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AUDIO RESPONSIVE DEVICE WITH PLAY/STOP AND TELL ME
SOMETHING BUTTONS

BACKGROUND

FIELD

[0001] This disclosure is generally directed to distributing the performance of speech
recognition among a remote control device and a voice platform in the cloud in order to
improve speech recognition and reduce power usage, network usage, memory usage, and
processing time. This disclosure is further directed to providing voice control in a media

streaming environment using multiple digital assistants.

BACKGROUND

[0002] Many remote control devices, including universal remote controls, audio
responsive remote controls, cell phones, and personal digital assistants (PDAs), to name
just a few examples, allow a user to remotely control various electronic devices and are
typically powered by a remote power supply, such as a battery or power cell. It is
desirable to maximize the time that a remote control device may operate before its power
supply must be replaced or recharged. But the functionality of and demands on remote
control devices have increased through the years.

[0003] For example, an audio responsive remote control device may receive voice input
from a user. The audio responsive remote control device may analyze the voice input to
recognize trigger words and commands. But the audio responsive remote control may
process the voice commands incorrectly because of the presence of background noise that
negatively impacts the ability of the audio responsive remote control to clearly receive
and recognize the voice command. This may prevent the audio responsive remote control
from performing the voice commands, or may cause the audio responsive remote control
to perform the incorrect voice commands.

[0004] In order to improve the recognition of the voice input, an audio responsive remote
control may require a faster processor and increased memory. But a faster processor and

increased memory may require greater power consumption, which results in greater
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power supply demands and reduced convenience and reliability because of the shorter
intervals required between replacing or recharging batteries.

[0005] In order to reduce power consumption, an audio responsive remote control device
may send the voice input to a voice service in the cloud for remote processing (rather than
processing locally). The voice service may then analyze the voice input to recognize
trigger words and commands. For example, rather than processing locally, an audio
responsive remote control device may send the voice input to a digital assistant at the
voice service which may analyze the voice input in order to recognize commands to be
performed. The digital assistant may use automated speech recognition and natural
language processing techniques to determine the task the user is intending to perform.
Because the digital assistant at the voice service analyzes the voice input, the audio
responsive remote control device may not require a faster processor and increased
memory.

[0006] But sending the voice input to a voice service in the cloud for remote processing
may increase network consumption, especially where the voice input is continuously
streamed to the voice service. Moreover, sending the voice input to a voice service in the
cloud may increase the response time for handling the voice input. For example, a user
may not be able to immediately issue a voice command to an audio responsive remote
control because high latency may be associated with sending the voice command to the
voice service. This lack of responsiveness may decrease user satisfaction.

[0007] Moreover, an audio responsive remote control device is typically configured to
work with a single digital assistant (e.g., at a voice service). But various types of digital
assistants have been developed through the years for understanding and performing
different types of tasks. Each of these digital assistants is often good at performing certain
types of tasks but poor at performing other types of tasks. For example, some digital
assistants understand general natural language requests from a user. Some digital
assistants are optimized for understanding requests from a user based on personal data
collected about the user. Some digital assistants are optimized for understanding requests
from a user based on location data.

[0008] A user often wants to use all of these various types of digital assistants. But
because an audio responsive remote control device is often configured to work with a

single digital assistant, a user may be forced to buy different audio responsive electronic
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devices that are configured to work with different digital assistants. This is often
prohibitively expensive for a user. Moreover, even if a user buys several different audio
responsive remote control device that are configured to work with different digital
assistants, there is no integration across the different digital assistants. Finally, a user may

often select a digital assistant that is not the best solution for a task.

SUMMARY

[0009] Provided herein are system, apparatus, article of manufacture, method and/or
computer program product embodiments, and/or combinations and sub-combinations
thereof, for distributing the performance of speech recognition between a remote control
device and a voice platform in the cloud. Some embodiments operate to detect a trigger
word in a voice input at a remote control device. The remote control device then
processes the voice input and transmits the voice input to a voice platform in order to
determine an intent associated with the voice input.

[0010] While embodiments are described with respect to the example of performing
speech recognition between an audio responsive remote control device and a voice
platform in the cloud in a media streaming environment, these embodiments are
applicable to the control of any electronic devices in any environment.

[0011] Also described herein are embodiments for providing voice control in a media
streaming environment using multiple digital assistants. Some embodiments operate to
select a digital assistant from a plurality of digital assistants based on a trigger word.
Some embodiments generate an intent from the voice input using the selected digital
assistant.

[0012] While embodiments are described with respect to the example of providing voice
control of a media device using multiple digital assistants, these embodiments are
applicable to the control of any electronic devices in any environment.

[0013] Also described herein are embodiments for an audio responsive electronic device.
The audio responsive electronic device includes a data storage having stored therein an
intent queue. Intents are stored in the intent queue. The audio responsive electronic device
operates by receiving an indication that a user pressed the play/stop button. The audio
responsive electronic device retrieves from the intent queue an intent last stored in the

queue, wherein the retrieved intent is associated with content previously paused. The
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audio responsive electronic device also retrieves from the intent queue state information
associated with the paused content, and then causes content to be played based on at least
the paused content and the state information.

[0014] In some embodiments, the audio responsive electronic device receives an
indication that a user selected tell me something functionality. In response, the audio
responsive electronic device determines an identity of the user, determines a location
of the identified user, and accesses information relating to the identified user. Based on
this information, the audio responsive electronic device retrieves a topic from a topic
database, and customizes the retrieved topic for the identified user. Then, the audio
responsive electronic device audibly provides the customized topic to the identified user.

[0015] This Summary is provided merely for purposes of illustrating some example
embodiments to provide an understanding of the subject matter described herein.
Accordingly, the above-described features are merely examples and should not be
construed to narrow the scope or spirit of the subject matter in this disclosure. Other
features, aspects, and advantages of this disclosure will become apparent from the

following Detailed Description, Figures, and Claims.

BRIEF DESCRIPTION OF THE FIGURES

[0016] The accompanying drawings are incorporated herein and form a part of the
specification.
[0017] FIG. 1 illustrates a block diagram of a data processing system that includes an

audio responsive electronic device, according to some embodiments.

[0018] FIG. 2 illustrates a block diagram of a microphone array having a plurality of
microphones, shown oriented relative to a display device and a user, according to some
embodiments.

[0019] FIG. 3 illustrates a method for enhancing audio from a user and de-enhancing
audio from a display device and/or other noise sources, according to some embodiments.

[0020] FIG. 4 illustrates a method for de-enhancing audio from a display device and/or
other noise sources, according to some embodiments.

[0021] FIG. 5 illustrates a method for intelligently placing a display device in a standby

mode, according to some embodiments.
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[0022] FIG. 6 illustrates a method for intelligently placing an audio remote control in a
standby mode, according to some embodiments.
[0023] FIG. 7 illustrates a method for performing intelligent transmission from a display

device to an audio remote control, according to some embodiments.

[0024] FIG. 8 illustrates a method for enhancing audio from a user, according to some
embodiments.
[0025] FIG. 9 illustrates an example application programming interface (API) that

includes a library of example commands for controlling visual indicators of an audio
responsive electronic device, according to some embodiments.

[0026] FIG. 10 illustrates a method in an audio responsive electronic device for providing
to users visual indicators from computing entities / devices that are non-native to the
audio responsive electronic device, according to some embodiments.

[0027] FIG. 11 illustrates a block diagram of a voice platform that analyzes voice input
from an audio responsive electronic device, according to some embodiments.

[0028] FIG. 12 illustrates a method for performing speech recognition for a digital
assistant, according to some embodiments.

[0029] FIG. 13 illustrates a method for performing speech recognition for multiple digital
assistants, according to some embodiments.

[0030] FIG. 14 illustrates an audio responsive electronic device having a play/stop button
and a tell me something button, according to some embodiments.

[0031] FIGS. 15 and 16 illustrate flowcharts for controlling an audio responsive
electronic device using a play/stop button, according to some embodiments.

[0032] FIG. 17 illustrates a flowchart for controlling an audio responsive electronic

device using a tell me something button, according to some embodiments.

[0033] FIG. 18 is an example computer system useful for implementing various
embodiments.
[0034] In the drawings, like reference numbers generally indicate identical or similar

elements. Additionally, generally, the left-most digit(s) of a reference number identifies

the drawing in which the reference number first appears.
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DETAILED DESCRIPTION

[0035] FIG. 1 illustrates a block diagram of a data processing system 102, according to
some embodiments. In a non-limiting example, data processing system 102 is a media or
home electronics system 102.

[0036] The media system 102 may include a display device 104 (e.g. monitors,
televisions, computers, phones, tablets, projectors, etc.) and a media device 114 (e.g.
streaming devices, multimedia devices, audio/video playback devices, etc.). In some
embodiments, the media device 114 can be a part of, integrated with, operatively coupled
to, and/or connected to display device 104. The media device 114 can be configured to
communicate with network 118. In various embodiments, the network 118 can include,
without limitation, wired and/or wireless intranet, extranet, Internet, cellular, Bluetooth
and/or any other local, short range, ad hoc, regional, global communications network, as
well as any combination thereof.

[0037] The media system 102 also includes one or more content sources 120 (also called
content servers 120). Content sources 120 may each store music, videos, movies, TV
programs, multimedia, images, still pictures, text, graphics, gaming applications,
advertisements, software, and/or any other content in electronic form.

[0038] The media system 102 may include a user 136 and a remote control 138. Remote
control 138 can be any component, part, apparatus or method for controlling media
device 114 and/or display device 104, such as a remote control, a tablet, laptop computer,
smartphone, on-screen controls, integrated control buttons, or any combination thereof, to
name just a few examples.

[0039] The media system 102 may also include an audio responsive electronic device
122. In some embodiments herein, the audio responsive electronic device 122 is an audio
remote control device. Audio responsive electronic device 122 may receive audio
commands from user 136 or another source of audio commands (such as but not limited
to the audio of content ocutput by speaker(s) 108 of display device 104). Audio responsive
electronic device 122 may transmit control signals corresponding to such audio
commands to media device 114, display device 104, digital assistant(s) 180 and/or any
other component in system 102, to cause the media device 114, display device 104,
digital assistant(s) 180 and/or other component to operate according to the audio

commands.
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[0040] The display device 104 may include a display 106, speaker(s) 108, a control
module 110, transceiver 112, presence detector 150, and beam forming module 170.
Control module 110 may receive and respond to commands from media device 114,
remote control 138 and/or audio responsive electronic device 122 to control the operation
of display device 104, such as selecting a source, varying audio and/or video properties,
adjusting volume, powering on and off, to name just a few examples. Control module 110
may receive such commands via transceiver 112. Transceiver 112 may operate according
to any communication standard or technique, such as infrared, cellular, WIFI, Blue Tooth,
to name just a few examples. Transceiver 112 may comprise a plurality of transceivers.
The plurality of transceivers may transmit data using a plurality of antennas. For example,
the plurality of transceivers may use multiple input multiple output (MIMO) technology.

[0041] Presence detector 150 may detect the presence, or near presence of user 136.
Presence detector 150 may further determine a position of user 136. For example,
presence detector 150 may detect user 136 in a specific quadrant of a room such as a
living room. Beam forming module 170 may adjust a transmission pattern of transceiver
112 to establish and maintain a peer to peer wireless network connection to audio
responsive electronic device 122.

[0042] In some embodiments, presence detector 150 may be a motion sensor, or a
plurality of motion sensors. The motion sensor may be passive infrared (PIR) sensor that
detects motion based on body heat. The motion sensor may be passive sensor that detects
motion based on an interaction of radio waves (e.g., radio waves of the IEEE 802.11
standard) with a person. The motion sensor may be microwave motion sensor that detects
motion using radar. For example, the microwave motion sensor may detect motion
through the principle of Doppler radar. The motion sensor may be an ultrasonic motion
sensor. The motion sensor may be a tomographic motion sensor that detects motion by
sensing disturbances to radio waves as they pass from node to node in a wireless network.
The motion sensor may be video camera software that analyzes video from a video
camera to detect motion in a field of view. The motion sensor may be a sound sensor that
analyzes sound from a microphone to detect motion in the surrounding area. As would be
appreciated by a person of ordinary skill in the art, the motion sensor may be various
other types of sensors, and may use various other types of mechanisms for motion

detection or presence detection now known or developed in the future.
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[0043] In some embodiments, display device 104 may operate in standby mode. Standby
mode may be a low power mode. Standby mode may reduce power consumption
compared to leaving display device 104 fully on. Display device 104 may also exit
standby mode more quickly than a time to perform a full startup. Standby mode may
therefore reduce the time a user may have to wait before interacting with display device
104.

