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ACTIVATION TRIGGER PROCESSING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to European Patent
Application No. 18168702.1, titled ACTIVATION TRIG-

GER PROCESSING, filed Apr. 23, 2018, and which 1s
incorporated by reference herein 1n 1ts entirety. Further, this

application 1s related to U.S. application Ser. No. 16/1350,
459, titled ACTIVATION TRIGGER PROCESSING, filed

Oct. 3, 2018.

TECHNICAL FIELD

[0002] The present disclosure relates to technical solutions
for utterance-based user interfaces.

BACKGROUND

[0003] Voice interfaces determine whether audio input
includes a speech command, and how to behave 1n response.
For instance, a person may use a voice interface of a virtual
assistant on a smart phone to find out the weather by verbally
asking: “What’s the weather like today?” The virtual assis-
tant receives and analyzes this question, and returns an
answer. This process 1s resource itensive, so such process-
ing 1s sometimes performed at a server that 1s remote from
the device that initially received the utterance. Although
offloading the processing to a server conserves computing
resources at the device level, undesirable delay 1s also
added. In addition, relying on a server for the processing
causes 1ssues when the server 1s unreachable, such as when
a mobile device loses a network connection.

[0004] Wake word detection modules are sometimes
implemented as a gate in front of additional processing
components and are used to prevent audio mput from being
provided to an automatic speech recognizer that generates
speech recognition results.

[0005] US 2018/00123593 describes a detection model
used to determine whether a wake word has been uttered.
The detection model uses features derived from an audio
signal and contextual information to generate a detection
score. If the detection score exceeds a threshold, automatic
speech recognition and natural language understanding
modules are activated so that the speech processing system
can generate speech recognition results.

[0006] U.S. Pat. No. 9,098,467 describes a voice-con-
trolled device that operates in at least two states. In a first
state, a microphone captures sound, and the sound 1s pro-
cessed by an automatic speech recognition component. The
results of automatic speech recognition are, 1n turn, com-
pared to a wake word. If a wake word 1s detected, the device
transitions into a second state 1n which the device provides
audio signals to a network-based computing platform that
identifies commands from the speech indicated by the audio
signals using automatic speech recognition.

SUMMARY

[0007] The present disclosure provides methods, appara-
tuses, and computer-readable products for activation trigger
processing 1n utterance-based user interfaces.

[0008] In some embodiments, a system 1s provided that
includes one or more processors configured to operate as a
speech analysis engine and an activation trigger engine. The
activation trigger engine 1s configured to detect an activation
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trigger within an audio mput, selectively activate the speech
analysis engine based on the activation trigger matching a
first pattern, and, responsive to the activation trigger match-
ing a second pattern, cause execution of a command asso-
ciated with the second pattern without requiring an output
from the speech analysis engine.

[0009] In an example, the speech analysis engine 1s con-
figured to perform speech-to-text conversion; and the acti-
vation trigger engine i1s configured to detect the activation
trigger within the audio 1input without using speech-to-text
conversion. A first device can have a first set of one or more
processors configured to operate as the speech analysis
engine, and a second device that 1s remote from the first
device can have a second set of one or more processors
configured to operate as the activation trigger engine. The
second pattern can include the first pattern. The activation
trigger engine can be further configured to, responsive to the
activation trigger matching the second pattern, deactivate
the speech analysis engine. The activation trigger engine can
be further configured to cause an output from the speech
analysis engine to be disregarded, responsive to the activa-
tion trigger matching the second pattern. The first activation
trigger pattern can include a first set of N components, where
N 1s an integer greater than one. The second activation
trigger pattern includes a second set of components, where
the second set includes one or more command components
associated with a command, and M components from the

first set, where M 1s an integer greater than zero and less than
N.

[0010] In another embodiment, there 1s a computer-read-
able medium comprising one or more sequences of 1nstruc-
tions that, when executed by one or more processors, cause
the one or more processors to perform a method. The method
includes: obtaining audio input; determining whether the
audio mput includes a speech analysis pattern; responsive to
the audio 1nput including a speech analysis pattern, activat-
ing a speech analysis engine for identification of a com-
mand; determining whether the audio input includes a
command pattern; and, responsive to determining that the
audio mput includes the command pattern, executing a
command associated with the command pattern.

[0011] In an example, the method further includes estab-
lishing a connection with a remote server having the speech
analysis engine. The command pattern can include the
speech analysis pattern. The method can further include
determining that the audio input includes the command
pattern and the speech analysis pattern. The method can
further include disregarding a response from the speech
analysis engine received after executing the command. The
method can further include, responsive to determining that
the audio input matches the command pattern, deactivating
the speech analysis engine. The speech analysis pattern can
include a first set of N components, where N 1s an integer
greater than one, and the command pattern includes a second
set of components, wherein the second set includes one or
more command components associated with a command,
and M components from the first set, where M 1s an 1nteger
greater than zero and less than N. The method can further
include selecting the command associated with the speech
analysis pattern from a plurality of commands. The method
can further include providing at least a portion of the audio
input to a speech processing engine for identification of the
command within the audio mnput.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The features and advantages of the present disclo-
sure will become more apparent from the detailed descrip-
tion set forth below when taken in conjunction with the
following drawings.

[0013] FIG. 1 illustrates an example system for providing
an utterance-based user interface at a device.

[0014] FIG. 2 illustrates an example utterance having
activation trigger, command, and parameter portions.
[0015] FIG. 3 illustrates an utterance having activation
trigger and parameter portions.

[0016] FIG. 4 illustrates an example utterance that may be
processed as having an activation trigger portion.

[0017] FIG. S illustrates forming a command pattern set
using words from a speech analysis set, a speech analysis
subset, and a command component set.

[0018] FIG. 6 1illustrates forming a command pattern set
from syllables from a speech analysis set, a speech analysis
subset, and a command component set.

[0019] FIG. 7 illustrates an example process for providing
an utterance-based user interface.

[0020] FIG. 8 illustrates an example process for activation
trigger overloading usable.

[0021] FIG. 9 illustrates an example implementation of an
activation trigger data store.

[0022] FIG. 10 illustrates an example process for activa-
tion trigger overloading.

[0023] FIG. 11 illustrates an example process for activa-
tion trigger overloading.

[0024] FIG. 12 1illustrates an example block diagram
showing an exemplary device constructed to realize one or
more aspects of the example embodiments described herein.

DETAILED DESCRIPTION

[0025] The example embodiments presented herein are
directed to systems, methods, and non-transitory computer-
readable medium products for activation trigger processing
in utterance-based user interfaces. This 1s for convenience
only, and 1s not intended to limit the application of the
present invention. After reading the following description, it
will be apparent to one skilled in the relevant art how to
implement the following disclosure 1n alternative embodi-
ments.

System for Providing an Utterance-Based User Interface
having an Activation Trigger Engine

[0026] FIG. 1 illustrates an example system 10 for pro-
viding an utterance-based user interface at a device 100. In
the illustrated example, the device 100 1s a smart audio
appliance for playing media content items that 1s controlled
using an utterance-based user interface. For example,
responsive to a user asking the device 100 to play a
particular song, the device 100 can play the requested song
(or take another action).

[0027] Voice input to the utterance-based user interface 1s
referred to as an utterance 14. In the example system 10, the
user directs the utterance 14, “ahoy computer, next track™, at
the device 100. The device 100 listens to ambient sounds
using a microphone or another audio mput source. In turn,
device 100 processes the ambient sounds, to detect and
turther process utterances 14. The device 100 then performs
an action in response to the utterance. For example, respon-
sive to the phrase “[play the] next track™, the device 100
plays the next track in a media playback context.
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[0028] In the 1llustrated example, the device 100 includes
an activation trigger engine 112, a speech analysis engine
114, and an activation trigger data store 116, among other
components. The device 100 uses the activation trigger
engine 112, a speech analysis engine 114, and an activation
trigger data store 116, (among others) to analyze the char-
acteristics or features of the utterance 14 (and other received
sounds) and to provide an utterance-based user interface.

