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INTELLIGENT SOFTWARE AGENT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of United States Provisional Application No.
62/361,160 filed on July 12, 2016 and entitled “Intelligent Software Agent,” which is

incorporated herein in its entirety by reference.

TECHNICAL FIELD
[0002] The application relates generally to intelligent software agents.

BACKGROUND
[0003] Intelligent software agents can perform actions on behalf of a user. Actions can be
performed in response to a natural-language user input, such as a sentence spoken by the user.
In some circumstances, an action taken by an intelligent software agent may not match the

action that the user intended.

SUMMARY
[0004] One aspect of the disclosed embodiments is a system. The system includes a
microphone configured to receive an audio input, a camera configured to obtain one or more
images, and one or more processors. The one or more processors are configured to perform a
first action in response to the audio input, identify information representing a facial
expression in the one or more images, determine whether the identified information
representing the facial expression corresponds to a first reaction or a second reaction to the
performing of the first action in response to the audio input, and in accordance with a
determination that the identified information representing the facial expression corresponds to
the second reaction, perform a second action different from the first action.
[0005] Another aspect of the disclosed embodiments is a method. The method includes
obtaining, by a microphone, an audio input, and obtaining, by a camera, one or more images.
The method also includes performing, by one or more processors, a first action in response to
the audio input, and identifying, by the one or more processors, information representing a
facial expression in the one or more images. The method also includes determining, by the
one or more processors, whether the identified information representing the facial expression
corresponds to a first reaction or a second reaction to the performing of the first action in

response to the command input, and in accordance with a determination that the identified
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information representing the facial expression corresponds to the second reaction, performing
a second action different from the first action.

[0006] Another aspect of the disclosed embodiments is a non-transitory computer-
readable storage device including program instructions executable by one or more processors.
The program instructions, when executed, cause the one or more processors to perform
operations. The operations include obtaining, from a microphone, an audio input, and
obtaining, from a camera, one or more images. The operations also include performing a first
action in response to the audio input, and identifying information representing a facial
expression in the one or more images. The operations also include determining whether the
identified information representing the facial expression corresponds to a first reaction or a
second reaction to the performing of the first action in response to the audio input, in
accordance with a determination that the identified information representing the facial
expression corresponds to the second reaction, performing a second action different from the
first action, and in accordance with a determination that the identified information
representing the facial expression corresponds to the first reaction, forgo performing the

second action.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] FIG. 1is an illustration showing an exemplary environment.
[0008] FIG. 2 is an illustration showing an exemplary system.
[0009] FIG. 3 is an illustration showing analysis and classification of expression signals.
[0010] FIG. 4 is a flowchart showing an exemplary process.
[0011] FIG. 5 is a flowchart showing an exemplary process.
[0012] FIG. 61s a flowchart showing an exemplary process.
[0013] FIG. 7is a flowchart showing an exemplary process.
[0014] FIG. 8 is an illustration showing an exemplary hardware configuration for a

controller.

DETAILED DESCRIPTION
[0015] FIG. 1 shows an environment 100 in which an exemplary system 102 having an
intelligent software agent may be utilized. The system 102 is operable to receive a command
input from a user 104. The command input may be expressed in natural language, such as a
sentence that expresses an intention. The system 102 interprets the command input, and

determines an inferred intention. The inferred intention may represent an action that the
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system 102 is able to take on the user’s behalf. Thus, the system 102 may perform the action
represented by the inferred intention.

[0016] In some embodiments, the command input is a speech input. The speech input may
be signals and/or data that represent an utterance such as a spoken word, phrase, or sentence.
The system 102 may receive an audio input signal that includes the speech input from an
audio input device such as a microphone 106. In some embodiments, the command input is a
text input. The system 102 may receive the text input from an input device such a physical
keyboard or an on-screen keyboard. In some embodiments, the command input is expressed
in a non-spoken language. As an example, the command input may be expressed in a sign
language, such as American Sign Language. The non-spoken command input may be
received by the system 102 using a visual input device that is operable to output one or more
images, such as a video camera 108. A field of view 110 of the video camera 108 may be
oriented to capture images representing a portion of the body of the user 104, such as the
user’s face and/or the user’s hands.