[0044] In some embodiments, display device 104 may operate in standby mode by
turning off one or more of display 106, speaker(s) 108, control module 110, and
transceiver 112. The turning off of these one or more components may reduce power
usage. In some embodiments, display device 104 may keep on control module 110 and
transceiver 112 in standby mode. This may allow display device 104 to receive input
from user 136, or another device, via control module 110 and exit standby mode. For
example, display device 104 may turn on display 104 and speaker(s) 108 upon exiting
standby mode.

[0045] In some embodiments, display device 104 may keep on presence detector 150 in
standby mode. Presence detector 150 may then monitor for the presence, or near
presence, of user 136 by display device 104. In some embodiments, presence detector 150
may cause display device 104 to exit standby mode when presence detector 150 detects
the presence, or near presence, of user 136 by display device 104. This is because the
presence of user 136 by display device 104 likely means user 136 will be interested in
viewing and issuing commands to display device 104.

[0046] In some embodiments, presence detector 150 may cause display device 104 to exit
standby mode when presence detector 150 detects user 136 in a specific location. In some
embodiments, presence detector 150 may be a passive infrared motion sensor that detects
motion at a certain distance and angle. In some other embodiments, presence detector 150
may be a passive sensor that detects motion at a certain distance and angle based on an
interaction of radio waves (e.g., radio waves of the IEEE 802.11 standard) with a person
(e.g., user 136). This determined distance and angle may indicate user 136 is in a specific
location. For example, presence detector 150 may detect user 136 being in a specific
quadrant of a room. Similarly, presence detector 150 may detect user 136 being directly
in front of display device 104. Determining user 136 is in a specific location may reduce

the number of times presence detector 150 may inadvertently cause display device 104 to
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exit standby mode. For example, presence detector 150 may not cause display device 104
to exit standby mode when user 136 is not directly in front of display device 104.

[0047] In some embodiments, presence detector 150 may monitor for the presence of user
136 by display device 104 when display device 104 is turned on. Display device 104 may
detect the lack of presence of user 136 by display device 104 at a current time using
presence detector 150. Display device 104 may then determine the difference between the
current time and a past time of a past user presence detection by presence detector 150.
Display device 104 may place itself in standby mode if the time difference is greater than
a period of time threshold. The period of time threshold may be user configured. In some
embodiments, display device 104 may prompt user 136 via display 106 and or speaker(s)
108 to confirm user 136 is still watching and or listening to display device 104. In some
embodiments, display device 104 may place itself in standby mode if user 136 does not
respond to the prompt in a period of time.

[0048] Media device 114 may include a control interface module 116 for sending and
receiving commands to/from display device 104, remote control 138 and/or audio
responsive electronic device 122.

[0049] In some embodiments, media device 114 may include one or more voice
adaptor(s) 196. In some embodiments, a voice adaptor 196 may interact with a digital
assistant 180 to process an intent for an application 194.

[0050] In some embodiments, a digital assistant 180 is an intelligent software agent that
performs tasks for user 136. In some embodiments, a digital assistant 180 may analyze
received voice input to determine an intent of user 136.

[0051] In some embodiments, media device 114 may include one or more application(s)
194. An application 194 may interact with a content source 120 over network 118 to
select content, such as a movie, TV show or song. As would be appreciated by a person of
ordinary skill in the art, an application 194 may also be referred to as a channel.

[0052] In operation, user 136 may use remote control 138 or audio responsive electronic
device 122 to interact with media device 114 to select content, such as a movie, TV show
or song. In some embodiments, user 136 may use remote control 138 or audio responsive
electronic device 122 to interact with an application 194 on media device 114 to select
content. Media device 114 requests the selected content from content source(s) 120 over

the network 118. In some embodiments, an application 194 requests the selected content
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from a content source 120. Content source(s) 120 transmits the requested content to
media device 114. In some embodiments, content source 120 transmits the requested
content to an application 194. Media device 114 transmits the content to display device
104 for playback using display 106 and/or speakers 108. User 136 may use remote
control 138 or audio responsive electronic device 122 to change settings of display device
104, such as changing the volume, the source, the channel, display and audio settings, to
name just a few examples.

[0053] In some embodiments, the user 136 may enter commands on remote control 138
by pressing buttons or using a touch screen on remote control 138, such as channel
up/down, volume up/down, play/pause/stop/rewind/fast forward, menu, up, down, left,

right, to name just a few examples.

Voice Control Enhancements for Digital Assistant Use

[0054] In some embodiments, the user 136 may also or alternatively enter commands
using audio responsive electronic device 122 by speaking a command. For example, to
increase the volume, the user 136 may say “Volume Up.” To change to the immediately
preceding channel, the user 136 may say “Channel down.”

[0055] In some embodiments, the user 136 may say a trigger word before saying
commands, to better enable the audio responsive electronic device 122 to distinguish
between commands and other spoken words. For example, the trigger word may be
“Command,” “Hey Roku,” or “Ok Google.” For example, to increase the volume, the user
136 may say “Command Volume Up.”

[0056] In some embodiments, audio responsive electronic device 122 may select a digital
assistant 180 from among a plurality of digital assistants 180 in voice platform 192 to
process voice commands. Each respective digital assistant 180 may have its own trigger
word and particular functionality. Audio responsive electronic device 122 may select a
digital assistant 180 based on a trigger word. Audio responsive electronic device 122 may
recognize one or more trigger words associated with the different digital assistants 180.

[0057] In some embodiments, the audio responsive electronic device 122 may include a
microphone array 124 comprising one or more microphones 126. The audio responsive
electronic device 122 may also include a user interface and command module 128,
transceiver 130, beam forming module 132, data storage 134, and presence detector 160.

The audio responsive electronic device 122 may further include visual indicators 182,
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speakers 190, and a processor or processing module 184 having an interface 186 and
database library 188, according to some embodiments (further described below). In some
embodiments, the library 188 may be stored in data storage 134.

[0058] In some embodiments, user interface and command module 128 may receive
audio input via microphone array 124. The audio input may be from user 136, display
device 104 (via speakers 108), or any other audio source in system 102. User interface
and command module 128 may analyze the received audio input to recognize trigger
words and commands, using any well-known signal recognition techniques, procedures,
technologies, etc. The user interface and command module 128 may generate command
signals compatible with display device 104 and/or media device 114 corresponding to the
recognized commands, and transmit such commands to display device 104 and/or media
device 114 via transceiver 130, to thereby cause display device 104 and/or media device
114 to operate according to the commands.

[0059] In some embodiments, user interface and command module 128 may transmit the
audio input (e.g., voice input) to digital assistant(s) 180 based on a recognized trigger
word. The user interface and command module 128 may transmit the audio input to
digital assistant(s) 180 via transceiver 130, to thereby cause digital assistant(s) 180 to
operate according to the audio input. Transceiver 130 may operate according to any
communication standard or technique, such as infrared, cellular, WIFI, Blue Tooth, to
name just a few examples. Audio responsive electronic device 122 may be powered by a
battery 140, or via an external power source 142 (such as AC power, for example).

[0060] In some embodiments, user interface and command module 128 may receive
voice input from a user 136 via microphone array 124. In some embodiments, user
interface and command module 128 may continuously receive voice input from a user
136.

[0061] In some embodiments, user interface and command module 128 may analyze the
voice input to recognize trigger words and commands, using any well-known signal
recognition techniques, procedures, technologies, etc. In some other embodiments, user
interface and command module 128 and a digital assistant 180 in voice platform 192 may
analyze the voice input to recognize trigger words and commands. This combined
local/remote analysis of the voice input by user interface and command module 128

(local) and digital assistant 180 (remote, or cloud) may improve the speech recognition of
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the voice input and reduce power usage, network usage, memory usage, and processing
time.

[0062] In some other embodiments, user interface and command module 128 may stream
the voice input to a digital assistant 180 in voice platform 192 via network 118. For
example, in some embodiments, user interface and command module 128 may stream the
voice input in response to audio responsive electronic device 122 receiving a push-to-talk
(PTT) command from a user 136. In this case, user interface and command module 128
may ignore analyzing the voice input to recognize trigger words because reception of the
PTT command indicates user 136 is inputting voice commands. Instead, digital assistant
180 in voice platform 192 may analyze the voice input to recognize the trigger words and
commands.

[0063] In some embodiments, user interface and command module 128 and a digital
assistant 180 in voice platform 192 may together analyze the voice input to recognize
trigger words and commands. For example, in some embodiments, user interface and
command module 128 may preprocess the voice input prior to sending the voice input to
a digital assistant 180 in voice platform 192. For example, in some embodiments, user
interface and command module 128 may perform one or more of echo cancellation,
trigger word detection, and noise cancellation on the voice input. In some embodiments, a
digital assistant 180 in voice platform 192 may analyze the preprocessed voice input to
determine an intent of a user 136. In some embodiments, an intent may represent a task,
goal, or outcome for user 136. For example, user 136 may say “Hey Roku, play jazz on
Pandora on my television.” In this case, digital assistant 180 may determine that the intent
of user 136 is to play jazz music on an application 194 (e.g., the Pandora application) on
display device 104.

[0064] In some embodiments, user interface and command module 128 may preprocess
the voice input using a Digital Signal Processor (DSP). This is because a DSP often has
better power efficiency than a general purpose microprocessor since it is designed and
optimized for digital signal processing (e.g., audio signal processing). In some other
embodiments, user interface and command module 128 may preprocess the voice input
using a general purpose microprocessor (e.g., an x86 architecture processor).

[0065] In some embodiments, user interface and command module 128 may perform

echo cancellation on the voice input. For example, user interface and command module
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128 may receive voice input via microphone array 124 from user 136 while loud music is
playing in the background (e.g., via speakers 108). This background noise may make it
difficult to clearly receive and recognize trigger words and commands in the voice input.
In some embodiments, user interface and command module 128 may perform echo
cancellation on the voice input to filter out background noise. In some embodiments, user
interface and command module 128 may perform echo cancellation on the voice input by
subtracting a background audio signal (e.g., the audio signal being output by media
system 102 via speakers 108) from the voice input received via microphone array 124. In
some embodiments, user interface and command module 128 may perform echo
cancellation on the voice input prior to performing trigger word detection. This may
enable user interface and command module 128 to more accurately recognize trigger
words and commands in the voice input.

[0066] In some embodiments, user interface and command module 128 may perform
trigger word detection on the voice input. In some embodiments, user interface and
command module 128 may continuously perform trigger word detection.

[0067] In some embodiments, a trigger word is a short word or saying that may cause
subsequent commands to be sent directly to a digital assistant 180 in voice platform 192.
A trigger word may enable user interface and command module 128 to distinguish
between commands and other spoken words from user 136. In other words, a trigger word
may cause user interface and command module 128 to establish a conversation between a
digital assistant 180 and a user 136. In some embodiments, a trigger word corresponds to
a particular digital assistant 180 in voice platform 192. In some embodiments, different
digital assistants 180 are associated with and respond to different trigger words.

[0068] In some embodiments, user interface and command module 128 may start a
conversation with a digital assistant 180 in voice platform 192 in response to detecting a
trigger word in the voice input. In some embodiments, user interface and command
module 128 may send the voice input to a digital assistant 180 for the duration of the
conversation. In some embodiments, user interface and command module 128 may stop
the conversation between the digital assistant 180 and user 136 in response to receiving a
stop intent in the voice input from user 136 (e.g., “Hey Roku, Stop”).

[0069] In some embodiments, user interface and command module 128 may perform

trigger word detection on the voice input using reduced processing capability and
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memory capacity. This is because there may be a small number of trigger words, and the
trigger words may be of short duration. For example, in some embodiments, user
interface and command module 128 may perform trigger word detection on the voice
input using a low power DSP.

