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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Serial No. 62/005,760, filed on May 30, 2014, en-
titled REDUCING THE NEED FOR MANUAL
START/END-POINTING AND TRIGGER PHRASES,
and from U.S. Non-Provisional Serial No. 14/502,737,
filed on September 30, 2014, entitled REDUCING THE
NEED FOR MANUAL START/END-POINTING AND
TRIGGER PHRASES.

FIELD

[0002] This relates generally to speech processing
and, more specifically, to the selective processing of spo-
ken user inputs using contextual data.

BACKGROUND

[0003] Intelligent automated assistants (or virtual as-
sistants) provide 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 to a virtual assistant associated with
the electronic device. The virtual assistant can interpret
the user’s intent from the spoken user input and opera-
tionalize 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.
In order for a virtual assistant to properly process and
respond to a spoken user input, the virtual assistant can
first identify the beginning and end of the spoken user
input within a stream of audio input using processes typ-
ically referred to as start-pointing and end-pointing, re-
spectively. Conventional virtual assistants can identify
these points based on energy levels and/or acoustic
characteristics of the received audio stream or manual
identification by the user. For example, some virtual as-
sistants can require users to input a start-point identifier
by pressing a physical or virtual button before speaking
to the virtual assistant or by uttering a specific trigger
phrase before speaking to the virtual assistant in natural
language form. In response to receiving one of these
start-point identifiers, the virtual assistant can interpret
subsequently received audio as being the spoken user
input. While these techniques can be used to clearly iden-
tify spoken user input that is directed at the virtual assist-
ant, interacting with the virtual assistant in this way can
be unnatural or difficult for the user. For example, in a
back-and-forth conversation between the virtual assist-
ant and the user, the user can be required to input the
start-point identifier (e.g., pressing a button or repeating
the same trigger phrase) before each spoken user input.

[0004] US 2012 / 034904 A1 discloses automatic mon-
itoring for voice input based on context comprising a com-
puter-implemented method including detecting a current
context associated with a mobile computing device and
determining, based on the current context, whether to
switch the mobile computing device from a current mode
of operation to a second mode of operation during which
the mobile computing device monitors ambient sounds
for voice input that indicates a request to perform an op-
eration.
[0005] US 2013 / 144616 A1 discloses a system con-
figured to monitor user utterances to generate a conver-
sation context. The system receives a current user utter-
ance independent of non-natural language input intend-
ed to trigger speech processing and compares the cur-
rent user utterance to the conversation context to gen-
erate a context similarity score, and if the context simi-
larity score is above a threshold, incorporates the current
user utterance into the conversation context. If the con-
text similarity score is below the threshold, the system
discards the current user utterance.
[0006] US 2014 / 122086 A1 discloses a method in-
cluding receiving depth information of a physical space
from a depth camera, receiving audio information from
one or more microphones, identifying a set of one or more
possible spoken words from the audio information, de-
termining a speech input for the computing device based
upon comparing the set of one or more possible spoken
words from the audio information and the depth informa-
tion, and taking an action on the computing device based
upon the speech input determined.
[0007] US 2012 / 295 708 A1 discloses a method in-
cluding an operation for determining if a gaze of a user
is directed towards a target associated with the computer
program. The computer program is set to operate in a
first state when the gaze is determined to be on the target,
and set to operate in a second state when the gaze is
determined to be away from the target. When operating
in the first state, the computer program processes voice
commands from the user, and, when operating in the
second state, the computer program omits processing of
voice commands.
[0008] US 2013 / 304479 A1 discloses methods and
systems for determining intent in voice and gesture in-
terfaces. An example method includes determining that
a gaze direction is in a direction of a gaze target, and
determining whether a predetermined time period has
elapsed while the gaze direction is in the direction of the
gaze target. According to the method, a voice or gesture
command that is received after the predetermined time
period has elapsed may be determined to be an input for
a computing system.
[0009] US 2003 / 018475 A1 discloses techniques for
providing speech recognition comprising processing a
video signal associated with an arbitrary content video
source, processing an audio signal associated with the
video signal, and recognizing at least a portion of the
processed audio signal, using at least a portion of the
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processed video signal, to generate an output signal rep-
resentative of the audio signal.

SUMMARY

[0010] The present invention is defined by the features
of independent claim 1. Preferred embodiments thereof
are defined by the sub-features of the dependent claims.
[0011] Systems and processes for operating a virtual
assistant are disclosed. One example process can in-
clude receiving, at an electronic device, an audio input,
monitoring the audio input to identify a first spoken user
input, identifying the first spoken user input in the audio
input, and determining whether to respond to the first
spoken user input based on contextual information as-
sociated with the first spoken user input. The process
can further include, in response to a determination to
respond to the first spoken user input: generating a re-
sponse to the first spoken user input; and monitoring the
audio input to identify a second spoken user input. The
process can further include, in response to a determina-
tion not to respond to the first spoken user input, moni-
toring the audio input to identify the second spoken user
input without generating the response to the first spoken
user input.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

FIG. 1 illustrates an exemplary environment in which
a virtual assistant can operate according to various
examples.
FIG. 2 illustrates an exemplary user device accord-
ing to various examples.
FIG. 3 illustrates an exemplary process for selective-
ly processing and responding to a spoken user input
using contextual information according to various ex-
amples.
FIG. 4 illustrates another exemplary process for se-
lectively processing and responding to a spoken user
input using contextual information according to var-
ious examples.
FIG. 5 illustrates a functional block diagram of an
electronic device configured to selectively process
and respond to a spoken user input using contextual
information according to various examples.

DETAILED DESCRIPTION

[0013] In the following description of examples, refer-
ence 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 defined by the claims.
[0014] This relates to systems and processes for se-
lectively processing and responding to a spoken user

input. In one example process, audio input that includes
a spoken user input can be received at a user device.
The spoken user input can be identified from the audio
input by identify a start-point and an end-point of the spo-
ken user input. It can be determined whether or not the
spoken user input was intended for a virtual assistant
running on the user device and whether the virtual as-
sistant should respond to the spoken user input based
on contextual information. The determination can be
made using a rule-based system or a probabilistic (e.g.,
machine learning) system. If it is determined that the spo-
ken user input was intended for the virtual assistant and
that the virtual assistant should respond to the spoken
user input, the spoken user input can be processed and
an appropriate response can be generated. If it is instead
determined that the spoken user input was not intended
for the virtual assistant, the spoken user input can be
ignored and/or no response can be generated. Using
contextual information to determine whether or not a spo-
ken user input was intended for the virtual assistant can
advantageously allow a user to interact with the virtual
assistant without having to manually identify a start-point
(e.g., by pressing a button or uttering a trigger phrase)
before each spoken user input.

SYSTEM OVERVIEW

[0015] FIG. 1 illustrates exemplary system 100 for im-
plementing a virtual assistant according to various ex-
amples. The terms "virtual assistant," "digital assistant,"
"intelligent automated assistant," or "automatic digital as-
sistant," can refer to any information processing system
that interprets natural language 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: identifying 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.
[0016] 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 re-
quest can include either provision of the requested infor-
mational 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 answer, "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 PM today." In re-
sponse, the virtual assistant can acknowledge the re-
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quest and then create an appropriate reminder item in
the user’s electronic schedule. During performance of a
requested task, the virtual assistant can sometimes in-
teract with the user in a continuous dialogue involving
multiple exchanges of information over an extended pe-
riod of time. There are numerous other ways of interacting
with a virtual assistant to request information or perform-
ance of various tasks. In addition to providing verbal re-
sponses and taking programmed actions, the virtual as-
sistant can also provide responses in other visual or audio
forms (e.g., as text, alerts, music, videos, animations,
etc.) and possibly using multiple devices (e.g., output text
to speech via a phone headset and display text on a TV).
[0017] An example of a virtual assistant is described
in Applicants’ U.S. Utility Application Serial No.
12/987,982 for "Intelligent Automated Assistant," filed
January 10, 2011.
[0018] As shown in FIG. 1, in some examples, a virtual
assistant can be implemented according to a client-serv-
er 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 electronic 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 communications
with server system 110. Server system 110 can provide
server-side functionalities for any number of clients re-
siding on a respective user device 102.
[0019] Server system 110 can include one or more vir-
tual assistant servers 114 that can include a client-facing
I/O interface 122, one or more processing modules 118,
data and model storage 120, and an I/O interface to ex-
ternal services 116. The client-facing I/O interface 122
can facilitate the client-facing input and output processing
for virtual assistant server 114. The one or more process-
ing 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 serv-
ices, messaging services, navigation services, and the
like, through network(s) 108 for task completion or infor-
mation acquisition. The I/O interface to external services
116 can facilitate such communications.
[0020] Server system 110 can be implemented on one
or more standalone data processing devices or a distrib-
uted 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 com-

puting resources and/or infrastructure resources of serv-
er system 110.
[0021] 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 func-
tions of a the assistant can be implemented as a stan-
dalone application installed on a user device. In addition,
the division of functionalities between the client and serv-
er 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 functionalities of the
virtual assistant to a backend server.

USER DEVICE

[0022] 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 var-
ious components in user device 104 can be together cou-
pled by one or more communication buses or signal lines.
User device 102 can further include various sensors, sub-
systems, and peripheral devices that are coupled to the
peripherals interface 206. The sensors, subsystems, and
peripheral devices gather information and/or facilitate
various functionalities of user device 102.
[0023] For example, user device 102 can include a mo-
tion sensor 210, a light sensor 212, and a proximity sen-
sor 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 functionalities
[0024] In some examples, a camera subsystem 220
and an optical sensor 222 can be utilized to facilitate cam-
era functions, such as taking photographs and recording
video clips. Communication functions can be facilitated
through one or more wired and/or wireless communica-
tion subsystems 224, which can include various commu-
nication ports, radio frequency receivers and transmit-
ters, and/or optical (e.g., infrared) receivers and trans-
mitters. An audio subsystem 226 can be coupled to
speakers 228 and a microphone 230 to facilitate voice-
enabled functions, such as voice recognition, voice rep-
lication, digital recording, and telephony functions.
[0025] In some examples, user device 102 can further
include an I/O subsystem 240 coupled to peripherals in-
terface 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 con-
troller 242 can, for example, detect contact and move-
ment or break thereof using any of a plurality of touch
sensitivity technologies, such as capacitive, resistive, in-
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frared, surface acoustic wave technologies, 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.
[0026] In some examples, user device 102 can further
include a memory interface 202 coupled to memory 250.
Memory 250 can include any electronic, magnetic, opti-
cal, electromagnetic, infrared, or semiconductor system,
apparatus, or device, a portable computer diskette (mag-
netic), a random access memory (RAM) (magnetic), a
read-only memory (ROM) (magnetic), an erasable pro-
grammable 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 mem-
ory 250 can be used to store instructions (e.g., for per-
forming process 300 and/or 400, described below) for
use by or in connection with an instruction execution sys-
tem, apparatus, or device, such as a computer-based
system, processor-containing system, or other system
that can fetch the instructions from the instruction exe-
cution system, apparatus, or device and execute the in-
structions. In other examples, the instructions (e.g., for
performing process 300 and/or 400, 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 storage 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 de-
vice.
[0027] In some examples, the memory 250 can store
an operating system 252, a communication module 254,
a graphical user interface module 256, a sensor process-
ing module 258, a phone module 260, and applications
module 262. Operating system 252 can include instruc-
tions for handling basic system services and for perform-
ing hardware dependent tasks. Communication module
254 can facilitate communicating with one or more addi-
tional 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
processing and functions. Phone module 260 can facili-
tate phone-related processes and functions. Applications
module 262 can facilitate various functionalities of user
applications, such as electronic-messaging, web brows-
ing, media processing, navigation, imaging and/or other
processes and functions.
[0028] 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 da-
ta, and/or other data such as the user’s electronic ad-
dress book, to-do lists, shopping lists, etc.) to provide the
client-side functionalities of the virtual assistant.
[0029] 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 in-
put through various user interfaces (e.g., I/O subsystem
240, audio subsystem 226, or the like) of user device
104. Virtual assistant client module 264 can also be ca-
pable 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 combi-
nations of two or more of the above. During operation,
virtual assistant client module 264 can communicate with
the virtual assistant server using communication subsys-
tems 224. Additionally, virtual assistant client module 264
can communicate with other devices, such as home au-
tomation equipment, and can thus have a physical effect
on the physical world (e.g., unlocking a door) or can be
embedded in such devices.
[0030] In some examples, virtual assistant client mod-
ule 264 can utilize the various sensors, subsystems, and
peripheral devices to gather additional information from
the surrounding environment of user device 102 to es-
tablish a context associated with a user, the current user
interaction, and/or the current user input. In some exam-
ples, 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 out-
puts to the user. As discussed in greater detail below,
the contextual information can further be used by user
device 102 or server system 110 to determine whether
or not a spoken user input is intended for the virtual as-
sistant and to determine an appropriate response.
[0031] In some examples, the contextual information
that accompanies the user input can include sensor in-
formation, such as lighting, ambient noise, ambient tem-
perature, images or videos of the surrounding environ-
ment, distance to another object, and the like. The con-
textual information can further include information asso-
ciated with the physical state of user device 102 (e.g.,
device orientation, device location, device temperature,
power level, speed, acceleration, motion patterns, cellu-
lar signals strength, etc.) or the software state of user
device 102 (e.g., running processes, installed programs,
past and present network activities, background servic-
es, error logs, resources usage, front-most application,
etc.). Any of these types of contextual information can
be provided to the virtual assistant server as contextual
information associated with a user input. Additionally, the
contextual information can further include biometric user
data, such as heart rate, hand temperature, voice quality,
facial expression, etc.
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[0032] In some examples, virtual assistant client mod-
ule 264 can selectively provide information (e.g., user
data 266) stored on user device 102 in response to re-
quests from the virtual assistant server. Virtual assistant
client module 264 can also elicit additional input from the
user via a natural language dialogue or other user inter-
faces 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 us-
er’s intent expressed in the user request.
[0033] In various examples, memory 250 can include
additional instructions or fewer instructions. Further-
more, various functions of user device 102 can be imple-
mented in hardware and/or in firmware, including in one
or more signal processing and/or application specific in-
tegrated circuits.