[0017] FIG. 2 shows components of the system 102. In the illustrated embodiment, a
command input 220 is received as an input at a command analyzer 222. The command
analyzer 222 may be a software module that is operable to analyze the command input 220,
identify one or more portions of the command input 220 that can be converted into text or
tokens, such as spoken or non-spoken language, and convert the command input into a form
that can be understood by other components of the system 102, such as text or tokens. In
some embodiments, the command analyzer 222 is a text-to speech convertor that converts a
speech input into text. Many suitable methods are known for converting speech inputs into
text, such as Hidden Markov Models and deep feedforward neural networks. In some
embodiments, the speech analyzer provides the speech input converted into words or tokens
as an output. In some embodiments, the command analyzer 222 utilizes machine-vision
techniques to perceive non-spoken communication in an image or a series of images such as
video frames, and provides the non-spoken command input converted into words or tokens as
an output. In implementations where the command input 220 is a text input, no action may
be needed by the command analyzer 222.

[0018] The system 102 includes an intention analyzer 224 that receives the command input
subsequent to conversion by the command analyzer 222. The command input 220 may be
received by the intention analyzer 224 as a text-based input. The intention analyzer 224 is
operable to determine a user intention based on the command input and to select an action to

be performed in response to the command input.
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[0019] In some embodiments, the intention analyzer 224 identifies a relationship between
the command input 220 and an action that can be performed by the system 102.
Relationships between the command input 220 and actions can be identified using previously
stored information. In some embodiments, the system 102 includes a storage device 226
where this and other items of information may be stored. In some embodiments, the intention
analyzer 224 determines the user intention and/or selects the action by identifying a semantic
relationship model that defines a relationship between the command input 220 and the action.
[0020] In a simple example, the intention analyzer 224 identifies the relationship between
the command input and the action based on the presence of one or more words or tokens in
the command input. In some embodiments, at least some of the words or tokens are
classified into categories, and these categories are used to identify the relationship between
the words or tokens and the action. In some embodiments, relationships between the
command input and the actions are identified using an ontology that represents actions that
can be performed by the system 102 and relates those actions to properties that may be
present in the command input 220.

[0021] In some embodiments, the intention analyzer 224 attempts to identify user
intentions that are related to actions that can be performed by the system 102. These user
intentions are typically represented in the command input by a word or by a series of words.
Thus, the intention analyzer 224 may identify actions based on a relationship between the
command input 220 and the actions. In some embodiments, this identification is performed
using previously stored information that defines sematic relationships between command
inputs or portions of command inputs and actions, such as the ontology.

[0022] Each semantic relationship may have a strength that describes how weak or strong
the relationship between the command input 220 and the user intention or action is. As an
example, the strength of each semantic relationship may be expressed as a probability that a
particular command input corresponds to a particular user intention or action to be performed.
Semantic relationships may be strengthened or weakened by information received by the
system, such as feedback information received after performing the action, as will be
described herein.

[0023] The system 102 may include an action processor 228. The action processor 228 is
operable to perform actions, such as by performing a first action in response to the command
input. In some embodiments, the action processor receives information from the intention
analyzer 224 that identifies an action to be performed. In response to receiving this

information, the action processor 228 determines how to cause the desired action to be
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performed. The action processor 228 may cause the desired action may be performed by the
system 102. As an example, the system 102 may be able to answer a question using
information previously stored at the storage device 226. The action processor 228 may cause
the desired action to be performed by an external service 230 that is accessed, for example,
using an application programming interface (API). As examples, the external services 230
may include messaging, telephony, and calendar services.

[0024] The output unit 232 is operable to create a message for communication to the user
and to communicate the message as output 234. As an example, the output 234 may be a
message that responds to the command input by announcing, in the form or text or audible
synthesized speech, the action that will be performed by the system 102 in response to the
command input 220.

