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PROVIDING AN INDICATION OF THE
SUITABILITY OF SPEECH RECOGNITION

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority from U.S. Provisional
Ser. No. 62/057,979, filed on Sep. 30, 2014, entitled PRO-
VIDING AN INDICATION OF THE SUITABILITY OF
SPEECH RECOGNITION, which is hereby incorporated by
reference in its entirety for all purposes.

FIELD

This relates generally to natural language processing and,
more specifically, to determining the suitability of an acous-
tic environment for performing speech recognition.

BACKGROUND

Intelligent automated assistants (or virtual assistants) pro-
vide an intuitive interface between users and electronic
devices. These assistants can allow users to interact with
devices or systems using natural language in spoken and/or
text forms. For example, a user can access the services of an
electronic device by providing a spoken user input in natural
language form to a virtual assistant associated with the
electronic device. The virtual assistant can perform natural
language processing on the spoken user input to infer the
user’s intent and operationalize the user’s intent into tasks.
The tasks can then be performed by executing one or more
functions of the electronic device, and a relevant output can
be returned to the user in natural language form.

The acoustic environment in which the virtual assistant
operates can affect the virtual assistant’s ability to interpret
a user’s spoken input. For example, background noise, such
as music, conversations of other individuals, traffic noises,
or the like, can obscure the user’s spoken input contained in
the audio received by the virtual assistant. This can result in
words being interpreted incorrectly or not at all. Thus, it can
be desirable to operate a virtual assistant in an acoustic
environment that is conducive to performing speech recog-
nition.

SUMMARY

Systems and processes for providing an indication of the
suitability of an acoustic environment for performing speech
recognition are disclosed. One process can include receiving
an audio input and determining a speech recognition suit-
ability based on the audio input. The speech recognition
suitability can include a numerical, textual, graphical, or
other representation of the suitability of an acoustic envi-
ronment for performing speech recognition. The process can
further include displaying a visual representation of the
speech recognition suitability to indicate the likelihood that
a spoken user input will be interpreted correctly. This allows
a user to determine whether to proceed with the performance
of a speech recognition process, or to move to a different
location having a better acoustic environment before per-
forming the speech recognition process. In some examples,
the user device can disable operation of a speech recognition
process in response to determining that the speech recogni-
tion suitability is below a threshold suitability.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an exemplary environment in which a
virtual assistant can operate according to various examples.
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FIG. 2 illustrates an exemplary user device according to
various examples.

FIG. 3 illustrates an exemplary process for providing a
visual representation of the suitability of an acoustic envi-
ronment for performing speech recognition according to
various examples.

FIGS. 4-7 illustrate exemplary visual representations of
the suitability of an acoustic environment for performing
speech recognition according to various examples.

FIG. 8 illustrates an exemplary process for operating a
virtual assistant based on a determined suitability of an
acoustic environment for performing speech recognition
according to various examples.

FIG. 9 illustrates a functional block diagram of an elec-
tronic device configured to determine a suitability of an
acoustic environment for performing speech recognition and
for providing a visual representation of the same according
to various examples.

DETAILED DESCRIPTION

In the following description of examples, reference is
made to the accompanying drawings in which it is shown by
way of illustration specific examples that can be practiced.
It is to be understood that other examples can be used and
structural changes can be made without departing from the
scope of the various examples.

This relates to providing an indication of the suitability of
an acoustic environment for performing speech recognition.
One process can include receiving an audio input and
determining a speech recognition suitability based on the
audio input. The speech recognition suitability can include a
numerical, textual, graphical, or other representation of the
suitability of an acoustic environment for performing speech
recognition. The process can further include displaying a
visual representation of the speech recognition suitability to
indicate the likelihood that a spoken user input will be
interpreted correctly. This allows a user to determine
whether to proceed with the performance of a speech rec-
ognition process, or to move to a different location having a
better acoustic environment before performing the speech
recognition process. In some examples, the user device can
disable operation of a speech recognition process in
response to determining that the speech recognition suitabil-
ity is below a threshold suitability.

System Overview

FIG. 1 illustrates exemplary system 100 for implementing
a virtual assistant according to various examples. The terms
“virtual assistant,” “digital assistant,” “intelligent automated
assistant,” or “automatic digital assistant” can refer to any
information processing system that interprets natural lan-
guage input in spoken and/or textual form to infer user
intent, and performs actions based on the inferred user
intent. For example, to act on an inferred user intent, the
system can perform one or more of the following: identify-
ing a task flow with steps and parameters designed to
accomplish the inferred user intent; inputting specific
requirements from the inferred user intent into the task flow;
executing the task flow by invoking programs, methods,
services, APIs, or the like; and generating output responses
to the user in an audible (e.g., speech) and/or visual form.

A virtual assistant can be capable of accepting a user
request at least partially in the form of a natural language
command, request, statement, narrative, and/or inquiry.
Typically, the user request seeks either an informational
answer or performance of a task by the virtual assistant. A
satisfactory response to the user request can include provi-
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sion of the requested informational answer, performance of
the requested task, or a combination of the two. For
example, a user can ask the virtual assistant a question, such
as “Where am I right now?” Based on the user’s current
location, the virtual assistant can answetr, “You are in Central
Park.” The user can also request the performance of a task,
for example, “Please remind me to call Mom at 4 p.m.
today.” In response, the virtual assistant can acknowledge
the request and then create an appropriate reminder item in
the user’s electronic schedule. During the performance of a
requested task, the virtual assistant can sometimes interact
with the user in a continuous dialogue involving multiple
exchanges of information over an extended period of time.
There are numerous other ways of interacting with a virtual
assistant to request information or performance of various
tasks. In addition to providing verbal responses and taking
programmed actions, the virtual assistant can also provide
responses in other visual or audio forms (e.g., as text, alerts,
music, videos, animations, etc.).

An example of a virtual assistant is described in Appli-
cants’ U.S. Utility application Ser. No. 12/987,982 for
“Intelligent Automated Assistant,” filed Jan. 10, 2011, the
entire disclosure of which is incorporated herein by refer-
ence.

As shown in FIG. 1, in some examples, a virtual assistant
can be implemented according to a client-server model. The
virtual assistant can include a client-side portion executed on
a user device 102, and a server-side portion executed on a
server system 110. User device 102 can include any elec-
tronic device, such as a mobile phone, tablet computer,
portable media player, desktop computer, laptop computer,
PDA, television, television set-top box, wearable electronic
device, or the like, and can communicate with server system
110 through one or more networks 108, which can include
the Internet, an intranet, or any other wired or wireless
public or private network. The client-side portion executed
on user device 102 can provide client-side functionalities,
such as user-facing input and output processing and com-
munications with server system 110. Server system 110 can
provide server-side functionalities for any number of clients
residing on a respective user device 102.

Server system 110 can include one or more virtual assis-
tant servers 114 that can include a client-facing 1/O interface
122, one or more processing modules 118, data and model
storage 120, and an I/O interface to external services 116.
The client-facing /O interface 122 can facilitate the client-
facing input and output processing for virtual assistant
server 114. The one or more processing modules 118 can
utilize data and model storage 120 to determine the user’s
intent based on natural language input, and perform task
execution based on inferred user intent. In some examples,
virtual assistant server 114 can communicate with external
services 124, such as telephony services, calendar services,
information services, messaging services, navigation ser-
vices, and the like, through network(s) 108 for task comple-
tion or information acquisition. The 1/O interface to external
services 116 can facilitate such communications.