[0029] In an example, the system 10 includes one or more
processors that operate as the speech analysis engine 114
and the activation trigger engine 112. In an example, the
speech analysis engine 114 1s configured to perform speech-
to-text conversion, and the activation trigger engine 112 1s
configured to detect an activation trigger within audio 1mput
without using speech-to-text conversion. In the illustrated
example, the one or more processors operating as the speech
analysis engine 114 and the activation trigger engine 112 are
located at the device 100. In other examples, the one or more
processors 1nclude a first set of one or more processors
configured to operate as the speech analysis engine 114 and
a second set of one or more processors configured to operate
as the activation trigger engine 112. In such examples, the
system 1ncludes a first device having the first set of one or
more processors configured to operate as the speech analysis
engine 114 and a second device remote from the first device
and having the second set of one or more processors
configured to operate as the activation trigger engine 112.

[0030] The activation trigger engine 112 detects activation
triggers within utterances 14, and activates one or more
processes 1n response thereto. The activation trigger engine
112 can take a variety of forms. In an example, the activation
trigger engine 112 includes a machine learning model
trained to recognize sounds (e.g., the pattern of sounds in
audio that includes a spoken activation trigger), and the
activation trigger engine 112 provides an output based on
recognized sound. In another example, the activation trigger
engine 112 includes an ofiline speech-to-text engine with a
small vocabulary (e.g., a vocabulary limited to activation
triggers), and the activation trigger engine 112 provides an
output based on the resulting text. An activation trigger 1s a
predetermined utterance (e.g., a word or phrase) spoken by
the user to indicate an intent to activate a voice-based user
interface. In the illustrated example (and in many other
examples herein), the phrase “ahoy computer” 1s used as an
activation trigger. Responsive to detecting the activation
trigger, the activation trigger engine 112 provides at least a
portion of the utterance 14 to the speech analysis engine 114
for natural language processing or other analysis.

[0031] In this manner, one or more activation triggers are
usable to activate one or more capabilities of the device 100.
In many 1nstances, an activation trigger 1s a particular word
or phrase. In some instances, the device 1s configured to
receive activation triggers in the form of an electronic signal,
such as a signal from a user actuating a user mput mecha-
nism (e.g., a button). In other examples, activation triggers
are recerved 1n the form of a signal received from another
device. In still other examples, the device 100 1s configured
to detect activation triggers received outside of the threshold
of human hearing.

[0032] Activation triggers serve several purposes, and
facilitate overcoming techmical challenges in utterance-
based user interfaces. In general, utterance-based user inter-
faces operate by listening to an ambient environment and
approprately responding to speech that the interface under-
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stands. Typically, they receive all utterances 1n their vicinity,
including those not specifically directed to the user interface.
This presents challenges relating to resource usage and user
privacy, such as privacy concerns relating to recording of
conversations not directed to the device 100.

[0033] Speech analysis (e.g., speech-to-text and natural
language processing) in voice-based user interfaces 1s a
relatively resource intensive process, including computing
resources such as processor cycles, memory resources,
power, network resources, combinations thereof, or other
resources. Performing speech analysis on audio not intended
to be processed (e.g., speech not directed to the device) 1s
wasteful of computing resources and can lead to the degra-
dation of the electronic components of a device. In addition,
activation triggers protect user privacy. Many users are wary
of a device that 1s always listening. Limiting speech analysis
to situations in which the device 1s activated addresses user
concerns relating to privacy. Activation triggers also reduce
the risk of a voice-based user interface responding when it
1s not being addressed. These features 1llustrate some of the
benefits that can be provided by a speech analysis engine
operating 1n a default, mnactive mode and then transitioning
to an active mode responsive to an activation trigger engine
determining that an utterance includes an activation trigger.

[0034] The speech analysis engine 114 1s used by the
device to process the utterance 14, to understand the utter-
ance 14, and to generate an appropriate response. In an
example, the processing involves speech-to-text processing
on the utterance 14 and performing natural language pro-
cessing on the resulting text. The speech analysis engine 114
outputs an intent based on the analysis of the natural
language processing. The intent 1s usable by the speech
analysis engine 114 to determine and perform an associated
action. Because speech-to-text processing, natural language
processing, and other utterance processing are relatively
resource intensive, the speech analysis engine 114 usually
cooperates with a remote speech analysis engine on a server
(not shown). In an example, the speech analysis engine 114
sends the utterance 14, or portions or representations thereof
(e.g., a numeric value that uniquely 1dentifies the utterance
or portion of the utterance, such as a hash value), to the
server for processing. While remote processing conserves
resources and provides other benefits, communicating the
utterance data for the remote processing introduces a
response delay as well as 1ssues related to network connec-
tivity.

[0035] One technique for improving utterance-based user
interfaces described herein involves using an activation
trigger engine 112 to execute particular commands based on
detecting particular activation triggers. These activation
triggers are referred to herein as command-type activation
triggers. Command-type activation triggers are activation
triggers that are associated with a command. For example,
responsive to the device 100 detecting a command-type
activation trigger, the device executes a command associated
with the command-type activation trigger with relatively
little to no additional processing by the speech analysis
engine 114 required to 1dentify the command. In an example,
the speech analysis engine 114 performs no additional
processing to 1dentily the command, and the speech analysis
engine 114 remains 1n an 1nactive state, thereby conserving
resources. Such activation triggers are suitable for short,
commonly used commands, such as pausing playback,
resuming playback, and skipping tracks, among others.
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[0036] Command-type activation triggers can stand 1n
contrast to activation triggers configured to cause activation
of the speech analysis engine 114 for further processing.
Such activation triggers configured to cause activation of the
speech analysis engine for further processing can be referred
to as analysis-type activation triggers. One technique for
improving utterance-based user interfaces described herein
involves overloading the activation trigger engine 112 to
handle command-type activation triggers in addition to
analysis-type activation triggers. In this manner, a device
that receives an activation trigger can perform different
actions depending on whether the activation 1s a command-
type activation trigger or an analysis-type activation trigger.

[0037] In an example, 1n addition to detecting an analysis-
type activation trigger that activates the speech analysis
engine 114, the activation trigger engine 112 1s further
configured to detect and respond to command-type activa-
tion triggers that cause the activation trigger engine to
execute a particular command when detected without need-
ing further processing. For instance, an activation trigger
engine 112 configured to recognize the entire utterance
“ahoy computer play next” as a command-type activation
trigger, responds to that phrase by executing a play-next
command without needing the speech analysis engine 114
(or a remote server) to perform natural language processing.
Advantageously, when these command-type activation trig-
gers are used, the responsiveness of the utterance-based user
interface 1s improved by allowing for eflicient processing of
utterances by the activation trigger engine 112 without
needing to wait for a response from a remote server or
consuming significant computing resources via the speech
analysis engine 114. By determining a command based on
the utterance at the device 100, the utterance data remains on
the device. In addition, the utterance 1s processed locally on
the device. As such, the utterance 1s not communicated to the
remote speech analysis engine 114. By reducing the number
ol utterances sent to a remote speech analysis engine 114,
the potential attack surface on user data 1s reduced and user
privacy becomes easier to protect.

[0038] In an additional example, an activation trigger
engine 112 includes a machine learning framework trained
to recognize the entire utterance “ahoy computer play my
favorite song” as a command-type activation trigger that
causes execution of a play command with the parameter “my
favorite song”. In this example the utterance “ahoy computer
play my favorite song” 1s a command-type activation trigger.
In another example, there 1s an activation trigger engine 112
trained to recognize the phrase “ahoy computer” as an
analysis-type activation trigger. In such an example, when
presented with the utterance “ahoy computer play my favor-
ite song’’ the activation trigger engine 112 recognizes “ahoy
computer”’ 1n the utterance as an analysis-type activation
trigger and provides at least a portion of the utterance to the
speech analysis engine 114 for further processing to deter-
mine the intent of the utterance.