[0025] To receive feedback from the user without prompting the user, the system 102 may
include an expression analyzer 242 and a classifier 244. A video input 240 is received as an
input by the expression analyzer 242. The video input 240 may be obtained, for example
from a video input device such as the video camera 108. The video input 240 may be, as
examples, a portion of an image, an image, or a sequence of images.

[0026] The expression analyzer 242 may use facial recognition techniques to identify a
human face in the video input 240, and to determine the identity of the user based on
information that is, for example, accessed from the storage device 226. By determining the
identity of the user, the expression analyzer 242 and/or other portions of the system 102 may
access information associated with the user, such as a user profile.

[0027] The expression analyzer 242 is operable to recognize shapes and/or movement
patterns in the video input 240 that correspond to portions of facial expressions. As an
example, the face image in the video input 240 may be analyzed to determine whether
particular muscles or muscle groups are activated by identifying shapes or motions that are
associated with activation of a particular muscle or muscle group. Each of these shapes or
movement patterns may be used by the expression analyzer to set or modify the strength of a
signal that corresponds to a particular type or aspect of facial expression, and may be referred
to herein as a facial expression signal. Since aspects of the face image in the video input 240
may correspond to multiple types of facial expressions, the expression analyzer 242 may
output multiple facial expression signals each having a signal strength corresponding to a
degree to which a particular type of facial expression is present in the video input 240. In
some embodiments, the expression analyzer 242 utilizes automated emotion recognition

techniques. In some embodiments, automated emotion recognition techniques may be
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implemented using a taxonomy of human facial movements categorized by their appearance
on the face, such as the Facial Action Coding System.

[0028] The classification may represent a current reaction or emotional state of the user.
The classification may be determined by comparing the facial expression signals output by
the classifier 244 with information that is based on previously observed facial expression
signals and known states. In some embodiments, machine-learning techniques are utilized to
classify the facial expression signals. As examples, the classifier 244 may be implemented
using a neural network, a deep neural network, or a support vector machine.

[0029] The classifier 244 may be operable to determine a current emotional state for the
user. In some embodiments, the current emotional state determined by the classifier 244 is
associated with a metric that describes a probability that the emotional state determined by
the classifier 244 correctly represents the user’s current emotional state. In other
embodiments, the current emotional state determined by the classifier 244 is associated with a
metric that describes a degree to which the user is experiencing the emotional state
determined by the classifier 244.

[0030] In some embodiments, the system 102 determines a user reaction to the action
performed by the action processor 228 or to the output 234. The user reaction may be
represented by user reaction information. In some embodiments, the user reaction
information is used to classify the reaction by category, such as a positive or negative
reaction. In other embodiments, the user reaction information is expressed as one or more
metrics such as a probability that the user reaction corresponds to a certain state such as
positive or negative, or a degree to which the user is expressing the reaction. As used herein,
determining that a reaction is positive may include determining that a probability of a positive
reaction is above a threshold, and determining that a reaction is negative may include
determining that a probability of a negative reaction is above a threshold.

[0031] The user reaction may be determined by the classifier 244 in the manner described
with respect to determining the user’s emotional state. However, the user reaction is
measured during a time period that follows the action or output 234 of the system 102. In
some embodiments, the start of the time periods in which the system 102 starts measuring the
user reaction corresponds to the time at which the system 102 performs the action or the
output 234. Thus, the action or output 234 is used as a trigger that starts monitoring and/or
measuring of the user reaction.

[0032] The duration of the time period is chosen to represent the time in which the user

may be expressing a reaction to the action or the output 234. In some embodiments, the time
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period is a predetermined length of time. In some embodiments, the time period is
determined dynamically on a per-user basis based on previously observed reactions by the
user. Accordingly, monitoring and/or measuring of the user reaction may end a
predetermined time after performance of the action or the output 234 by the system 102.
[0033] In some embodiments, the classifier 244 may also be operable to analyze and
classify emotional responses present in the command input 220, whether in the form of audio,
video, or text, and the user reaction determined from the command input 220 may be utilized
in the same manner described with respect to the video input 240.