Server system 110 can be implemented on one or more
standalone data processing devices or a distributed network
of computers. In some examples, server system 110 can
employ various virtual devices and/or services of third party
service providers (e.g., third-party cloud service providers)
to provide the underlying computing resources and/or infra-
structure resources of server system 110.

Although the functionality of the virtual assistant is
shown in FIG. 1 as including both a client-side portion and
a server-side portion, in some examples, the functions of the
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assistant can be implemented as a standalone application
installed on a user device. In addition, the division of
functionalities between the client and server portions of the
virtual assistant can vary in different examples. For instance,
in some examples, the client executed on user device 102
can be a thin-client that provides only user-facing input and
output processing functions, and delegates all other func-
tionalities of the virtual assistant to a backend server.

User Device

FIG. 2 is a block diagram of a user-device 102 according
to various examples. As shown, user device 102 can include
a memory interface 202, one or more processors 204, and a
peripherals interface 206. The various components in user
device 102 can be coupled together by one or more com-
munication buses or signal lines. User device 102 can further
include various sensors, subsystems, and peripheral devices
that are coupled to the peripherals interface 206. The sen-
sors, subsystems, and peripheral devices gather information
and/or facilitate various functionalities of user device 102.

For example, user device 102 can include a motion sensor
210, a light sensor 212, and a proximity sensor 214 coupled
to peripherals interface 206 to facilitate orientation, light,
and proximity sensing functions. One or more other sensors
216, such as a positioning system (e.g., a GPS receiver), a
temperature sensor, a biometric sensor, a gyroscope, a
compass, an accelerometer, and the like, are also connected
to peripherals interface 206, to facilitate related functional-
ities.

In some examples, a camera subsystem 220 and an optical
sensor 222 can be utilized to facilitate camera functions,
such as taking photographs and recording video clips. Com-
munication functions can be facilitated through one or more
wired and/or wireless communication subsystems 224,
which can include various communication ports, radio fre-
quency receivers and transmitters, and/or optical (e.g., infra-
red) receivers and transmitters. An audio subsystem 226 can
be coupled to speakers 228 and a microphone 230 to
facilitate voice-enabled functions, such as voice recognition,
voice replication, digital recording, and telephony functions.

In some examples, user device 102 can further include an
1/O subsystem 240 coupled to peripherals interface 206. I/O
subsystem 240 can include a touch screen controller 242
and/or other input controller(s) 244. Touch-screen controller
242 can be coupled to a touch screen 246. Touch screen 246
and the touch screen controller 242 can, for example, detect
contact and movement or break thercof using any of a
plurality of touch sensitivity technologies, such as capaci-
tive, resistive, infrared, and surface acoustic wave technolo-
gies, proximity sensor arrays, and the like. Other input
controller(s) 244 can be coupled to other input/control
devices 248, such as one or more buttons, rocker switches,
a thumb-wheel, an infrared port, a USB port, and/or a
pointer device such as a stylus.

In some examples, user device 102 can further include a
memory interface 202 coupled to memory 250. Memory 250
can include any electronic, magnetic, optical, electromag-
netic, infrared, or semiconductor system, apparatus, or
device, a portable computer diskette (magnetic), a random
access memory (RAM) (magnetic), a read-only memory
(ROM) (magnetic), an erasable programmable read-only
memory (EPROM) (magnetic), a portable optical disc such
as CD, CD-R, CD-RW, DVD, DVD-R, or DVD-RW, or flash
memory such as compact flash cards, secured digital cards,
USB memory devices, memory sticks, and the like. In some
examples, a non-transitory computer-readable storage
medium of memory 250 can be used to store instructions
(e.g., for performing some or all of process 300 or 800,
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described below) for use by or in connection with an
instruction execution system, apparatus, or device, such as a
computer-based system, processor-containing system, or
other system that can fetch the instructions from the instruc-
tion execution system, apparatus, or device, and execute the
instructions. In other examples, the instructions (e.g., for
performing process 300 or 800, described below) can be
stored on a non-transitory computer-readable storage
medium of server system 110, or can be divided between the
non-transitory computer-readable storage medium of
memory 250 and the non-transitory computer-readable stor-
age medium of server system 110. In the context of this
document, a “non-transitory computer readable storage
medium” can be any medium that can contain or store the
program for use by or in connection with the instruction
execution system, apparatus, or device.

In some examples, the memory 250 can store an operating
system 252, a communication module 254, a graphical user
interface module 256, a sensor processing module 258, a
phone module 260, and applications 262. Operating system
252 can include instructions for handling basic system
services and for performing hardware dependent tasks.
Communication module 254 can facilitate communicating
with one or more additional devices, one or more computers,
and/or one or more servers. Graphical user interface module
256 can facilitate graphic user interface processing. Sensor
processing module 258 can facilitate sensor related process-
ing and functions. Phone module 260 can facilitate phone-
related processes and functions. Application module 262 can
facilitate various functionalities of user applications, such as
electronic-messaging, web browsing, media processing,
navigation, imaging, and/or other processes and functions.

As described herein, memory 250 can also store client-
side virtual assistant instructions (e.g., in a virtual assistant
client module 264) and various user data 266 (e.g., user-
specific vocabulary data, preference data, and/or other data,
such as the user’s electronic address book, to-do lists,
shopping lists, etc.) to provide the client-side functionalities
of the virtual assistant.

In various examples, virtual assistant client module 264
can be capable of accepting voice input (e.g., speech input),
text input, touch input, and/or gestural input through various
user interfaces (e.g., I/O subsystem 240, audio subsystem
226, or the like) of user device 102. Virtual assistant client
module 264 can also be capable of providing output in audio
(e.g., speech output), visual, and/or tactile forms. For
example, output can be provided as voice, sound, alerts, text
messages, menus, graphics, videos, animations, vibrations,
and/or combinations of two or more of the above. During
operation, virtual assistant client module 264 can commu-
nicate with the virtual assistant server using communication
subsystem 224.

In some examples, virtual assistant client module 264 can
utilize the various sensors, subsystems, and peripheral
devices to gather additional information from the surround-
ing environment of user device 102 to establish a context
associated with a user, the current user interaction, and/or
the current user input. In some examples, virtual assistant
client module 264 can provide the contextual information or
a subset thereof with the user input to the virtual assistant
server to help infer the user’s intent. The virtual assistant can
also use the contextual information to determine how to
prepare and deliver outputs to the user.

In some examples, the contextual information that accom-
panies the user input can include sensor information, such as
lighting, ambient noise, ambient temperature, images or
videos of the surrounding environment, distance to another
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object, and the like. The contextual information can further
include information associated with the physical state of
user device 102 (e.g., device orientation, device location,
device temperature, power level, speed, acceleration, motion
patterns, cellular signal strength, etc.) or the software state
of user device 102 (e.g., running processes, installed pro-
grams, past and present network activities, background
services, error logs, resources usage, etc.). Any of these
types of contextual information can be provided to the
virtual assistant server 114 as contextual information asso-
ciated with a user input.