[0039] As an additional advantage, command-type activa-
tion triggers allow for construction of shorter utterances. In
an example, a play-next-track utterance 1s formed using an
analysis-type activation trigger (e.g., “ahoy computer”) and
a command utterance (e.g., “play next”), which results 1n the
phrase: “ahoy computer, play next” (four words and seven
syllables). A command-type activation trigger 1s formable
from relatively fewer components, such as “computer play
next’, which has three words and five syllables. Long
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activation triggers are often desirable to avoid false posi-
tives. Command-type activation triggers are already length-
ened because they include an indication of a command, so
they need not necessarily be as long as concatenating an
analysis-type activation trigger (e.g., “ahoy computer”) with
a command (e.g., “play next”). Increasing activation trigger
length can also increase computational complexity. In many
examples, an activation trigger having 3-35 syllables strikes
a preferred balance between computational complexity (e.g.,
which can result in increased command-to-action time) and
reduction of false positives. For instance, both “computer
play next” and “computer next” can be preferable command-
type activation triggers. The former 1s less prone to false
positives and the latter decreases the command-to-action
time. But preferred length varies depending on the circum-
stances 1n which the utterance-based user interface will be
used and user preferences. Where the device 100 has a
limited number of possible actions, shorter activation trig-
gers can be constructed by omitting context words or
phrases. For example, “computer play next track™ can be
shortened to “computer next” by omitting unnecessary con-
text provided by “play” and “track’ for devices with func-
tionality focused on playing music. In certain use cases, it
can preferable to form command-type activation triggers
from short commands, such as: next, stop, previous, pause,
and play.

[0040] An additional consideration when constructing an
activation trigger 1s whether the activation trigger 1s com-
monly used 1n background noise or conversation that 1s not
directed to the device 100. For example, “h1” 1s a convenient
activation trigger, but 1s vulnerable to false positives due to
the word being frequently used in contexts other than
addressing the device 100. Further, there may be many
noises with sound patterns similar to the sound of someone
saying “h1”, which can cause further false positives.

Utterance-Based User Interface

[0041] Products that provide an utterance-based user inter-
face are configured to take action in response to utterances.
[0042] FIG. 2 illustrates an example utterance 200. This
utterance 200 includes a speech-analysis activation trigger
portion 210, a command portion 220, and a parameter
portion 230. In the 1llustrated example, the speech-analysis
activation trigger 210 of the utterance 200 corresponds the
phrase “ahoy computer”, the command portion 220 corre-
sponds to the phrase “like”, and the parameter portion 230
corresponds the phrase “this track™.

[0043] The device 100 recerves the utterance 200. Respon-
sive to the activation trigger engine 112 detecting the
speech-analysis activation trigger 210, the activation trigger
engine 112 provides at least a portion of the utterance 200 to
the speech analysis engine 114 or otherwise activates the
speech analysis engine 114. The speech analysis engine 114
processes some or all of the utterance 200 and 1dentifies one
or more of the various portions 210, 220, 230. Identifying
the portions 1s performed using a variety of techniques.
According to one technique, the utterance 200 1s segmented
into constituent portions based on the text content of the
utterance 200. According another technique, the utterance
200 1s segmented based on how the utterance 200 was
uttered (e.g., splitting the utterance based on pauses, pho-
nemes, syllables, or other aspects of the utterance), among
other techniques. Where the speech analysis engine 114
determines that the utterance 200 includes the command
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portion 220, the speech analysis engine 114 determines a
command associated with the command portion 220 (e.g.,
using natural language processing, look-up tables, or other
techniques).

[0044] The speech analysis engine 114 also determines
whether the utterance 200 includes a parameter portion 230.
The determined command 1s then executed using the one or
more parameters in the parameter portion 230. Based on the
output of the executed command, the device 100 generates
a response or confirmation for the user. The output varies
depending on specifics of the command and how 1t 1s
executed. In some instances, the output 1s an eflect. For
instance, execution of a next-track command can have the
ellect of causing playback to advance to the next song 1n a
currently-playing context. In some instances, the output 1s an
indication as to whether the command executed properly. In
an example, responsive to the next-track command execut-
ing successiully, the output can further be the Boolean value
true. Responsive to the next-tract command failing (e.g., due
to a connectivity loss preventing the device from contacting
a server to retrieve the next track to be played), the output
can be the Boolean value of false or a thrown exception.

[0045] Utterances usable by a voice-based user interface
need not include all three of these portions. For instance, a
user may speak an analysis-type activation trigger (e.g.,
“ahoy computer”), wait for the device 100 to provide a
confirmation that it 1s listening, and then provide a command
as part of a separate utterance (e.g., “what song were you just
playing?”). In another example, a user may speak the
utterance “hey computer, preset one”, which includes an
analysis-type activation trigger (“hey computer”) and a
parameter portion (“preset one’), but not a command por-
tion. In an example, the device 100 1s configured to infer the
presence of a command based on the parameters or a context
in which the utterance was provided (e.g., using natural
language processing).

[0046] FIG. 3 illustrates an utterance 300 having an analy-
s1s-type activation trigger 310 and a parameter portion 330,
and having an inferred command portion. The utterance 300
includes the phrase “hey computer preset one”, with the
analysis-type activation trigger 310 including “hey com-
puter” and the parameter portion 330 including “preset one™.

[0047] Examples of utterance-based user interfaces
include interfaces configured to process an entire utterance
as an activation trigger portion, even 1f such an utterance
would normally be processed as an utterance having mul-
tiple portions. For example, as will be described 1n relation
to FIG. 4, a device will process the utterance “hey computer
preset one” differently depending on how the device 1s
configured. In FIG. 3, “hey computer preset one” 1s pro-
cessed as having an analysis-type activation trigger 310 and
a parameter portion 330. In FIG. 4, the entire phrase “hey
computer preset one” 1s processed as containing a com-
mand-type activation trigger.

[0048] FIG. 4 illustrates an example utterance 400 deter-
mined by the device 100 as having a command-type acti-
vation trigger portion 410. The utterance 400 1s the same as
the utterance 300: “hey computer preset one”. But rather
than being determined to have separate activation trigger
and parameter portions, the activation trigger engine 112
processes the entire utterance 400 as a command-type acti-
vation trigger portion 410. In this manner, the activation
trigger engine 112 causes the device 100 to respond 1n a
particular manner (e.g., switching to preset one) without



US 2019/0325870 Al

waiting for the utterance 400 to undergo additional process-
g (e.g., at a server or local to the device 100).

[0049] Whether an utterance 1s processed as having a
command-type activation trigger or an analysis-type activa-
tion trigger 1s largely defined by the capabilities of the
device itself. A device without activation trigger overloading
processes each activation trigger as being an analysis-type
activation trigger. A device with activation trigger overload-
ing for certain utterances processes those certain utterances
as command-type activation triggers. In some examples, an
utterance 1s processed by a device as having both command-
type and analysis-type activation triggers. An example
method for processing such situations 1s described 1n rela-

tion to FIG. 11.

Constructing Command Activation Triggers

[0050] A command-type activation trigger can be con-
structed 1n different ways. In some examples, the command-
type activation trigger 1s constructed from the combination
of an analysis-type activation trigger (e.g., “ahoy com-
puter’) and a command (e.g., “play next track™) to form a
command-type activation trigger “ahoy computer play next
track”. A user 1s likely accustomed to using the general
pattern of “[analysis-type activation trigger]+[command]”
when attempting to interact with the device 100 using an
utterance-based user interface. For this reason, in many
examples 1t 1s advantageous to use utterances of the form
[analysis-type activation trigger]+[command] to create a
command-type activation trigger pattern recognizable by the
activation trigger engine 112 to execute an associated com-
mand.