[0034] As shown in FIG. 3, aspects of the appearance of the user’s face may be categorized
according to a plurality of expression types 346 by the expression analyzer 242. The
expression types 346 may be classifications that describe positions and/or movements of the
user’s face and/or emotional states indicated by the positions and/or movements of the user’s
face. In the illustrated example, the expression types 346 are represented as EXP 1 through
EXP n. For each expression type, the expression analyzer 242 may output a respective facial
expression signal 348, which changes over time in accordance with movements of the user’s
face.

[0035] The classifier 244 receives the facial expression signals 348 from the expression
analyzer 242, as represented by p_1 through 1 nin FIG. 3. Using the facial expression
signals 348, the classifier determines a classification 352 for the user’s current facial
expression.

[0036] Normalizing 350 may optionally be applied to the facial expression signals 348
prior to determining the classification. Normalizing 350 may include applying a non-linear
normalization function. In some embodiments, the facial expression signals 348 may be
normalized relative to a baseline. In some embodiments, the baseline may be a global
baseline that is based on information obtained from other users’ facial expressions. In some
embodiments, the baseline may be user-specific, based in part or in whole on data obtained
from the user. In some embodiments, normalizing 350 may be performed by applying gain
values to the facial expression signals 348 from the expression analyzer 244, as represented
by values gain_1 through gain_n in FIG. 3. In some implementations, the gain values are
learned by the classifier 244 using machine learning techniques. In some implementations,
normalizing 350 also includes applying an offset value to each of the facial expression

signals.
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[0037] The classification 352 is determined by the classifier 244 using the facial expression
signals 348 subsequent to normalizing 350. The classification may be determined by the
classifier 244 by using the normalized facial expression signals as inputs to a comparison or a
model that is based on previously observed facial expression signals and known states, as
previously described.

[0038] It should be understood that the functions and components of the system 102 may
be implemented using multiple computing devices. In one embodiment, a first device
implements a front end user interface, receives inputs, and generates outputs, while
operations such as converting speech to text or selecting an action are performed using a
second device, which may be a remote device that is accessed using a network.

[0039] FIG. 4 shows an exemplary process 400. The process 400 may be performed, for
example, by the system 102. Operation 410 includes obtaining a command input from a user.
The command input may be obtained using an input device such as a keyboard, a
microphone, or a camera. In some embodiments, the command input may be a speech input
that is obtained from an audio input device such as the microphone 106. In some
embodiments, the command input is obtained by receiving information that represents the
command input, such as by a transmission over a network or by accessing the information
from a storage device.

[0040] In some embodiments, obtaining the command input in operation 410 further
comprises operation 412, in which the command input is converted into text, such as by
converting speech that is present in the audio input into text. Converting the command input
into text in operation 412 may be performed, for example, as described with respect to the
command analyzer 222.

[0041] Operation 420 includes selecting a first action based on the command input.
Operation 420 may be performed, for example, in the manner described with respect to the
intention analyzer 224.

[0042] In some embodiments, operation 420 further comprises identifying a user intention
in operation 422 based on the command input. Identifying a user intention may be
performed, for example, in the manner described with respect to the intention analyzer 224.
[0043] In some embodiments, operation 420 further comprises operation 424 and operation
426. In operation 424, one or more semantic relationship models are identified. The one or
more semantic relationship models define a relationship between the command input and one
or more actions. As an example, numerous semantic relationship models can be identified

that describe a relationship between the command input and actions. Each of these semantic
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relationship models may be associated with a strength, which defines a probability that the
command input represents a user intention to have the system 102 perform a particular action.
In operation 426, a first action is selected using the sematic relationship models. As an
example, the strongest (e.g., highest probability) semantic relationship model can be chosen
for use by the system, resulting in selection of the action associated with that semantic
relationship model being utilized as the first action.

[0044] In operation 430, the first action is performed in response to the command input.
Performing the first action may include automated performance of one or more tasks on
behalf of the user. The first action may be performed by the system 102 or by the external
service 230 as directed by the system 102. Operation 430 can be performed, for example, as
described with respect to the action processor 228.