In some examples, virtual assistant client module 264 can
selectively provide information (e.g., user data 266) stored
on user device 102 in response to requests from the virtual
assistant server 114. Virtual assistant client module 264 can
also elicit additional input from the user via a natural
language dialogue or other user interfaces upon request by
virtual assistant server 114. Virtual assistant client module
264 can pass the additional input to virtual assistant server
114 to help virtual assistant server 114 in intent inference
and/or fulfillment of the user’s intent expressed in the user
request.

In various examples, memory 250 can include additional
instructions or fewer instructions. Furthermore, various
functions of user device 102 can be implemented in hard-
ware and/or in firmware, including in one or more signal
processing and/or application specific integrated circuits.
Determining Acoustic Environment Suitability

As mentioned above, the acoustic environment in which
a virtual assistant operates can affect the virtual assistant’s
ability to interpret a user’s spoken input. For example,
background noise, such as music, conversations of other
individuals, traffic noises, or the like, can obscure the user’s
spoken input contained in the audio received by the virtual
assistant. Thus, it can be desirable to operate a virtual
assistant in an acoustic environment that is conducive to
performing speech recognition. FIG. 3 illustrates an exem-
plary process for determining a suitability of an acoustic
environment for performing speech recognition and provid-
ing a visual representation of the same according to various
examples.

At block 302, an audio input can be received at a user
device. In some examples, a user device (e.g., user device
102) can receive the audio input via a microphone (e.g.,
microphone 230). The microphone can convert the audio
input into an analog or digital representation, and provide
audio data representing the audio input to one or more
processors (e.g., processor(s) 204) of the user device. In
some examples, the audio input can include user speech. In
other examples, the audio input may not include user speech.

At block 304, a speech recognition suitability can be
determined based on the audio input received at block 302.
The speech recognition suitability can include a numerical
(e.g., a score from 1-5, 1-100, etc.), textual or categorical
(e.g., “poor,” “fair,” “good,” “excellent,” “acceptable,”
“unacceptable,” etc.), graphical (e.g., a color image), or
other representation of the suitability or conduciveness of an
acoustic environment in which the user device is located for
performing speech recognition. In other words, the speech
recognition suitability can generally indicate whether a
speech recognition process performed in a particular acous-
tic environment is likely to produce accurate or inaccurate
results.

In some examples, determining the speech recognition
suitability can generally include determining one or more
characteristics of the acoustic environment in which the user
device is located and determining the speech recognition
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suitability based on those one or more characteristics. The
characteristics of the acoustic environment can include any
desired characteristic, such as a signal-to-noise ratio (SNR),
an SNR in one or more frequency bands, an intensity (e.g.,
volume) and/or type of noise detected (e.g., music, speech,
pink noise, transient noise, etc.), an intensity and/or type of
noise detected in one or more frequency bands, a number of
occurrences and intensity of a particular type of noise
detected during a previous length of time, or the like. While
specific characteristics of an acoustic environment are pro-
vided above, it should be appreciated that any other char-
acteristic of an acoustic environment that is indicative of the
likelihood that the acoustic environment will negatively
affect the performance of a speech recognition process can
be used at block 304 to determine the speech recognition
suitability.

In some examples, when using the SNR or the SNR of one
or more frequency bands as one of the characteristics to
determine the speech recognition suitability of the acoustic
environment, block 304 can include determining an average
noise level and an average signal level over any desired
length of time based on the audio input received at block
302. This can be performed over all frequencies or can be
performed for multiple discrete frequency bands. These
values can then be used to compute an SNR over all
frequencies or for the multiple discrete frequency bands for
the acoustic environment. In general, a higher SNR can be
indicative of an acoustic environment that is more suitable
or conducive to performing speech recognition and can
cause the speech recognition suitability determined at block
304 to be a value that indicates a more suitable acoustic
environment. In contrast, a lower SNR can be indicative of
an acoustic environment that is less suitable or conducive to
performing speech recognition and can cause the speech
recognition suitability determined at block 304 to be a value
that indicates a less suitable acoustic environment.
Examples of how the SNR can be used to calculate the
speech recognition suitability are discussed in greater detail
below.

In some examples, when using the type of noise detected
or the type of noise detected in one or more frequency bands
as one of the characteristics to determine the speech recog-
nition suitability of the acoustic environment, block 304 can
include inputting the audio received at block 302 into one or
more audio classifiers to determine a type of a detected
noise. For example, audio classifiers can be used to identify
music, speech, transient noises (e.g., sounds that last for
short duration, such as a honk of a car’s horn, the beating of
a drum, the sound of an object falling to the ground, etc.),
pink noise, or the like. This can be performed over all
frequencies or can be performed for multiple discrete fre-
quency bands. The type(s) of identified noises can then be
used to compute a speech recognition suitability. In general,
the influence of the identified type of noise on the speech
recognition suitability can be related to the difficulty of
filtering the type of noise or the likelihood that the type of
noise will negatively affect the performance of a speech
recognition process. For example, non-transient noises that
are slow-varying in time (e.g., wind, sound of a car driving
on the road, etc.) can often be filtered from the audio input,
causing a minimal impact on a speech recognition process.
As a result, these types of noises can result in less of a
negative impact on the determined speech recognition suit-
ability. However, transient noises can be more difficult to
filter from an audio input, causing a greater impact on a
speech recognition process. As a result, these types of noises
can result in a greater negative impact on the determined
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speech recognition suitability. In some examples, the iden-
tified type of noise can be combined with a detected intensity
of the noise. For example, noises with higher intensities can
more greatly impact the performance of a speech recognition
process, while noises with lower intensities can have less of
an impact. Examples of how the intensity and/or type of
noise can be used to calculate the speech recognition suit-
ability are discussed in greater detail below.

In some examples, when using the number of occurrences
and intensity of a particular type of noise detected during a
previous length of time as one of the characteristics to
determine the speech recognition suitability of the acoustic
environment, block 304 can include maintaining a buffer
that at least includes the last X minutes of audio input
received at block 302 and analyzing the buffer to determine
the number of occurrences and volume of a particular type
of noise detected within the last X minutes of time. For
example, block 304 can include determining the number of
occurrences and volume of transient type noises within last
X minutes. This value can be indicative of the likelihood that
a similar type of noise will occur in the future. In general, a
higher intensity and larger number of detected occurrences
of the particular type of noise can be indicative of an
acoustic environment that is less suitable or conducive to
performing speech recognition and can cause the speech
recognition suitability determined at block 304 to be a value
that indicates a less suitable acoustic environment. In con-
trast, a lower intensity and smaller number of detected
occurrences of the particular type of noise can be indicative
of an acoustic environment that is more suitable or condu-
cive to performing speech recognition and can cause the
speech recognition suitability determined at block 304 to be
a value that indicates a more suitable acoustic environment.
Examples of how the number of occurrences and intensity of
a particular type of noise detected during a previous length
of time can be used to calculate the speech recognition
suitability are discussed in greater detail below.