[0051] The usage of a command-type activation trigger
provides further advantages beyond improved processing
time. Increased activation trigger length reduces the risk of
accidental triggering of the utterance-based user interface.
Having the activation trigger engine 112 configured to
recognize command patterns constructed as the combination
of an activation trigger and a command reduces false posi-
tives by requiring matching of a longer pattern (e.g., acti-
vation trigger+command) compared to the activation trigger
alone.

[0052] In some examples, a command-type activation
trigger 1s constructed from a shortened analysis-type acti-
vation trigger (e.g., “computer” rather than “ahoy com-
puter’”). This shortening provides several advantages. First,
shortening improves the ability of the user to interact with
the user interface by shortening the utterance length required
to achieve a desired result. Second, shortening reduces the
number of false activations of the speech analysis engine.
[0053] As an example of how shortening the command-
type activation trigger can reduce false activations, consider
a device configured to process the utterance “ahoy com-
puter’ as an analysis-type activation trigger and the phrase
“ahoy computer pause” as a command-type activation trig-
ger that causes execution of a pause playback command.
When processing the utterance “ahoy computer pause”, the
device will trigger off of both the command-type activation
trigger and the analysis-type activation trigger. This 1s
because, by the time the first part of the utterance (*“Ahoy
computer . .. ”) 1s recerved by the device 100, the activation
trigger engine 112 likely detected that activation trigger and
activated the speech analysis engine 114; but when the
remainder of the phase 1s received by the device, the
activation trigger engine 112 detects that the entire com-
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mand-type activation trigger was uttered and causes execu-
tion of the pause command without needing the output of the
speech analysis engine. An example process for handling
this situation 1s described in connection with FIG. 11.

[0054] Another way of addressing this situation 1s to avoid
it altogether by constructing a command-type activation
trigger from a subset of the components of the analysis-type
activation trigger, such as by dropping the “computer” from
“ahoy computer favorite this track” to make an entire
command-type activation trigger: “ahoy, favorite this track”™.
Because command-type activation triggers are already
lengthened, as they include a command portion, command-
type activation triggers can be shortened without a substan-
tial increase 1n false positives (e.g., the activation trigger
detector classitying an utterance as having an activation
trigger when the utterance does not include an activation
trigger). Examples of a process for constructing a command-

type activation trigger are described 1n relation to FIGS. 5
and 6.

[0055] FIG. 5 1llustrates using an analysis-type activation
trigger set 510, a speech analysis subset 520, and a command
component set 530 to make a command-type activation
trigger set 540 based on words. In an example, a first
activation trigger pattern includes a first set of N compo-
nents (where N 1s an integer greater than one); and a second
activation trigger pattern includes a second set of compo-
nents that includes one or more command components
associated with a command and M components from the first
set (where M 1s an integer greater than zero and less than N).

[0056] The analysis-type activation trigger set 510 refers
to a set of utterance components associated with triggering
speech analysis. The activation trigger engine 112 can be
configured to operate 1n one of several modes. The analysis-
type activation trigger set 510 can take a variety of diflerent
forms depending on how the activation trigger engine 112 1s
configured. In this example, the analysis-type activation
trigger set 510 includes words that make up an analysis-type
activation trigger. In the illustrated example, the analysis-
type activation trigger set 510 includes two words: “ahoy™
and “computer”, so the size (N) of the analysis-type activa-
tion trigger set 510 1s two. In many examples, the analysis-
type activation trigger set 510 forms the basis of many
different command patterns.

[0057] The speech analysis subset 520 1s a proper subset
of the analysis-type activation trigger set 510. In the 1llus-
trated example, the speech analysis subset 520 includes the

word “ahoy”, so the size (M) of the speech analysis subset
520 is one.

[0058] The command component set 530 1s a set of
utterance components that the device 100 associates with a
command. In an example, the device 100 1s configured to
execute a specific command 1n response to detecting an
utterance containing the components of the command com-
ponent set 330. In the illustrated example, the command
component set 530 includes the words: “play” and “next”,
and the command component set 530 1s associated with a
command to play the next media content 1tem 1n a current
playback context (e.g., playlist, television season, album) .

[0059] The command-type activation trigger set 540 1is
also set of utterance components that the device 100 asso-
ciates with a command. In an example, the device 100 1s
configured to detect the command-type activation trigger set
540 using the activation trigger engine 112, whereas the
device 100 1s configured to detect the command component
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set 530 using the speech analysis engine 114. In the 1llus-
trated example, the command-type activation trigger set 540
1s formed from the union of the speech analysis subset 520
and the command component set 530, though 1t 1s formable
in other ways.

[0060] FIG. 6 illustrates using an analysis-type activation
trigger set 610, a speech analysis subset 620, and a command
component set 630 that make a command-type activation
trigger set 640 based on syllables. In the 1llustrated example,
the analysis-type activation trigger set 610 includes the
component syllables of the analysis-type activation trigger
word “ahoyhoy”. The speech analysis subset 620 1includes a
subset of the analysis-type activation trigger set 610. The
speech analysis subset 620 drops the last syllable of the
trigger word to include the components: “a” and “hoy”. The
command component set 630 includes the component syl-
lables of the words “play” and “next”. The command-type
activation trigger set 640 1s formed from the union of the
speech analysis subset 620 and the command component set
630.

[0061] FIG. 5§ and FIG. 6 provide some examples of
forming command-type activation trigger sets from analy-
sis-type activation trigger sets and command component
sets. While words and syllables are provided as examples,
other components are usable for defining the speech analysis
set, such as phonemes. Command-type activation triggers
are formable 1n a variety of other ways as well, such as from
a separate base word other than analysis-type activation
triggers. In an example, command-type activation triggers
are formed from the pattern: “[phrase 1]+command” (e.g.,
“ahoy”’+*“skip this track™), and analysis-type activation trig-
gers are formed from the pattern: “[phase 2]” (e.g., “hey!
listen!™).

Activation Trigger Processing

[0062] FIG. 7 illustrates an example process 700 for
providing an utterance-based user interface without activa-
tion trigger overloading. In this process, the utterance-based
user interface processes all activation triggers as being
analysis-type activation triggers.

[0063] The process 700 begins at operation 710, at which
the activation trigger engine 112 receives audio input. In an
example, the activation trigger engine 112 receives audio
input via a microphone of the device 100 or a connection to
an external audio source (e.g., a Bluetooth connection to a
device that has a microphone). The device 100 1s able to
receive the audio input 1n a variety of ways. In some
instances, the audio put 1s audio mmput received from a
stream (e.g., streaming audio mput). In some instances, the
audio mput ncludes discrete slices of audio samples or
chunked iput. As will be understood, various portions of
process 700 can occur simultaneously and various builers or
caches are usable to facilitate the comparison of data over
time.

[0064] In operation 712, the audio mput 1s compared with
a threshold. In an example, the volume of the audio input 1s
compared with a threshold decibel value. In another
example, the volume of certain frequencies (e.g., frequen-
cies 1n a range associated with human speech) 1s compared
to a threshold decibel value.

[0065] In operation 713, if the audio iput satisfies the
threshold, then the flow moves to operation 714. Otherwise,
the flow returns to operation 710. This threshold testing
process 1s relevant to reducing false positives and conserv-
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Ing computing resources by limiting processing by the
activation trigger engine 112 to audio nput likely to contain
an utterance.

[0066] In operation 714, the activation trigger engine 112
compares the audio mput with one or more patterns to
determine 1f the audio mput includes an activation trigger.
The obtained audio imput can include utterances that are
directed to the device 100, utterances directed to another
target (e.g., another person in the room), ambient room
noise, or other sounds. A variety of different techniques are
usable to determine 11 the audio 1nput includes an activation
trigger.