[0045] FIG. 5 shows an exemplary process 500. Process 500 may be performed by the
system 102 subsequent to process 400, for example, in order to obtain feedback resulting
from performance of the first action in operation 430. In some embodiments, performance of
the action in operation 430 is utilized as a start time for obtaining feedback from the user,
since the system 102 is aware of the time at which the action is performed in operation 430.
[0046] Operation 510 includes obtaining a video input. As an example, the video input 240
may be received from a video input device such as the video camera 108.

[0047] Operation 520 includes identifying information representing a facial expression of
the user in the video input. Identifying information representing a facial expression may be
performed as described with respect the expression analyzer 242.

[0048] In some embodiments, operation 520 further comprises operation 522. In operation
522, the information representing the facial expression of the of the user in video input
includes a plurality of facial expression signals that each represent an aspect of the user’s
facial expression, and operation 522 includes normalizing the facial expression signals.
[0049] Operation 530 includes determining a user reaction. In some embodiments,
determining a user reaction can be performed by comparing the information representing the
facial expression of the user with stored information that describes relationships between
facial expressions and reactions. Operation 530 is performed using the information obtained
at operation 520 and optionally using the information obtained at operation 522. Operation
530 may utilize information that begins at a first time point when an action is performed by
the system 102, such as the action performed at operation 430. The information may include
a time period that extends over a predetermined time period that is static in duration or is

determined dynamically based on user behavior.

9.



WO 2018/013366 PCT/US2017/040358

[0050] In some embodiments, operation 530 further comprises operation 532. Operation
532 includes classifying the information representing the facial expressions of the user.
Classifying the facial expressions of the user can be performed, for example, as described
with respect to the classifier 244.

[0051] Operation 540 includes storing user reaction information that describes the user
reaction. As an example, the system 102 may store the user reaction information using the
storage device 226.

[0052] In some embodiments, process 500 includes operation 550. Operation 550 includes
taking action in response to the user reaction information. As an example, operation 550 may
include modifying an aspect of operation of the system 102 in response to the user’s facial
expressions. In some embodiments, modification of the system 102 performed in operation
550 may change the results generated by the process 400, such as by modifying the
information used by the intention analyzer 224 to select the action based on the command
input. This may cause the same user input to cause performance of a different action by the
system 102 during subsequent usage of the system 102 by the user, as a result of the feedback
information provided by the process 500.

[0053] As shown in the foregoing operations, by implementing the process 500, the system
102 may start monitoring a facial expression that is related to an action after performing the
action, and continue monitoring the facial expression that is related to the action after a
predetermined time period. The system 102 may then store and/or action on the information
obtained from the facial expression.

[0054] FIG. 6 shows an exemplary process 600. Process 600 may be performed, for
example, as part of or in lieu of taking action in response to the user reaction information in
operation 550 of process 500.

[0055] Operation 610 includes determining that the user reaction information indicates a
negative reaction. As explained with respect to the classifier 244, this can be performed by,
for example, classifying user reaction information based on known user reaction states that
were previously made available to the system 102, and may be expressed as a category or a
probability that the user’s reaction is a negative reaction.

[0056] Operation 620 includes identifying a second action based on the command input and
the user reaction information. The second action is identified in the same manner that the
first action was identified. However, the system 102 selects the second action with
knowledge that the first action was an incorrect response to the command input. In some

embodiments, the system 102 chooses an action that, at the time of selection of the first
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action, was ranked as being the second most likely user-intended action. In other
embodiments, the second action is selected in the manner described with respect to operation
426, but subsequent to modification of information used by the system 102 to select actions,
such as the semantic relationship models.