PROCESSES FOR OPERATING THE VIRTUAL AS-
SISTANT

[0034] FIG. 3 illustrates an exemplary process 300 that
can be performed to selectively process and respond to
a user input (e.g., a spoken user input) using contextual
information according to various examples. In some ex-
amples, process 300 can be performed using a system
similar or identical to system 100, shown in FIG. 1.
[0035] At block 302, an audio input can be received at
a user device. The audio input can include any detectable
sound, such as music, a user’s voice, background noise,
a combination thereof, or the like. In some examples, a
user device (e.g., user device 102) can receive audio
input that includes a user’s natural language speech via
a microphone (e.g., microphone 230). The microphone
can convert the audio input into an analog or digital rep-
resentation and provide the audio data to one or more
processors (e.g., processor(s) 204). While shown as be-
ing discrete from the other blocks of process 300, it
should be appreciated that, in some examples, audio in-
put can continue to be received at block 302 while some
or all of the other blocks of process 300 are being per-
formed.
[0036] At block 304, the audio input received at block
302 can be monitored to identify a segment of the audio
input that includes or potentially includes a spoken user
input. In some examples, this can include monitoring one
or more characteristics of the audio input to identify a
start-point and an end-point of the spoken user input with-
in the audio input. The start and end-points can be iden-
tified using any known start/end-pointing algorithm, such
as those relying on energy features of the audio input
(e.g., short-time energy and zero-crossing rate) to distin-
guish user speech from background noise in the audio
input. In some examples, the processor(s) of the user
device can analyze the energy of the audio data received
from the device’s microphone to identify segments of the
audio input that are sufficiently high in energy and have
zero-crossing rates characteristic of user speech. In oth-

er examples, the user device can transmit the audio data
to a remote server (e.g., virtual assistant server 114) ca-
pable of determining the start and end-points of the spo-
ken user input.
[0037] In some examples, block 304 can further in-
clude performing a speech-to-text conversion operation
on the detected spoken user input either locally on the
device or by transmitting the audio data to a remote serv-
er capable of such an operation. In other examples, block
304 may not include performing a speech-to-text conver-
sion operation. Instead, the speech-to-text conversion
operation can be performed at block 312 after determin-
ing that the virtual assistant should respond to the spoken
user input at block 308.
[0038] At block 306, it can be determined whether or
not a spoken user input was identified while monitoring
the audio input at block 304. If no spoken user input was
identified, the process can return to block 304. If, how-
ever, a spoken user input was identified, the process can
proceed to block 308.
[0039] At block 308, it can be determined whether or
not the virtual assistant should respond to the spoken
user input by determining whether or not the spoken user
input identified at block 304 was intended for the virtual
assistant (e.g., the user directed the spoken user input
at the virtual assistant and expects the virtual assistant
to perform a task or provide a response based on the
spoken user input) based on contextual information. Var-
ious example sources of contextual information that can
be used at block 308 to determine whether or not the
spoken user input was intended for the virtual assistant
are described below. Block 308 can be performed by the
user device, a remote server (e.g., virtual assistant server
114), or a combination thereof.
[0040] In some examples, a probabilistic system can
be used to determine whether or not the virtual assistant
should respond to the spoken user input by determining
a likelihood or confidence score that the user intended
for the spoken user input to be directed at the virtual
assistant. The probabilistic system can include a ma-
chine learning system or classifiers, such as neural net-
works. Additionally, the probabilistic system can learn
and adapt to the user using a feedback loop. In these
probabilistic system examples, the likelihood or confi-
dence score can include a numerical or other represen-
tation of a calculated probability that the user intended
for the spoken user input to be directed at the virtual
assistant. The calculated likelihood or confidence score
can then be compared to a threshold value to determine
whether or not the virtual assistant should respond to the
spoken user input. For example, if the calculated likeli-
hood or confidence score is greater than the threshold
value, it can be determined that the spoken user input
was intended for the virtual assistant. If, however, the
calculated likelihood or confidence score is not greater
than the threshold value, it can be determined that the
spoken user input was not intended for the virtual assist-
ant.
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[0041] The likelihood or confidence score can be de-
termined in any number of ways. For example, the de-
termination can generally include summing positive, neg-
ative, and/or neutral contributions from any number of
different types of contextual information. For example,
the likelihood or confidence score can be calculated us-
ing the general formula of P=C1+C2+C3 + .... + CN, where
P represents the likelihood or confidence score that the
spoken user input was intended for the user device and
C1... CN can be positive, negative, or zero values repre-
senting the positive, negative, or neutral contributions to
the likelihood or confidence score from the N different
types of contextual information. A positive contribution
can represent a type of contextual information that sug-
gests that the spoken user input was intended for the
virtual assistant, a negative contribution can represent a
type of contextual information that suggests that the spo-
ken user input was not intended for the virtual assistant,
and a neutral contribution can represent a type of con-
textual information that is neutral regarding the likelihood
that the spoken user input was intended for the virtual
assistant. Thus, a large P value can indicate that the spo-
ken user input was likely intended for the virtual assistant,
while small or negative P values can indicate that the
spoken user input was likely not intended for the virtual
assistant. The weight or value that each contextual infor-
mation contribution adds to the likelihood or confidence
score determination can be uniform or non-uniform. Ad-
ditionally, the weight or value that each contribution adds
to the likelihood or confidence score determination can
depend on the value of the particular type of contextual
information. For example, if contribution C1 depends on
the volume of the user’s voice, the sign (e.g., +/-) and/or
magnitude of C1 can depend on a numerical represen-
tation of the volume of the user’s voice.
[0042] While an example probabilistic system is pro-
vided above, it should be appreciated that modifications
can be made to the described system and/or other scor-
ing conventions can be used. For example, a positive
contribution can instead represent a type of contextual
information that suggests that the spoken user input was
not intended for the virtual assistant and a negative con-
tribution can instead represent a type of contextual infor-
mation that suggests that the spoken user input was in-
tended for the virtual assistant. In other examples, the
contributions from the different types of contextual infor-
mation can all be positive, with larger positive values in-
dicating that the contextual information suggests that the
spoken user input was intended (alternatively, not intend-
ed) for the virtual assistant. In yet other examples, the
contributions from the different types of contextual infor-
mation can all be negative, with larger negative values
indicating that the contextual information suggests that
the spoken user input was intended (alternatively, not
intended) for the virtual assistant.
[0043] In other examples, a rule-based system can be
used to determine whether or not the virtual assistant
should respond to the spoken user input by evaluating

any number of conditional rules that are based on the
contextual information to determine whether or not the
spoken user input was intended for the virtual assistant.
In some examples, the rule-based systems can include
the use of a decision tree. In other examples, the rules
used by the rule-based system can be learned based on
user behavior. To illustrate an example rule-based sys-
tem, a first rule can include the condition that if the user
is facing the device and the volume of the user’s voice
is above a threshold volume, then it can be determined
that the user intended for the spoken user input to be
directed at the virtual assistant. A second rule can include
the condition that if, according to the user’s calendar, the
user is in a meeting, then it can be determined that the
user did not intend for the spoken user input to be directed
at the virtual assistant. Other similar rules containing any
number of conditions that depend on any type of contex-
tual information can be used to cause the device to de-
termine that the spoken user input was or was not intend-
ed for the virtual assistant. In some examples, the rules
can be ranked, such that if multiple rules evaluate to being
true, the outcome of the higher ranking rule can be used
as the result of the determination operation performed at
block 308. Additionally, in some examples, if none of the
rules evaluate to being true, a default determination that
the spoken user input was intended for the virtual assist-
ant (or that the spoken user input was not intended for
the virtual assistant) can be made.
[0044] At block 310, if it was determined at block 308
that the virtual assistant should not respond to the spoken
user input because the spoken user input was not intend-
ed for the virtual assistant, the process can return to block
304 to monitor the audio input for a spoken user input.
In some examples, process 300 can proceed from block
310 to block 304 without generating a response the spo-
ken user input. For example, process 300 can proceed
from block 310 to block 304 without performing one or
more of performing speech-to-text conversion, inferring
user intent, identifying a task flow with steps and param-
eters designed to accomplish the inferred user intent,
inputting specific requirements from the inferred user in-
tent into the task flow, executing the task flow by invoking
programs, methods, services, APIs, or the like, and gen-
erating output responses to the user in an audible (e.g.,
speech) and/or visual form. If it was instead determined
at block 308 that the virtual assistant should respond to
the spoken user input because the spoken user input
was intended for the virtual assistant, the process can
proceed to block 312.
[0045] At block 312, a response to the spoken user
input can be generated by the user device and/or a re-
mote server. In some examples, generating a response
to the spoken user input can include one or more of per-
forming speech-to-text conversion, inferring user intent,
identifying a task flow with steps and parameters de-
signed to accomplish the inferred user intent, inputting
specific requirements from the inferred user intent into
the task flow, executing the task flow by invoking pro-
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grams, methods, services, APIs, or the like, and gener-
ating output responses to the user in an audible (e.g.,
speech) and/or visual form. For example, block 312 can
include performing an operation requested by the user
(e.g., opening an application, sending a message, calling
a contact, performing a search query, creating a calendar
appointment, or the like), providing information request-
ed by the user (e.g., returning the result of a search que-
ry), performing an action that causes a change in the
physical environment (e.g., communicating with a home
appliance to lock a door), or the like. The operations can
be performed locally on the user device, by transmitting
data to a remote server for processing, or a combination
thereof. After processing the spoken user input to provide
an appropriate response at block 312, the process can
return to block 304.
[0046] Using process 300, a virtual assistant imple-
mented by a user device can selectively ignore or re-
spond to spoken user inputs in a way that allows a user
to speak to the virtual assistant in natural language with-
out having to manually enter a start-point identifier, such
as by pressing a physical or virtual button before speak-
ing to the virtual assistant or by uttering a specific trigger
phrase (e.g., a predetermined word or sequence of
words, such as "Hey Siri") before speaking to the virtual
assistant in natural language. In some examples, proc-
ess 300 can be used to process all spoken user inputs
received by user device 102.
[0047] To illustrate the operation of FIG. 3, one exam-
ple interaction between a user and the virtual assistant
can begin by the user verbally asking a question, such
as "what time is it in New York?", without the user having
to manually enter a start-point identifier, such as by press-
ing a physical or virtual button before speaking to the
virtual assistant or by uttering a specific trigger phrase
(e.g., a predetermined word or sequence of words, such
as "Hey Siri"). At block 302, the user device can receive
an audio input that includes the user’s question. At block
304, the audio input can be monitored to detect a spoken
user input. Since the audio input included the user’s ques-
tion, it can be determined at block 306 that the spoken
user input was identified. At block 308, it can be deter-
mined, based on contextual information associated with
the identified spoken user input, whether the virtual as-
sistant should respond to the user’s question. In this ex-
ample, it can be determined (using either the rule-based
or probabilistic system) that the virtual assistant should
respond to the user’s question because the contextual
information indicates that the user was looking at the user
device while speaking the question and that the volume
of the user’s voice was above a threshold volume. Thus,
the process can proceed to block 310 and 312, where a
response to the user’s question can be generated. For
example, at block 312, the user’s question can be proc-
essed to determine the user’s intent, identify tasks to be
performed, and execute functions to determine and dis-
play a time of "5:01 p.m." in response to the user’s query.
Process 300 can then return to block 304.