[0067] In one example, features are extracted from the
audio mput and provided to a machine learning framework
configured to determine the likelihood that the extracted
features correspond to an activation trigger. Audio data, 1n
general, and human speech data, in particular, contain large
amounts of extractable data features. Focusing on features
that are particularly relevant to detection of an activation
trigger provides advantages. Various techniques are usable
for feature extraction. In some examples, mel-frequency
cepstrum representations of audio data are used to generate
cepstral coeflicients features for processing. In other
examples, mel-frequency spectral coetlicients, log (filter
banks, spectral analysis, or other techniques are used.

[0068] In another example, feature extraction is performed
using 1nvertible feature extraction (e.g., using Fourier trans-
forms). For instance, instead of relying on features or
parameters only from a time domain of a signal, the signal
1s transformed 1nto a frequency domain using Fourier trans-
formation. Parameters are then extracted from the frequency
domain.

[0069] Once extracted, the extracted features are analyzed
to determine a similarity with a pattern associated with an
activation trigger. This analysis 1s performable via a variety
of techniques including, but not limited to, hidden Markov
models, neural networks, and other techniques. In many
instances, the activation trigger engine 112 includes one or
more pre-trained or pre-generated pattern to compare the
features against.

[0070] At operation 715, if the received audio input
matches the pattern in operation 714, then the flow of the
process 700 moves to operation 716. If the received audio
input does not match the pattern, then the flow of the process
moves back to operation 710. In an example, the audio input
matches the pattern 1t a difference between the features of
the audio mput and the pattern satisfies a threshold.

[0071] At operation 716, the activation trigger engine 112
causes the speech analysis engine 414 to be activated. For
instance, previously the speech analysis engine 114 was
operating in an inactive state in operation 720. The mactive
state can take a variety of different forms. In some instances,
the speech analysis engine 114 includes a resource-intensive
process for analyzing speech input; and while the speech
analysis engine 114 1s operating in the 1nactive state (opera-
tion 720), the process 1s not running. In another example, the
speech analysis engine 114 1s configured to perform analysis
on data within a queue, and the speech analysis engine 114
idles when that queue 1s empty. In still other examples, the
speech analysis engine 114 operates 1n an 1nactive state with
respect to the activation trigger engine 112. For instance,
where the speech analysis engine 114 1s located remotely
from the activation trigger engine 112 (e.g., at a server), the
speech analysis engine 114 can perform operations for
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devices other than device 100. In other examples, the speech
analysis engine 114 does not operate at all when 1t 1s 1n the
inactive state (e.g., the speech analysis engine does not exist
as a process while “operating” in the inactive state).

[0072] Returning to operation 716, the activation trigger
engine 112 1s able to activate the speech analysis engine 114
in a variety of ways. In an various examples, the activation
trigger engine 112 sends a signal to the speech analysis
engine 114, the activation trigger engine 112 executes a
command, the activation trigger engine 112 accesses an
application programming interface associated with the
speech analysis engine 114, the activation trigger engine 112
populates a queue with data, or the activation trigger engine
112 pipes the output of a recording device or process to the
speech analysis engine 114, among other techniques. Fol-
lowing the completion of this operation 716, the activation
trigger engine 112 returns to receiving audio input.

[0073] At operation 722, the speech analysis engine 114
enters an active state. This operation 722 takes a variety of
different forms, depending on the implementation of speech
analysis engine 114. In general, however, entering the active
state 1volves the speech analysis engine 114 analyzing

input data or preparing to analyze input data, such as 1s
described 1n operations 724, 726 and 728.

[0074] In operation 724, the speech analysis engine 114
obtains at least some of the audio input data. In some
instances, the audio put 1s “raw” audio data. In other
instances, the audio mmput data includes the features
extracted from the audio. In an example, the activation
trigger engine 112 buflers the audio mput data obtained and,
when the audio mput data 1s determined to match an
activation trigger pattern, the contents of the bufler (or a
pointer to the bufler) are provided to the speech analysis
engine 114 for analysis. In such instances, the audio mput
obtained 1n operation 724 includes the activation trigger
portion (e.g., the analysis-type activation trigger portion 310
as 1n utterance 302 of FIG. 3) 1n addition to other portions
that the speech analysis engine processes (e.g., the command
portion and parameter portion). Once the audio input data 1s
provided to the speech analysis engine 114, or a threshold
amount of time passes, the bufler 1s cleared.

[0075] In some instances, the activation trigger engine 112
provides or redirects audio obtained after detection of the
activation trigger to the speech analysis engine 114. In such
instances, the speech analysis engine 114 obtains audio mput
data for a portion of an utterance following the activation
trigger portion and not the activation trigger portion itself

[0076] The audio mput data can be handled according to
a defined user privacy policy. In some embodiments, data
elsewhere 1n the system 10 can be handled according to a
defined user privacy policy. Generally, data can be used to
the extent allowed by the user. In examples, the system 10
provides customizable privacy parameters. For instance, the
system 10 maintains one or more privacy parameters direct-
ing components of the system 10 as to what data may be
stored and how the data 1s used. One or more parameters are
user-customizable, such as through a voice command (e.g.,
“ahoy computer, don’t store what I say” or “ahoy computer,
I like my privacy!”). In an example, the system 10 disallows
certain features unless allowed by the privacy parameters. In
some examples, the storage of data 1s based on a location of
the device 100. For instance, the system 10 receives the
location of the device 100 and determines privacy settings
based thereon. In addition, data 1s stored in accordance with
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applicable regulations. Data can also be stored and used 1n
association with a defined security policy. For example, data
can be encrypted at rest and 1n motion. For instance, audio
input data 1s encrypted during transmission and encrypted
while stored. In an example, transmission channels (e.g., for
the audio input data) are authenticated 1n a manner other
than using user credentials, such as using data regarding the
device 100 1tself.

[0077] Adfter receiving at least a portion of the audio input,
the speech analysis engine 114 can perform operation 726,
which 1nvolves processing the audio input data. Processing
audio mnput data can take a variety of different forms. In
many examples, processing audio input involves performing
speech-to-text transcription of the audio mnput. In other
examples, processing audio input can involve determining
an intent associated with the utterance. For instance, 1t the
speech analysis engine 114 were processing the utterance
300 as audio mput, the speech analysis engine 114 could
perform speech-to-text transcription on the utterance 300 to
determine that the audio mput data corresponds to the text
“hey computer preset one”. In other instances, the speech
analysis engine 114 can process the utterance 302 to deter-
mine that intent behind the utterance 1s to cause playback
from a context associated with a first preset.

[0078] At operation 728, the speech analysis engine 114
provides output based on the processing 1n operation 726. As
will be understood, the output is based on the type of
processing performed. In some examples, the output
includes the speech analysis engine causing execution of a
particular command. For instance, the speech analysis
engine 114 determines that the user’s intent 1s to access
personalized services on the device 100. (e.g., the user said
“ahoy computer log me 1n”"), and the process 700 provides
an output indicating that a login command should be
executed. In some examples, the output 1s processed audio
data (e.g., speech-to-text data and intent data) that i1s pro-
vided to another analysis or processing engine for further
processing.

[0079] The process of providing audio mput to the speech
analysis engine 114 for processing can introduce delays. For
example, the time the device 100 takes to provide the audio
data for processing and wait for the output to be provided
can ntroduce latency i1n the voice-based user interface.
While, 1n some instances, the performance of the speech
analysis engine 114 outweighs drawbacks associated with
introduced latency, in some 1nstances activation trigger
overloading 1s relevant to decreasing both latency and
resource consumption in utterance-based user interfaces.

Activation Trigger Overloading

[0080] FIG. 8 illustrates an example process 800 for
activation trigger overloading usable by a device (e.g.,
device 100) to provide an improved utterance-based user
interface configured to recognize both command-type acti-
vation triggers and analysis-type activation triggers. In an
example, there 1s a computer-readable medium having one
or more sequences ol instructions that, when executed by
one or more processors, cause the one or more processors to
perform one or more processes or operations described
herein, such as the process 800.