[0070] In some embodiments, user interface and command module 128 may perform
trigger word detection for a single trigger word. For example, user interface and
command module 128 may perform speech recognition on the voice input and compare
the speech recognition result to the trigger word. If the speech recognition result is the
same, or substantially similar to the trigger word, user interface and command module
128 may stream the voice input to a digital assistant 180 in voice platform 192 that is
associated with the trigger word. This may reduce the amount of network transmission.
This is because user interface and command module 128 may avoid streaming the voice
input to a digital assistant 180 in voice platform 192 when the voice input does not
contain commands.

[0071] As would be appreciated by a person of ordinary skill in the art, user interface and
command module 128 may perform speech recognition on the voice input using any well-
known signal recognition techniques, procedures, technologies, etc.. Moreover, as would
be appreciated by a person of ordinary skill in the art, user interface and command
module 128 may compare the speech recognition result to the trigger word using various
well-known comparison techniques, procedures, technologies, etc.

[0072] In some other embodiments, user interface and command module 128 may
perform trigger word detection for multiple trigger words. For example, user interface and
command module 128 may perform trigger word detection for the trigger words “Hey
Roku” and “OK Google.” In some embodiments, different trigger words may correspond
to different digital assistants 180. This enables a user 136 to interact with different digital
assistants 180 using different trigger words. In some embodiments, user interface and
command module 128 may store the different trigger words in data storage 134 of the
audio responsive electronic device 122.

[0073] In some embodiments, user interface and command module 128 may perform
trigger word detection for multiple trigger words by performing speech recognition on the
voice input. In some embodiments, user interface and command module 128 may

compare the speech recognition result to the multiple trigger words in data storage 134. If
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the speech recognition result is the same or substantially similar to one of the trigger
words, user interface and command module 128 may stream the voice input from user
136 to a digital assistant 180 in voice platform 192 that is associated with the trigger
word.

[0074] In some other embodiments, user interface and command module 128 may send
the speech recognition result to a voice adaptor 196. In some other embodiments, user
interface and command module 128 may send the speech recognition result to multiple
voice adaptors 196 in parallel.

[0075] In some embodiments, a voice adaptor 196 may operate with a digital assistant
180. While voice adaptor(s) 196 are shown in media device 114, a person of ordinary
skill in the art would understand that voice adaptor(s) 196 may also operate on audio
responsive electronic device 122.

[0076] In some embodiments, a voice adaptor 196 may compare the speech recognition
result to a trigger word associated with the voice adaptor 196. In some embodiments, a
voice adaptor 196 may notify user interface and command module 128 that the speech
recognition result is the same or substantially similar to the trigger word associated with
the voice adaptor 196. If the speech recognition result is the same or substantially similar
to the trigger word, user interface and command module 128 may stream the voice input
from user 136 to a digital assistant 180 in voice platform 192 that is associated with the
trigger word.

[0077] In some other embodiments, if the speech recognition result is the same or
substantially similar to the trigger word, a voice adaptor 196 may stream the voice input
from user 136 to a digital assistant 180 in voice platform 192 that is associated with the
trigger word.

[0078] In some embodiments, user interface and command module 128 may perform
noise cancellation on the voice input. In some embodiments, user interface and command
module 128 may perform noise cancellation on the voice input after detecting a trigger
word.

[0079] For example, in some embodiments, user interface and command module 128 may
receive voice input via microphone array 124 from user 136. The voice input, however,
may include background noise picked up by microphone array 124. This background

noise may make it difficult to clearly receive and recognize the voice input. In some
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embodiments, user interface and command module 128 may perform noise cancellation
on the voice input to filter out this background noise.

[0080] In some embodiments, user interface and command module 128 may perform
noise cancellation on the voice input using beam forming techniques. For example, audio
responsive electronic device 122 may use beam forming techniques on any of its
microphones 126 to de-emphasize reception of audio from a microphone in microphone
array 124 that is positioned away from user 136.

[0081] For example, in some embodiments, user interface and command module 128 may
perform noise cancellation on the voice input using beam forming module 132. For
example, beam forming module 132 may adjust the reception pattern 204A of the front
microphone 126A (and potentially also reception patterns 204D and 204B of the right
microphone 126D and the left microphone 126) to suppress or even negate the receipt of
audio from display device 104. Beam forming module 132 may perform this functionality
using any well-known beam forming technique, operation, process, module, apparatus,
technology, etc.

[0082] In some embodiments, voice platform 192 may process the preprocessed voice
input from audio responsive electronic device 122. In some embodiments, voice platform
192 may include one or more digital assistants 180. In some embodiments, a digital
assistant 180 is an intelligent software agent that can perform tasks for user 136. For
example, a digital assistant 180 may include, but is not limited to, Amazon Alexa®,
Apple Siri®, Microsoft Cortana®, and Google Assistant®. In some embodiments, voice
platform 192 may select a digital assistant 180 to process the preprocessed voice input
based on a trigger word in the voice input. In some embodiments, a digital assistant 180
may have a unique trigger word.

[0083] In some embodiments, voice platform 192 may be implemented in a cloud
computing platform. In some other embodiments, voice platform 192 may be
implemented on a server computer. In some embodiments, voice platform 192 may be
operated by a third-party entity. In some embodiments, audio responsive electronic device
122 may send the preprocessed voice input to voice platform 192 at the third-party entity
based on a detected trigger word and configuration information provided by a voice

adaptor 196.
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[0084] In some embodiments, voice platform 192 may perform one or more of secondary
trigger word detection, automated speech recognition (ASR), natural language processing
(NLP), and intent determination. The performance of these functions by voice platform
192 may enable audio responsive electronic device 122 to utilize a low power processor
(c.g., a DSP) with reduced memory capacity while still providing reliable voice command
control.

[0085] In some embodiments, voice platform 192 may perform a secondary trigger word
detection on the received voice input. For example, voice platform 192 may perform a
secondary trigger word detection when user interface and command module 128 detects a
trigger word with a low confidence value. This secondary trigger word detection may
improve trigger word detection accuracy.

[0086] In some embodiments, voice platform 192 may select a digital assistant 180 based
on the detected trigger word. In some embodiments, voice platform 192 may select a
digital assistant 180 based on lookup table that maps trigger words to a particular digital
assistant 180. Voice platform 192 may then dispatch the preprocessed voice input to the
selected digital assistant 180 for processing.

[0087] In some embodiments, a digital assistant 180 may process the preprocessed voice
input as commands. In some embodiments, a digital assistant 180 may provide a response
to audio response electronic device 122 via network 118 for delivery to user 136.

[0088] FIG. 11 illustrates a block diagram of a voice platform 192 that analyzes voice
input from audio responsive electronic device 122, according to some embodiments. FIG.
11 is discussed with reference to FIG. 1, although this disclosure is not limited to that
example embodiment. In the example of FIG. 11, voice platform 192 includes a digital
assistant 180 and an intent handler 1108. In the example of FIG. 11, digital assistant 180
includes an automated speech recognizer (ASR) 1102, natural language unit (NLU) 1104,
and a text-to-speech (TTS) unit 1106. In some other embodiments, voice platform 192
may include a common ASR 1102 for one or more digital assistants 180.

[0089] In some embodiments, digital assistant 180 receives the preprocessed voice input
from audio responsive electronic device 122 at ASR 1102. In some embodiments, digital
assistant 180 may receive the preprocessed voice input as a pulse-code modulation (PCM)
voice stream. As would be appreciated by a person of ordinary skill in the art, digital

assistant 180 may receive the preprocessed voice input in various other data formats.
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[0090] In some embodiments, ASR 1102 may detect an end-of-utterance in the
preprocessed voice input. In other words, ASR 1102 may detect when a user 136 is done
speaking. This may reduce the amount of data to analyze by NLU 1104.

[0091] In some embodiments, ASR 1102 may determine which words were spoken in the
preprocessed voice input. In response to this determination, ASR 1102 may output text
results for the preprocessed voice input. Each text result may have a certain level of
confidence. For example, in some embodiments, ASR 1102 may output a word graph for
the preprocessed voice input (e.g., a lattice that consists of word hypotheses).

[0092] In some embodiments, NLU 1104 receives the text results from ASR 1102. In
some embodiments, NLU 1104 may generate a meaning representation of the text results
through natural language understanding techniques as would be appreciated by a person
of ordinary skill in the art.

[0093] In some embodiments, NLU 1104 may generate an intent through natural
language understanding techniques as would be appreciated by a person of ordinary skill
in the art. In some embodiments, an intent may be a data structure that represents a task,
goal, or outcome requested by a user 136. For example, a user 136 may say “Hey Roku,
play jazz on Pandora on my television.” In response, NLU 1104 may determine that the
intent of user 136 is to play jazz on an application 194 (e.g., the Pandora application) on
display device 104. In some embodiments, the intent may be specific to NLU 1104. This
is because a particular digital assistant 180 may provide NLU 1104.

[0094] In some embodiments, intent handler 198 may receive an intent from NLU 1104.
In some embodiments, intent handler 1108 may convert the intent into a standard format.
For example, in some embodiments, intent handler 1108 may convert the intent into a
standard format for media device 114.

[0095] In some embodiments, intent handler 1108 may convert the intent into a fixed
number of intent types. In some embodiments, this may provide faster intent processing
for media device 114 .

[0096] In some embodiments, intent handler 1108 may refine an intent based on
information in a cloud computing platform. For example, in some embodiments, user 136
may say “Hey Roku, play jazz.” In response, NLU 1104 may determine that the intent of
user 136 is to play jazz. Intent handler 1108 may further determine an application for

playing jazz. For example, in some embodiments, intent handler 1108 may search a cloud



WO 2019/046171 PCT/US2018/048104

-19-

computing platform for an application that plays jazz. Intent handler 1108 may then refine
the intent by adding the determined application to the intent.

[0097] In some embodiments, intent handler 1108 may add other types of metadata to an
intent. For example, in some embodiments, intent handler 1108 may resolve a device
name in an intent. For example, intent handler 1108 may refine an intent of “watch NBA
basketball on my TV’ to an intent of “watch NBA basketball on
<ESN=7H1642000026>".

[0098] In some embodiments, intent handler 1108 may add search results to an intent. For
example, in response to “Show me famous movies”, intent handler 1108 may add search
results such as “Star Wars” and “Gone With the Wind” to the intent.

[0099] In some embodiments, voice platform 192 may overrule the selected digital
assistant 180. For example, voice platform 192 may select a different digital assistant 180
than is normally selected based on the detected trigger word. Voice platform 192 may
overrule the selected digital assistant 180 because some digital assistants 180 may
perform certain types of tasks better than other digital assistants 180. For example, in
some embodiments, voice platform 192 may determine that the digital assistant 180
selected based on the detected trigger word does not perform the requested task as well as
another digital assistant 180. In response, voice platform 192 may dispatch the voice
input to the other digital assistant 180.

[0100] In some embodiments, voice platform 192 may overrule the selected digital
assistant 180 based on crowdsourced data. In some embodiments, voice platform 192 may
track what digital assistant 180 is most often used for certain types tasks. In some other
embodiments, a crowdsource server may keep track of which digital assistants 180 are
used for certain types of tasks. As would be appreciated by a person of ordinary skill in
the art, voice platform 192 may track the usage of different digital assistants 180 using
various criteria including, but not limited to, time of day, location, and frequency. In
some embodiments, voice platform 192 may select a different digital assistant 180 based
on this tracking. Voice platform 192 may then dispatch the voice input to this newly
selected digital assistant 180 for processing.

[0101] For example, in some embodiments, a majority of users 136 may use a digital
assistant 180 from Google, Inc. to look up general information. However, a user 136 may

submit a voice input of “Hey Siri, what is the capital of Minnesota?” that would normally
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be processed by Apple Inc.’s Siri ® digital assistant 180 due to the user 136’s use of the
trigger word “Hey Siri.” But in some embodiments, voice platform 192 may consult a
crowdsource server to determine if another digital assistant 180 should be used instead.
The voice platform 192 may then send the voice input to the Google digital assistant 180
(rather than Siri), if the crowdsource data indicates that typically such general information
queries are processed by the Google digital assistant 180.

[0102] In some embodiments, the crowdsource server may record the user 136’s original
request for Siri to perform the lookup. For example, the crowdsource server may
increment a Siri counter relating to general information queries by one. In the future, if a
majority of users request Siri to process general information queries (such that Siri’s
counter becomes greater than Google’s and the counters of other digital assistants 180),
then the voice platform 180 will dispatch such queries to Siri for processing (rather than
the Google digital assistant).