[0057] In some embodiments, the second action is identified in operation 620 based on a
second command input that is received from the user immediately after the system 102
performs the first action. The second command input may repeat a request that was present
in the first command input, either in identical phrasing or in modified phrasing. The request is
an expression of an intention for the system 102 to respond in a particular way. The request
may be expressed as a verbal command. There may be many different verbal commands that
can be formed to express the same intention, and these various expressions are considered the
same request. Thus, in some embodiments, a first command input represents a request, and a
second command input received from the user after the system performs the first action
represents the same request. The system 102 can determine that repetition of the request
indicates that the first action did not correspond to the user’s intention, and therefore is a
negative reaction. In response, to the second command input and the determination that
repetition of the request corresponds to a negative reaction, the system 102 can perform the
second action in response to the second command input.

[0058] In operation 630, the second action is performed by the system. To collect further
feedback information, the process 500 may be performed subsequent to performing the
second action to determine whether the second action was correct or incorrect.

[0059] In some embodiments, if the system 102 determines, at operation 610, that the
user’s reaction is a positive reaction, the system 102 may, in accordance with the
determination that the user reaction corresponds to a positive reaction, forgo performance of
the second action by omitting operations 620 and 630.

[0060] FIG. 7 shows an exemplary process 700. Process 700 may be performed, for
example, as part of or in lieu of taking action in response to the user reaction information in
operation 550 of process 500.

[0061] Operation 710 includes modifying a semantic relationship between the command
input and the action based on the user reaction information.

[0062] In some embodiments, operation 710 includes operation 712 and operation 714.
Operation 712 includes determining that the user reaction information indicates a negative

reaction and is similar to operation 620. In response to determining that the user reaction
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information indicates the negative reaction, operation 714 includes weakening the semantic
relationship model between the command input and the action.

[0063] In some embodiments, operation 710 includes operation 716 and operation 718.
Operation 716 includes determining that the user reaction information indicates a positive
reaction and is similar to operation 712 except that operation 712 tests for the opposite
reaction. In response to determining that the user reaction information indicates the positive
reaction, operation 718 includes strengthening the semantic relationship model between the
command input and the action.

[0064] FIG. 8 shows an exemplary hardware configuration for a controller 800 that may be
used to implement the system 102. The controller 800 may include a processor 810, memory
820, a storage device 830, one or more input devices 840, and one or more output devices
850. The controller 800 may include a bus 860 or a similar device to interconnect the
components for communication. The processor 810 is operable to execute computer program
instructions and perform operations described by the computer program instructions. As an
example, the processor 810 may be a conventional device such as a central processing unit.
The memory 820 may be a volatile, high-speed, short-term information storage device such
as a random-access memory module. The storage device 830 may be a non-volatile
information storage device such as a hard drive or a solid-state drive. The input devices 840
may include any type of human-machine interface such as buttons, switches, a keyboard, a
mouse, a touchscreen input device, a gestural input device, or an audio input device. The
output devices 850 may include any type of device operable to provide an indication to a user

regarding an operating state, such as a display screen or an audio output.
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CLAIMS

What is claimed is:

1. A system comprising;

a microphone configured to receive an audio input;
a camera configured to obtain one or more images; and
one or more processors configured to:

perform a first action in response to the audio input,

identify information representing a facial expression in the one or more
images,

determine whether the identified information representing the facial
expression corresponds to a first reaction or a second reaction to the performing of the
first action in response to the audio input, and

in accordance with a determination that the identified information representing
the facial expression corresponds to the second reaction, perform a second action

different from the first action.

2. The system of claim 1, wherein the one or more processors are configured to:
in accordance with a determination that the identified information corresponds to the

first reaction, forgo performance of the second action.

3. The system of claim 2, wherein the audio input represents a request, wherein the
microphone is configured to receive a second audio input, the second audio input comprises
the request, and wherein the one or more processors is configured to perform the second
action in response to the second audio input and the determination that the identified

information representing the facial expression corresponds to the second reaction.
4. The system of claims 1, wherein the one or more processors are further configured to:
analyze the audio input by obtaining a semantic relationship model that describes a

semantic relationship of the audio input and the first action.

5. The system of claim 4, wherein the one or more processors are further configured to:
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update the semantic relationship model using the identified information representing

the facial expression.