The speech recognition suitability can be determined
using one or more characteristics of the acoustic environ-
ment, such as those described above, in various ways. For
instance, in some examples, each characteristic of the acous-
tic environment can be assigned a speech recognition con-
tribution value that is representative of a likelihood that an
acoustic environment having that characteristic is to nega-
tively affect the performance of a speech recognition pro-
cess. In general, a characteristic that is indicative of an
acoustic environment that is suitable or conducive to per-
forming speech recognition can be assigned a low speech
recognition contribution value (or a negative value), while a
characteristic that is indicative of an acoustic environment
that is not suitable or conducive to performing speech
recognition can be assigned a large, positive speech recog-
nition contribution value. The speech recognition contribu-
tion values can be combined with the speech recognition
contribution values associated with other characteristics of
the acoustic environment to calculate an overall speech
recognition suitability score. For example, the speech rec-
ognition contribution values associated with each character-
istic of the acoustic environment can be combined by
calculating the sum of the values, calculating a weighted
sum of the values, or combining the values in any other
desired manner to generate an overall speech recognition
suitability score. In this example, a large overall speech
recognition suitability score can be indicative of an acoustic
environment that is not suitable or conducive to performing
speech recognition, while a small (or negative) overall
speech recognition suitability score can be indicative of an
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acoustic environment that is suitable or conducive to per-
forming speech recognition. It should be appreciated that, in
other examples, different numbering conventions can be
used such that a small (or negative) overall speech recog-
nition suitability score can be indicative of an acoustic
environment that is not suitable or conducive to performing
speech recognition, while a large, positive overall speech
recognition suitability score can be indicative of an acoustic
environment that is suitable or conducive to performing
speech recognition.

To illustrate, the speech recognition contribution value
assigned to an SNR characteristic can be the inverse of the
SNR value, can be the inverse of the SNR value multiplied
by a scaling factor, or can be a different value assigned using
a different convention that generally relates the assigned
value to the likelihood that an acoustic environment having
the SNR value is suitable or conducive to performing speech
recognition. For example, the speech recognition contribu-
tion value can vary monotonically (linearly or non-linearly)
with respect to the inverse of the SNR value such that
smaller SNR values can be assigned larger speech recogni-
tion contribution values.

Similarly, the speech recognition contribution value
assigned to a noise-type characteristic can be a value that is
assigned to each of the different types of detectable noises.
For example, pink noises, which can be easy to filter and can
have a low impact on the performance of a speech recog-
nition process, can be assigned lower speech recognition
contribution values, while transient noises, which can have
significant negative effects on a speech recognition process,
can be assigned larger speech recognition contribution val-
ues. Other types of noises can similarly be assigned speech
recognition contribution values based on the likelihood that
those types of noises will negatively impact the performance
of a speech recognition process. In some examples, the
intensity (e.g., volume) of the noise can also be used to
adjust the speech recognition contribution value assigned to
the type of detected noise. For example, a noise having a
lower intensity can be used to reduce the negative impact of
the noise on the determined speech recognition suitability
(e.g., by multiplying the intensity by the value assigned to
the type of noise), while a noise having a higher intensity can
be used to increase the negative impact of the noise on the
determined speech recognition suitability (e.g., by multiply-
ing the intensity by the value assigned to the type of noise).

Additionally, the speech recognition contribution value
assigned to the characteristic indicating the number of
occurrences and intensity of a particular type of noise
detected during a previous length of time can depend on the
number of occurrences and intensity of the detected noises.
For example, a larger number of occurrences can be asso-
ciated with a larger speech recognition contribution value,
while a lower number of occurrences can be associated with
a smaller speech recognition contribution value. In some
examples, the intensity (e.g., volume) of the noise can also
be used to adjust the speech recognition contribution value
assigned to the number of detected noises. For example, a
noise having a lower intensity can be used to reduce the
negative impact of the noise on the determined speech
recognition suitability (e.g., by multiplying the intensity by
the number of occurrences of the type of noise), while a
noise having a higher intensity can be used to increase the
negative impact of the noise on the determined speech
recognition suitability (e.g., by multiplying the intensity by
the value assigned to the type of noise).

The speech recognition contribution values for the various
characteristics of the acoustic environment can then be
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combined as mentioned above (e.g., by calculating the sum
of the values, calculating a weighted sum of the values, or
combining the values in any other desired manner) to
generate an overall speech recognition suitability score.

In other examples, the speech recognition suitability can
be determined by determining a speech recognition suitabil-
ity category based on the characteristics of the acoustic
environment. In some examples, conditional logic based on
one or more characteristics of the acoustic environment can
be used to select one of multiple speech recognition suit-
ability categories (e.g., “poor,” “fair,” “good,” “excellent,”
“acceptable,” “unacceptable,” etc.) for a particular environ-
ment. For example, conditions can be established that state
if the SNR value is within a first range of values, then the
speech recognition suitability can be assigned a first cat-
egory, that state that if the SNR value is within a second
range of values, then the speech recognition suitability can
be assigned a second category, and so on. Similarly, condi-
tions can be established that state if the type of detected
noise is a first type of noise (e.g., pink noise), then the speech
recognition suitability can be assigned a first category (e.g.,
“fair”), that state if the type of detected noise is a second
type of noise (e.g., transient noise), then the speech recog-
nition suitability can be assigned a second category (e.g.,
“poor”), and so on. Similarly, conditions can be established
that state if the number of occurrences of a particular type of
noise (and, optionally, combined with the intensity of the
noise) is within a first range of values, then the speech
recognition suitability can be assigned a first category, that
state that if the number of occurrences of a particular type of
noise (and, optionally, combined with the intensity of the
noise) is within a second range of values, then the speech
recognition suitability can be assigned a second category,
and so on. In other examples, conditions can be established
that depend on any two or more characteristics of the
acoustic environment. For example, one condition can be
that if the SNR value is below a lower threshold value and
if the number of transient noises detected in the last X
minutes is greater than an upper threshold value, then the
speech recognition suitability can be assigned a category of
“poor.” It should be appreciated that any number of condi-
tions that depend on any number of characteristics can
similarly be used to determine the speech recognition suit-
ability.

In yet other examples, the speech recognition suitability
can be generated through the use of a neural network. In
these examples, a speech recognition suitability vector can
be determined based on the audio input received at block
302. The speech recognition suitability vector can be
expressed as: vector=[S1, S2, . .. SNJ], where each element
S represents a different characteristic of the acoustic envi-
ronment as determined from the audio input received at
block 302. For example, a first element S1 can represent an
SNR for a first frequency band, a second element S2 can
represent an SNR for a second frequency band, a third
element S3 can represent a type of noise detected (e.g., over
all frequencies or for a particular frequency), a fourth
element S4 can represent an intensity of the detected noise,
a fifth element S5 can include a number of occurrences of
particular type of noise (e.g., transient noises) detected over
the last X minutes, a sixth element S6 can represent an
intensity of one or more of the occurrences of the particular
type of noise, and so on. The vector can include any number
of elements and the values assigned to the elements can be
assigned using any desired convention, such as the speech
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recognition contribution values assigned using the first
method of determining speech recognition suitability dis-
cussed above.

The speech recognition suitability vector can be input into
the neural network, which can then determine an overall
speech recognition suitability based on the values of the
elements contained in the speech recognition suitability
vector. The result can be a numerical representation (e.g., a
score from 1-5, 1-100, etc.), a textual or categorical repre-
sentation (e.g., “poor,” “fair,” “good,” “excellent,” “accept-
able,” “unacceptable,” etc.), a graphical representation (e.g.,
a color), or any other desired representation of the suitability
or conduciveness of the acoustic environment for perform-
ing speech recognition. In these examples, the neural net-
work can be trained using vectors of acoustic environments
that have been determined to be suitable or unsuitable for
performing speech recognition to cause the neural network
to provide a desired speech recognition suitability for any
combination of characteristic values of the acoustic envi-
ronment.