[0103] In some embodiments, voice platform 192 may send a generated intent to media
device 114 for processing. For example, in some embodiments, a digital assistant 180 in
voice platform 192 may send a generated intent to media device 114 for processing.

[0104] In some embodiments, a voice adaptor 196 may process an intent received from a
digital assistant 180. For example, in some embodiments, a voice adaptor 196 may
determine an application 194 for handling the intent.

[0105] In some embodiments, a voice adaptor 196 may route an intent to an application
194 based on the intent indicating that application 194 should process the intent. For
example, user 136 may say “Hey Roku, play jazz on Pandora”. The resulting intent may
therefore indicate that it should be handled using a particular application 194 (e.g., the
Pandora application).

[0106] In some other embodiments, a particular application 194 may not be specified in
an intent. In some embodiments, a voice adaptor 196 may route the intent to an
application 194 based on other criteria. For example, in some embodiments, a voice
adaptor 196 may route the intent to an application 194 based on a trigger word. In some
embodiments, the digital assistant handler may route the intent to an application 194
based on a fixed rule (e.g., send all podcasts to the Tunein application 194). In some
embodiments, a voice adaptor 196 may route the intent to an application 194 based on a

user-configured default application (e.g., a default music application 194). In some
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embodiments, a voice adaptor 196 may route the intent to an application 194 based on the
results of a search (e.g., the Spotify application 194 is the only application that has Sonata
No. 5).

[0107] In some embodiments, digital assistant 180 may determine that it cannot handle
the commands in the preprocessed voice input. In response, in some embodiments, digital
assistant 180 may transmit a response to audio responsive electronic device 122
indicating that digital assistant 180 cannot handle the commands. In some other
embodiments, digital assistant 180 may transmit the response to media device 114.

[0108] In some embodiments, digital assistant 180 may determine that another digital
assistant 180 can handle the voice commands. In response, voice platform 192 may send
the preprocessed voice input to the other digital assistant 180 for handling.

[0109] In some embodiments, TTS 1106 may generate an audio response in response to
generation of an intent. In some embodiments, TTS 1106 may generate an audio response
to being unable to generate an intent.

[0110] FIG. 12 illustrates a method 1200 for performing speech recognition for a digital
assistant, according to some embodiments. Method 1200 can be performed by processing
logic that can comprise hardware (e.g., circuitry, dedicated logic, programmable logic,
microcode, etc.), software (e.g., instructions executing on a processing device), or a
combination thereof. It is to be appreciated that not all steps may be needed to perform
the disclosure provided herein. Further, some of the steps may be performed
simultaneously, or in a different order than shown in FIG. 12, as will be understood by a
person of ordinary skill in the art. Method 1200 is discussed with respect to FIGS. 1 and
I1.

[0111] In 1202, audio responsive electronic device 122 receives a voice input from user
136 via microphone array 124.

[0112] In 1204, user interface and command module 128 optionally performs echo
cancellation on voice input. For example, in some embodiments, user interface and
command module 128 may subtract a background audio signal (e.g., an audio signal
being output by media system 102 via speakers 108) from the voice input received via
microphone array 124.

[0113] In 1206, user interface and command module 128 detects a trigger word in the

voice input. In some embodiments, user interface and command module 128 may perform
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trigger word detection for a single trigger word. In some other embodiments, user
interface and command module 128 may perform trigger word detection for multiple
trigger words.

[0114] In some embodiments, user interface and command module 128 may detect a
trigger word by performing speech recognition on the voice input and compare the speech
recognition result to the trigger word.

[0115] In some embodiments, user interface and command module 128 may perform
trigger word detection on the voice input using reduced processing capability and
memory capacity. This is because there may be a small number of trigger words, and the
trigger words may be of short duration.

[0116] In 1208, user interface and command module 128 optionally performs noise
cancellation on the voice input. In some embodiments, user interface and command
module 128 performs noise cancellation on the voice input using beam forming module
132. For example, beam forming module 132 may adjust the reception pattern at
microphone array 124 to emphasize reception of audio from user 136.

[0117] In 1210, user interface and command module 128 transmits the processed voice
input to voice platform 192 based on the detection of the trigger word in the voice input.

[0118] In some embodiments, if user interface and command module 128 detects a
trigger word in the voice input, user interface and command module 128 may stream the
voice input to a digital assistant 180 in voice platform 192 that is associated with the
trigger word. In some other embodiments, if user interface and command module 128
detects a trigger word in the voice input, user interface and command module 128 may
provide the voice input to a voice adaptor 196 which streams the voice input to a digital
assistant 180 in voice platform 192 that is associated with the trigger word.

[0119] In some embodiments, voice platform 192 may perform a secondary trigger word
detection on the received voice input. In some embodiments, voice platform 192 may
select a digital assistant 180 based on the detected trigger word. In some embodiments,
voice platform 192 may select a digital assistant 180 based on lookup table that maps
trigger words to a particular digital assistant 180. Voice platform 192 may then dispatch
the preprocessed voice input to the selected digital assistant 180 for processing.

[0120] In some embodiments, voice platform 192 may convert the voice input into a text

input using ASR 1102 in digital assistant 180. In some embodiments, voice platform 192
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may convert the text input into an intent using NLU 1104 in digital assistant 180. In some
embodiments, voice platform 192 may convert the intent into a standard format using
intent handler 1108. In some embodiments, intent handler 1108 may refine the intent
based on information in a cloud computing platform.

[0121] In 1212, media device 114 receives an intent for the voice input from the voice
platform 192. In some embodiments, the audio responsive electronic device 122 may
receive the intent for the voice input from the voice platform 192.

[0122] In 1214, media device 114 processes the intent. For example, in some
embodiments, a voice adaptor 196 on media device 114 may process the intent. In some
other embodiments, when the audio responsive electronic device 122 receives the intent,
it sends the intent to a voice adaptor 196 on media device 114. The voice adaptor 196
may then process the intent.

[0123] In some embodiments, voice adaptor 196 may route the intent to an application
194 for handling based on the intent indicating that application 194 should process the
intent. In some other embodiments, a voice adaptor 196 may route the intent to an
application 194 based on a fixed rule, user-configured default application, or the results of
a search.

[0124] FIG. 13 illustrates a method 1300 for performing speech recognition for multiple

digital assistants each having one or more unique trigger words , according to some

embodiments. Method 1300 can be performed by processing logic that can comprise
hardware (e.g., circuitry, dedicated logic, programmable logic, microcode, etc.), software
(e.g., instructions executing on a processing device), or a combination thereof. It is to be
appreciated that not all steps may be needed to perform the disclosure provided herein.
Further, some of the steps may be performed simultaneously, or in a different order than
shown in FIG. 13, as will be understood by a person of ordinary skill in the art. Method
1300 is discussed with respect to FIGS. 1 and 11.

[0125] In 1302, voice platform 192 receives a voice input from audio responsive
electronic device 122.

[0126] In 1304, voice platform 192 detects a trigger word in the voice input from audio
responsive electronic device 122.

[0127] In 1306, voice platform 192 selects a digital assistant 108 from multiple digital

assistants 108 based on the detected trigger word. In some embodiments, voice platform
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192 may select a digital assistant 180 based on a lookup table that maps different trigger
words to the digital assistants 180.

[0128] In 1308, voice platform 192 dispatches the voice input to the selected digital
assistant 108 to generate an intent. For example, in some embodiments, the selected
digital assistant 108 performs automated speech recognition using ASR 1102 on the voice
input. The selected digital assistant 108 then performs natural language processing (NLP)
on the speech recognition result using NLU 1104 to generate the intent. In some
embodiments, voice platform 192 may convert the intent into a standard format intent
using intent handler 1108. In some embodiments, intent handler 1108 may refine the
intent by adding additional information to the intent.

[0129] In 1310, voice platform 192 transmits the intent to media device 114 for
processing. In some other embodiments, the audio responsive electronic device 122 may
receive the intent. The audio responsive electronic device 122 may the transmit the intent
to media device 114 for processing.

[0130] In some embodiments, a voice adaptor 196 associated with the selected digital
assistant 108 processes the intent at media device 114. In some embodiments, voice
adaptor 196 may route the intent to an application 194 based on the intent indicating that
application 194 should process the intent. In some other embodiments, voice adaptor 196
may route the intent to an application 194 based on a fixed rule, user-configured default

application, or the results of a search.

Enhancements to a Media System Based On Presence Detection

[0131] In some embodiments, similar to presence detector 150 in display device 104,
presence detector 160 in the audio responsive electronic device 122 may detect the
presence, or near presence of a user. Presence detector 160 may further determine a
position of a user. In some embodiments, presence detector 160 may be a passive infrared
motion sensor that detects motion at a certain distance and angle. In some other
embodiments, presence detector 160 may be a passive sensor that detects motion at a
certain distance and angle based on an interaction of radio waves (e.g., radio waves of the
IEEE 802.11 standard) with a person (e.g., user 136). This determined distance and angle
may indicate user 136 is in a specific location. For example, presence detector 160 may

detect user 136 in a specific quadrant of a room such as a living room. As would be
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appreciated by a person of ordinary skill in the art, remote control 138 may similarly
include a presence detector 160.

[0132] In some embodiments, presence detector 160 may be a motion detector, or a
plurality of motion sensors. The motion sensor may be passive infrared (PIR) sensor that
detects motion based on body heat. The motion sensor may be passive sensor that detects
motion based on an interaction of radio waves (e.g., radio waves of the IEEE 802.11
standard) with a person. The motion sensor may be microwave motion sensor that detects
motion using radar. For example, the microwave motion sensor may detect motion
through the principle of Doppler radar. The motion sensor may be an ultrasonic motion
sensor. The motion sensor may be a tomographic motion sensor that detects motion by
sensing disturbances to radio waves as they pass from node to node in a wireless network.
The motion sensor may be video camera software that analyzes video from a video
camera to detect motion in a field of view. The motion sensor may be a sound sensor that
analyzes sound from a microphone to detect motion in the surrounding area. As would be
appreciated by a person of ordinary skill in the art, the motion sensor may be various
other types of sensors, and may use various other types of mechanisms for motion
detection or presence detection now known or developed in the future.

[0133] In some embodiments, similar to display device 104, audio responsive electronic
device 122 may operate in standby mode. Standby mode may be a low power mode.
Standby mode may reduce power consumption compared to leaving audio responsive
electronic device 122 fully on. Audio responsive electronic device 122 may also exit
standby mode more quickly than a time to perform a full startup. Standby mode may
therefore reduce the time user 136 may have to wait before interacting with audio
responsive electronic device 122.

[0134] In some embodiments, audio responsive electronic device 122 may operate in
standby mode by turning off one or more of microphone array 124, user interface and
command module 128, transceiver 130, beam forming module 132, data storage 134,
visual indicators 182, speakers 190, and processing module 184. The turning off of these
one or more components may reduce power usage. In some embodiments, audio
responsive electronic device 122 may keep on microphone array 124 and or transceiver
130 in standby mode. This may allow audio responsive electronic device 122 to receive

input from user 136, or another device, via microphone array 124 and or transceiver 130
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and exit standby mode. For example, audio responsive electronic device 122 may turn on
user interface and command module 128, beam forming module 132, data storage 134,
visual indicators 182, speakers 190, and processing module 184 upon exiting standby
mode.

[0135] In some other embodiments, audio responsive electronic device 122 may keep on
presence detector 160, and turn off all other components in standby mode. Presence
detector 160 may then monitor for the presence, or near presence, of user 136 by audio
responsive electronic device 122. In some embodiments, presence detector 160 may cause
audio responsive electronic device 122 to exit standby mode when presence detector 160
detects the presence, or near presence, of user 136 by audio responsive electronic device
122. This is because the presence of user 136 by audio responsive electronic device 122
likely means user 136 will be interested in interacting with audio responsive electronic
device 122.

[0136] In some embodiments, presence detector 160 may cause audio responsive
electronic device 122 to exit standby mode when presence detector 160 detects user 136
in a specific location. For example, presence detector 160 may detect user 136 being in a
specific quadrant of a room. Similarly, presence detector 160 may detect user 136 within
a threshold distance (e.g., 3 feet) of audio responsive electronic device 122. This may
reduce the number of times presence detector 160 may inadvertently cause audio
responsive electronic device 122 to exit standby mode. For example, presence detector
160 may not cause audio responsive electronic device 122 to exit standby mode when a
user is not within a threshold distance of audio responsive electronic device 122.

