analyzing the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs;

comparing the audio information corresponding to the audio input from at least one of the
two forward facing unidirectional audio input devices and the audio information corresponding
to the audio input from the rearward facing unidirectional audio input device;

obtaining, from the comparison, a subset of sections of the audio information
corresponding to the received audio inputs from the sound source;

determining a position of the sound source based on the audio information corresponding
to the audio inputs from the plurality of unidirectional audio input devices and the subset of
sections of the audio information; and

filtering the audio information corresponding to the audio inputs from the plurality of
unidirectional audio input devices based on the subset of sections of the audio information and

the position of the sound source.
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21. The computer readable medium according to claim 20, wherein the audio
information comprises:

waveforms for each frequency band of a received signal obtained from the audio inputs
from the plurality of unidirectional audio input devices;

power for each frequency band of a received signal obtained from the waveforms for
each frequency band of a received signal; and

times corresponding to the reception of audio inputs from the at least three unidirectional
audio input devices; and
wherein the subset of sections of the audio information comprises:

frequency bands in which the power corresponding to the audio input from the at least
one of the at least two forward facing unidirectional audio input devices in the frequency band is
greater than the power corresponding to the audio input from the rearward facing unidirectional

audio input devices in the frequency band.
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22. A non-transitory computer-readable medium that stores a set of computer
executable instructions that are executable by at least one processor of a device for processing
audio input to cause the device to perform a method for processing audio input, the method
comprising:

receiving audio inputs from a plurality of unidirectional audio input devices, including at
least two unidirectional audio input devices oriented to face forward and at least one
unidirectional audio input device oriented to face rearward;

analyzing the received audio inputs from the plurality of unidirectional audio input
devices to obtain audio information corresponding to the received audio inputs;

comparing the audio information corresponding to the audio input from at least one of the
two forward facing unidirectional audio input devices and the audio information corresponding
to the audio input from the rearward facing unidirectional audio input device; and

determining if a sound source, corresponding to the received audio inputs, confronts the

at least two forward facing unidirectional audio input devices, based on the comparison.

23. The computer readable medium according to claim 22, wherein the audio
information comprises:

waveforms for each frequency band of a received signal obtained from the audio inputs
from the plurality of unidirectional audio input devices;

power for each frequency band of a received signal obtained from the waveforms for
each frequency band of a received signal; and

times corresponding to the reception of audio inputs from the at least three unidirectional

audio input devices.
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