[0048] The user can then verbally ask another ques-
tion, such as "what is the weather there?", without the
user having to manually enter a start-point identifier, such
as by pressing a physical or virtual button before speak-
ing to the virtual assistant or by uttering a specific trigger
phrase (e.g., a predetermined word or sequence of
words, such as "Hey Siri"). The audio input being re-
ceived by the user device and that includes the user’s
second question can be monitored at block 304. Since
the audio input included the user’s second question, it
can be determined at block 306 that the spoken user
input was identified. At block 308, it can be determined,
based on contextual information associated with the
identified spoken user input, whether the virtual assistant
should respond to the user’s question. In this example,
it can be determined (using either the rule-based or prob-
abilistic system) that the virtual assistant should respond
to the user’s question because the contextual information
indicates that the user asked the second question within
a threshold length of time from receiving an answer to
the first question, suggesting that the second question
was part of the same conversation. Thus, the process
can proceed to block 310 and 312, where a response to
the user’s question can be generated. For example, at
block 312, the user’s question can be processed to de-
termine the user’s intent, identify tasks to be performed,
and execute functions to determine and display a mes-
sage saying that "the weather is sunny" in response to
the user’s query. Process 300 can then return to block
304 to monitor the audio input for additional spoken user
inputs.
[0049] In other examples, user device 102 can require
that a start-point identifier be manually entered by the
user prior to process 300 being invoked. For example, a
user can be required to utter a trigger phrase or press a
physical or virtual button before first speaking to the vir-
tual assistant. In response to the manual start-point iden-
tifier, process 300 can be performed as described above
and subsequent spoken user inputs can be processed
without requiring user to enter additional start-point iden-
tifiers. FIG. 4 shows an example process for performing
this modified interaction.
[0050] At block 402, a start-point identifier can be re-
ceived. The start-point identifier can include a trigger
phrase spoken by the user, a selection of a physical or
virtual button, or other manual input received from the
user. At block 404, an audio input can be received in a
manner similar or identical to block 302, described above.
At block 406, an initial spoken user input can be identified
from the audio input received at block 404 by identifying
an end-point for the first spoken user input. The end-point
can be identified based on energy features of the audio
input, as described above. At block 408, a response to
the first spoken user input can be generated in a manner
similar or identical to block 312, described above. How-
ever, in contrast to block 312, block 408 can be performed
without determining whether or not the virtual assistant
should respond to the first spoken user input in a manner
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similar to that of block 308, since a manual start-point
identifier was received at block 402. After generating the
response to the first spoken user input at block 408, the
process can proceed to block 304. In some examples,
block 302 can be omitted since the audio input was pre-
viously received at block 404. Blocks 304, 306, 308, 310,
and 312 can be repeatedly performed, as described
above with respect to FIG. 3.
[0051] In some examples, once block 304 is invoked
in process 400, blocks 304, 306, 308, 310, and 312 can
continue to be performed for all subsequent spoken user
inputs. In other examples, performance of blocks 304,
306, 308, 310, and 312 can be stopped if no spoken user
input is received (e.g., at blocks 304 and 306) for greater
than a threshold length of time, resulting in the user hav-
ing to enter a start-point identifier at block 402 before
inputting the next spoken user input.
[0052] Using process 400, a virtual assistant imple-
mented by a user device can only require a user to enter
a manual start-point identifier once, and can allow the
virtual assistant to selectively ignore or respond to sub-
sequent spoken user inputs without requiring the user to
repeatedly enter a manual start-point identifier before
each subsequent spoken user input.
[0053] To illustrate the operation of FIG. 4, one exam-
ple interaction between a user and the virtual assistant
can begin by the user manually entering a start-point
identifier, such as by pressing a physical or virtual button
before speaking to the virtual assistant or by uttering a
specific trigger phrase (e.g., a predetermined word or
sequence of words, such as "Hey Siri"). The start-point
identifier can be received at block 402. The user can then
verbally ask a question, such as "what time is it in New
York?" The user device can receive an audio input that
includes the user’s question at block 404. At block 406,
the spoken user input can be identified from the audio
input by identifying an end-point of the user’s question.
At block 408, a response to the user’s question can be
generated without performing a determination step sim-
ilar to block 308, since the user manually identified the
input as being directed at the virtual assistant at block
402. For example, at block 408, the user’s question can
be processed to determine the user’s intent, identify tasks
to be performed, and execute functions to determine and
display a time of "5:01 p.m." in response to the user’s
query. Process 400 can then proceed to block 304.
[0054] The user can then verbally ask another ques-
tion, such as "what is the weather like there?", without
the user having to manually enter a start-point identifier,
such as by pressing a physical or virtual button before
speaking to the virtual assistant or by uttering a specific
trigger phrase (e.g., a predetermined word or sequence
of words, such as "Hey Siri"). The audio input being re-
ceived by the user device and that includes the user’s
second question can be repeatedly monitored at blocks
304 and 306. Since the audio input included the user’s
second question, it can be determined at block 306 that
the spoken user input was identified. At block 308, it can

be determined, based on contextual information associ-
ated with the identified spoken user input, whether the
virtual assistant should respond to the user’s question.
In this example, it can be determined (using either the
rule-based or probabilistic system) that the virtual assist-
ant should respond to the user’s question because the
contextual information indicates that the user asked the
second question within a threshold length of time from
receiving an answer to the first question, suggesting that
the second question was part of the same conversation.
Thus, the process can proceed to block 310 and 312,
where a response to the user’s question can be gener-
ated. For example, at block 312, the user’s question can
be processed to determine the user’s intent, identify tasks
to be performed, and execute functions to determine and
display a message saying that "the weather is sunny" in
response to the user’s query. Process 300 can then re-
turn to block 304 to monitor the audio input for additional
spoken user inputs.
[0055] In some examples, while process 300 or blocks
304, 306, 308, 310, and 312 of process 400 are being
performed, a visual indicator can be displayed on a dis-
play of user device 102 to indicate that user device 102
is capable of accepting a spoken user input in natural
language form without the use of trigger phrases or other
manual inputs to indicate that a spoken user input is in-
tended for user device 102.
[0056] Additionally, while the blocks of processes 300
and 400 are shown and described in a particular order,
it should be appreciated that the blocks of processes 300
and 400 can be performed in other orders or at the same
time. For example, in process 300, user device 102 can
continually receive an audio input at block 302 while
some or all of blocks 304, 306, 308, 310, and 312 can
be performed. Similarly, in process 400, user device 102
can continually receive an audio input at block 404 while
some or all of blocks 304, 306, 308, 310, 312, 406, and
408 can be performed.
[0057] It should be appreciated that the blocks of proc-
esses 300 and 400 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 ex-
amples, all blocks of process 300 or 400 can be per-
formed on user device 102. In other examples, all blocks
of process 300 or 400 can be performed at server system
110. In yet other examples, some blocks of process 300
or 400 can be performed at user device 102, while other
blocks of process 300 or 400 can be performed at server
system 110.

CONTEXTUAL INFORMATION

[0058] As discussed above, any number of types of
contextual information, which can also include the fea-
tures used by a classifier or machine learning system,
can be used by processor(s) 204 and/or server system
110 at block 308 of process 300 or 400 to determine
whether or not a spoken user input was intended for a
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virtual assistant. Described below are some example
types of contextual information and ways that these types
of contextual information can be used to determine
whether or not a spoken user input was intended for a
virtual assistant at block 308 of process 300.
[0059] In some examples, the contextual information
can include time data from a clock or timer of user device
102. The time data can represent a length of time be-
tween any desired two or more events. For example, the
time data can represent a length of time between the
spoken user input being received and a time that a pre-
vious user input, such as a button press, mouse click,
screen touch, previous spoken user input, or the like, was
received. Generally, in some examples, a shorter length
of time between the two events can be indicative that the
user was more likely to have intended for the current
spoken user input to be directed at the virtual assistant,
while a longer length of time between events can be in-
dicative that the user was less likely to have intended for
the current spoken user input to be directed at the virtual
assistant. However, in other examples, a longer length
of time between the two events can be indicative that the
user was more likely to have intended for the current
spoken user input to be directed at the virtual assistant,
while a shorter length of time between events can be
indicative that the user was less likely to have intended
for the current spoken user input to be directed at the
virtual assistant.
[0060] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
length of time between consecutive spoken user inputs
is less than a threshold duration, then it can be deter-
mined that the user intended for the current spoken user
input to be directed at the virtual assistant. Another rule
that can be used (alone, in combination with other rules,
or as one of multiple conditions in other rules) is that if
the length of time between consecutive spoken user in-
puts is greater than or equal to the threshold duration, it
can be determined that the user did not intend for the
current spoken user input to be directed at the virtual
assistant.
[0061] In one example probabilistic system, the length
of time between consecutive spoken user inputs can be
used to calculate a positive, negative, or neutral contri-
bution to a final likelihood or confidence score, where the
value of the contribution can have a linear or non-linear
relationship with the value of the length of time. For ex-
ample, a length of time less than a threshold duration
can contribute a positive value to the final likelihood or
confidence score, where the magnitude of the positive
value can be greater for shorter lengths of time. Similarly,
a length of time greater than or equal to the threshold
duration can contribute a zero or negative value to the
final likelihood or confidence score, where the magnitude
of the negative value can be greater for longer lengths
of time. In some examples, the length of time between
consecutive spoken user inputs can be used to train a

machine learning system of the probabilistic system.
[0062] In some examples, the contextual information
can include conversation history data from memory 250
or another storage device located within or remote from
user device 102. The conversation history data can in-
clude any number of previous spoken user inputs re-
ceived from the user and/or responses generated and
provided to the user by the user device. In some exam-
ples, the previously received spoken user inputs can be
compared with the current spoken user input to deter-
mine if the current spoken user input is the same as a
previously received spoken user input. In these exam-
ples, a match between the previous and current spoken
user input (e.g., caused by the user repeating him or her-
self) can be indicative that the user was more likely to
have intended for the current spoken user input to be
directed at the virtual assistant, while no match between
the previous and current spoken user input can be indic-
ative that the user was less likely to have intended for
the current spoken user input to be directed at the virtual
assistant or can be neutral regarding the likelihood that
the user intended for the current spoken user input to be
directed at the virtual assistant. In some examples, the
user repeating him or herself can be used in a feedback
loop to train a machine learning system of the probabil-
istic system.
[0063] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
current spoken user input is the same as or matches the
previously received spoken user input, then it can be de-
termined that the user intended for the current spoken
user input to be directed at the virtual assistant. Another
rule that can be used (alone, in combination with other
rules, or as one of multiple conditions in other rules) is
that if the current spoken user input is not the same as
the previously received spoken user input, it can be de-
termined that the user did not intend for the current spo-
ken user input to be directed at the virtual assistant.
[0064] In one example probabilistic system, a determi-
nation that a previously received spoken user input is the
same as or matches the current spoken user input can
contribute a positive value to the final likelihood or con-
fidence score, while no match between the previously
received spoken user input and the current spoken user
input can contribute a zero or a negative value to the final
likelihood or confidence score. The magnitude of the pos-
itive or negative contribution can be adjusted based on
the overall system design.
[0065] In other examples, a semantic similarity analy-
sis can be performed on the current spoken user input
and some or all of the conversation history data. In some
examples, this can include computing a similarity of the
determined user intents (e.g., the result of the natural
language interpretation phase that takes the form of a
tuple <command, parameters>). In other examples, per-
forming the semantic similarity analysis to determine the
semantic distance can include determining an edit dis-
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tance combined with a similarity matrix. In these exam-
ples, a semantic distance between the current spoken
user input and one or more of the previously received
spoken user inputs or responses generated and provided
to the user by the user device can be determined and
used to determine the likelihood or confidence score that
the spoken user input was intend for the virtual assistant
at block 308. In these examples, a small semantic dis-
tance between the current spoken user input and one or
more of the previously received spoken user inputs (e.g.,
the immediately preceding spoken user input) and/or one
or more of the responses generated and provided to the
user by the user device can be indicative that the user
was more likely to have intended for the current spoken
user input to be directed at the virtual assistant, while a
large semantic distance between the current spoken user
input and one or more of the previously received spoken
user inputs (e.g., the immediately preceding spoken user
input) and/or one or more of the responses generated
and provided to the user by the user device can be in-
dicative that the user was less likely to have intended for
the current spoken user input to be directed at the virtual
assistant.
[0066] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if a
semantic distance between the current spoken user input
and one or more previous spoken user inputs or respons-
es generated by the user device is less than a threshold
value, then it can be determined that the user intended
for the current spoken user input to be directed at the
virtual assistant. Another rule that can be used (alone, in
combination with other rules, or as one of multiple con-
ditions in other rules) is that if the semantic distance be-
tween the current spoken user input and one or more
previous spoken user inputs or responses generated by
the user device is greater than or equal to the threshold
value, it can be determined that the user did not intend
for the current spoken user input to be directed at the
virtual assistant.
[0067] In one example probabilistic system, a semantic
distance between the current spoken user input and one
or more previous spoken user inputs or responses gen-
erated by the user device can be used to calculate a
positive, negative, or neutral contribution to a final likeli-
hood or confidence score, where the value of the contri-
bution can have a linear or non-linear relationship with
the semantic distance. For example, a semantic distance
that is less than a threshold value can contribute a pos-
itive value to the final likelihood or confidence score,
where the magnitude of the positive value can be greater
for smaller semantic distances. Similarly, a semantic dis-
tance that is greater than or equal to the threshold value
can contribute a zero or negative value to the final like-
lihood or confidence score, where the magnitude of the
negative value can be greater for larger semantic dis-
tances.
[0068] In some examples, the contextual information

can include distance data from a distance sensor, such
as proximity sensor 214, of user device 102. The distance
data can represent a spatial distance between the user
device and the user (e.g., a distance between the user
device and the user’s face). Generally, in some exam-
ples, a shorter distance between the user device and the
user can be indicative that the user was more likely to
have intended for the current spoken user input to be
directed at the virtual assistant, while a longer distance
between the user device and the user can be indicative
that the user was less likely to have intended for the cur-
rent spoken user input to be directed at the virtual assist-
ant. However, in other examples, a longer distance be-
tween the user device and the user can be indicative that
the user was more likely to have intended for the current
spoken user input to be directed at the virtual assistant,
while a shorter distance between the user device and the
user can be indicative that the user was less likely to
have intended for the current spoken user input to be
directed at the virtual assistant.
[0069] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
distance between the user device and the user is less
than a threshold distance, then it can be determined that
the user intended for the current spoken user input to be
directed at the virtual assistant. Another rule that can be
used (alone, in combination with other rules, or as one
of multiple conditions in other rules) is that if the distance
between the user device and the user is greater than or
equal to the threshold distance, it can be determined that
the user did not intend for the current spoken user input
to be directed at the virtual assistant.
[0070] In one example probabilistic system, the dis-
tance between the user device and the user can be used
to calculate a positive, negative, or neutral contribution
to a final likelihood or confidence score, where the value
of the contribution can have a linear or non-linear rela-
tionship with the value of the distance between the user
device and the user. For example, a distance less than
a threshold distance can contribute a positive value to
the final likelihood or confidence score, where the mag-
nitude of the positive value can be greater for shorter
distances. Similarly, a distance greater than or equal to
the threshold distance can contribute a zero or negative
value to the final likelihood or confidence score, where
the magnitude of the negative value can be greater for
greater distances.
[0071] In some examples, the contextual information
can include audio data from audio subsystem 226. The
audio data can include a representation of a volume of
the spoken user input. Generally, in some examples, a
higher volume of the spoken user input can be indicative
that the user was more likely to have intended for the
current spoken user input to be directed at the virtual
assistant, while a lower volume of the spoken user input
can be indicative that the user was less likely to have
intended for the current spoken user input to be directed
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at the virtual assistant. However, in other examples, a
lower volume of the spoken user input can be indicative
that the user was more likely to have intended for the
current spoken user input to be directed at the virtual
assistant, while a higher volume of the spoken user input
can be indicative that the user was less likely to have
intended for the current spoken user input to be directed
at the virtual assistant.
[0072] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
volume of the spoken user input was greater than a
threshold volume, then it can be determined that the user
intended for the current spoken user input to be directed
at the virtual assistant. Another rule that can be used
(alone, in combination with other rules, or as one of mul-
tiple conditions in other rules) is that if the volume of the
spoken user input was less than or equal to the threshold
volume, it can be determined that the user did not intend
for the current spoken user input to be directed at the
virtual assistant.
[0073] In one example probabilistic system, the vol-
ume of the spoken user input can be used to calculate a
positive, negative, or neutral contribution to a final likeli-
hood or confidence score, where the value of the contri-
bution can have a linear or non-linear relationship with
the value of the volume of the spoken user input. For
example, a volume greater than a threshold volume can
contribute a positive value to the final likelihood or con-
fidence score, where the magnitude of the positive value
can be greater for higher volumes. Similarly, a volume
less than or equal to the threshold volume can contribute
a zero or negative value to the final likelihood or confi-
dence score, where the magnitude of the negative value
can be greater for lower volumes.
[0074] In some examples, the contextual information
can include audio data from audio subsystem 226. The
audio data can include a representation of a volume of
the spoken user input. In some examples, if a previous
spoken input was ignored and the volume of a current
spoken user input is higher than the previous spoken
user input, this can be indicative that the user was more
likely to have intended for the current spoken user input
to be directed at the virtual assistant.
[0075] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
volume of the current spoken user input is greater than
a volume of the previous spoken user input, then it can
be determined that the user intended for the current spo-
ken user input to be directed at the virtual assistant. An-
other rule that can be used (alone, in combination with
other rules, or as one of multiple conditions in other rules)
is that if the volume of the current spoken user input is
less than or equal to the volume of the previous spoken
user input, it can be determined that the user did not
intend for the current spoken user input to be directed at
the virtual assistant.