[0137] In some embodiments, presence detector 160 may monitor for the presence of user
136 by audio responsive electronic device 122 when audio responsive electronic device
122 is turned on. Audio responsive electronic device 122 may detect the lack of presence
of user 136 by audio responsive electronic device 122 at a current time using presence
detector 160. Audio responsive electronic device 122 may then determine the difference
between the current time and a past time of a past user presence detection by presence
detector 160. Audio responsive electronic device 122 may place itself in standby mode if
the time difference is greater than a period of time threshold. The period of time threshold
may be user configured. In some embodiments, audio responsive electronic device 122

may prompt user 136 via visual indicators 182 and or speakers 190 to confirm user 136



WO 2019/046171 PCT/US2018/048104

27 -

does not plan to interact with audio responsive electronic device 122 in the near future. In
some embodiments, audio responsive electronic device 122 may place itself in standby
mode if user 136 does not respond to the prompt in a period of time. For example, audio
responsive electronic device 122 may place itself in standby mode if user 136 does not
click a button on, or issue a voice command to, audio responsive electronic device 122.

[0138] In some embodiments, audio responsive electronic device 122 may automatically
turn off microphone array 124 after a period of time. This may reduce power
consumption. In some embodiments, presence detector 160 may monitor for the presence
of user 136 by audio responsive electronic device 122 when audio responsive electronic
device 122 is turned on. Audio responsive electronic device 122 may detect the lack of
presence of user 136 by audio responsive electronic device 122 at a current time using
presence detector 160. Audio responsive electronic device 122 may then determine the
difference between the current time and a past time of a past user presence detection by
presence detector 160. Audio responsive electronic device 122 may turn off microphone
array 124 if the time difference is greater than a period of time threshold. The period of
time threshold may be user configured. In some embodiments, audio responsive
electronic device 122 may prompt user 136 via visual indicators 182 and or speakers 190
to confirm user 136 is not present, or does not plan to issue voice commands to
microphone array 124 in the near future. In some embodiments, audio responsive
electronic device 122 may turn off microphone array 124 if user 136 does not respond to
the prompt in a period of time. For example, audio responsive electronic device 122 may
turn off microphone array 124 if user 136 does not click a button on, or issue a voice
command to, audio responsive electronic device 122,

[0139] In some embodiments, audio responsive electronic device 122 may automatically
turn on microphone array 124 after detecting the presence of user 136. In some
embodiments, audio responsive electronic device 122 may turn on microphone array 124
when presence detector 150 detects user 136 in a specific location. For example, presence
detector 160 may detect user 136 being in a specific quadrant of a room. Similarly,
presence detector 160 may be a proximity detector that detects user 136 is within a
threshold distance (e.g., 3 feet) of audio responsive electronic device 122. This may
reduce the number of times presence detector 160 may inadvertently cause audio

responsive electronic device 122 to turn on microphone array 124. For example, audio
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responsive electronic device 122 may not turn on microphone array 124 when user 136 is
not within a threshold distance of audio responsive electronic device 122.

[0140] In some embodiments, audio responsive electronic device 122 may automatically
turn on transceiver 130 after detecting the presence of user 136. In some embodiments,
this may reduce the amount of time to setup a peer to peer wircless networking
connection between the audio responsive electronic device 122 and display device 104. In
some other embodiments, this may reduce the amount of time to setup a peer to peer
wireless networking connection between the audio responsive electronic device 122 and
media device 114. For example, audio responsive electronic device 122 may
automatically establish setup, or reestablish, the peer to peer wireless networking
connection in response to turning on transceiver 130. In some embodiments, audio
responsive electronic device 122 may automatically send a keep alive message over the
peer to peer wireless network connection to display device 104 after detecting the
presence of user 136. The keep alive message may ensure that the peer to peer wireless
network connection is not disconnected due to inactivity.

[0141] In some embodiments, audio responsive electronic device 122 may turn on
transceiver 130 when presence detector 150 detects user 136 in a specific location. For
example, presence detector 160 may detect user 136 being in a specific quadrant of a
room. Similarly, presence detector 160 may detect user 136 within a threshold distance
(e.g., 3 feet) of audio responsive electronic device 122. This may reduce the number of
times presence detector 160 may inadvertently cause audio responsive electronic device
122 to turn on transceiver 130. For example, audio responsive electronic device 122 may
not turn on transceiver 130 when user 136 is not within a threshold distance of audio
responsive electronic device 122.

[0142] As would be appreciated by a person of ordinary skill in the art, other devices in
system 102 may be placed in standby mode. For example, media device 114 may be
placed in standby mode. For example, media device 114 may turn off control interface
module 116 when being placed into standby mode. Moreover, as would be appreciated by
a person of ordinary skill in the art, presence detector 150 or presence detector 160 may
cause these other devices to enter and exit standby mode as described herein. For
example, presence detector 150 or presence detector 160 may cause these other devices to

turn on one or more components in response to detecting the presence of user 136.
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Similarly, presence detector 150 or presence detector 160 may cause these other devices
to turn on one or more components in response to detecting user 136 in a specific
location.

[0143] In some embodiments, display device 104 may establish a peer to peer wireless
network connection with audio responsive electronic device 122 using transceiver 112. In
some embodiments, the peer to peer wireless network connection may be WiFi Direct
connection. In some other embodiments, the peer to peer wireless network connection
may be a Bluetooth connection. As would be appreciated by a person of ordinary skill in
the art, the peer to peer wireless network connection may be implemented using various
other network protocols and standards.

[0144] In some embodiments, display device 104 may send commands to, and receive
commands from, audio responsive electronic device 122 over this peer to peer wireless
network connection. These commands may be intended for media device 114. In some
embodiments, display device 104 may stream data from media device 114 to audio
responsive electronic device 122 over this peer to peer wireless network connection. For
example, display device 104 may stream music data from media device 114 to audio
responsive electronic device 122 for playback using speaker(s) 190.

[0145] In some embodiments, display device 104 may determine the position of user 136
using presence detector 150, since user 136 may be considered to be at the same location
as audio responsive electronic device 122. For example, presence detector 150 may detect
user 136 being in a specific quadrant of a room.

[0146] In some embodiments, beam forming module 170 in display device 104 may use
beam forming techniques on transceiver 112 to emphasize a transmission signal for the
peer to peer wireless network connection for the determined position of the audio
responsive electronic device 122. For example, beam forming module 170 may adjust the
transmission pattern of transceiver 112 to be stronger at the position of the audio
responsive electronic device 122 using beam forming techniques. Beam forming module
170 may perform this functionality using any well known beam forming technique,
operation, process, module, apparatus, technology, etc.

[0147] FIG. 2 illustrates a block diagram of microphone array 124 of the audio
responsive electronic device 122, shown in an example orientation relative to the display

device 104 and the user 136, according to some embodiments. In the example of FIG. 2,
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the microphone array 124 includes four microphones 126A-126D, although in other
embodiments the microphone array 124 may include any number of microphones 126.

[0148] In the example of FIG. 2, microphones 126 are positioned relative to each other in
a general square configuration. For illustrative purposes, and not limiting, microphone
126A may be considered at the front; microphone 126D may be considered at the right;
microphone 126C may be considered at the back; and microphone 126B may be
considered at the left. It is noted that such example designations may be set according to
an expected or designated position of user 136 or display device 104, in some
embodiments.

[0149] As shown in the example of FIG. 2, the user 136 is positioned proximate to the
back microphone 126C, and the display device 104 is positioned proximate to the front
microphone 126A.

[0150] Each microphone 126 may have an associated reception pattern 204. As will be
appreciated by persons skilled in the relevant art(s), a microphone’s reception pattern
reflects the directionality of the microphone, that is, the microphone’s sensitivity to sound
from various directions. As persons skilled in the relevant art(s) will appreciate, some
microphones pick up sound equally from all directions, others pick up sound only from
one direction or a particular combination of directions.

[0151] In the example orientation of FIG. 2, the front microphone 126A receives audio
from speakers 108 of display 104 most clearly, given its reception pattern 204A and
relative to the other microphones 204B-204D. The back microphone 126C receives audio
from user 136 most clearly, given its reception pattern 204C and relative to the other
microphones 126A, 126B and 126D.

[0152] FIG. 3 illustrates a method 302 for enhancing audio from a user (and/or other
sources of audio commands) and de-enhancing audio from a display device (and/or other
noise sources), according to some embodiments. Method 302 can be performed by
processing logic that can comprise hardware (e.g., circuitry, dedicated logic,
programmable logic, microcode, etc.), software (e.g., instructions executing on a
processing device), or a combination thereof. It is to be appreciated that not all steps may
be needed to perform the disclosure provided herein. Further, some of the steps may be
performed simultaneously, or in a different order than shown in FIG. 3, as will be

understood by a person of ordinary skill in the art.
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[0153] For illustrative and non-limiting purposes, method 302 shall be described with
reference to FIGS. 1 and 2. However, method 302 is not limited to those examples.

[0154] In 302, the position of a source of noise may be determined. For example, user
interface and command module 128 of the audio responsive electronic device 122 may
determine the position of display device 104. In embodiments, display device 104 may be
considered a source of noise because audio commands may be expected from user 136
during times when display device 104 is outputting audio of content via speakers 108.

[0155] In some embodiments, display device 104 may determine the position of user 136
using presence detector 150, since user 136 may be considered to have the same position
as audio responsive electronic device 122. Display device 104 may then transmit position
information to audio responsive electronic device 122 that defines the relative position of
display device 104 to user 136. In some embodiments, audio responsive electronic device
122 may determine the position of display device 104 based on this position information.

[0156] In some embodiments, user 136 may enter configuration settings specifying where
the display device 104 is positioned proximate to one of the microphones 126 (such as the
front microphone 126A in the example orientation of FIG. 2). Such configuration settings
may be stored in data storage 134 of the audio responsive electronic device 122.
Accordingly, in 302, user interface and command module 128 may access the
configuration settings in data storage 134 to determine the position of display device 104.

[0157] In 304, audio from the source of noise may be de-enhanced or suppressed. For
example, user interface and command module 128 may deactivate microphones 126
proximate to the display device 104 and having reception patterns 204 most likely to
receive audio from display device 104. Specifically, in the example of FIG. 2, user
interface and command module 128 may deactivate the front microphone 126A, and
potentially also the right microphone 126D and/or the left microphone 126B.

[0158] Alternatively or additionally, beam forming module 132 in the audio responsive
electronic device 122 may use beam forming techniques on any of its microphones 126 to
de-emphasize reception of audio from the display device 104. For example, beam forming
module 132 may adjust the reception pattern 204A of the front microphone 126A (and
potentially also reception patterns 204D and 204B of the right microphone 126D and the

left microphone 126) to suppress or even negate the receipt of audio from display device
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104. Beam forming module 132 may perform this functionality using any well known
beam forming technique, operation, process, module, apparatus, technology, etc.

[0159] Alternatively or additionally, user interface and command module 128 may issue a
command via transceiver 130 to display device 104 to mute display device 104. In some
embodiments, user interface and command module 128 may mute display device 104
after receiving and recognizing a trigger word. The user interface and command module
128 may operate in this manner, since user interface and command module 128 expects to
receive one or more commands from user 136 after receiving a trigger word.

[0160] FIG. 4 illustrates an alternative or additional embodiment for implementing
elements 302 and 304 in FIG. 3. In 404, user interface and command module 128 in the
audio responsive electronic device 122 receives the audio stream of content being also
provided to display device 104 from media device 114, for play over speakers 108. User
interface and command module 128 may receive this audio stream from media device 114
via network 118 using, for example, WIFL, Blue Tooth, cellular, to name a few
communication examples. User interface and command module 128 could also receive
this audio stream from content source(s) 120 over network 118.

[0161] In 406, user interface and command module 128 may listen for audio received via
microphone array 124 that matches the audio stream received in 404, using well known
signal processing techniques and algorithms.

[0162] In 408, user interface and command module 128 may adjust the reception patterns
204 of those microphones 126 that received the matched audio stream, to suppress or
even null audio reception of those microphones 126. For example, in 408, user interface
and command module 128 may identify the microphones 126 where the signal amplitude
(or signal strength) was the greatest during reception of the matched audio stream (such
as the front microphone 126A in the example orientation of FIG. 2), and then operate
with beam forming module 132 to suppress or null audio reception of those microphones
126 using well known beam forming techniques.