[0081] The process 800 begins at operation 810, which
involves receiving audio input 812. The device 1s able to
receive audio mput 812 1n a variety of different ways. In
many examples, the audio input 812 1s received from a
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microphone. In other examples, the device 100 receives the
audio mput over a connection to another device (e.g., an
external microphone or other audio source).

[0082] In operation 820, an activation trigger 822 1is
detected in the audio input 812. The activation trigger to 822
1s detectable 1n a variety of different ways. In an example, a
machine learning framework 1s configured to receive audio
teatures of the audio input 812 and provide an output based
thereon indicating whether the received audio includes the
activation trigger 822. In some examples, the activation
trigger 1s detected by providing the audio mput 812 to a
speech analyzer configured to detect utterances defined 1n a
specific grammar, such as a limited set of words, phrases, or
other utterances that act as activation triggers. In the gram-
mar example, the activation trigger 1s considered detected 11
an utterance 1s recognized as having a component (e.g.,
constituent word or phrase) contained within the grammar.

[0083] In some examples, the detection of the activation
trigger 822 1involves providing the audio mput 812 to
multiple different components configured to detect activa-
tion triggers. These components are able to be arranged in
series or 1n parallel. In an example, each component 1s a
trained machine learning framework configured to detect
whether a particular activation trigger 1s detected within the
audio 1nput 812. Each component provides an output regard-
ing whether the component detects a specific activation
trigger. The output of the various components 1s then aggre-
gated and used to determine a course of action to take next,
such as executing a particular command.

[0084] In an example, operation 820 includes determining
whether the audio input 812 includes a speech analysis
pattern; and responsive to the audio mput including a speech
analysis pattern, activating the speech analysis engine for
identification of a command. For example, activating the
speech analysis engine includes establishing a connection
with a remote server having the speech analysis engine. In
the example, the operation 820 further includes determining
whether the audio iput 812 includes a command pattern,
and responsive to determining that the audio mput includes
the command pattern, executing a command associated with
the command pattern.

[0085] At operation 830, a command associated with the
activation trigger 822 1s executed. For example, 11 the output
of a first component indicates detection of a first activation
trigger, then a first command 1s executed, and i1f the output
of a second component indicates detection of a second
activation trigger, then a second command 1s executed. The
associated command 1s able to be determined 1n a variety of
different ways. In an example, the associated command 1s
selected from a plurality of commands. In an example, there
1s a lookup table or other data structure associating particular
activation triggers 822 with particular commands. An
example of such a structure 1s described below 1n connection

with FIG. 9.

[0086] The command can take a variety of different forms,
such as an activation trigger 822 that causes execution of a
command that activates a speech processing engine (e.g., an
analysis-type activation trigger), and another activation trig-
ger 822 (e.g., a command-type activation trigger) associated
with executing a command that activates one or more
features of a device. In an example, a media playback
appliance (e.g., a smart speaker system or a car head unit)
has various activation triggers 822 configured to execute
commands associated with controlling playback of media
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content items, such as playing a media content item, pausing
playback, fast forwarding, rewinding, skipping forward,
skipping backward, favoriting a media content item, and
changing a currently-playing context (e.g., a playlist),
among others.

[0087] FIG. 9 illustrates an example implementation of the
activation trigger data store 116 having an activation trigger
data structure 900. The activation trigger data store 116 1s
configured to store data or data structures that facilitate the
selection of a command 904 associated with a particular
activation trigger pattern 902. The activation trigger patterns
902 include two primary categories: speech analysis patterns
910 and command patterns 920. As previously described,
speech analysis patterns 910 are patterns that cause execu-
tion of a command associated with activating a speech
processing engine for additional processing, whereas the
command patterns 920 are activation triggers associated
with particular commands that are executable without sub-
stantial additional speech processing. In the illustrated
example, the activation trigger data store 116 1s configured
to store a lookup table data structure 900 that matches
activation trigger patterns 902 with respective commands
904. However, the data structure 900 can take other forms,
including, but not limited to, databases, decision trees, and
machine learming frameworks. In an example, the speech
analysis pattern 910 1s a first pattern, the command pattern
920 1s a second pattern, and the second pattern includes the
first pattern.

[0088] FIG. 10 1illustrates an example process 1000 for
activation trigger overloading, whereby a device can process
command-type activation triggers in addition to analysis-
type activation triggers. In an example, the activation trigger
engine 112 selectively activates the speech analysis engine
114 based on an activation trigger of the audio mput match-
ing a first pattern; and responsive to the activation trigger
matching a second pattern, the activation trigger engine
causes execution of a command associated with the second
pattern without requiring an output from the speech analysis
engine 114.

[0089] The process 1000 begins with operation 710,
which, as previously discussed, involves receiving audio
input.

[0090] In operation 1014, the audio iput 1s compared
with a pattern. For example, one or more features are
extractable from the audio mput. The features are then
compared to one or more patterns to determine 1f there 1s a
match. In some examples, the features are provided to a
machine learning framework (e.g., a neural network), and
the machine learning framework provides an output indi-
cating whether or not the audio mput matches a particular
pattern.

[0091] Inoperation 10135, the activation trigger engine 112
determines whether the result of the comparison in operation
1014 indicates that the audio input matches a pattern and, 11
so, whether that pattern 1s of a first type or a second type.

[0092] If the pattern matches neither a first type nor a
second type, then the flow returns to operation 710.

[0093] If the pattern matches a first type, then the process
1000 determines that the audio mnput includes an analysis-
type activation trigger, and the flow moves to operation 716
in which the activation trigger engine 112 causes the speech
analysis engine 114 to activate, and the flow continues as

described 1n FIG. 7.
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[0094] If the pattern matches a second type, then the
process 1000 determines that the audio input includes a
command-type activation trigger, and the flow moves to
operation 1018.

[0095] Operation 1018 involves determining a command
associated with the audio input. This operation 1s able to take
a variety of different forms. In one example, the result of the
comparison with the pattern in operation 1014 includes an
indication of which activation trigger was detected. In such
an example, a command associated with the indicated acti-
vation trigger 1s determined (e.g., using a lookup table). In
another example, the matching process 1n operations 1014
and 1015 1s limited to determining whether the audio input
1s associated with a first type, a second type, or neither type.
The audio input 1s then passed through another layer of
activation trigger detection to determine an associated com-
mand.

[0096] At operation 1019, the associated command that
was determined at operation 1018 1s executed. The flow then
moves back to operation 710.

[0097] FIG. 11 1illustrates an example process 1100 for
activation trigger overloading. At operation 710, audio input
1s received.

[0098] At operation 1114, the audio input 1s compared
with a first pattern set. For example, the first pattern set 1s a
pattern set associated with analysis-type activation triggers.
The activation trigger engine 112 i1s able to perform com-
parisons of patterns using any of a variety of techniques,
including those previously described herein.

[0099] At operation 1115, 1f the comparison 1n operation
1114 results 1n a match (e.g., the audio mput matches a
pattern 1n the first pattern set), then the flow moves to
operation 1116. If the comparison operation 1114 does not
result in a match, then the flow moves to operation 710.
[0100] In operation 1116, the speech analysis engine 114
1s activated and the flow proceeds according to the opera-
tions previously described 1n FIG. 7. However 1n addition,
the flow moves to operation 1130.

[0101] Inoperation 1130, the audio input 1s compared with
a second pattern set. For example, the second pattern set 1s
a command pattern set associated with particular commands.
[0102] In operation 1131, 1f the output of operation 1130
indicates a match between the audio mput and the second
pattern set, then the flow moves to operation 1132. If not, the
flow moves to operation 710.

[0103] At operation 1132, a command associated with the
matched pattern 1s determined and executed (e.g., using
techniques previously discussed herein).