[0076] In one example probabilistic system, the vol-
ume of the spoken user input can be used to calculate a
positive, negative, or neutral contribution to a final likeli-
hood or confidence score, where the value of the contri-
bution can have a linear or non-linear relationship with
the value of the volume of the spoken user input. For
example, if the volume of the current spoken user input
is greater than a volume of an immediately previous spo-
ken user input, a positive value to the final likelihood or
confidence score can be added. Similarly, if the volume
of the current spoken user input is less than a volume of
an immediate previous spoken user input, a zero or neg-
ative value can be added to the final likelihood or confi-
dence score.
[0077] In other examples, the audio data can be ana-
lyzed using known speaker recognition techniques to de-
termine a number of distinct speakers that are near or
within audio range of the user device. In these examples,
a determination that more than one speaker is present
can be indicative that the user was less likely to have
intended for the current spoken user input to be directed
at the virtual assistant (and was instead speaking to an-
other person nearby), while a determination that only one
speaker is present can be indicative that the user was
more likely to have intended for the current spoken user
input to be directed at the virtual assistant.
[0078] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if it is
determined that more than one speaker was present
when the spoken user input was received, then it can be
determined that the user did not intend for the current
spoken user input to be directed at the virtual assistant.
Another rule that can be used (alone, in combination with
other rules, or as one of multiple conditions in other rules)
is that if it is determined that only one speaker was
present when the spoken user input was received, it can
be determined that the user intended for the current spo-
ken user input to be directed at the virtual assistant.
[0079] In one example probabilistic system, a determi-
nation that more than one speaker was present when the
spoken user input was received can contribute a negative
value to the final likelihood or confidence score, while a
determination that only one speaker was present when
the spoken user input was received can contribute a zero
or a positive value to the final likelihood or confidence
score. The magnitude of the positive or negative contri-
bution can be adjusted based on the overall system de-
sign.
[0080] In yet other examples, the audio data can be
analyzed using known speaker recognition techniques
to determine whether or not the spoken user input was
received from a known or an authorized user of the user
device (e.g., the owner of the device) or from the same
speaker as a previously received spoken user input. In
these examples, a determination that the spoken user
input was received from the known or authorized user or
from the same speaker as a previously received spoken
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user input can be indicative that the user was more likely
to have intended for the current spoken user input to be
directed at the virtual assistant, while a determination
that the spoken user input was not received from the
known or authorized user or from the same speaker as
a previously received spoken user input can be indicative
that the user was less likely to have intended for the cur-
rent spoken user input to be directed at the virtual assist-
ant.
[0081] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if it is
determined that the spoken user input was received from
the known or authorized user or from the same speaker
as a previously received spoken user input, then it can
be determined that the user intended for the current spo-
ken user input to be directed at the virtual assistant. An-
other rule that can be used (alone, in combination with
other rules, or as one of multiple conditions in other rules)
is that if it is determined that the spoken user input was
not received from the known or authorized user or from
the same speaker as a previously received spoken user
input, it can be determined that the user did not intend
for the current spoken user input to be directed at the
virtual assistant.
[0082] In one example probabilistic system, a determi-
nation that the spoken user input was received from the
known or authorized user or from the same speaker as
a previously received spoken user input can contribute
a positive value to the final likelihood or confidence score,
while a determination that the spoken user input was not
received from the known or authorized user or from the
same speaker as a previously received spoken user input
can contribute a zero or a negative value to the final like-
lihood or confidence score. The magnitude of the positive
or negative contribution can be adjusted based on the
overall system design.
[0083] In some examples, the contextual information
can include image data from camera subsystem 220 of
user device 102. The image data can represent an image
or video captured by camera subsystem 220. In some
examples, the image data can be used to estimate a dis-
tance between the user device and the user. For exam-
ple, the size of the user within the image can be used to
estimate the distance between the user device and the
user. The estimated distance between the user device
and the user can be used in a rule-based or probabilistic
system in a manner similar or identical to the distance
data from proximity sensor 214, described above.
[0084] In other examples, the image data can be ana-
lyzed (e.g., using known eye-tracking techniques) to de-
termine whether or not the user is looking at or facing the
user device when the spoken user input was received.
In these examples, a determination that the user was
looking at the user device when the spoken user input
was received can be indicative that the user is more likely
to have intended for the current spoken user input to be
directed at the virtual assistant, while a determination

that the user was not looking at the user device when the
spoken user input was received can be indicative that
the user was less likely to have intended for the current
spoken user input to be directed at the virtual assistant
or can be neutral regarding the likelihood that the user
intended for the current spoken user input to be directed
at the virtual assistant.
[0085] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if it is
determined that the user was looking at the user device
when the spoken user input was received, then it can be
determined that the user intended for the current spoken
user input to be directed at the virtual assistant. Another
rule that can be used (alone, in combination with other
rules, or as one of multiple conditions in other rules) is
that if it is determined that the user was not looking at
the user device when the spoken user input was received,
it can be determined that the user did not intend for the
current spoken user input to be directed at the virtual
assistant.
[0086] In one example probabilistic system according
to the invention, a determination that the user was looking
at the user device when the spoken user input was re-
ceived can contribute a positive value to the final likeli-
hood or confidence score, while a determination that the
user was not looking at the user device when the spoken
user input was received can contribute a zero or a neg-
ative value to the final likelihood or confidence score. The
magnitude of the positive or negative contribution can be
adjusted based on the overall system design.
[0087] In yet other examples, the image data can be
analyzed to determine an orientation of the device rela-
tive to the user. For example, the image data can be
analyzed using known facial recognition techniques to
determine whether or not the user is positioned in front
of the user device based on whether or not the user ap-
pears in the field of view of optical sensor 222. Similarly,
the image data can be analyzed using known image rec-
ognition techniques to determine whether or not the user
is performing a particular action (e.g., pointing at the user
device, gesturing at the user device, or the like) or posi-
tioned in a predefined way (e.g., sitting in front of a tele-
vision, holding a remote, or the like). In these examples,
a determination that the user was in front of the user
device, performing a particular action, or positioned in a
predefined way when the spoken user input was received
can be indicative that the user was more likely to have
intended for the current spoken user input to be directed
at the virtual assistant, while a determination that the user
was not in front of the user device, was not performing a
particular action, or was not positioned in a predefined
way when the spoken user input was received can be
indicative that the user was less likely to have intended
for the current spoken user input to be directed at the
virtual assistant or can be neutral regarding the likelihood
that the user intended for the current spoken user input
to be directed at the virtual assistant.
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[0088] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if it is
determined that the user was in front of the user device,
performing a particular action, or positioned in a prede-
fined way when the spoken user input was received, then
it can be determined that the user intended for the current
spoken user input to be directed at the virtual assistant.
Another rule that can be used (alone, in combination with
other rules, or as one of multiple conditions in other rules)
is that if it is determined that the user was not in front of
the user device, was not performing a particular action,
or was not positioned in a predefined way when the spo-
ken user input was received, it can be determined that
the user did not intend for the current spoken user input
to be directed at the virtual assistant.
[0089] In one example probabilistic system, a determi-
nation that the user was in front of the user device, per-
forming a particular action, or positioned in a predefined
way when the spoken user input was received can con-
tribute a positive value to the final likelihood or confidence
score, while a determination that the user was not in front
of the user device, was not performing a particular action,
or was not positioned in a predefined way when the spo-
ken user input was received can contribute a zero or a
negative value to the final likelihood or confidence score.
The magnitude of the positive or negative contribution
can be adjusted based on the overall system design.
[0090] In some examples, the contextual information
can include orientation data from motion sensor 210 of
user device 102. Motion sensor 210 can include any type
of orientation sensor, such as an inclinometer, compass,
gyroscope, or the like, that is capable of generating ori-
entation data that represents a free-space orientation of
the user device. In some examples, certain orientations
of the user device (e.g., the front of the device is facing
up, the device is upright, the device is in an orientation
in which a display of the device can be viewed by the
user, or the like) can be indicative that the user was more
likely to have intended for the current spoken user input
to be directed at the virtual assistant, while other orien-
tations of the user device (e.g., the front of the device is
facing down, the device is upside down, the device is in
an orientation in which a display of the device cannot be
viewed by the user, or the like) can be indicative that the
user was less likely to have intended for the current spo-
ken user input to be directed at the virtual assistant.
[0091] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
device was in one of a set of orientations (e.g., the front
of the device is facing up, the device is upright, the device
is in an orientation in which a display of the device can
be viewed by the user, or the like) when the spoken user
input was received, then it can be determined that the
user intended for the current spoken user input to be
directed at the virtual assistant. Another rule that can be
used (alone, in combination with other rules, or as one

of multiple conditions in other rules) is that if the device
was not in one of the set of orientations when the spoken
user input was received, it can be determined that the
user did not intend for the current spoken user input to
be directed at the virtual assistant.
[0092] In one example probabilistic system, a determi-
nation that the user device is in one of a set of orientations
(e.g., the front of the device is facing up, the device is
upright, the device is in an orientation in which a display
of the device can be viewed by the user, or the like) when
the spoken user input was received can contribute a pos-
itive value to the final likelihood or confidence score, while
a determination that user device was not in one of the
set of orientations when the spoken user input was re-
ceived can contribute a zero or a negative value to the
final likelihood or confidence score. The magnitude of
the positive or negative contribution can be adjusted
based on the overall system design.
[0093] In some examples, the contextual information
can include location data from a GPS receiver from other
sensors 216 of user device 102. The location data can
represent a geographical location of the user device. In
some examples, receiving a spoken user input while the
user device is in certain locations (e.g., at home, in an
office, or the like) can be indicative that the user was
more likely to have intended for the current spoken user
input to be directed at the virtual assistant, while receiving
the spoken user input while the user device is in certain
other locations (e.g., at a movie theatre, in a conference
room, or the like) can be indicative that the user was less
likely to have intended for the current spoken user input
to be directed at the virtual assistant.
[0094] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
device was located in one of a set of locations (e.g., at
home, in an office, or the like) when the spoken user input
was received, then it can be determined that the user
intended for the current spoken user input to be directed
at the virtual assistant. Another rule that can be used
(alone, in combination with other rules, or as one of mul-
tiple conditions in other rules) is that if the device was
not located in one of the set of locations when the spoken
user input was received, it can be determined that the
user did not intend for the current spoken user input to
be directed at the virtual assistant.
[0095] In one example probabilistic system, a determi-
nation that the user device was located in one of a set of
locations (e.g., at home, in an office, or the like) when
the spoken user input was received can contribute a pos-
itive value to the final likelihood or confidence score, while
a determination that the user device was not located in
one of the set of locations when the spoken user input
was received can contribute a zero or a negative value
to the final likelihood or confidence score. The magnitude
of the positive or negative contribution can be adjusted
based on the overall system design.
[0096] In some examples, the contextual information
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can include operating state data from memory 250 or
another storage device located within or remote from us-
er device 102. The operating state data can include any
information relating to the operating state of user device,
such as whether or not content is being displayed or oth-
erwise being presented to the user, a type or identification
of the content being presented to the user, an application
being run by the user device, whether or not a notification
has been recently presented to the user, a previous or
most recent contact, a previous or most recent email, a
previous or most recent SMS message, a previous or
most recent phone call, calendar entries, reminders en-
tries, webpage visits, on/off state of a display of the user
device, whether or not the user device is receiving user
input other than the spoken user input, settings on the
user device, previous activity, or the like. In some exam-
ples, receiving the spoken user input while the user de-
vice is in certain operating states (e.g., content or other
information is being displayed to the user, content or oth-
er information is being audibly presented to the user, a
particular type of content is being presented to the user,
a particular content is being presented to the user, such
as a conversation transcript between the user and a vir-
tual assistant, an application is being run by the user
device, a notification has been recently presented to the
user, the display of the user device is on, the user device
is receiving user input other than the spoken user input,
such as a mouse input, keyboard input, touch sensitive
display input, etc., an email was recently sent/received
to/from a contact or a particular contact, an SMS mes-
sage was recently sent/received to/from a contact or a
particular contact, a phone call was recently sent/re-
ceived to/from a contact or a particular contact, a partic-
ular setting is configured on the user device, a previous
activity was performed, or the like) can be indicative that
the user was more likely to have intended for the current
spoken user input to be directed at the virtual assistant,
while receiving the spoken user input while the user de-
vice is in certain other operating states (e.g., content or
other information is not being displayed to the user, con-
tent or other information is not being audibly presented
to the user, a particular type of content is not being pre-
sented to the user, a particular content is not being pre-
sented to the user, such as a conversation transcript be-
tween the user and a virtual assistant, an application is
not being run by the user device, a notification has not
been recently presented to the user, the display of the
user device is off, the user device is not receiving user
input other than the spoken user input, such as a mouse
input, keyboard input, touch sensitive display input, etc.,
an email was not recently sent/received to/from a contact
or a particular contact, an SMS message was not recently
sent/received to/from a contact or a particular contact, a
phone call was not recently sent/received to/from a con-
tact or a particular contact, a particular setting is not con-
figured on the user device, a previous activity was not
performed, or the like) can be indicative that the user was
less likely to have intended for the current spoken user