[0163] Alternatively or additionally, user interface and command module 128 in 408 may
subtract the matched audio received in 406 from the combined audio received from all the
microphones 126 in microphone array 124, to compensate for noise from the display

device 104.
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[0164] In some embodiments, the operations depicted in flowchart 402 are not performed
when audio responsive electronic device 122 is powered by the battery 140 because
receipt of the audio stream in 404 may consume significant power, particularly if receipt
is via WIFI or cellular. Instead, in these embodiments, flowchart 402 is performed when
audio responsive electronic device 122 is powered by an external source 142,

[0165] Referring back to FIG. 3, in 306, the position of a source of commands may be
determined. For example, in some embodiments, user interface and command module 128
of the audio responsive electronic device 122 may determine the position of user 136,
since user 136 may be considered to be the source of commands.

[0166] In some embodiments, audio responsive electronic device 122 may determine the
position of user 136 using presence detector 160, since user 136 may be considered to be
the source of commands. For example, presence detector 160 may detect user 136 being
in a specific quadrant of a room.

[0167] In some embodiments, user 136 may enter configuration settings specifying the
user 136 is the source of commands, and is positioned proximate to one of the
microphones 126 (such as the back microphone 126C in the example orientation of FIG.
2). Accordingly, in 306, user interface and command module 128 may access the
configuration settings in data storage 134 to determine the position of user 136.

[0168] In 308, audio from the source of commands may be enhanced. For example, user
interface and command module 128 may enhance the audio sensitivity of microphones
126 proximate to the user 136 and having reception patterns 204 most likely to receive
audio from user 136, using beam forming techniques. With regard to the example of FIG.
2, the user interface and command module 128 may use well known beam forming
techniques to adjust the reception pattern 204C of back microphone 126C to enhance the
ability of back microphone 126C to clearly receive audio from user 136.

[0169] FIG. 5 illustrates a method 500 for intelligently placing a display device in a
standby mode, according to some embodiments. Method 500 can be performed by
processing logic that can comprise hardware (e.g, circuitry, dedicated logic,
programmable logic, microcode, etc.), software (e.g., instructions executing on a
processing device), or a combination thereof. It is to be appreciated that not all steps may

be needed to perform the disclosure provided herein. Further, some of the steps may be
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performed simultaneously, or in a different order than shown in FIG. 5, as will be
understood by a person of ordinary skill in the art.

[0170] For illustrative and non-limiting purposes, method 500 shall be described with
reference to FIG. 1. However, method 500 is not limited to that example.

[0171] In 502, display device 104 determines a lack of presence of user 136 at or
proximate to display device 104 at a current time. For example, presence detector 150 of
display device 104 may determine a lack of presence of user 136.

[0172] In 504, display device 104 determines a difference between the current time of
502 and a past time when a user was present. In some embodiments, presence detector
150 of display device 104 may have determined the past time when a user was present. In
some other embodiments, display device 104 may have determined the past time when a
user was present based on user interaction with display device 104.

[0173] In 506, display device 104 determines whether the difference of 504 is greater
than a threshold value. In some embodiments, the threshold value may be user
configured. In some other embodiments, the threshold value may be defined by display
device 104.

[0174] In 508, display device 104 places itself in a standby mode in response to the
determination that the difference of 506 is greater than the threshold value in 506. For
example, display device 104 may turn off one or more of display 106, speaker(s) 108,
control module 110, and transceiver 112. In some embodiments, display device 104 may
prompt user 136 via display 106 and or speaker(s) 108 to confirm user 136 is still
watching and or listening to display device 104. Display device 104 may place itself in
standby mode if user 136 does not respond to the prompt within a period of time.

[0175] FIG. 6 illustrates a method 600 for intelligently placing an audio remote control in
a standby mode, according to some embodiments. Method 600 can be performed by
processing logic that can comprise hardware (e.g., circuitry, dedicated logic,
programmable logic, microcode, etc.), software (e.g., instructions executing on a
processing device), or a combination thereof. It is to be appreciated that not all steps may
be needed to perform the disclosure provided herein. Further, some of the steps may be
performed simultaneously, or in a different order than shown in FIG. 6, as will be

understood by a person of ordinary skill in the art.
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[0176] For illustrative and non-limiting purposes, method 600 shall be described with
reference to FIGS. 1 and 2. However, method 600 is not limited to these examples.

[0177] In 602, audio responsive electronic device 122 determines a lack of presence of
user 136 at audio responsive electronic device 122 at a current time. For example,
presence detector 160 of audio responsive electronic device 122 may determine a lack of
presence of user 136.

[0178] In 604, audio responsive electronic device 122 determines a difference between
the current time of 602 and a past time when a user was present. In some embodiments,
presence detector 160 of audio responsive electronic device 122 may have determined the
past time when a user was present. In some other embodiments, audio responsive
electronic device 122 may have determined the past time when a user was present based
on user interaction with audio responsive electronic device 122.

[0179] In 606, audio responsive electronic device 122 determines whether the difference
of 604 is greater than a threshold value. In some embodiments, the threshold value may
be user configured. In some other embodiments, the threshold value may be defined by
audio responsive electronic device 122.

[0180] In 608, audio responsive electronic device 122 places itself in a standby mode in
response to the determination that the difference of 606 is greater than the threshold value
in 606. For example, audio responsive electronic device 122 may turn off one or more of
microphone array 124, user interface and command module 128, transceiver 130, beam
forming module 132, data storage 134, visual indicators 182, speakers 190, and
processing module 184. In some embodiments, audio responsive electronic device 122
may prompt user 136 via visual indicators 182 and or speakers 190 to confirm user 136 is
still intends to interact with audio responsive electronic device 122. Audio responsive
electronic device 122 may place itself in standby mode if user 136 does not respond to the
prompt within a period of time.

[0181] FIG. 7 illustrates a method 700 for performing intelligent transmission from a
display device to an audio remote control, according to some embodiments. Method 700
can be performed by processing logic that can comprise hardware (e.g., circuitry,
dedicated logic, programmable logic, microcode, etc.), software (e.g., instructions
executing on a processing device), or a combination thereof. It is to be appreciated that

not all steps may be needed to perform the disclosure provided herein. Further, some of
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the steps may be performed simultaneously, or in a different order than shown in FIG. 7,
as will be understood by a person of ordinary skill in the art.

[0182] For illustrative and non-limiting purposes, method 500 shall be described with
reference to FIG. 1. However, method 700 is not limited to that example.

[0183] In 702, display device 104 establishes a peer to peer wireless network connection
to audio responsive electronic device 122. For example, display device 104 establishes a
WiFi1 Direct connection to audio responsive electronic device 122. Display device 104
may transmit large amounts of data over this peer to peer wireless network connection.
For example, display device 104 may stream music over this peer to peer wireless
network connection. Audio responsive electronic device 122 may play the streaming
music via speakers 190. Alternatively, audio responsive electronic device 122 may be
communicatively coupled to a set of headphones and play the streaming music via the
headphones.

[0184] In 704, display device 104 determines a position of user 136 at or proximate to
display device 104. For example, presence detector 150 of display device 104 may
determine a position of user 136. Display device 104 determines a position of user 136
because user 136 will likely be at the same position as audio responsive electronic device
122.

[0185] In 706, display device 104 configures a transmission pattern for the peer to peer
wireless network connection based on the determined position of user 136 in 704. For
example, beam forming module 170 of display device 104 may use beam forming
techniques discussed herein to configure transceiver 112 to emphasize or enhance a
transmission signal for the peer to peer wireless networking connection toward the
determined position of user 136 in 704, e.g., the position of audio responsive electronic
device 122.

[0186] In 708, display device 104 performs a transmission to audio responsive electronic
device 122 over the peer to peer wireless network according to the configured
transmission pattern of 706.

[0187] For example, user 136 may listen to streaming music over the peer to peer
wireless network connection via a pair of headphones communicatively coupled to audio
responsive electronic device 122. But streaming music involves transmitting large

amounts of data at a steady rate. As a result, streaming music over a low bandwidth and
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or intermittent connection may result in choppy playback of the streaming music and or a
loss of audio quality. Accordingly, enhancement of a transmission signal for the peer to
peer wireless networking connection may increase the bandwidth of the connection and
decrease connection interruptions. This may reduce choppy playback of the streaming
music and or poor audio quality.

[0188] For example, display device 104 may determine the position of user 136 in a room
as discussed herein. For example, display device 104 may determine that user 136 is
sitting on a sofa in a specific quadrant in the room. Based on this positional information,
display device 104 may use beam forming techniques discussed herein to configure
transceiver 112 to enhance a transmission signal for the peer to peer wireless networking
connection toward the determined position of user 136, e.g., the position of audio
responsive electronic device 122. This may increase the bandwidth of the peer to peer
wireless connection and decrease connection interruptions. This may further reduce
choppy playback and or poor audio quality during playback of the streaming music on
audio responsive electronic device 122, e.g, via a set of headphones communicatively
coupled to audio responsive electronic device 122.

[0189] As would be appreciated by a person of ordinary skill in the art, display device
104 may enhance a transmission signal for the peer to peer wireless networking
connection to improve the performance of various other functions of audio responsive
electronic device 122 such as, but not limited to, video playback and the playing of video
games. Moreover, as would be appreciated by a person of ordinary skill in the art, other
devices in system 102 may be configured to enhance a transmission signal for a wireless
network connection based on the detected presence or position of user 136 using presence
detector 150 or presence detector 160.

[0190] FIG. 8 illustrates a method 802 for enhancing audio from a user, according to
some embodiments. In some embodiments, method 802 is an alternative implementation
of elements 306 and/or 308 in FIG. 3.

[0191] In 804, the user interface and command module 128 in the audio responsive
electronic device 122 receives audio via microphone array 124, and uses well know
speech recognition technology to listen for any predefined trigger word.

[0192] In 806, upon receipt of a trigger word, user interface and command module 128

determines the position of the user 136. For example, in 806, user interface and command
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module 128 may identify the microphones 126 where the signal amplitude (or signal
strength) was the greatest during reception of the trigger word(s) (such as the back
microphone 126C in the example of FIG. 2), and then operate with beam forming module
132 to adjust the reception patterns 126 of the identified microphones 126 (such as
reception pattern 126C of the back microphone 126C) to enhance audio sensitivity and
reception by those microphones 126. In this way, user interface and command module
128 may be able to better receive audio from user 136, to thus be able to better recognize
commands in the received audio. Beam forming module 132 may perform this
functionality using any well known beam forming technique, operation, process, module,
apparatus, technology, etc.

[0193] In embodiments, trigger words and commands may be issued by any audio source.
For example, trigger words and commands may be part of the audio track of content such
that the speakers 108 of display device 104 may audibly output trigger words and audio
commands as the content (received from media device 114) is played on the display
device 104. In an embodiment, such audio commands may cause the media device 114 to
retrieve related content from content sources 120, for playback or otherwise presentation
via display device 104. In these embodiments, audio responsive electronic device 122
may detect and recognize such trigger words and audio commands in the manner
described above with respect to FIGS. 3, 4, and 8, except in this case the display device
104 is the source of the commands, and the user 136 is a source of noise. Accordingly,
with respect to FIG. 3, elements 302 and 304 are performed with respect to the user 136
(since in this example the user 136 is the source of noise), and elements 306 and 308 are
performed with respect to the display device 104 (since in this example the display device
104 is the source of audio commands).

[0194] In some embodiments, different trigger words may be used to identify the source
of commands. For example, the trigger word may be “Command” if the source of
commands is the user 136. The trigger word may be “System” if the source of the
commands is the display device 104 (or alternatively the trigger word may be a sound or
sequence of sounds not audible to humans if the source of the commands is the display
device 104). In this manner, the audio responsive electronic device 122 is able to
determine which audio source to de-enhance, and which audio source to enhance. For

example, if the audio responsive electronic device 122 determines the detected trigger
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word corresponds to the display device 104 (such that the display device 104 is the source
of audio commands), then the audio responsive electronic device 122 may operate in 302
and 304 of FIG. 3 to de-enhance audio from user 136, and operate in 306 and 308 of FIG.
3 to enhance audio from the display device 104.