In some examples, the characteristics of the acoustic
environment can be determined by hardware within the user
device (e.g., processors or other circuitry configured to
perform the task of determining the characteristics). For
example, the hardware can include classifiers to determine a
type of noise, circuitry to measure an intensity of noise, and
counters to track the number of occurrences of a particular
type of noise over time. The hardware can periodically,
intermittently, or at any other desired interval of time output
tagged values that can be processed using software on the
user device to determine the speech recognition suitability.
This hardware implementation advantageously reduces that
amount of power required to determine the speech recogni-
tion suitability over extended periods of time. For example,
if the user device is configured to continuously (or intermit-
tently over an extended period of time) monitor an acoustic
environment by continuing to receive and monitor an audio
input (e.g., at block 302), determining the characteristics of
the acoustic environment using hardware specifically
designed to perform that function can result in increased
power efficiency.

At block 306, the user device can display a visual repre-
sentation of the speech recognition suitability. The visual
representation can include any desired representation. For
example, FIG. 4 illustrates an example interface 400 that can
be displayed at block 306 of process 300. As shown,
interface 400 includes visual representation 402 that
includes multiple vertical bars, where the value of the speech
recognition suitability is represented by a number of the one
or more bars that are filled-in. For instance, in this example,
the speech recognition suitability can be mapped to one of
five (or any other desired number) discrete values (e.g., 0, 1,
2, 3, or 4) corresponding to the number of possible bars that
can be filled-in. For example, if the speech recognition
suitability values range from 1-10, the speech recognition
suitability can be mapped linearly to the five discrete values
(e.g., a speech recognition of 1-2 corresponds to 4 bars, a
speech recognition of 3-4 corresponds to 3 bars, a speech
recognition of 5-6 corresponds to 2 bars, a speech recogni-
tion of 7-8 corresponds to 1 bar, and a speech recognition of
9-10 corresponds to 0 bars). In other examples, the speech
recognition suitability can be mapped non-linearly to the
discrete number of bars.

In other examples, the visual representation can include
text representing the value of the speech recognition suit-
ability. For example, FIG. 5 illustrates interface 500 that can
be displayed at block 306 of process 300. As shown,
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interface 500 includes visual representation 502 in the form
of the text “GOOD” that represents the value of the speech
recognition suitability. In this example, the speech recogni-
tion suitability can be mapped to one of four (or any other
desired number) different descriptions (e.g., “poor,” “fair,”
“good,” “excellent,”). For example, if the speech recognition
suitability values range from 1-20, the speech recognition
suitability can be mapped linearly to the four discrete
descriptions (e.g., a speech recognition of 1-5 corresponds to
“EXCELLENT,” a speech recognition of 6-10 corresponds
to “GOOD,” a speech recognition of 11-15 corresponds to
“FAIR,” and a speech recognition of 16-20 corresponds to
“POOR”). In other examples, the speech recognition suit-
ability can be mapped non-linearly to the different descrip-
tions.

In other examples, the visual representation can include a
numerical value representing the value of the speech recog-
nition suitability. For example, FIG. 6 illustrates interface
600 that can be displayed at block 306 of process 300. As
shown, interface 600 includes visual representation 602 in
the form of the numerical value “96%.” In this example,
visual representation 602 can include the numerical value of
the speech recognition suitability or can include a normal-
ized value of the speech recognition suitability (e.g., by
normalizing the value to a percentage based on the speech
recognition suitability value and the maximum possible
speech recognition suitability value). For instance, if the
speech recognition suitability values range from 0-25, a
speech recognition suitability value of 1 can be linearly
normalized to 96%. In other examples, the speech recogni-
tion suitability can be non-linearly normalized to different
values.

In yet other examples, the visual representation can
include an icon, and the value of the speech recognition
suitability can be represented by a color of the icon. For
example, FIG. 7 illustrates interface 700 that can be dis-
played at block 306 of process 300. As shown, interface 700
includes visual representation 702 in the form of an icon
having a microphone, where the value of the speech recog-
nition suitability is represented by a color of the icon. In this
example, the speech recognition suitability can be mapped
to one of four (or any other desired number) different colors
(e.g., grey, red, yellow, green) in which visual representation
702 can be displayed, with green representing the most
suitable acoustic environment for performing speech recog-
nition, yellow representing the second most suitable acoustic
environment for performing speech recognition, grey rep-
resenting the least suitable acoustic environment for per-
forming speech recognition, and red representing the second
least suitable acoustic environment for performing speech
recognition. For example, if the speech recognition suitabil-
ity values range from 1-20, the speech recognition suitability
can be mapped linearly to the four discrete colors (e.g., a
speech recognition of 1-5 corresponds to green, a speech
recognition of 6-10 corresponds to yellow, a speech recog-
nition of 11-15 corresponds to red, and a speech recognition
0t 16-20 corresponds to grey). In other examples, the speech
recognition suitability can be mapped non-linearly to the
different colors.

In some examples, the visual representation of the speech
recognition suitability displayed at block 306 can be
adjusted based on determined characteristics of the user. For
example, the threshold values for determining the number of
bars to display in interface 400, determining the text descrip-
tion to display in interface 500, determining the numerical
value to display in interface 600, or determining the color to
display in interface 700 can be adjusted based on the



US 10,074,360 B2

13

expected difficulty of performing speech recognition on
speech produced by a user having certain characteristics. For
example, user’s that are female, that have an accent, and that
are non-native speakers, can typically be more difficult for
speech recognition programs to interpret. Thus, if the user
has any of these characteristics, the user device can adjust
the threshold values for determining the appropriate visual
representation to require a better speech recognition suit-
ability (indicating a more suitable acoustic environment) to
display a particular visual representation. For example, a
speech recognition suitability of 9 can result in four bars
being filled-in in visual representation 402 for a male
speaker, while a speech recognition suitability of 9 can result
in only three bars being filled-in in visual representation 402
for a female speaker.

Process 300 can be repeated any number of times at any
interval of time to provide update to date information
regarding the suitability of an acoustic environment for
performing speech recognition. For example, block 302 can
be repeatedly performed to provide the user device with
current audio input. Block 304 can then be performed to
update the speech recognition suitability and block 306 can
be performed to update the visual representation of the
determined speech recognition suitability values.

It should be appreciated that process 300 can be per-
formed in response to user input, such as a user selecting
visual representation 702, the user uttering a trigger phrase,
or any other desired input, or can be performed during any
other duration of time. For example, process 300 can be
performed while user device 300 is turned on, while user
device 300 is plugged in to a power source, while an option
for determining suitability is selected, or the like. In these
examples, process 300 can be repeatedly performed to
display a visual representation of speech recognition suit-
ability before, during, or after the user interacts with the user
device in natural language.