[0104] At this point in the process 1100, the audio mput
has been sent to both the speech analysis engine 114 for
processing and, separately, the activation trigger engine 112
has caused execution of an associated command. In order to
conserve processing resources, and to avoid erroneous
results, the activation trigger engine 112 takes a remedial
action with respect to the processing to be performed or
currently being performed by the speech analysis engine
114. For instance, the activation trigger engine 112 1gnores
the output of the speech analysis engine 114 with respect to
the utterance as in operation 1136 or causes the speech
analysis engine to halt the processing as in operation 1134,
among other options.

[0105] In an example, a command pattern includes a
speech analysis pattern and the activation trigger engine 112
determines that the audio mput 812 includes the command
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pattern and the speech analysis pattern. In such an example,
the activation trigger engine 112 can disregard a response
from the speech analysis engine 114 received after executing
a command associated with the command pattern. In a
further example, the activation trigger engine 1 12 can
deactivate the speech analysis engine 114.

[0106] In operation 1134, the activation trigger engine 112
sends a signal to the speech processing engine to deactivate
the speech analysis engine 114 with respect to the audio
input. If the speech analysis engine 114 1s still processing the
audio imput, then the speech analysis engine 114 performs
one or more cleanup steps to wrap up from the processing
and to then return to an inactive state in operation 720. In
this manner, the duplication of processing by the speech
analysis engine 114 1s prevented and computer resources are
conserved. In some examples, responsive to an activation
trigger matching a second pattern, the activation trigger
engine deactivates the speech analysis engine.

[0107] In operation 1136, the activation trigger engine 112
sets a flag indicating that the output of the speech analysis
engine 114 should be 1gnored with respect to the received
audio nput. For instance, the received audio mput 1s time
stamped, and the flag indicates that output from the speech
analysis engine 114 should be 1gnored where the output i1s
based on audio mput having that same timestamp. In an
example, the activation trigger engine 112 1s configured to
cause an output from the speech analysis engine 114 to be
disregarded, responsive to an activation trigger matching a
second pattern.

[0108] In still other examples, the processing continues
from the speech analysis engine 114. The output provided
from the speech analysis engine 114 1n operation 728 1is
compared with the action taken by the activation trigger
engine 112 1n operation 1132. If the comparison reveals that
the actions to be taken are in agreement, then the speech
analysis engine 114 output 1s 1gnored. If the comparison
reveals that the speech analysis engine 114 came to a
different result than the activation trigger engine, then a
remedial action 1s taken. For instance, the result of the
comparison reveals that the activation trigger engine incor-
rectly classified the audio input as containing a particular
command pattern.

Device Environment

[0109] FIG. 12 1s a block diagram showing an exemplary
device 100 constructed to realize one or more aspects of the
example embodiments described herein.

[0110] As discussed above, the device 100 includes a
processor device 1210. Also included are a main memory
1225 and an interconnect bus 1205. The processor device
1210 may include, without limitation, a single microproces-
sor, or may 1include a plurality of microprocessors for
configuring the device 100 as a multi-processor playlist
generation system. The main memory 1225 stores, among
other things, instructions and/or data for execution by the
processor device 1210. The main memory 1225 may include
banks of dynamic random access memory (DRAM), as well
as cache memory.

[0111] The device 100 may further include a mass storage
device 1230, peripheral device(s) 1240, audio input device
(s) 1242, portable non-transitory storage medium device(s)
1250, mput control device(s) 1280, a graphics subsystem
1260, an output display interface 1270, and/or a media
playback device 1290. One or more components may be
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omitted or added. For instance, the device 100 may lack the
graphics subsystem 1260 and the output display interface.
For explanatory purposes, all components in the device 100
are shown 1n FIG. 12 as being coupled via the bus 1205.
However, the device 100 1s not so limited. Elements of the
device 100 may be coupled via one or more data transport
means. For example, the processor device 1210, and/or the
main memory 1225 may be coupled via a local micropro-
cessor bus. The mass storage device 1230, peripheral device
(s) 1240, portable storage medium device(s) 1250, and/or
graphics subsystem 1260 may be coupled via one or more
input/output (I/0) buses. The mass storage device 1230 may
be a nonvolatile storage device for storing data and/or
instructions for use by the processor device 1210. The mass
storage device 1230 may be implemented, for example, with
a magnetic disk drive or an optical disk drive. In a software
embodiment, the mass storage device 1230 1s configured for
loading contents of the mass storage device 1230 into the
main memory 1225. Memory 1225 may be embodied as one
or more of mass storage device 1230, main memory 1225,
or portable storage medium device 1250.

[0112] Mass storage device 1230 may additionally store
one or more of the data structures, or function as one or more
of the data stores described above. Mass storage device 1230
may also include software that, when executed, causes the
device 100 to perform the features described above. In the
illustrated example, the mass storage device 1230 stores the
activation trigger engine 112, the speech analysis engine
114, and the activation trigger data store 116.

[0113] The portable storage medium device 1250 operates
in conjunction with a nonvolatile portable storage medium,
such as, for example, a solid state drive (SSD), to input and
output data and code to and from the device 100. In some
embodiments, the software for storing information may be
stored on a portable storage medium, and may be inputted
into the device 100 via the portable storage medium device
1250. The peripheral device(s) 1240 may include any type of
computer support device, such as, for example, an mput/
output (I/O) interface configured to add additional function-
ality to the device 100. For example, the peripheral device(s)
1240 may include a network interface card for interfacing
the device 100 with a network 1220. The audio input devices
1242 may be one or more devices configured to receive or
obtain audio and provide a representation of the audio (e.g.,
as an audio clip or file) as output. The audio mput device(s)
1242 may include one or more microphones or other
devices.

[0114] The mput control device(s) 1280 provide a portion
of an interface for the device 100. The input control device
(s) 1280 may include a keypad and/or a cursor control
device. The keypad may be configured for inputting alpha-
numeric characters and/or other key information. The cursor
control device may include, for example, a handheld con-
troller or mouse, a rotary mput mechamsm, a trackball, a
stylus, and/or cursor direction keys. In order to display
textual and graphical information, the device 100 may
include the graphics subsystem 1260 and the output display
1270. The output display 1270 may include a display such
as a TF'T (Thin Film Transistor), TFD (Thin Film Diode),
OLED (Organic Light-Emitting Diode), AMOLED display
(active-matrix organic light-emitting diode), and/or liquid
crystal display (LCD)-type displays. The displays can also
be touchscreen displays, such as capacitive and resistive-
type touchscreen displays.

Oct. 24, 2019

[0115] The graphics subsystem 1260 receives textual and
graphical information, and processes the information for
output to the output display 1270.

[0116] Input control devices 1280 can control the opera-
tion and various functions of device 100. Input control
devices 1280 can include any components, circuitry, or logic
operative to drive the functionality of device 100. For
example, mput control device(s) 1280 can include one or
more processors acting under the control of an application.

[0117] Each component of the device 100 may represent a
broad category of a computer component of a general and/or
special purpose computer. Components of the device 100 are
not limited to the specific implementations provided herein.

[0118] Software embodiments of the examples presented
herein may be provided as a computer program product, or
software, that may include an article of manufacture on a
machine-accessible or machine-readable medium having
instructions. The 1nstructions on the non-transitory machine-
accessible, machine-readable or computer-readable medium
may be used to program a computer system or other elec-
tronic device. The machine- or computer-readable medium
may include, but 1s not limited to, magnetic disks, optical
disks, magneto-optical disks, or other types of media/ma-
chine-readable media suitable for storing or transmitting
electronic instructions. The techniques described herein are
not limited to any particular software configuration. They
may find applicability 1n any computing or processing
environment. In some embodiments, there are one or more
processors configured to operate as a particular program
product or engine. In some embodiments, one or more
processors are coupled to a memory storing instructions that,
when executed, cause the one or more processors to operate
in a particular manner. In some embodiments, the one or
more processors can include two or more sets of processors
operating on different devices.