6. The system of claim 5, wherein the one or more processors are further configured to:
update the semantic relationship model to weaken the semantic relationship of the
audio input and the first action in accordance with a determination that the identified

information representing the facial expression corresponds to the second reaction.

7. The system of claim 5, wherein the one or more processors are further configured to:
update the semantic relationship model to strengthen the semantic relationship of the
audio input and the first action in accordance with a determination that the identified

information representing the facial expression corresponds to the first reaction.

8. A method, comprising:

obtaining, by a microphone, an audio input;

obtaining, by a camera, one or more images;

performing, by one or more processors, a first action in response to the audio input;

identifying, by the one or more processors, information representing a facial
expression in the one or more images;

determining, by the one or more processors, whether the identified information
representing the facial expression corresponds to a first reaction or a second reaction to the
performing of the first action in response to the audio input; and

in accordance with a determination that the identified information representing the
facial expression corresponds to the second reaction, performing a second action different

from the first action.

0. The method of claim 8, further comprising:
in accordance with a determination that the identified information representing the

facial expression corresponds to the first reaction, forgo performing the second action.

10. The method of claim 8, wherein the audio input represents a request, the method
further comprising:
obtaining, by the microphone, a second audio input, wherein the second audio input

comprises the request; and
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performing the second action in response to the second audio input and the
determination that the identified information representing the facial expression corresponds to

the second reaction.

1. The method of claim 8, further comprising:
selecting, by the one or more processors, the first action by identifying a semantic
relationship model that describes a semantic relationship of the audio input and the first

action.

12. The method of claim 11, further comprising:
updating, by the one or more processors, the semantic relationship model using the

identified information representing the facial expression.

13. The method of claim 12, wherein updating the semantic relationship model using the
identified information representing the facial expression comprises:

in accordance with a determination that the identified information representing the
facial expression corresponds to the second reaction, weakening the semantic relationship of

the audio input and the first action.

14.  The method of claim 12, wherein updating the semantic relationship model using the
identified information representing the facial expression comprises:

in accordance with a determination that the identified information representing the
facial expression corresponds to the first reaction, strengthening the semantic relationship of

the audio input and the first action.

15. A non-transitory computer-readable storage device including program instructions
executable by one or more processors that, when executed, cause the one or more processors
to perform operations, the operations comprising:

obtaining, from a microphone, an audio input;

obtaining, from a camera, one or more images;

performing a first action in response to the audio input;

identifying information representing a facial expression in the one or more images;
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determining whether the identified information representing the facial expression
corresponds to a first reaction or a second reaction to the performing of the first action in
response to the audio input;

in accordance with a determination that the identified information representing the
facial expression corresponds to the second reaction, performing a second action different
from the first action; and

in accordance with a determination that the identified information representing the

facial expression corresponds to the first reaction, forgo performing the second action.

16.  The non-transitory computer-readable storage device of claim 15, wherein the audio
input represents a request, the operations further comprising:

obtaining, by the microphone, a second audio input, wherein the second audio input
comprises the request; and

performing the second action in response to the second audio input and the
determination that the identified information representing the facial expression corresponds to

the second reaction.

17.  The non-transitory computer-readable storage device of claim 15, the operations
further comprising:

selecting, by the one or more processors, the first action by identifying a semantic
relationship model that describes a semantic relationship of the audio input and the first

action.

18.  The non-transitory computer-readable storage device of claim 15, the operations
further comprising:
updating, by the one or more processors, the semantic relationship model using the

identified information representing the facial expression.

19. The non-transitory computer-readable storage device of claim 18, wherein updating
the semantic relationship model using the identified information representing the facial
expression comprises:

in accordance with a determination that the identified information representing the
facial expression corresponds to the second reaction, weakening the semantic relationship of

the audio input and the first action.
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20. The non-transitory computer-readable storage device of claim 18, wherein updating
the semantic relationship model using the identified information representing the facial
expression comprises:

in accordance with a determination that the identified information representing the
facial expression corresponds to the first reaction, strengthening the semantic relationship of

the audio input and the first action.
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