It should further be appreciated that the blocks of process
300 can be performed on user device 102, server system 110,
or a combination of user device 102 and server system 110.
For instance, in some examples, all blocks of process 300
can be performed on user device 102. In other examples,
some blocks of process 300 can be performed at user device
102, while other blocks of process 300 can be performed at
server system 110. For example, blocks 302 can be per-
formed at user device 102. User device 102 can then
transmit the audio input to server system 110, which can
then determine the speech recognition suitability based on
the audio input at block 304. Server system 110 can transmit
the determined speech recognition suitability to user device
110, which can then display the visual representation of the
speech recognition suitability at block 306.

Using process 300, a user device can advantageously
provide an indication of the suitability of an acoustic envi-
ronment for performing speech recognition. This allows a
user to determine whether to proceed with the performance
of a speech recognition process, or to move to a different
location having a better acoustic environment before per-
forming the speech recognition process. Additionally, this
can provide a user with useful information about an acoustic
environment when performing speech recognition that
would otherwise be unavailable. For example, if executed
while performing speech recognition, process 300 can pro-
vide a user with an explanation for why the speech recog-
nition process is producing erroneous results.

In some examples, visual representation 702 shown in
FIG. 7 can be selectable by a user for the purpose of
triggering a virtual assistant executed by the user device. For
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example, a user selection of visual representation 702 can be
interpreted by the user device as a start-point of user speech,
causing the user device to monitor subsequently received
audio input for user speech and performing speech recog-
nition on any such identified speech. In some of these
examples, the user device can disable the functionality of
visual representation 702 in response to the speech recog-
nition suitability determined at block 304 being below
(alternatively, above, depending on the scoring convention
used for the speech recognition suitability) a threshold
value, indicating a poor acoustic environment for perform-
ing speech recognition. FIG. 8 illustrates an exemplary
process 800 for operating a virtual assistant according to
various examples. In some examples, process 800 can be
performed after the visual representation of the speech
recognition suitability has been displayed at block 306 of
process 300. At block 802, it can be determined whether a
selection of the visual representation (e.g., the icon of visual
representation 702) has been received. In some examples,
this can include determining whether a tap on a touch
sensitive display of the user device has been received at a
location corresponding to the visual representation. In other
examples, other forms of user input can be monitored to
determine if a selection of the visual representation has been
received. If it is determined that no selection of the visual
representation has been received, process 800 can repeat
block 802 until a selection is received. Alternatively, if it is
instead determined at block 802 that a selection of the visual
representation has been received, process 800 can proceed to
block 804

At block 804, it can be determined whether the visual
representation has been disabled due to a poor speech
recognition suitability being determined for the acoustic
environment at block 304 of process 300. In some examples,
this can include determining whether the icon of visual
representation 702 is displayed in a grey color or greyed out
state. In other examples, the operation of the virtual assistant
can be disabled in response to the speech recognition
suitability being below a value that is different than the value
used to delineate between display colors of the visual
representation 702. In these examples, block 804 can include
determining whether another condition is satisfied, such as
determining whether the speech recognition suitability is
less than a threshold value. If it is determined at block 804
that the visual representation is not disabled, process 800 can
proceed to block 806 where a speech recognition process
can be performed on audio input that is subsequently
received by the user device. Alternatively, if it is instead
determined at block 804 that the visual representation is
disabled, process 800 can proceed to block 808.

At block 808, rather than perform speech recognition on
audio input subsequently received by the user device, the
user device can output a notification to the user that indicates
the detection of an acoustic environment that is not suitable
for performing speech recognition. This notification can
include any desired audio, visual, or haptic output. For
example, the notification can include a text message dis-
played on a display of the user device instructing the user to
move to a new location to perform the speech recognition
process.

Using process 800, a user device can advantageously
disable functionality of a speech recognition process in
response to determining that the speech recognition suitabil-
ity of the present acoustic environment is below a threshold
suitability. This can prevent frustration by a user attempting
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to use the speech recognition process in environments where
it is highly unlikely for the speech recognition to function
properly.

Electronic Device

In accordance with some examples, FIG. 9 shows a
functional block diagram of an electronic device 900 con-
figured in accordance with the principles of the various
described examples. The functional blocks of the device can
be implemented by hardware, software, or a combination of
hardware and software to carry out the principles of the
various described examples. It is understood by persons of
skill in the art that the functional blocks described in FIG. 9
can be combined or separated into sub-blocks to implement
the principles of the various described examples. Therefore,
the description herein optionally supports any possible com-
bination or separation or further definition of the functional
blocks described herein.

As shown in FIG. 9, electronic device 900 can include a
touch screen display unit 902 configured to display a user
interface and to receive touch input, and a sound receiving
unit 904 configured to receive sound input. In some
examples, electronic device 900 can include a speaker unit
906 configured to generate sound. Electronic device 900 can
further include a processing unit 908 coupled to touch screen
display unit 902 and sound receiving unit 904 (and, option-
ally, coupled to speaker unit 906). In some examples,
processing unit 908 can include determining unit 910, dis-
playing unit 912, selection determining unit 914, speech
recognition unit 916, and message outputting unit 918.

Processing unit 908 can be configured to receive an audio
input (e.g., from audio receiving unit 904). Determining unit
910 can be configured to determine a speech recognition
suitability based on the audio input, wherein the speech
recognition suitability represents a suitability of an acoustic
environment of the electronic device for speech recognition.
Displaying unit 912 can be configured to display, in accor-
dance with a determination of the speech recognition suit-
ability, a visual representation of the speech recognition
suitability.

In some examples, determining the speech recognition
suitability based on the audio input includes: determining
one or more characteristics of the acoustic environment
based on the audio input; and determining the speech
recognition suitability based on the one or more character-
istics of the acoustic environment.

In some examples, the one or more characteristics of the
acoustic environment includes a signal to noise ratio for a
first frequency band of the acoustic environment. In some
examples, the one or more characteristics of the acoustic
environment includes a type of noise detected in the first
frequency band.

In some examples, the one or more characteristics of the
acoustic environment includes a signal to noise ratio for a
second frequency band of the acoustic environment. In some
examples, the one or more characteristics of the acoustic
environment includes a type of noise detected in the second
frequency band.

In some examples, the one or more characteristics of the
acoustic environment includes a number of transient noises
detected in a buffer comprising previously recorded audio of
the acoustic environment.

In some examples, determining the speech recognition
suitability based on the audio input includes: determining a
speech recognition suitability vector based on the audio
input, wherein the speech recognition suitability vector
comprises one or more elements that represent the one or
more characteristics of the acoustic environment; and using
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a neural network to determine the speech recognition suit-
ability based on the speech recognition suitability vector.

In some examples, the visual representation includes one
or more bars, and wherein a value of the speech recognition
suitability is represented by a number of the one or more
bars.

In some examples, the visual representation includes an
icon, and wherein a value of the speech recognition suit-
ability is represented by a color of the icon. In some
examples, the icon includes an image of a microphone. In
some examples, displaying the visual representation of the
speech recognition suitability includes: determining whether
a value of the speech recognition suitability is less than a
threshold value; in accordance with a determination that the
value of the speech recognition suitability is less than the
threshold value, displaying the icon in a grayed out state;
and in accordance with a determination that the value of the
speech recognition suitability is not less than the threshold
value, displaying the icon in a non-grayed out state.