input to be directed at the virtual assistant.
[0097] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
display of the user device was on and the user device
was presenting audio information to the user when the
spoken user input was received, then it can be deter-
mined that the user intended for the current spoken user
input to be directed at the virtual assistant. Another rule
that can be used (alone, in combination with other rules,
or as one of multiple conditions in other rules) is that if
the display of the user device was off and the user device
was not presenting audio information to the user when
the spoken user input was received, it can be determined
that the user did not intend for the current spoken user
input to be directed at the virtual assistant. Other types
of operating state data can similarly be used to generate
rules that cause a determination to be made that the spo-
ken user input was or was not intended for the virtual
assistant.
[0098] In one example probabilistic system, a determi-
nation that the display of the user device was on and that
the user device was presenting audio information to the
user when the spoken user input was received can con-
tribute a positive value to the final likelihood or confidence
score, while a determination that the display of the user
device was off and that the user device was not present-
ing audio information to the user when the spoken user
input was received can contribute a zero or a negative
value to the final likelihood or confidence score. The mag-
nitude of the positive or negative contribution can be ad-
justed based on the overall system design. It should be
appreciated that other types of operating state data can
be used in a similar manner to make positive, negative,
or neutral contributions to the final likelihood or confi-
dence score depending on whether or not the operating
state data indicates that the state of the device is one of
a predetermined set of states.
[0099] In other examples, a semantic similarly analysis
can be performed on the current spoken user input and
some or all of the operating state data. In these examples,
a semantic distance between the current spoken user
input and one or more of the components of the operating
state data can be determined and used to determine
whether or not the spoken user input was intend for the
user device at block 308. In these examples, small se-
mantic distance between the current spoken user input
and one or more components of the operating state data
can be indicative that the user was more likely to have
intended for the current spoken user input to be directed
at the virtual assistant, while a large semantic distance
between the current spoken user input and one or more
components of the operating state data can be indicative
that the user was less likely to have intended for the cur-
rent spoken user input to be directed at the virtual assist-
ant.
[0100] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
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as one of multiple conditions in other rules) is that if a
semantic distance between the current spoken user input
and one or more components of the operating state data
(e.g., an application being run by the user device, a no-
tification presented to the user, a name in a contact list,
a previous contact, a previous email, a previous SMS
message, content being presented to the user, a com-
mand expected to be received from the user, such as
requests for directions while the user device is running
a map application, content navigation instructions while
the user device is in an eyes-free mode, a "start" instruc-
tion after previously receiving a "stop" or "pause" instruc-
tion, etc., or the like) is less than a threshold value, then
it can be determined that the user intended for the current
spoken user input to be directed at the virtual assistant.
Another rule that can be used (alone, in combination with
other rules, or as one of multiple conditions in other rules)
is that if the semantic distance between the current spo-
ken user input and one or more components of the op-
erating state data is greater than or equal to a threshold
value, it can be determined that the user did not intend
for the current spoken user input to be directed at the
virtual assistant.
[0101] In one example probabilistic system, a semantic
distance between the current spoken user input and one
or more components of the operating state data can be
used to calculate a positive, negative, or neutral contri-
bution to a final likelihood or confidence score, where the
value of the contribution can have a linear or non-linear
relationship with the semantic distance. For example, a
semantic distance that is less than a threshold value can
contribute a positive value to the final likelihood or con-
fidence score, where the magnitude of the positive value
can be greater for smaller semantic distances. Similarly,
a semantic distance that is greater than or equal to the
threshold value can contribute a zero or negative value
to the final likelihood or confidence score, where the mag-
nitude of the negative value can be greater for larger
semantic distances.
[0102] In some examples, the contextual information
can include lighting data from light sensor 212 of user
device 102. The lighting data can include a representa-
tion of a brightness of ambient light received by light sen-
sor 212. In some examples, a higher brightness of the
sensed ambient light when the spoken user input was
received can be indicative that the user was more likely
to have intended for the current spoken user input to be
directed at the virtual assistant (e.g., indicating that the
user is in an environment in which speaking is accepta-
ble), while a lower brightness of the sensed ambient light
when the spoken user input was received can be indic-
ative that the user was less likely to have intended for
the current spoken user input to be directed at the virtual
assistant (e.g., indicating that the user is in an environ-
ment in which speaking is not acceptable, such as a mov-
ie theatre). However, in other examples, a lower bright-
ness of the sensed ambient light when the spoken user
input was received can be indicative that the user was

more likely to have intended for the current spoken user
input to be directed at the virtual assistant, while a higher
brightness of the sensed ambient light when the spoken
user input was received can be indicative that the user
was less likely to have intended for the current spoken
user input to be directed at the virtual assistant.
[0103] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
brightness of the sensed ambient light when the spoken
user input was received is greater than a threshold bright-
ness, then it can be determined that the user intended
for the current spoken user input to be directed at the
virtual assistant. Another rule that can be used (alone, in
combination with other rules, or as one of multiple con-
ditions in other rules) is that if the brightness of the sensed
ambient light when the spoken user input was received
input is less than or equal to the threshold brightness, it
can be determined that the user did not intend for the
current spoken user input to be directed at the virtual
assistant.
[0104] In one example probabilistic system, the bright-
ness of the sensed ambient light when the spoken user
input was received can be used to calculate a positive,
negative, or neutral contribution to a final likelihood or
confidence score, where the value of the contribution can
have a linear or non-linear relationship with the value of
the brightness of the sensed ambient light. For example,
a brightness less than a threshold brightness can con-
tribute a negative value to the final likelihood or confi-
dence score, where the magnitude of the negative value
can be greater for lower brightness values. Similarly, a
brightness greater than or equal to the threshold bright-
ness can contribute a zero or positive value to the final
likelihood or confidence score, where the magnitude of
the negative value can be greater for higher brightness
values.
[0105] In some examples, the contextual information
can include speech recognition data from an automatic
speech recognition (ASR) engine located within or re-
mote from user device 102 (e.g., from server system
110). The speech recognition data can include an indi-
cation of whether or not the ASR engine was able to
recognize the spoken user input and/or is capable of re-
sponding to the spoken user input. In some examples,
an indication that the ASR engine was able to recognize
the spoken user input and/or is capable of responding to
the spoken user input can be indicative that the user was
more likely to have intended for the current spoken user
input to be directed at the virtual assistant, while an in-
dication that the ASR engine was not able to recognize
the spoken user input and/or is not capable of responding
to the spoken user input can be indicative that the user
was less likely to have intended for the current spoken
user input to be directed at the virtual assistant.
[0106] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
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ASR engine was able to recognize the spoken user input
and/or is capable of responding to the spoken user input,
then it can be determined that the user intended for the
current spoken user input to be directed at the virtual
assistant. Another rule that can be used (alone, in com-
bination with other rules, or as one of multiple conditions
in other rules) is that if the ASR engine was not able to
recognize the spoken user input and/or is not capable of
responding to the spoken user input, it can be determined
that the user did not intend for the current spoken user
input to be directed at the virtual assistant.
[0107] In one example probabilistic system, a determi-
nation that the ASR engine was able to recognize the
spoken user input and/or is capable of responding to the
spoken user input can contribute a positive value to the
final likelihood or confidence score, while a determination
that the ASR engine was not able to recognize the spoken
user input and/or is not capable of responding to the spo-
ken user input can contribute a zero or a negative value
to the final likelihood or confidence score. The magnitude
of the positive or negative contribution can be adjusted
based on the overall system design.
[0108] In other examples, the speech recognition data
from the ASR engine can further include an indication of
the length (e.g., number of words, duration of speech, or
the like) of the spoken user input. Generally, in some
examples, a shorter length of the spoken user input can
be indicative that the user was more likely to have intend-
ed for the current spoken user input to be directed at the
virtual assistant, while a longer length of the spoken user
input can be indicative that the user was less likely to
have intended for the current spoken user input to be
directed at the virtual assistant. However, in some exam-
ples, a longer length of the spoken user input can be
indicative that the user was more likely to have intended
for the current spoken user input to be directed at the
virtual assistant, while a shorter length of the spoken user
input can be indicative that the user was less likely to
have intended for the current spoken user input to be
directed at the virtual assistant.
[0109] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
length of the spoken user input is less than a threshold
length, then it can be determined that the user intended
for the current spoken user input to be directed at the
virtual assistant. Another rule that can be used (alone, in
combination with other rules, or as one of multiple con-
ditions in other rules) is that if the length of the spoken
user input is greater than or equal to the threshold length,
it can be determined that the user did not intend for the
current spoken user input to be directed at the virtual
assistant.
[0110] In one example probabilistic system, the length
of the spoken user input can be used to calculate a pos-
itive, negative, or neutral contribution to a final likelihood
or confidence score, where the value of the contribution
can have a linear or non-linear relationship with the value

of the length of the spoken user input. For example, a
length less than a threshold length can contribute a pos-
itive value to the final likelihood or confidence score,
where the magnitude of the positive value can be greater
for shorter lengths. Similarly, a length greater than or
equal to the threshold distance can contribute a zero or
negative value to the final likelihood or confidence score,
where the magnitude of the negative value can be greater
for longer lengths.
[0111] In other examples, the speech recognition data
from the ASR engine can further include noun or pro-
nouns identified from within the spoken user input. For
example, the speech recognition data can include noun
or pronouns, such as "honey," "he," "she," or the first or
last name of a person. Generally, in some examples, the
presence of one of these nouns or pronouns can be in-
dicative that the user was less likely to have intended for
the current spoken user input to be directed at the virtual
assistant, while the absence of one of these nouns or
pronouns (or presence of non-human identifiers, such as
"Siri") can be indicative that the user was more likely to
have intended for the current spoken user input to be
directed at the virtual assistant.
[0112] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
spoken user input includes one of a set of nouns or pro-
nouns, then it can be determined that the user did not
intend for the current spoken user input to be directed at
the virtual assistant. Another rule that can be used (alone,
in combination with other rules, or as one of multiple con-
ditions in other rules) is that if the spoken user input does
not include one of the set of nouns or pronouns (or in-
cludes one of another set of nouns or pronouns), it can
be determined that the user intended for the current spo-
ken user input to be directed at the virtual assistant.
[0113] In one example probabilistic system, a determi-
nation that the spoken user input includes one of a set
of nouns or pronouns can contribute a negative value to
the final likelihood or confidence score, while a determi-
nation that the spoken user input does not include one
of the set of nouns or pronouns (or includes one of an-
other set of nouns or pronouns) can contribute a positive
or zero value to the final likelihood or confidence score.
The magnitude of the positive or negative contribution
can be adjusted based on the overall system design.
[0114] In some examples, the contextual information
can include user data from memory 250 or another stor-
age device located within or remote from user device
102. The user data can include any type of information
associated with the user, such as a contact list, calendar,
preferences, personal information, financial information,
family information, or the like. In some examples, the
user data can be compared with other types of contextual
information at block 308 to assist in the determination of
whether or not the spoken user input was intend for the
virtual assistant. For example, the time that the spoken
user input was received can be compared with the user’s
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calendar to determine if the user was at an event in which
the user was more or less likely to be conversing with
the virtual assistant of the user device, the speech rec-
ognition data from the ASR engine can be compared with
contacts in the user’s contact list to determine if the a
name from the user’s contact list was mentioned in the
spoken user input, the speech recognition data from the
ASR engine can be compared with user preferences to
determine if the spoken user input corresponds to a pre-
viously defined phrase that should or should not be ig-
nored by the virtual assistant, or the like.
[0115] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
current spoken user input was received at a time within
a predetermined set of times (e.g., when the user’s cal-
endar indicates that the user was in a meeting or other-
wise engaged in an activity deemed to be one in which
the user would not converse with a virtual assistant), then
it can be determined that the user did not intend for the
current spoken user input to be directed at the virtual
assistant. Another rule that can be used (alone, in com-
bination with other rules, or as one of multiple conditions
in other rules) is that if the current spoken user input was
received at a time outside the predetermined set of times
(e.g., when the user’s calendar indicates that the user
was not in a meeting or otherwise engaged in an activity
deemed to be one in which the user would not converse
with a virtual assistant), it can be determined that the
user intended for the current spoken user input to be
directed at the virtual assistant. Other types of user data
can similarly be used to generate rules that cause a de-
termination to be made that the spoken user input was
or was not intended for the virtual assistant.
[0116] In one example probabilistic system, a determi-
nation that the current spoken user input was received
at a time that the user’s calendar indicates that the user
was in a meeting or otherwise engaged in an activity
deemed to be one in which the user would not converse
with a virtual assistant can contribute a negative or zero
value to the final likelihood or confidence score, while a
determination that the current spoken user input was re-
ceived at a time that the user’s calendar indicates that
the user was not in a meeting or otherwise engaged in
an activity deemed to be one in which the user would not
converse with a virtual assistant can contribute a positive
value to the final likelihood or confidence score. The mag-
nitude of the positive or negative contribution can be ad-
justed based on the overall system design. It should be
appreciated that other types of user data can be used in
a similar manner to make positive, negative, or neutral
contributions to the final likelihood or confidence score.
[0117] In some examples, the contextual information
can include motion data from motion sensor 210 or an
accelerometer of other sensors 216 of user device 102.
The motion data can represent movement of the user
device and can be used to detect movement of the device
caused by the user shaking the device, movement of the