[0195] In embodiments, the beam forming algorithms executed by the beam forming
module 132 can be simplified because the display device 104 and the user 136 are
typically at stable locations relative to the audio responsive electronic device 122. That is,
once initially positioned, the display device 104 and the audio responsive electronic
device 122 are typically not moved, or are moved by small amounts. Also, users 136 tend
to watch the display device 104 from the same locations, so their locations relative to the

audio responsive electronic device 122 are also often stable.

Providing Visual Indicators From Computing Entities / Devices That Are Non-Native To
An Audio Responsive Electronic Device

[0196] As noted above, in some embodiments, the audio responsive electronic device 122
may communicate and operate with one or more digital assistants 180 via the network
118. A digital assistant may include a hardware front-end component and a software
back-end component. The hardware component may be local to the user (located in the
same room, for example), and the software component may be in the Internet cloud.
Often, in operation, the hardware component receives an audible command from the user,
and provides the command to the software component over a network, such as the
Internet. The software component processes the command and provides a response to the
hardware component, for delivery to the user (for example, the hardware component may
audibly play the response to the user). In some embodiments, the digital assistants 180
shown in FIG. 1 represent the software back-end; examples include but are not limited to
AMAZON ALEXA, SIRI, CORTANA, GOOGLE ASSISTANT, etc. In some
embodiments, the audio responsive electronic device 122 represents the hardware front-
end component. Thus, in some embodiments, the audio responsive electronic device 122
takes the place of AMAZON ECHO when operating with ALEXA, or the IPHONE when
operating with SIRI, or GOOGLE HOME when operating with the GOOGLE
ASSISTANT, etc.

[0197] As discussed above, AMAZON ECHO is native to ALEXA. That is, AMAZON
ECHO was designed and implemented specifically for ALEXA, with knowledge of its
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internal structure and operation, and vice versa. Similarly, the IPHONE is native to SIRI,
MICROSOFT computers are native to CORTANA, and GOOGLE HOME is native to
GOOGLE ASSISTANT. Because they are native to each other, the back-end software
component is able to control and cause the front-end hardware component to operate in a
consistent, predictable and precise manner, because the back-end software component
was implemented and operates with knowledge of the design and implementation of the
front-end hardware component.

[0198] In contrast, in some embodiments, the audio responsive electronic device 122 is
not native to one or more of the digital assistants 180. There is a technological challenge
when hardware (such as the audio responsive electronic device 122) is being controlled
by non-native software (such as digital assistants 180). The challenge results from the
hardware being partially or completely a closed system from the point of view of the
software. Because specifics of the hardware are not known, it is difficult or even
impossible for the non-native software to control the hardware in predictable and precise
ways.

[0199] Consider, for example, visual indicators 182 in the audio responsive electronic
device 122. In some embodiments, visual indicators 182 are a series of light emitting
diodes (LEDs), such as 5 diodes (although the visual indicators 182 can include more or
less than 5 diodes). Digital assistants 180 may wish to use visual indicators 182 to provide
visual feedback to (and otherwise visually communicate with) the user 136. However,
because they are non-native, digital assistants 180 may not have sufficient knowledge of
the technical implementation of the audio responsive electronic device 122 to enable
control of the visual indicators 182 in a predictable and precise manner.

[0200] Some embodiments of this disclosure solve this technological challenge by
providing a processor or processing module 184, and an interface 186 and a library 188.
An example library 188 is shown in FIG. 9. In some embodiments, the library 188 and/or
interface 186 represent an application programming interface (API) having commands for
controlling the visual indicators 182. Native and non-native electronic devices, such as
digital assistants 180, media device 114, content sources 120, display device 104, etc.,
may use the API of the library 188 to control the audio responsive electronic device 122

in a consistent, predictable and precise manner.
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[0201] In some embodiments, the library 188 may have a row 910 for each command
supported by the API. Each row 910 may include information specifying an index 904,
category 900, type (or sub-category) 908, and/or visual indicator command 910. The
index 904 may be an identifier of the API command associated with the respective row
910. The category 906 may specify the category of the APl command. In some
embodiments, there may be three categories of API commands: tone, function/scenario
and user feedback. However, other embodiments may include more, less and/or different
categories.

[0202] The tone category may correspond to an emotional state that a digital assistant 180
may wish to convey when sending a message to the user 136 via the audio responsive
electronic device 122. The example library 188 of FIG. 9 illustrates 2 rows 910A, 910B
of the tone category. The emotional state may be designated in the type field 908.
According, row 910A corresponds to a “happy” emotional state, and row 910B
corresponds to a “sad” emotional state. Other embodiments may include any number of
tone rows corresponding to any emotions.

[0203] The function/scenario category may correspond to functions and/or scenarios
wherein a digital assistant 180 may wish to convey visual feedback to the user 136 via the
audio responsive electronic device 122. The example library 188 of FIG. 9 illustrates 3
rows 910C, 910D, 910E of the function/scenario category. The function/scenario may be
designated in the type field 908. According, row 910C corresponds to a situation where
the audio responsive electronic device 122 is pausing playback, row 910D corresponds to
a situation where the audio responsive electronic device 122 is processing a command,
and row 910E corresponds to a situation where the audio responsive electronic device 122
is waiting for audio input. Other embodiments may include any number of
function/scenario rows corresponding to any functions and/or scenarios.

[0204] The user feedback category may correspond to situations where a digital assistant
180 or the audio responsive electronic device 122 may wish to provide feedback or
information (or otherwise communicate with) the user 136. The example library 188 of
FIG. 9 illustrates 2 rows 910F, 910G of the user feedback category. The user feedback
situation may be designated in the type field 908. According, row 910F corresponds to a
situation where a digital assistant 180 or the audio responsive electronic device 122

wishes to inform the user 136 that audio input was clearly understood. Row 910G
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corresponds to a situation where a digital assistant 180 or the audio responsive electronic
device 122 wishes to inform the user 136 that audio input was not received or understood.
Other embodiments may include any number of user feedback rows corresponding to any
user feedback messages.

[0205] The library 188 may specify how the audio responsive electronic device 122
operates for the commands respectively associated with the rows 910. For example,
information in the visual indicator command 910 field may specify how the visual
indicators 182 in the audio responsive electronic device 122 operate for the commands
respectively associated with the rows 910. While the following describes operation of the
visual indicators 182, in other embodiments the library 188 may specify how other
functions and/or features of the audio responsive electronic device 122 operate for the
commands respectively associated with the rows 910.

[0206] In some embodiments, the visual indicator field 910 indicates: which LEDs of the
visual indicators 182 are on or off; the brightness of the “on” LEDs; the color of the “on”
LEDs; and/or the movement of light of the LEDs (for example, whether the “on” LEDs
are blinking, flashing from one side to the other, etc.). For example, for row 910A,
corresponding to the “happy” tone, all the LEDs are on with medium brightness, the color
is green, and the LEDs are turned on to simulate slow movement from right to left. For
row 910D, corresponding to the “processing command” function/scenario, all the LEDs
are on with medium brightness, the color is blue, and the LEDs are blinking at medium
speed. For row 910E, corresponding to the “waiting for audio input” function/scenario, all
the LEDs are off. For row 910G, corresponding to the “audio input not received or
understood” user feedback category, all the LEDs are on with high brightness, the color is
red, and the LEDs are blinking at high speed. These settings in the visual indicator
command field 910 are provided for illustrative purposes only and are not limiting. These
settings in the visual indicator command field 910 can be any user-defined settings.

[0207] FIG. 10 illustrates a method 1002 in the audio responsive electronic device 122
for predictably and precisely providing users 136 with visual information from computing
entities/devices, such as but not limited to digital assistants 180, media device 114,
content sources 120, display device 104, etc. Such computing entities/devices may be
native or non-native to the audio responsive electronic device 122. Accordingly,

embodiments of this disclosure overcome the technical challenge of enabling a first
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computing device to predictably and precisely interact with and control a second
computing device, when the first computer device is not native to the second computing
device.

[0208] Method 1002 can be performed by processing logic that can comprise hardware
(c.g., circuitry, dedicated logic, programmable logic, microcode, etc.), software (e.g.,
instructions executing on a processing device), or a combination thereof. It is to be
appreciated that not all steps may be needed to perform the disclosure provided herein.
Further, some of the steps may be performed simultaneously, or in a different order than
shown in FIG. 10, as will be understood by a person of ordinary skill in the art.

[0209] For illustrative and non-limiting purposes, method 1002 shall be described with
reference to FIGS. 1 and 9. However, method 1002 is not limited to those examples.

[0210] In 1004, the audio responsive electronic device 122 receives audio input from user
136 or another source, such as from speakers 108 of display 104. The microphone array
124 of the audio responsive electronic device 122 receives such audio input. For example,
user 136 may say “When does the new season of GAME OF THRONES start?”

[0211] In 1006, the audio responsive electronic device 122 determines if the audio input
was properly received and understood. The audio input may not have been properly
received if the user 136 was speaking in a low voice, if there was noise from other
sources (such as from other users or the display device 104), or any number of other
reasons. The audio responsive electronic device 122 may use well known speech
recognition technology to assist in determining whether the audio input was properly
received and understood in step 1006.

[0212] In some embodiments, in step 1006, the audio responsive electronic device 122
may use the library 188 to provide visual feedback to the user 136 as to whether the audio
input was properly received and understood. For example, the audio responsive electronic
device 122 may send index 6 to the interface 186 of processor 184 when the audio input
was properly received and understood. Processor 184 may access the library 188 using
Index 6 to retrieve the information from row 910F, which corresponds to the “audio input
clearly understood” user feedback command. The processor 184 may use the visual
indicator command field 910 of the retrieved row 910F to cause the LEDs of the visual

indicators 182 to be one long bright green pulse.
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[0213] As another example, the audio responsive electronic device 122 may send Index 7
to the interface 186 of processor 184 when the audio input was not properly received and
understood. Processor 184 may access the library 188 using Index 7 to retrieve the
information from row 910G, which corresponds to the “audio input not received or
understood” user feedback command. The processor 184 may use the visual indicator
command field 910 of the retrieved row 910G to cause the LEDs of the visual indicators
182 to be all on, bright red, and fast blinking.

[0214] If, in 1006, the audio responsive electronic device 122 determined the audio input
was properly received and understood, then in 1008 the audio responsive electronic
device 122 analyzes the audio input to identify the intended target (or destination) of the
audio input. For example, the audio responsive electronic device 122 may analyze the
audio input to identify keywords or trigger words in the audio input, such as “HEY SIRI”
(indicating the intended target is SIRI), “HEY GOOGLE” (indicating the intended target
is the GOOGLE ASSISTANT), or “HEY ROKU” (indicating the intended target is the
media device 114).

[0215] In 1010, the audio responsive electronic device 122 transmits the audio input to
the intended target identified in 1008, via the network 118. The intended target processes
the audio input and sends a reply message to the audio responsive electronic device 122
over the network. In some embodiments, the reply message may include (1) a response,
and (2) a visual indicator index.

[0216] For example, assume the intended target is SIRI and the audio input from step
1004 is “When does the new season of GAME OF THRONES start?” If SIRI is not able

to find an answer to the query, then the reply message from SIRI may be:

[0217] (1) Response: “I don’t know”

[0218] (2) Visual Indicator Index: 2

[0219] If SIRI is able to find an answer to the query, then the reply message from SIRI
may be:

[0220] (1) Response: “Soon”

[0221] (2) Visual Indicator Index: 1

[0222] In 1014, the audio responsive electronic device 122 processes the response

received in step 1012. The response may be a message to audibly playback to the user

136 via speakers 190, or may be commands the audio responsive electronic device 122 is
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instructed to perform (such as commands to control the media device 114, the display
device 104, etc.). In the above examples, the audio responsive electronic device 122 may
play over speakers 190 “I don’t know” or “Soon.”

[0223] Steps 1016 and 1018 are performed at the same time as step 1014, in some
embodiments. In 1016, the interface 186 of the audio responsive electronic device 122
uses the visual indicator index (received in 1012) to access and retrieved information
from a row 910 in the library 188. The processor 184 or interface 186 uses information in
the visual indicator command field 910 of the retrieved row 910 to configure the visual
indicators 182.