In some examples, selection determining unit 914 can be
configured to determine whether a user selection of the icon
is received. Speech recognition unit 916 can be configured
to perform, in accordance with a determination that the user
selection of the icon is received while the icon is displayed
in the non-grayed out state, speech recognition on an audio
input received subsequent to receiving the user selection of
the icon. Speech recognition unit 916 can be further con-
figured to forgo, in accordance with a determination that the
user selection of the icon is received while the icon is
displayed in the grayed out state, the performance of speech
recognition on the audio input received subsequent to
receiving the user selection of the icon.

In some examples, message outputting unit 918 can be
configured to output, in accordance with a determination
that the value of the speech recognition suitability is less
than the threshold value, a message indicating a low suit-
ability of the acoustic environment of the electronic device
for speech recognition.

In some examples, the visual representation includes a
textual representation of the speech recognition suitability.

In some examples, determining the speech recognition
suitability based on the audio input includes periodically
determining the speech recognition suitability based on the
audio input, and displaying the visual representation of the
speech recognition suitability includes updating the display
of the visual representation of the speech recognition suit-
ability in accordance with the periodically determined
speech recognition suitability.

In some examples, the speech recognition suitability
comprises a numerical value.

As described above, one aspect of the present technology
is the gathering and use of data available from various
sources to improve the delivery to users of invitational
content or any other content that may be of interest to them.
The present disclosure contemplates that in some instances,
this gathered data can include personal information data that
uniquely identifies or can be used to contact or locate a
specific person. Such personal information data can include
demographic data, location-based data, telephone numbers,
email addresses, home addresses, or any other identifying
information.

The present disclosure recognizes that the use of such
personal information data, in the present technology, can be
used to the benefit of users. For example, the personal
information data can be used to deliver targeted content that
is of greater interest to the user. Accordingly, use of such
personal information data enables calculated control of the
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delivered content. Further, other uses for personal informa-
tion data that benefit the user are also contemplated by the
present disclosure.

The present disclosure further contemplates that the enti-
ties responsible for the collection, analysis, disclosure, trans-
fer, storage, or other use of such personal information data
will comply with well-established privacy policies and/or
privacy practices. In particular, such entities should imple-
ment and consistently use privacy policies and practices that
are generally recognized as meeting or exceeding industry or
governmental requirements for maintaining personal infor-
mation data private and secure. For example, personal
information from users should be collected for legitimate
and reasonable uses of the entity and not shared or sold
outside of those legitimate uses. Further, such collection
should occur only after receiving the informed consent of
the users. Additionally, such entities would take any needed
steps for safeguarding and securing access to such personal
information data and ensuring that others with access to the
personal information data adhere to their privacy policies
and procedures. Further, such entities can subject them-
selves to evaluation by third parties to certify their adher-
ence to widely accepted privacy policies and practices.

Despite the foregoing, the present disclosure also con-
templates examples in which users selectively block the use
of, or access to, personal information data. That is, the
present disclosure contemplates that hardware and/or soft-
ware elements can be provided to prevent or block access to
such personal information data. For example, in the case of
advertisement delivery services, the present technology can
be configured to allow users to select to “opt in” or “opt out”
of participation in the collection of personal information
data during registration for services. In another example,
users can select not to provide location information for
targeted content delivery services. In yet another example,
users can select to not provide precise location information,
but permit the transfer of location zone information.

Therefore, although the present disclosure broadly covers
use of personal information data to implement one or more
various disclosed examples, the present disclosure also
contemplates that the various examples can also be imple-
mented without the need for accessing such personal infor-
mation data. That is, the various examples of the present
technology are not rendered inoperable due to the lack of all
or a portion of such personal information data. For example,
content can be selected and delivered to users by inferring
preferences based on non-personal information data or a
bare minimum amount of personal information, such as the
content being requested by the device associated with a user,
other non-personal information available to the content
delivery services, or publicly available information.

Although examples have been fully described with refer-
ence to the accompanying drawings, it is to be noted that
various changes and modifications will become apparent to
those skilled in the art. Such changes and modifications are
to be understood as being included within the scope of the
various examples as defined by the appended claims.

What is claimed is:

1. A method for operating a virtual assistant, the method
comprising:

at an electronic device:

receiving an audio input from an acoustic environment;

determining a speech recognition suitability value
based on the audio input, wherein the speech recog-
nition suitability value represents a suitability of the
acoustic environment of the electronic device for
speech recognition;
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in accordance with a determination of the speech
recognition suitability value, displaying a visual rep-
resentation of the speech recognition suitability
value;
determining whether the speech recognition suitability
value satisfies a predetermined criterion; and
in accordance with a determination that the speech
recognition suitability value does not satisfy the
predetermined criterion, disabling, by the electronic
device, speech recognition functionality on the elec-
tronic device.
2. The method of claim 1, wherein determining the speech
recognition suitability value based on the audio input com-
prises:
determining one or more characteristics of the acoustic
environment based on the audio input; and

determining the speech recognition suitability based on
the one or more characteristics of the acoustic envi-
ronment.

3. The method of claim 2, wherein the one or more
characteristics of the acoustic environment comprises a
signal to noise ratio for a first frequency band of the acoustic
environment.

4. The method of claim 3, wherein the one or more
characteristics of the acoustic environment comprises a type
of noise detected in the first frequency band.

5. The method of claim 2, wherein the one or more
characteristics of the acoustic environment comprises a
signal to noise ratio for a second frequency band of the
acoustic environment.

6. The method of claim 5, wherein the one or more
characteristics of the acoustic environment comprises a type
of noise detected in the second frequency band.

7. The method of claim 2, wherein the one or more
characteristics of the acoustic environment comprises a
number of transient noises detected in a buffer comprising
previously recorded audio of the acoustic environment.

8. The method of claim 2, wherein determining the speech
recognition suitability value comprises:

determining a speech recognition suitability vector based

on the audio input, wherein the speech recognition
suitability vector comprises one or more elements that
represent the one or more characteristics of the acoustic
environment; and

using a neural network to determine the speech recogni-

tion suitability value based on the speech recognition
suitability vector.

9. The method of claim 1, wherein the visual representa-
tion comprises one or more bars, and wherein a value of the
speech recognition suitability value is represented by a
number of the one or more bars.

10. The method of claim 1, wherein the visual represen-
tation comprises an icon, and wherein the speech recogni-
tion suitability value is represented by a color of the icon.