device toward or away from the user (e.g., movement
toward or away from the user’s mouth), movement
caused by the user wearing the device (e.g., as a watch
or other wearable device), or the like. In some examples,
certain motions experienced by the user device (e.g.,
shaking, movement associated with the user device be-
ing worn by the user, movement toward the user, etc.)
can be indicative that the user was more likely to have
intended for the current spoken user input to be directed
at the virtual assistant, while other motions experienced
by the user device (e.g., movement away from the user)
can be indicative that the user was less likely to have
intended for the current spoken user input to be directed
at the virtual assistant.
[0118] In one example rule-based system, one rule that
can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
motion data indicates that the user device was moved
toward the user’s mouth before the spoken user input
was received, then it can be determined that the user
intended for the current spoken user input to be directed
at the virtual assistant. Another rule that can be used
(alone, in combination with other rules, or as one of mul-
tiple conditions in other rules) is that if the motion data
indicates that the device was not moved toward the user’s
mouth before the spoken user input was received, it can
be determined that the user did not intend for the current
spoken user input to be directed at the virtual assistant.
Other movements can similarly be used to generate rules
that cause a determination to be made that the spoken
user input was or was not intended for the virtual assist-
ant.
[0119] In one example probabilistic system, a determi-
nation that the user device was moved in one of a pre-
determined set of movements (e.g., toward the user’s
mouth before the spoken user input was received) can
contribute a positive value to the final likelihood or con-
fidence score, while a determination that user device was
not moved in one of a predetermined set of movements
can contribute a zero or a negative value to the final like-
lihood or confidence score. The magnitude of the positive
or negative contribution can be adjusted based on the
overall system design. It should be appreciated that other
movements can be used in a similar manner to make
positive, negative, or neutral contributions to the final like-
lihood or confidence score.
[0120] In some examples, the contextual information
can include temperature data from a temperature sensor
of other sensors 216 of user device 102. The temperature
data can represent a temperature sensed by the temper-
ature sensor and can be used to determine whether or
not the user device is being held by the user. For example,
a higher temperature or a temperature in a particular
range can suggest that the device is being held in the
hand of a user, while a lower temperature or a tempera-
ture outside the particular range can suggest that the
device is not being held by the user.
[0121] In one example rule-based system, one rule that
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can be used (alone, in combination with other rules, or
as one of multiple conditions in other rules) is that if the
temperature is within a particular range of temperatures
corresponding to the user device being held by a user,
then it can be determined that the user intended for the
current spoken user input to be directed at the virtual
assistant. Another rule that can be used (alone, in com-
bination with other rules, or as one of multiple conditions
in other rules) is that if the temperature is not within a
particular range of temperatures corresponding to the
user device being held by a user, it can be determined
that the user did not intend for the current spoken user
input to be directed at the virtual assistant.
[0122] In one example probabilistic system, a determi-
nation, based on the temperature data, that the user de-
vice was being held by the user when the spoken user
input was received can contribute a positive value to the
final likelihood or confidence score, while a determina-
tion, based on the temperature data, that the user device
was not being held by the user when the spoken user
input was received can contribute a zero or a negative
value to the final likelihood or confidence score. The mag-
nitude of the positive or negative contribution can be ad-
justed based on the overall system design.

ELECTRONIC DEVICE

[0123] In accordance with some examples, FIG. 5
shows a functional block diagram of an electronic device
500 configured 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 under-
stood by persons of skill in the art that the functional
blocks described in FIG. 5 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 combination or separa-
tion or further definition of the functional blocks described
herein.
[0124] As shown in FIG. 5, electronic device 500 can
include a touch screen display unit 502 configured to dis-
play a user interface and to receive touch input, and a
sound receiving unit 504 configured to receive sound in-
put. In some examples, electronic device 500 can include
a speaker unit 506 configured to generate sound. Elec-
tronic device 500 can further include a processing unit
508 coupled to touch screen display unit 502 and sound
receiving unit 504 (and, optionally, coupled to speaker
unit 506). In some examples, processing unit 508 can
include a first monitoring unit 510, a speech identifying
unit 512, a response determination unit 514, a response
generating unit 516, a second monitoring unit 518, and
a third monitoring unit 520.
[0125] Processing unit 508 can be configured to re-
ceive an audio input (e.g., from audio receiving unit 504).
Processing unit 508 can be configured to monitor the

audio input (e.g., using first monitoring unit 510) to identify
a first spoken user input in the audio input. Upon identi-
fying the first spoken user input in the audio input,
processing unit 508 can be configured to determine (e.g.,
using response determination unit 514), based on con-
textual information associated with the first spoken user
input, whether a response to the first spoken user input
should be generated. In response to determining that a
response should be generated, processing unit 508 can
be configured to generate a response (e.g., using re-
sponse generating unit 516) to the first spoken user input
and to again monitor the received audio input for a second
spoken user request (e.g., using second monitoring unit
518). In response to determining that a response should
not be generated, processing unit 508 can be configured
to again monitor the received audio input for a second
spoken user request (e.g., using second monitoring unit
518) without generating a response to the first spoken
user input.
[0126] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input without identifying one or more predetermined
words at the start of the first spoken user input. In other
examples, processing unit 508 can be configured to de-
termine (e.g., using response determination unit 514)
whether to respond to the first spoken user input without
identifying a physical or virtual button input received prior
to receiving the first spoken user input.
[0127] In some examples, processing unit 508 can be
configured to generate a response (e.g., using response
generating unit 516) to the first spoken user input by per-
forming speech-to-text conversion on the first spoken us-
er input, determining a user intent based on the first spo-
ken user input, determining a task to be performed based
on the first spoken user input, determining a parameter
for the task to be performed based on the first spoken
user input, performing the task to be performed, display-
ing a text response to the first spoken user input, or out-
putting an audio response to the first spoken user input.
[0128] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by evaluating one or more conditional rules
that depend on the contextual information associated
with the first spoken user input.
[0129] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on the contextual information associated with the
first spoken user input and comparing the likelihood score
to a threshold value.
[0130] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input based on contextual information associated
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with the first spoken user input that includes one or more
of an elapsed time between receiving the first spoken
user input and a previous user input, a previous spoken
user input, a distance between a user and the electronic
device when the first spoken user input was received, an
orientation of the electronic device when the first spoken
user input was received, an orientation between the user
and the electronic device when the first spoken user input
was received, a direction of the user’s eyes when the first
spoken user input was received, an indication of whether
the first spoken user input was recognized by an auto-
matic speech recognizer, a semantic relationship be-
tween the first spoken user input and the previous spoken
user input, a length of the first spoken user input, an iden-
tification of a speaker of the first spoken user input, a
time the first spoken user input was received, an indica-
tion of whether the electronic device was outputting in-
formation to the user when the first spoken user input
was received, an expectation of receiving input from the
user, an indication of whether the electronic device was
being held when the first spoken user input was received,
an operating state of the electronic device when the first
spoken user input was received, a previous action per-
formed by the electronic device, an indication of whether
content was being displayed by the electronic device
when the first spoken user input was received, a semantic
relationship between the first spoken user input and the
content being displayed by the electronic device when
the first spoken user input was received, a position of the
user when the first spoken user input was received, a
gesture being performed by the user when the first spo-
ken user input was received, a previous output of the
electronic device, a location of the electronic device when
the first spoken user input was received, an application
being run by the electronic device when the first spoken
user input was received, a previous contact, a previous
email, a previous SMS message, a movement of the elec-
tronic device when the first spoken user input was re-
ceived, a user setting of the electronic device, an amount
of light sensed by the electronic device when the first
spoken user input was received, and calendar data.
[0131] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an elapsed
time between receiving the first spoken user input and a
previous user input. In these examples, calculating the
likelihood score can include decreasing the likelihood
score in response to a value of the elapsed time being
greater than a threshold duration and increasing the like-
lihood score in response to the value of the elapsed time
being less than the threshold duration. In some exam-
ples, the previous user input can include a previously
received touch input on a touch sensitive display, a
mouse click, a button press, or a spoken user input.
[0132] In some examples, processing unit 508 can be

configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a previous
spoken user input. In these examples, calculating the
likelihood score can include increasing the likelihood
score in response to detecting a match between the pre-
vious spoken user input and the first spoken user input.
[0133] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a distance
between a user and the electronic device when the first
spoken user input was received. In these examples, cal-
culating the likelihood score can include decreasing the
likelihood score in response to the distance being greater
than a threshold distance and increasing the likelihood
score in response to the distance being less than the
threshold distance. In some examples, the distance can
be determined based at least in part on a volume of the
first spoken user input, a distance measured by a prox-
imity sensor, an image generated by an image sensor,
or accelerometer data from an accelerometer.
[0134] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an orien-
tation of the electronic device when the first spoken user
input was received. In these examples, calculating the
likelihood score can include decreasing the likelihood
score in response to the orientation of the device being
facedown or upside down and increasing the likelihood
score in response to the orientation of the device being
face up or upright.
[0135] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an orien-
tation between the user and the electronic device when
the first spoken user input was received. In these exam-
ples, calculating the likelihood score can include increas-
ing the likelihood score in response to the orientation
being one in which a display of the electronic device is
oriented towards the user and decreasing the likelihood
score in response to the orientation being one in which
the display of the electronic device is oriented away from
the user.
[0136] In some examples according to the invention,
processing unit 508 can be configured to determine (e.g.,
using response determination unit 514) whether to re-
spond to the first spoken user input by calculating a like-
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lihood score that the virtual assistant should respond to
the first spoken user input based on contextual informa-
tion that includes a direction of the user’s eyes when the
first spoken user input was received. In these examples,
calculating the likelihood score can include increasing
the likelihood score in response to the direction of the
user’s eyes being pointed at the electronic device and
decreasing the likelihood score in response to the direc-
tion of the user’s eyes being pointed away from the elec-
tronic device.
[0137] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an indica-
tion of whether the first spoken user input was recognized
by an automatic speech recognizer. In these examples,
calculating the likelihood score can include increasing
the likelihood score in response to the indication indicat-
ing that the first spoken user input was recognized by the
automatic speech recognizer and decreasing the likeli-
hood score in response to the indication indicating that
the first spoken user input was not recognized by the
automatic speech recognizer.
[0138] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a semantic
relationship between the first spoken user input and the
previous spoken user input. In these examples, calculat-
ing the likelihood score can include increasing the likeli-
hood score in response to a value of the semantic rela-
tionship being greater than a spoken user input semantic
threshold value and decreasing the likelihood score in
response to the value of the semantic relationship being
less than the spoken user input semantic threshold value.
[0139] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a length
of the first spoken user input. In these examples, calcu-
lating the likelihood score can include increasing the like-
lihood score in response to the length of the first spoken
user input less than a threshold length and decreasing
the likelihood score in response to the length of the first
spoken user input being greater than the threshold
length.
[0140] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an identi-

fication of a speaker of the first spoken user input. In
some examples, calculating the likelihood score can in-
clude increasing the likelihood score in response to the
identification of the speaker of the first spoken user input
being one of a list of known or authorized speakers and
decreasing the likelihood score in response to the iden-
tification of the speaker of the first spoken user input not
being one of a list of known or authorized speakers. In
other examples, calculating the likelihood score can in-
clude increasing the likelihood score in response to the
identification of the speaker of the first spoken user input
being the same as an identification of a speaker of the
previous spoken user input and decreasing the likelihood
score in response to the identification of the speaker of
the first spoken user input being different than the iden-
tification of the speaker of the previous spoken user input.
[0141] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a time the
first spoken user input was received. In these examples,
calculating the likelihood score can include increasing
the likelihood score in response to the time being within
a predetermined set of times and decreasing the likeli-
hood score in response to the time not being within the
predetermined set of times.
[0142] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an indica-
tion of whether the electronic device was outputting in-
formation to the user when the first spoken user input
was received. In these examples, calculating the likeli-
hood score can include increasing the likelihood score
in response to the indication indicating that the electronic
device was outputting information to the user when the
first spoken user input was received and decreasing the
likelihood score in response to the indication indicating
that the electronic device was not outputting information
to the user when the first spoken user input was received.
[0143] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an expec-
tation of receiving input from the user. In these examples,
calculating the likelihood score can include increasing
the likelihood score in response to the expectation of re-
ceiving input from the user indicating that input was ex-
pected to be received from the user and decreasing the
likelihood score in response to the expectation of receiv-
ing input from the user indicating that input was not ex-
pected to be received from the user.
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[0144] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an indica-
tion of whether the electronic device is being held when
the first spoken user input was received. In these exam-
ples, calculating the likelihood score can include increas-
ing the likelihood score in response to the indication in-
dicating that the electronic device was being held when
the first spoken user input was received and decreasing
the likelihood score in response to the indication indicat-
ing that the electronic device was not being held when
the first spoken user input was received.
[0145] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an oper-
ating state of the electronic device when the first spoken
user input was received. In these examples, calculating
the likelihood score can include increasing the likelihood
score in response to the operating state of the electronic
device being one of a set of predetermined operating
states and decreasing the likelihood score in response
to the operating state of the electronic device not being
one of the set of predetermined operating states.
[0146] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a previous
action performed by the electronic device. In these ex-
amples, calculating the likelihood score can include in-
creasing the likelihood score in response to the previous
action performed by the electronic device being one of a
set of predetermined actions and decreasing the likeli-
hood score in response to the previous action performed
by the electronic device not being one of the set of pre-
determined actions.
[0147] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an indica-
tion of whether the content was being displayed by the
electronic device when the first spoken user input was
received. In these examples, calculating the likelihood
score can include increasing the likelihood score in re-
sponse to the indication indicating that content was being
displayed by the electronic device when the first spoken
user input was received.
[0148] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-

nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a semantic
relationship between the first spoken user input and con-
tent being displayed by the electronic device when the
first spoken user input was received. In these examples,
calculating the likelihood score can include increasing
the likelihood score in response to a value of the semantic
relationship being greater than a content semantic
threshold value and decreasing the likelihood score in
response to the value of the semantic relationship being
less than the content semantic threshold value.
[0149] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a position
of the user when the first spoken user input was received.
In these examples, calculating the likelihood score can
include increasing the likelihood score in response to the
position of the user being one of a predetermined set of
positions and decreasing the likelihood score in response
to the position of the user not being one of the predeter-
mined set of positions.
[0150] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a gesture
being performed by the user when the first spoken user
input was received. In these examples, calculating the
likelihood score can include increasing the likelihood
score in response to the gesture being one of a prede-
termined set of gestures and decreasing the likelihood
score in response to the gesture not being one of the
predetermined set of gestures.
[0151] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a semantic
relationship between the first spoken user input and the
previous output of the electronic device. In these exam-
ples, calculating the likelihood score can include increas-
ing the likelihood score in response to a value of the se-
mantic relationship being greater than a previous output
semantic threshold value and decreasing the likelihood
score in response to the value of the semantic relation-
ship being less than the previous output semantic thresh-
old value.
[0152] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
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assistant should respond to the first spoken user input
based on contextual information that includes a location
of the electronic device when the first spoken user input
was received. In these examples, calculating the likeli-
hood score can include decreasing the likelihood score
in response to the location being one of a predetermined
set of locations and increasing the likelihood score in
response to the location not being one of the predeter-
mined set of locations.
[0153] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a semantic
relationship between the first spoken user input an ap-
plication being run by the electronic device when the first
spoken user input was received. In these examples, cal-
culating the likelihood score can include increasing the
likelihood score in response to a value of the semantic
relationship being greater than an application semantic
threshold value and decreasing the likelihood score in
response to the value of the semantic relationship being
less than the application semantic threshold value.
[0154] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a semantic
relationship between the first spoken user input and a
previous contact. In these examples, calculating the like-
lihood score can include increasing the likelihood score
in response to a value of the semantic relationship being
greater than a previous contact semantic threshold value
and decreasing the likelihood score in response to the
value of the semantic relationship being less than the
previous contact semantic threshold value.
[0155] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a semantic
relationship between the first spoken user input and a
previous email. In these examples, calculating the likeli-
hood score can include increasing the likelihood score
in response to a value of the semantic relationship being
greater than a previous email semantic threshold value
and decreasing the likelihood score in response to the
value of the semantic relationship being less than the
previous email semantic threshold value.
[0156] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a semantic

relationship between the first spoken user input and a
previous SMS message. In these examples, calculating
the likelihood score can include increasing the likelihood
score in response to a value of the semantic relationship
being greater than a previous SMS message semantic
threshold value and decreasing the likelihood score in
response to the value of the semantic relationship being
less than the previous SMS semantic threshold value.
[0157] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a move-
ment of the electronic device. In these examples, calcu-
lating the likelihood score can include increasing the like-
lihood score in response to the movement being one of
a predetermined set of movements and decreasing the
likelihood score in response to the movement not being
one of the predetermined set of movements.
[0158] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes a user set-
ting. In these examples, calculating the likelihood score
can include increasing the likelihood score in response
to the user setting being one of a predetermined set of
user settings and decreasing the likelihood score in re-
sponse to the user setting not being one of the predeter-
mined set of user settings.
[0159] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes an amount
of light sensed by the electronic device. In these exam-
ples, calculating the likelihood score can include increas-
ing the likelihood score in response to the amount of light
being greater than a threshold amount of light and de-
creasing the likelihood score in response to the amount
of light being less than the threshold amount of light.
[0160] In some examples, processing unit 508 can be
configured to determine (e.g., using response determi-
nation unit 514) whether to respond to the first spoken
user input by calculating a likelihood score that the virtual
assistant should respond to the first spoken user input
based on contextual information that includes calendar
data. In these examples, calculating the likelihood score
can include decreasing the likelihood score in response
to the calendar data indicating that the user is occupied
at the time that the first spoken user input was received.
[0161] Processing unit 508 can be further configured
to monitor the audio input (e.g., using second monitoring
unit 518) to identify a second spoken user input in the
audio input. Upon identifying the second spoken user
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input in the audio input, processing unit 508 can be con-
figured to determine (e.g., using response determination
unit 514), based on contextual information associated
with the second spoken user input, whether a response
to the second spoken user input should be generated. In
response to determining that a response should be gen-
erated, processing unit 508 can be configured to gener-
ate a response (e.g., using response generating unit 516)
to the second spoken user input and to again monitor the
received audio input for a third spoken user request (e.g.,
using third monitoring unit 520). In response to determin-
ing that a response should not be generated, processing
unit 508 can be configured to again monitor the received
audio input for the third spoken user request (e.g., using
third monitoring unit 520) without generating a response
to the second spoken user input.
[0162] 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 per-
sonal information data can include demographic data,
location-based data, telephone numbers, email address-
es, home addresses, or any other identifying information.
[0163] The present disclosure recognizes that the use
of such personal information data, in the present tech-
nology, can be used to the benefit of users. For example,
the personal information data can be used to deliver tar-
geted content that is of greater interest to the user. Ac-
cordingly, use of such personal information data enables
calculated control of the delivered content. Further, other
uses for personal information data that benefit the user
are also contemplated by the present disclosure.
[0164] The present disclosure further contemplates
that the entities responsible for the collection, analysis,
disclosure, transfer, storage, or other use of such per-
sonal information data will comply with well-established
privacy policies and/or privacy practices. In particular,
such entities should implement and consistently use pri-
vacy policies and practices that are generally recognized
as meeting or exceeding industry or governmental re-
quirements for maintaining personal information data pri-
vate 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 on-
ly after receiving the informed consent of the users. Ad-
ditionally, such entities would take any needed steps for
safeguarding and securing access to such personal in-
formation data and ensuring that others with access to
the personal information data adhere to their privacy pol-
icies and procedures. Further, such entities can subject
themselves to evaluation by third parties to certify their
adherence to widely accepted privacy policies and prac-
tices.

[0165] Despite the foregoing, the present disclosure
also contemplates examples in which users selectively
block the use of, or access to, personal information data.
That is, the present disclosure contemplates that hard-
ware and/or software elements can be provided to pre-
vent or block access to such personal information data.
For example, in the case of advertisement delivery serv-
ices, 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 regis-
tration for services. In another example, users can select
not to provide location information for targeted content
delivery services. In yet another example, users can se-
lect to not provide precise location information, but permit
the transfer of location zone information.
[0166] Therefore, although the present disclosure
broadly covers use of personal information data to im-
plement one or more various disclosed examples, the
present disclosure also contemplates that the various ex-
amples can also be implemented without the need for
accessing such personal information data. That is, the
various examples of the present technology are not ren-
dered 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 mini-
mum 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.
[0167] Although examples have been fully described
with reference to the accompanying drawings, it is to be
noted that various changes and modifications will be-
come apparent to those skilled in the art as being included
within the scope of the appended claims.

Claims

1. A method (300) for operating a virtual assistant on
an electronic device, the method comprising:

receiving (302), at the electronic device, an au-
dio input;
monitoring (304) the audio input to identify a first
spoken user input;
identifying (306) the first spoken user input in
the audio input;
determining (308) whether to respond to the first
spoken user input based on contextual informa-
tion associated with the first spoken user input,
wherein the contextual information comprises a
direction of the user’s eyes when the first spoken
user input was received, wherein the determin-
ing comprises:

calculating a likelihood score that the virtual
assistant should respond to the first spoken
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user input based on the contextual informa-
tion associated with the first spoken user
input, wherein the calculating comprises:

increasing the likelihood score in re-
sponse to the direction of the user’s
eyes being pointed at the electronic de-
vice when the first spoken user input
was received, and
decreasing the likelihood score in re-
sponse to the direction of the user’s
eyes being pointed away from the elec-
tronic device, when the first spoken us-
er input was received;

comparing the likelihood score to a thresh-
old value;
in accordance with a determination that the
likelihood score is greater than the thresh-
old value, determining (310) to respond to
the first spoken user input; and
in accordance with a determination that the
likelihood score is less than the threshold
value, determining (310) not to respond to
the first spoken user input;

in response to determining to respond to the first
spoken user input:

generating (312) a response to the first spo-
ken user input; and
monitoring the audio input to identify a sec-
ond spoken user input; and in response to
determining not to respond to the first spo-
ken user input:
monitoring the audio input to identify the
second spoken user input without generat-
ing the response to the first spoken user in-
put.

2. The method of claim 1, wherein determining whether
to respond to the first spoken user input based on
contextual information associated with the first spo-
ken user input excludes identifying one or more pre-
determined words at the start of the first spoken user
input.

3. The method of claim 1, wherein determining whether
to respond to the first spoken user input based on
contextual information associated with the first spo-
ken user input excludes identifying a physical or vir-
tual button input prior to receiving the first spoken
user input.

4. The method of claim 1, wherein the contextual infor-
mation comprises an elapsed time between receiv-
ing the first spoken user input and a previous user
input, and wherein calculating the likelihood score

that the virtual assistant should respond to the first
spoken user input based on contextual information
comprises:

decreasing the likelihood score in response to
a value of the elapsed time being greater than
a threshold duration; and
increasing the likelihood score in response to
the value of the elapsed time being less than the
threshold duration.

5. The method of any of claims 1 and 4, wherein the
contextual information comprises a distance be-
tween a user and the electronic device when the first
spoken user input was received, and wherein calcu-
lating the likelihood score that the virtual assistant
should respond to the first spoken user input based
on contextual information comprises:

decreasing the likelihood score in response to
the distance being greater than a threshold dis-
tance; and
increasing the likelihood score in response to
the distance being less than the threshold dis-
tance.

6. The method of any of claims 1-5, wherein the con-
textual information comprises a semantic relation-
ship between the first spoken user input and the pre-
vious spoken user input, and wherein calculating the
likelihood score that the virtual assistant should re-
spond to the first spoken user input based on con-
textual information comprises:

increasing the likelihood score in response to a
value of the semantic relationship being greater
than a spoken user input semantic threshold val-
ue; and
decreasing the likelihood score in response to
the value of the semantic relationship being less
than the spoken user input semantic threshold
value.

7. The method of any of claims 1-6, wherein the con-
textual information comprises an identification of a
speaker of the first spoken user input.

8. The method of any of claims 1-7, wherein the con-
textual information comprises a semantic relation-
ship between the first spoken user input and content
being displayed by the electronic device when the
first spoken user input was received, and wherein
calculating the likelihood score that the virtual assist-
ant should respond to the first spoken user input
based on contextual information comprises:

increasing the likelihood score in response to a
value of the semantic relationship being greater
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than a content semantic threshold value; and
decreasing the likelihood score in response to
the value of the semantic relationship being less
than the content semantic threshold value.

9. The method of any of claims 1-8, wherein the con-
textual information comprises a gesture being per-
formed by the user when the first spoken user input
was received, and wherein calculating the likelihood
score that the virtual assistant should respond to the
first spoken user input based on contextual informa-
tion comprises:

increasing the likelihood score in response to
the gesture being one of a predetermined set of
gestures; and
decreasing the likelihood score in response to
the gesture not being one of the predetermined
set of gestures.

10. A computer-readable medium comprising instruc-
tions that cause a processor to perform the method
of any of claims 1-9.

11. A system comprising:

one or more processors;
memory; and
one or more programs, wherein the one or more
programs are stored in the memory and config-
ured to be executed by the one or more proces-
sors, the one or more programs including in-
structions that cause the one or more proces-
sors to perform the method of any of claims 1-9.

Patentansprüche

1. Verfahren (300) zum Betreiben eines virtuellen As-
sistenten auf einer elektronischen Vorrichtung, wo-
bei das Verfahren umfasst:

Empfangen (302), an der elektronischen Vor-
richtung, einer Audioeingabe;
Überwachen (304) der Audioeingabe, um eine
erste gesprochene Benutzereingabe zu identi-
fizieren;
Identifizieren (306) der ersten gesprochenen
Benutzereingabe in der Audioeingabe;
Bestimmen (308), ob auf die erste gesprochene
Benutzereingabe geantwortet werden soll ba-
sierend auf Kontextinformationen, die der ersten
gesprochenen Benutzereingabe zugeordnet
sind, wobei die Kontextinformationen eine Rich-
tung der Augen des Benutzers umfassen, wenn
die erste gesprochene Benutzereingabe emp-
fangen wurde, wobei das Bestimmen umfasst:
Berechnen eines Wahrscheinlichkeitswertes

dafür, dass der virtuelle Assistent auf die erste
gesprochene Benutzereingabe antworten soll-
te, basierend auf den Kontextinformationen, die
der ersten gesprochenen Benutzereingabe zu-
geordnet sind, wobei die Berechnung umfasst:

Erhöhen des Wahrscheinlichkeitswertes in
Antwort auf die Richtung, in die die Augen
des Benutzers auf die elektronische Vor-
richtung gerichtet sind, wenn die erste ge-
sprochene Benutzereingabe empfangen
wurde, und
Verringern des Wahrscheinlichkeitswertes
in Antwort auf die Richtung, in die die Augen
des Benutzers von der elektronischen Vor-
richtung weg gerichtet sind, wenn die erste
gesprochene Benutzereingabe empfangen
wurde;

Vergleichen des Wahrscheinlichkeitswertes mit
einem Schwellenwert;
gemäß einer Bestimmung, dass der Wahr-
scheinlichkeitswert größer als der Schwellen-
wert ist, Bestimmen (310), auf die erste gespro-
chene Benutzereingabe zu antworten; und
gemäß einer Bestimmung, dass der Wahr-
scheinlichkeitswert kleiner als der Schwellen-
wert ist, Bestimmen (310), nicht auf die erste
gesprochene Benutzereingabe zu antworten;
in Antwort auf das Bestimmen, auf die erste ge-
sprochene Benutzereingabe zu antworten:

Erzeugen (312) einer Antwort auf die erste
gesprochene Benutzereingabe; und
Überwachen der Audioeingabe, um eine
zweite gesprochene Benutzereingabe zu
identifizieren; und

In Antwort auf das Bestimmen, nicht auf die ers-
te gesprochene Benutzereingabe zu antworten:
Überwachen der Audioeingabe, um die zweite
gesprochene Benutzereingabe zu identifizie-
ren, ohne die Antwort auf die erste gesprochene
Benutzereingabe zu erzeugen.