[0119] The terms “computer-readable”, “machine-acces-
sible medium™ or “machine-readable medium” used herein
shall include any medium that 1s capable of storing, encod-
ing, or transmitting a sequence of instructions for execution
by the machine, and which causes the machine to perform
any one of the methods described herein. Further, 1t 1s
common 1n the art to speak of software, 1n one form or
another (e.g., program, procedure, process, application,
module, unit, logic, and so on), as taking an action or
causing a result. Such expressions are merely a shorthand
way ol stating that the execution of the software by a
processing system causes the processor to perform an action
to produce a result.

[0120] Some embodiments may also be implemented by
the preparation of application-specific integrated circuits,
field-programmable gate arrays, or by interconnecting an
appropriate network of conventional component circuits.

[0121] Some embodiments include a computer program
product. The computer program product may be a storage
medium or media having instructions stored thereon or
therein that can be used to control, or cause, a computer to
perform any of the procedures of the example embodiments
of the invention. The storage medium may include, without
limitation, an optical disk, a ROM, a RAM, an EPROM, an
EEPROM, a DRAM, a VRAM, a tlash memory, a flash card,
a magnetic card, an optical card, nanosystems, a molecular
memory integrated circuit, a RAID, remote data storage/
archive/warehousing, and/or any other type of device suit-
able for storing instructions and/or data.
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[0122] Stored on any one of the computer-readable
medium or media, some 1mplementations include software
for controlling both the hardware of the system and for
enabling the system or microprocessor to interact with a
human user or other mechanism utilizing the results of the
example embodiments of the invention. Such software may
include, without limitation, device drivers, operating sys-
tems, and user applications. Ultimately, such computer-
readable media further include software for performing
example aspects of the invention, as described above.
[0123] Included in the programming and/or software of
the system are software modules for implementing the
procedures described above.

[0124] The device 100 may be connected over the network
1220 to one or more servers 1202 or other remote devices.
The one or more servers 1202 can include one or more
components described above in relation to device 100,
including a mass storage device and a processor device.
[0125] Various operations and processes described herein
can be performed by the cooperation of two or more devices,
systems, processes, or combinations thereof

[0126] While various example embodiments of the present
invention have been described above, it should be under-
stood that they have been presented by way of example, and
not limitation. It will be apparent to persons skilled in the
relevant art(s) that various changes 1n form and detail can be
made therein. Thus, the present invention should not be
limited by any of the above described example embodi-
ments, but should be defined only in accordance with the
following claims and their equivalents. Further, the Abstract
1s not itended to be limiting as to the scope of the example
embodiments presented herein 1n any way. It 1s also to be
understood that the procedures recited in the claims need not
be performed 1n the order presented.

1. A non-transitory computer-readable medium storing
one or more sequences of instructions that, when executed
by one or more processors, cause the one or more processors
to perform a method 1ncluding:
receiving audio nput;
determining, by an activation trigger engine, whether the
audio mnput includes a speech analysis pattern;

responsive to the audio 1nput including a speech analysis
pattern, activating a speech analysis engine for 1denti-
fication of a command;
determining, by the activation trigger engine, whether the
audio mnput includes a command pattern; and

responsive to determining that the audio mput includes
the command pattern, executing a command associated
with the command pattern.

2. The non-transitory computer-readable medium of claim
1, wherein the method further includes: establishing a con-
nection with a remote server having the speech analysis
engine.

3. The non-transitory computer-readable medium of claim
1, wherein the command pattern includes the speech analy-
s1s pattern; and wherein the method further includes:

determining that the audio iput includes the command

pattern and the speech analysis pattern.

4. The non-transitory computer-readable medium of claim
1, wherein the method further includes:

disregarding a response from the speech analysis engine

received after executing the command.

5. The non-transitory computer-readable medium of claim
1, wherein the method further includes:
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responsive to determining that the audio input matches the
command pattern, deactivating the speech analysis
engine.

6. The non-transitory computer-readable medium of claim
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wherein the speech analysis pattern includes a first set of
N components, where N 1s an integer greater than one;
and

wherein the command pattern includes a second set of
components, wherein the second set includes one or
more command components associated with a com-
mand, and M components from the first set, where M
1s an integer greater than zero and less than N.

7. The non-transitory computer-readable medium of claim
1, wherein the method further includes:

selecting the command associated with the speech analy-
s1s pattern from a plurality of commands.

8. The non-transitory computer-readable medium of claim
1, wherein the method further includes:

providing at least a portion of the audio mnput to the
speech analysis engine for i1dentification of the com-
mand within the audio input.

9. A method comprising;

receiving audio input;

determining, by an activation trigger engine, whether the
audio 1nput includes a speech analysis pattern;

responsive to the audio mput including a speech analysis
pattern, activating a speech analysis engine for 1denti-
fication of a command;

determining, by the activation trigger engine, whether the
audio 1nput includes a command pattern; and

responsive to determining that the audio nput includes
the command pattern, executing a command associated
with the command pattern.

10. The method of claim 9, further comprising:

establishing a connection with a remote server having the
speech analysis engine.

11. The method of claim 9, wherein the command pattern
includes the speech analysis pattern and the method further
includes:

determining that the audio input includes the command
pattern and the speech analysis pattern.

12. The method of claim 9, further comprising:

disregarding a response from the speech analysis engine
received after executing the command.

13. The method of claim 9, further comprising:

responsive to determining that the audio input matches the
command pattern, deactivating the speech analysis
engine.

14. The method of claim 9,

wherein the speech analysis pattern includes a first set of
N components, where N 1s an integer greater than one;
and

wherein the command pattern includes a second set of
components, wherein the second set includes one or
more command components associated with a com-
mand, and M components from the first set, where M
1s an integer greater than zero and less than N.

15. The method of claim 9, further comprising:

selecting the command associated with the speech analy-
s1s pattern from a plurality of commands.
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16. The method of claim 9, turther comprising;:
providing at least a portion of the audio iput to the
speech analysis engine for i1dentification of the com-
mand within the audio input.
17. A system comprising
a first device having a first set of one or more processors
configured to operate as a speech analysis engine;
a second device remote from the first device and having
a second set of one or more processors configured to:
receive audio nput;
determine, by an activation trigger engine, whether the
audio mput includes a speech analysis pattern;

responsive to the audio mput including a speech analy-
s1s pattern, activating the speech analysis engine for
identification of a command, wherein activating the
speech analysis engine includes providing at least a
portion of the audio mput to the speech analysis
engine for identification of the command within the
audio 1nput;

determining, by the activation trigger engine, whether
the audio input 1includes a command pattern; and

responsive to determining that the audio input includes
the command pattern, executing a command associ-
ated with the command pattern.
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18. The system of claim 17, further comprising:

receiving a response from the speech analysis engine after
executing the command, wherein the response 1s
responsive to activating the speech analysis engine for
identification of the command;

disregarding the response from the speech analysis
engine.

19. The system of claim 17, further comprising:

responsive to determining that the audio input matches the
command pattern, deactivating the speech analysis
engine.

20. The system of claim 17,

wherein the speech analysis pattern includes a first set of
N components, where N 1s an integer greater than one;
and

wherein the command pattern includes a second set of
components, wherein the second set includes one or
more command components associated with a com-
mand, and M components from the first set, where M
1s an integer greater than zero and less than N.

e % e ex 7



	Page 1 - Bibliography/Abstract
	Page 2 - Drawings
	Page 3 - Drawings
	Page 4 - Drawings
	Page 5 - Drawings
	Page 6 - Drawings
	Page 7 - Drawings
	Page 8 - Drawings
	Page 9 - Drawings
	Page 10 - Drawings
	Page 11 - Drawings
	Page 12 - Description
	Page 13 - Description
	Page 14 - Description
	Page 15 - Description
	Page 16 - Description
	Page 17 - Description
	Page 18 - Description
	Page 19 - Description
	Page 20 - Description
	Page 21 - Description
	Page 22 - Description/Claims
	Page 23 - Claims