11. The method of claim 10, wherein the icon comprises
an image of a microphone.

12. The method of claim 10, wherein displaying the visual
representation of the speech recognition suitability value
comprises:

determining whether the speech recognition suitability

value is less than a threshold value;

in accordance with a determination that the speech rec-

ognition suitability value is less than the threshold
value, displaying the icon in a grayed out state; and
in accordance with a determination that the speech rec-
ognition suitability value is not less than the threshold
value, displaying the icon in a non-grayed out state.
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13. The method of claim 1, wherein the method further
comprises:

receiving a user selection of the visual representation of

the speech recognition suitability value;
in accordance with a determination that the speech rec-
ognition suitability value is not less than a threshold
value, performing speech recognition on an audio input
received subsequent to receiving the user selection; and

in accordance with a determination that the speech rec-
ognition suitability value is less than the threshold
value, forgoing the performance of speech recognition
on the audio input received subsequent to receiving the
user selection.
14. The method of claim 12, wherein the method further
comprises:
in accordance with a determination that the speech rec-
ognition suitability value is less than the threshold
value, outputting a message indicating a low suitability
of the acoustic environment of the electronic device for
speech recognition.
15. The method of claim 1, wherein the visual represen-
tation comprises a textual representation of the speech
recognition suitability value.
16. The method of claim 1, wherein determining the
speech recognition suitability value comprises periodically
determining the speech recognition suitability value, and
wherein displaying the visual representation of the speech
recognition suitability value comprises updating the display
of the visual representation of the speech recognition suit-
ability value in accordance with the periodically determined
speech recognition suitability value.
17. The method of claim 1, wherein the speech recogni-
tion suitability value comprises a numerical value.
18. The method of claim 1, wherein the audio input does
not include speech from a user of the electronic device.
19. A non-transitory computer-readable storage medium
for operating a virtual assistant, the computer-readable stor-
age medium comprising instructions for:
receiving an audio input from an acoustic environment;
determining a speech recognition suitability value based
on the audio input, wherein the speech recognition
suitability value represents a suitability of the acoustic
environment of the electronic device for speech recog-
nition;
in accordance with a determination of the speech recog-
nition suitability value, displaying a visual representa-
tion of the speech recognition suitability value;

determining whether the speech recognition suitability
value satisfies a predetermined criterion; and

in accordance with a determination that the speech rec-

ognition suitability value does not satisfy the predeter-
mined criterion, disabling, by the electronic device,
speech recognition functionality on the electronic
device.

20. The storage medium of claim 19, wherein the visual
representation comprises an icon, and wherein the speech
recognition suitability value is represented by a color of the
icon.

21. The storage medium of claim 20, wherein displaying
the visual representation of the speech recognition suitability
value comprises:

determining whether the speech recognition suitability

value is less than a threshold value;

in accordance with a determination that the speech rec-

ognition suitability value is less than the threshold
value, displaying the icon in a grayed out state; and
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in accordance with a determination that the speech rec-
ognition suitability value is not less than the threshold
value, displaying the icon in a non-grayed out state.
22. The storage medium of claim 21, further comprising:
in accordance with a determination that the speech rec-
ognition suitability value is less than the threshold
value, outputting a message indicating a low suitability
of the acoustic environment of the electronic device for
speech recognition.
23. The storage medium of claim 20, wherein the icon
comprises an image of a microphone.
24. The storage medium of claim 19, wherein determining
the speech recognition suitability value comprises periodi-
cally determining the speech recognition suitability value,
and wherein displaying the visual representation of the
speech recognition suitability value comprises updating the
display of the visual representation of the speech recognition
suitability value in accordance with the periodically deter-
mined speech recognition suitability value.
25. The storage medium of claim 19, wherein the speech
recognition suitability value is determined based on a signal
to noise ratio for a first frequency band of the acoustic
environment.
26. The storage medium of claim 19, wherein determining
the speech recognition suitability value based on the audio
input comprises:
determining one or more characteristics of the acoustic
environment based on the audio input; and

determining the speech recognition suitability based on
the one or more characteristics of the acoustic envi-
ronment.

27. The storage medium of claim 26, further comprising:

determining a speech recognition suitability vector based

on the audio input, wherein the speech recognition
suitability vector comprises one or more elements that
represent the one or more characteristics; and

using a neural network to determine the speech recogni-

tion suitability value based on the speech recognition
suitability vector.

28. The storage medium of claim 26, wherein the one or
more characteristics of the acoustic environment comprises
a type of noise detected in a first frequency band.

29. The storage medium of claim 26, wherein the one or
more characteristics of the acoustic environment comprises
a number of transient noises detected in a buffer comprising
previously recorded audio of the acoustic environment.

30. The storage medium of claim 19, wherein the visual
representation comprises one or more bars, and wherein a
value of the speech recognition suitability value is repre-
sented by a number of the one or more bars.

31. The storage medium of claim 19, wherein the visual
representation comprises a textual representation of the
speech recognition suitability value.

32. The storage medium of claim 19, wherein the speech
recognition suitability value comprises a numerical value.

33. A system for operating a virtual assistant, the system
comprising:

one Or mMore processors;

memory; and

one or more programs, wherein the one or more programs

are stored in the memory and configured to be executed

by the one or more processors, the one or more pro-

grams including instructions for:

receiving an audio input from an acoustic environment;

determining a speech recognition suitability value
based on the audio input, wherein the speech recog-
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nition suitability value represents a suitability of
acoustic environment of the electronic device for
speech recognition;
in accordance with a determination of the speech
recognition suitability value, displaying a visual rep-
resentation of the speech recognition suitability
value;
determining whether the speech recognition suitability
value satisfies a predetermined criterion; and
in accordance with a determination that the speech
recognition suitability value does not satisfy the
predetermined criterion, disabling, by the electronic
device, speech recognition functionality on the elec-
tronic device.
34. The system of claim 33, wherein determining the
speech recognition suitability value based on the audio input
comprises:
determining one or more characteristics of the acoustic
environment based on the audio input; and

determining the speech recognition suitability based on
the one or more characteristics of the acoustic envi-
ronment.

35. The system of claim 34, further comprising:

determining a speech recognition suitability vector based

on the audio input, wherein the speech recognition
suitability vector comprises one or more elements that
represent the one or more characteristics; and

using a neural network to determine the speech recogni-

tion suitability value based on the speech recognition
suitability vector.

36. The system of claim 34, wherein the one or more
characteristics of the acoustic environment comprises a type
of noise detected in a first frequency band.

37. The system of claim 34, wherein the one or more
characteristics of the acoustic environment comprises a
number of transient noises detected in a buffer comprising
previously recorded audio of the acoustic environment.

38. The system of claim 33, wherein the visual represen-
tation comprises an icon, and wherein the speech recogni-
tion suitability value is represented by a color of the icon.
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39. The system of claim 38, wherein displaying the visual
representation of the speech recognition suitability value
comprises:

determining whether the speech recognition suitability

value is less than a threshold value;

in accordance with a determination that the speech rec-

ognition suitability value is less than the threshold
value, displaying the icon in a grayed out state; and
in accordance with a determination that the speech rec-
ognition suitability value is not less than the threshold
value, displaying the icon in a non-grayed out state.

40. The system of claim 39, further comprising:

in accordance with a determination that the speech rec-

ognition suitability value is less than the threshold
value, outputting a message indicating a low suitability
of the acoustic environment of the electronic device for
speech recognition.

41. The system of claim 38, wherein the icon comprises
an image of a microphone.

42. The system of claim 33, wherein determining the
speech recognition suitability value comprises periodically
determining the speech recognition suitability value, and
wherein displaying the visual representation of the speech
recognition suitability value comprises updating the display
of the visual representation of the speech recognition suit-
ability value in accordance with the periodically determined
speech recognition suitability value.

43. The system of claim 33, wherein the speech recogni-
tion suitability value is determined based on a signal to noise
ratio for a first frequency band of the acoustic environment.

44. The system of claim 33, wherein the visual represen-
tation comprises one or more bars, and wherein a value of
the speech recognition suitability value is represented by a
number of the one or more bars.

45. The system of claim 33, wherein the visual represen-
tation comprises a textual representation of the speech
recognition suitability value.

46. The system of claim 33, wherein the speech recogni-
tion suitability value comprises a numerical value.
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