2. Verfahren nach Anspruch 1, wobei das Bestimmen,
ob auf die erste gesprochene Benutzereingabe ba-
sierend auf Kontextinformationen, die der ersten ge-
sprochenen Benutzereingabe zugeordnet sind, ge-
antwortet werden soll, ein Identifizieren eines oder
mehrerer vorgegebener Wörter zu Beginn der ersten
gesprochenen Benutzereingabe ausschließt.

3. Verfahren nach Anspruch 1, wobei das Bestimmen,
ob auf die erste gesprochene Benutzereingabe ba-
sierend auf Kontextinformationen, die der ersten ge-
sprochenen Benutzereingabe zugeordnet sind, ge-
antwortet werden soll, ein Identifizieren einer physi-

49 50 



EP 3 321 928 B1

27

5

10

15

20

25

30

35

40

45

50

55

schen oder virtuellen Tasteneingabe vor dem Emp-
fangen der ersten gesprochenen Benutzereingabe
ausschließt.

4. Verfahren nach Anspruch 1, wobei die Kontextinfor-
mationen eine verstrichene Zeit zwischen dem Emp-
fangen der ersten gesprochenen Benutzereingabe
und einer vorherigen Benutzereingabe umfassen,
und wobei das Berechnen, basierend auf Kontext-
informationen, des Wahrscheinlichkeitswertes da-
für, dass der virtuelle Assistent auf die erste gespro-
chene Benutzereingabe antworten sollte, umfasst:

Verringern des Wahrscheinlichkeitswertes in
Antwort darauf, dass ein Wert der verstrichenen
Zeit größer als eine Schwellendauer ist; und
Erhöhen des Wahrscheinlichkeitswertes in Ant-
wort darauf, dass der Wert der verstrichenen
Zeit kleiner als die Schwellendauer ist.

5. Verfahren nach einem der Ansprüche 1 und 4, wobei
die Kontextinformationen einen Abstand zwischen
einem Benutzer und der elektronischen Vorrichtung
umfassen, wenn die erste gesprochene Benutzer-
eingabe empfangen wurde, und wobei das Berech-
nen, basierend auf Kontextinformationen, des Wahr-
scheinlichkeitswertes dafür, dass der virtuelle Assis-
tent auf die erste gesprochene Benutzereingabe ant-
worten sollte, umfasst:

Verringern des Wahrscheinlichkeitswertes in
Antwort darauf, dass die Entfernung größer als
eine Schwellenentfernung ist; und
Erhöhen des Wahrscheinlichkeitswertes in Ant-
wort darauf, dass die Entfernung kleiner als die
Schwellenentfernung ist.

6. Verfahren nach einem der Ansprüche 1-5, wobei die
Kontextinformationen eine semantische Beziehung
zwischen der ersten gesprochenen Benutzereinga-
be und der vorherigen gesprochenen Benutzerein-
gabe umfassen, und wobei das Berechnen, basie-
rend auf Kontextinformationen, des Wahrscheinlich-
keitswertes dafür, dass der virtuelle Assistent auf die
erste gesprochene Benutzereingabe antworten soll-
te, umfasst:

Erhöhen des Wahrscheinlichkeitswertes in Ant-
wort darauf, dass ein Wert der semantischen
Beziehung, der größer als ein semantischer
Schwellenwert für gesprochene Benutzereinga-
ben ist; und
Verringern des Wahrscheinlichkeitswertes in
Antwort darauf, dass der Wert der semantischen
Beziehung kleiner als der semantische Schwel-
lenwert der gesprochenen Benutzereingabe ist.

7. Verfahren nach einem der Ansprüche 1-6, wobei die

Kontextinformationen eine Identifizierung eines
Sprechers der ersten gesprochenen Benutzereinga-
be umfassen.

8. Verfahren nach einem der Ansprüche 1-7, wobei die
Kontextinformationen eine semantische Beziehung
zwischen der ersten gesprochenen Benutzereinga-
be und dem Inhalt umfassen, der durch die elektro-
nische Vorrichtung angezeigt wird, wenn die erste
gesprochene Benutzereingabe empfangen wurde,
und wobei das Berechnen, basierend auf Kontext-
informationen, des Wahrscheinlichkeitswertes da-
für, dass der virtuelle Assistent auf die erste gespro-
chene Benutzereingabe antworten sollte, umfasst:

Erhöhen des Wahrscheinlichkeitswertes in Ant-
wort darauf, dass ein Wert der semantischen
Beziehung, der größer als ein semantischer In-
haltsschwellenwert ist; und
Verringern des Wahrscheinlichkeitswertes in
Antwort darauf, dass der Wert der semantischen
Beziehung kleiner als der semantische Inhalts-
schwellenwert ist.

9. Verfahren nach einem der Ansprüche 1-8, wobei die
Kontextinformationen eine Geste umfassen, die von
dem Benutzer ausgeführt wird, wenn die erste ge-
sprochene Benutzereingabe empfangen wurde, und
wobei das Berechnen, basierend auf Kontextinfor-
mationen, des Wahrscheinlichkeitswertes dafür,
dass der virtuelle Assistent auf die erste gesproche-
ne Benutzereingabe antworten sollte, umfasst:

Erhöhen des Wahrscheinlichkeitswertes in Ant-
wort darauf, dass die Geste eine von einer vor-
bestimmten Gruppe von Gesten ist; und
Verringern des Wahrscheinlichkeitswertes in
Antwort darauf, dass die Geste nicht zu den vor-
gegebenen Gesten gehört.

10. Computerlesbares Medium, umfassend Anweisun-
gen, die einen Prozessor veranlassen, das Verfah-
ren nach einem der Ansprüche 1-9 durchzuführen.

11. System, umfassend:

einen oder mehrere Prozessoren;
Speicher; und
ein oder mehrere Programme, wobei das eine
oder die mehreren Programme in dem Speicher
gespeichert und konfiguriert sind, um von einem
oder mehreren Prozessoren ausgeführt zu wer-
den, wobei das eine oder die mehreren Pro-
gramme Anweisungen beinhalten, die den ei-
nen oder die mehreren Prozessoren veranlas-
sen, das Verfahren nach einem der Ansprüche
1-9 durchzuführen.
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Revendications

1. Un procédé de mise en œuvre d’un assistant virtuel
sur un dispositif électronique, le procédé
comprenant :

la réception (302) d’une entrée audio sur le dis-
positif électronique ;
la surveillance (304) de l’entrée audio pour iden-
tifier une première entrée utilisateur parlée ;
l’identification (306) de la première entrée utili-
sateur parlée dans l’entrée audio ;
la détermination (308), sur la base d’informa-
tions contextuelles associées à la première en-
trée utilisateur parlée, s’il y a lieu ou non de ré-
pondre à la première entrée utilisateur parlée,
les informations contextuelles comprenant une
direction des yeux de l’utilisateur au moment où
a été reçue la première entrée utilisateur parlée,
la détermination comprenant :

le calcul d’un score de probabilité que l’as-
sistant virtuel doive répondre à la première
entrée utilisateur parlée sur la base des in-
formations contextuelles associés à la pre-
mière entrée utilisateur parlée, le calcul
comprenant :

l’augmentation du score de probabilité
en réponse au fait que la direction des
yeux de l’utilisateur était tournée vers
le dispositif électronique lorsqu’avait
été reçue la première entrée utilisateur
parlée, et
la réduction du score de probabilité en
réponse au fait que la direction des
yeux de l’utilisateur était détournée du
dispositif électronique lorsqu’avait été
reçue la première entrée utilisateur
parlée ;

la comparaison du score de probabilité à
une valeur de seuil ;
sur détermination que le score de probabi-
lité est supérieur à la valeur de seuil, la dé-
termination (310) de répondre à la première
entrée utilisateur parlée ; et
sur détermination que le score de probabi-
lité est inférieur à la valeur de seuil, la dé-
termination (310) de ne pas répondre à la
première entrée utilisateur parlée ;
en réponse à la détermination de répondre
à la première entrée utilisateur parlée :

la génération (312) d’une réponse à la
première entrée utilisateur parlée ; et
la surveillance de l’entrée audio pour
identifier une seconde entrée utilisa-

teur parlée ; et

en réponse à la détermination de ne pas
répondre à la première entrée utilisateur
parlée :
la surveillance de l’entrée audio pour iden-
tifier la seconde entrée utilisateur parlée
sans génération de la réponse à la première
entrée utilisateur parlée.

2. Le procédé de la revendication 1, dans lequel la dé-
termination s’il y a ou non lieu de répondre à la pre-
mière entrée utilisateur parlée sur la base d’informa-
tions contextuelles associées à la première entrée
utilisateur parlée exclut l’identification d’un ou plu-
sieurs mots prédéterminés au début de la première
entrée utilisateur parlée.

3. Le procédé de la revendication 1, dans lequel la dé-
termination s’il y a lieu ou non de répondre à la pre-
mière entrée utilisateur parlée sur la base d’informa-
tions contextuelles associées à la première entrée
utilisateur parlée exclut l’identification d’une entrée
par bouton physique ou virtuel avant réception de la
première entrée utilisateur parlée.

4. Le procédé de la revendication 1, dans lequel les
informations contextuelles comprennent un temps
écoulé entre la réception de la première entrée uti-
lisateur parlée et une précédente entrée utilisateur,
et dans lequel le calcul du score de probabilité que
l’assistant virtuel doive répondre à la première entrée
utilisateur parlée sur la base des informations de
contexte comprend :

la réduction du score de probabilité en réponse
au fait qu’une valeur du temps écoulé est supé-
rieure à une durée de seuil ; et
l’augmentation du score de probabilité en répon-
se au fait que la valeur du temps écoulé est in-
férieure à la durée de seuil.

5. Le procédé de l’une des revendications 1 et 4, dans
lequel les informations contextuelles comprennent
une distance entre un utilisateur et le dispositif élec-
tronique au moment où avait été reçue la première
entrée utilisateur parlée, et dans lequel le calcul du
score de probabilité que l’assistant virtuel doive ré-
pondre à la première entrée utilisateur parlée sur la
base d’informations de contexte comprend :

la réduction du score de probabilité en réponse
au fait que la distance est supérieure à un seuil
de distance ; et
l’augmentation du score de probabilité en répon-
se au fait que la distance est inférieure au seuil
de distance.
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6. Le procédé de l’une des revendications 1 à 5, dans
lequel les informations de contexte comprennent
une relation sémantique entre la première entrée uti-
lisateur parlée et la précédente entrée utilisateur par-
lée, et dans lequel le calcul du score de probabilité
que l’assistant virtuel doive répondre à la première
entrée utilisateur parlée sur la base des informations
de contexte comprend :

l’augmentation du score de probabilité en répon-
se au fait qu’une valeur de la relation sémanti-
que est supérieure à une valeur de seuil séman-
tique d’entrée utilisateur parlée ; et
la réduction du score de probabilité en réponse
au fait que la valeur de la relation sémantique
est inférieure à la valeur de seuil sémantique
d’entrée utilisateur parlée.

7. Le procédé de l’une des revendications 1 à 6, dans
lequel les informations de contexte comprennent
une identification d’un locuteur de la première entrée
utilisateur parlée.

8. Le procédé de l’une des revendications 1 à 7, dans
lequel l’information contextuelle comprend une rela-
tion sémantique entre la première entrée utilisateur
parlée et un contenu affiché par le dispositif électro-
nique au moment où la première entrée utilisateur
parlée a été reçue, et dans lequel le calcul du score
de probabilité que l’assistant virtuel doive répondre
à la première entrée utilisateur parlée sur la base
d’information contextuelle comprend :

l’augmentation du score de probabilité en répon-
se au fait qu’une valeur de la relation sémanti-
que est supérieure à une valeur de seuil séman-
tique de contenu ; et
la réduction du score de probabilité en réponse
au fait que la valeur de la relation sémantique
est inférieure à la valeur de seuil sémantique de
contenu.

9. Le procédé de l’une des revendications 1 à 8, dans
lequel l’information contextuelle comprend l’exécu-
tion d’un geste par l’utilisateur au moment où la pre-
mière entrée utilisateur parlée a été reçue, et dans
lequel le calcul du score de probabilité que l’assistant
virtuel doive répondre à la première entrée utilisateur
parlée sur la base d’information de contexte
comprend :

l’augmentation du score de probabilité en répon-
se au fait que le geste est l’un des gestes d’un
ensemble prédéterminé de gestes ; et
la réduction du score de probabilité en réponse
au fait que le geste n’est pas l’un des gestes de
l’ensemble prédéterminé de gestes.

10. Un support lisible par calculateur comprenant des
instructions aptes à faire en sorte qu’un processeur
mette en œuvre le procédé de l’une des revendica-
tions 1 à 9.

11. Un système comprenant :

un ou plusieurs processeurs ;
une mémoire ; et
un ou plusieurs programmes, les un ou plusieurs
programmes étant stockés dans la mémoire et
étant configurés pour être exécutés par les un
ou plusieurs processeurs, les un ou plusieurs
programmes comprenant des instructions qui
font en sorte que les un ou plusieurs proces-
seurs mettent en œuvre le procédé de l’une des
revendications 1 à 9.
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