[0224] In the above examples, when the received response is “I don’t know” and the
received visual indicator index is 2, the processor 184 or interface 186 causes every other
LED of the visual indicators 182 to be on, red with medium intensity, slowly blinking.
When the received response is “Soon” and the received visual indicator index is 1, the
processor 184 or interface 186 causes all the LEDs of the visual indicators 182 to be on,
green with medium intensity, configured to simulate slow movement from right to left.

[0225] The above operation of the audio responsive electronic device 122, and the control
and operation of the visual indicators 182, referenced SIRI as the intended digital
assistant 180 for illustrative purposes only. It should be understood, however, that the
audio responsive electronic device 122 and the visual indicators 182 would operate in the
same predictable and precise way for any other digital assistant 180, display device 104,
media device 114, etc., whether native or non-native to the audio responsive electronic

device 122.

Play/Stop and “Tell Me Something” Buttons In An Audio Responsive Electronic Device

[0226] Some audio responsive electronic devices are configured to respond solely to
audible commands. For example, consider a scenario where a user says a trigger word
followed by “play country music.” In response, the audio responsive electronic device
associated with the trigger word may play country music. To stop playback, the user may
say the trigger word followed by “stop playing music.” A problem with this example
scenario exists, however, because the music being played may make it difficult for the
audio responsive electronic device to properly receive and respond to the user’s “stop

playing music” command. Accordingly, the user may be required to repeat the command,
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or state the command in a louder voice, either of which may detract from the user’s
enjoyment of the audio responsive electronic device.

[0227] FIG. 14 illustrates an audio responsive electronic device 1402 having a play/stop
button 1410, according to some embodiments. The play/stop button 1410 addresses these
and other issues. It is noted that play/stop button 1410 may have different names in
different embodiments.

[0228] The audio responsive electronic device 1402 also includes data storage 1404 and a
“tell me something” button 1412. Data storage 1404 includes an intent queue 1406 and
topics database 1408. For ease of readability, only some of the components of audio
responsive electronic device 1402 are shown in FIG. 14. In addition to, or instead of,
those shown in FIG. 14, audio responsive electronic device 1402 may include any
combination of components and/or function(s) of the audio responsive electronic device
embodiments discussed herein.

[0229] FIG. 15 illustrates a method 1502 for controlling an audio responsive electronic
device using a play/stop button, according to some embodiments. Method 1502 can be
performed by processing logic that can comprise hardware (e.g., circuitry, dedicated
logic, programmable logic, microcode, etc.), software (e.g., instructions executing on a
processing device), or a combination thereof. It is to be appreciated that not all steps may
be needed to perform the disclosure provided herein. Further, some of the steps may be
performed simultaneously, or in a different order than shown in FIG. 15, as will be
understood by a person of ordinary skill in the art.

[0230] For illustrative and non-limiting purposes, method 1502 shall be described with
reference to FIGS. 1 and 14. However, method 1502 is not limited to those examples.

[0231] In 1504, a user 136 may press the play/stop button 1410 of the audio responsive
electronic device 1402. Alternatively, the user 136 may say a trigger word associated with
the audio responsive electronic device 1402 followed by “stop” or “pause” (or a similar
command).

[0232] In 1506, the audio responsive electronic device 1402 may determine if it is
currently playing content, and/or if another device in media system 102 is currently
playing content (such as media device 114 and/or display device 104). For example, in
1506, the audio responsive electronic device 1402 may determine that it is currently

playing music. Alternatively, in 1506, the audio responsive electronic device 1402 may
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determine that media device 114 in combination with display device 104 is currently
playing a movie or TV program.

[0233] If audio responsive electronic device 1402 determines in 1506 that content is
currently playing, then 1508 is performed. In 1508, the audio responsive electronic device
1402 may pause the playback of the content, or may transmit appropriate commands to
other devices in media system 102 (such as media device 114 and/or display device 104)
to pause the playback of the content.

[0234] In 1510, the audio responsive electronic device 1402 may store state information
regarding the paused content. Such state information may include, for example,
information identifying the content, the source of the content (that is, which content
source 120 provided, or was providing, the content), type of content (music, movie, TV
program, audio book, game, etc.), genre of content (genre of music or movie, for
example), the timestamp of when the pause occurred, and/or point in the content where it
was paused, as well as any other state information that may be used to resume playing
content (based on the paused content) at a later time.

[0235] In some embodiments, the intent queue 1406 in data storage 1404 stores the last N
intents corresponding to the last N user commands, where N (an integer) is any
predetermined system setting or user preference. The audio responsive electronic device
1402 stores such intents in the intent queue 1406 when it receives them from the voice
platform 192 (for example, see step 1310, discussed above). In some embodiments, the
intent queue 1406 is configured as a last-in first-out (LIFO) queue.

[0236] In some embodiments, in 1510, the audio responsive electronic device 1402 may
store the state information in the intent queue 1406 with the intent corresponding to the
content that was paused in 1508. In other words, the content that was paused in 1508 was
originally caused to be played by the audio responsive electronic device 1402 based on an
intent associated with an audible command from a user. The audio responsive electronic
device 1402 in 1510 may store the state information with this intent in the intent queue
1406, such that if the intent is later accessed from the intent queue 1400, the state
information may also be accessed.

[0237] Returning to 1506, if the audio responsive electronic device 1402 determines that
content is not currently playing, then 1512 is performed. In 1512, the audio responsive

electronic device 1402 may determine if the intent queue 1406 is empty. If the intent
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queue 1406 is empty, then in 1514 the audio responsive electronic device 1402 may
prompt the user 136 to provide more information and/or command(s) on what the user
136 wished to perform when he pressed the play/stop button 1410 in step 1504.

[0238] If the intent queue 1406 is not empty, then 1516 is performed. In 1516, the audio
responsive electronic device 1402 may retrieve the most recently added intent from the
intent queue 1406. The audio responsive electronic device 1402 may also retrieve the
state information stored with that intent. In some embodiments, if the user 136 in 1504
presses the play/stop button 1410 multiple times, then the audio responsive electronic
device 1402 in 1516 may pop intents (and associated state information) from the intent
queue 1406 in a LIFO manner.

[0239] In 1518, the audio responsive electronic device 1402 may resume playing content
based on the retrieved content and associated state information. For example, in some
embodiments, the audio responsive electronic device 1402 may (1) cause playback of the
content to be resumed at the point where playback was paused at 1508; (2) cause
playback of the content to be resumed at the beginning of the content; or (3) cause content
in the same genre — but not the particular content associated with the retrieved intent -- to
be played. It is noted this disclosure is not limited to these example playback options.

[0240] FIG. 16 illustrates a method 1600 for performing step 1518, according to some
embodiments. In other words, method 1600 illustrates an example approach for
determining how content will be played back in step 1518. Method 1600 can be
performed by processing logic that can comprise hardware (e.g., circuitry, dedicated
logic, programmable logic, microcode, etc.), software (e.g., instructions executing on a
processing device), or a combination thereof. It is to be appreciated that not all steps may
be needed to perform the disclosure provided herein. Further, some of the steps may be
performed simultaneously, or in a different order than shown in FIG. 16, as will be
understood by a person of ordinary skill in the art.

[0241] For illustrative and non-limiting purposes, method 1600 shall be described with
reference to FIGS. 1 and 14. However, method 1600 is not limited to those examples.

[0242] In 1602, the audio responsive electronic device 1402 may determine whether to
resume play of the content from the point where playback was paused, or from the
beginning of the content, based on the retrieved state information, such as how long the

content was paused, the type of content, the source, etc. For example, if play was paused
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for greater than a predetermined threshold (as determined using the timestamp in the state
information identifying when the pause occurred), then the audio responsive electronic
device 1402 may decide to resume playing the content from the beginning rather than the
point where the pause occurred. As another example, if the type of the content is a movie
or TV program, then the audio responsive electronic device 1402 may decide to resume
playing the content from the point where the pause occurred. For other content types,
such as music, the audio responsive electronic device 1402 may decide to resume playing
the content from the beginning.

[0243] The audio responsive electronic device 1402 may also consider the source of the
content in step 1602. For example, if the content source 120 allows retrieval of content
only from the beginning, then the audio responsive electronic device 1402 may decide to
resume playing the content from the beginning rather than the point where the pause
occurred.

[0244] In 1604, the audio responsive electronic device 1402 may determine whether to
play the content associated with the intent retrieved in step 1516, or other content of the
same genre, based on the retrieved state information, such as the intent, the content, the
type of content, the source, etc. For example, if the user’s original command (as indicated
by the intent) was to play a particular song, then the audio responsive electronic device
1402 may decide to play that specific song. If, instead, the user’s original command was
to play a genre of music (such as country music), then the audio responsive electronic
device 1402 may decide to play music within that genre rather than the song paused at
step 1508.

[0245] The audio responsive electronic device 1402 may also consider the source of the
content in step 1604. For example, if the content source 120 does not allow random
access retrieval of specific content, but instead only allows retrieval based on genre, then
the audio responsive electronic device 1402 may decide to play content within the same
genre of the content associated with the intent retrieved in step 1516.

[0246] In step 1606, the audio responsive electronic device 1402 may access the content
source(s) 120 identified in the state information to retrieve content pursuant to the

determinations made in steps 1602 and/or 1604.
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[0247] In step 1608, the audio responsive electronic device 1402 may play the content
retrieved in step 1606, or cause such content to be played by other devices in the media
system 102 (such as media device 114 and/or display device 104).

[0248] As noted above, in some embodiments, the audio responsive electronic device
1402 includes a tell me something button 1412. It is noted that the tell me something
button 1412 may have different names in different embodiments. FIG. 17 is a method
1702 directed to the operation of the tell me something button 1412, according to some
embodiments. Method 1702 can be performed by processing logic that can comprise
hardware (e.g., circuitry, dedicated logic, programmable logic, microcode, etc.), software
(e.g., instructions executing on a processing device), or a combination thereof. It is to be
appreciated that not all steps may be needed to perform the disclosure provided herein.
Further, some of the steps may be performed simultaneously, or in a different order than
shown in FIG. 17, as will be understood by a person of ordinary skill in the art.

[0249] For illustrative and non-limiting purposes, method 1702 shall be described with
reference to FIGS. 1 and 14. However, method 1702 is not limited to those examples.

[0250] In 1704, user 136 may press the tell me something button 1412 of the audio
responsive electronic device 1402. Alternatively, the user 136 may say a trigger word
associated with the audio responsive electronic device 1402 followed by “tell me
something” (or a similar command).

[0251] In 1706, the audio responsive electronic device 1402 may determine the identity
of the user 136. In some embodiments, the audio responsive electronic device 1402 may
identify the user 136 based on user characteristics, such as user preferences and/or how
the user 136 interacts with the audio responsive electronic device 1402 and/or the remote
control 138. In other embodiments, the audio responsive electronic device 1402 may
identify the user 136 based on networking approaches, such as identifying cell phones
(and associated users) within range of the audio responsive electronic device 122 or other
devices in the media system 102, such as media device 114. These and other example
approaches for identifying the user 136 are described in U.S. Patent Applications
“Network-Based User Identification,” Ser. No. 15/478,444 filed April 4, 2017, and
“Interaction-Based User Identification,” Ser. No. 15/478,448 filed April 4, 2017, both of

which are herein incorporated by reference in their entireties.
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[0252] In step 1708, the audio responsive electronic device 1402 may determine the
location of the user 136 using any of the approaches discussed herein, and/or other
approaches, such as GPS (global positioning system) or location services functionality
that may be included in audio responsive electronic device 122, media device 114, the
user 136’s smartphone, etc.

[0253] In 1710, the audio responsive electronic device 1402 may access information
associated with the user 136 identified in step 1706, such as user preferences, user history
information, the user’s media subscriptions, etc. Such user information may be accessed
from other devices in media system 102, such as from media device 114 and/or content
sources 120.

[0254] In 1712, the audio responsive electronic device 1402 may retrieve a topic from
topic database 1408 based on, for example, the location of the user 136 (determined in
step 1708) and/or information about the user 136 (accessed in step 1710). The topics in
topic database 1408 may include or be related to program scheduling, new or changes in
content and/or content providers, public service announcements, promotions,
advertisements, contests, trending topics, politics, local/national/world events, and/or
topics of interest to the user 136, to name just some examples.

[0255] In 1714, the audio responsive electronic device 1402 may generate a message that
is based on the retrieved topic and customized for the user 136 based on, for example, the
location of the user 136 (determined in step 1708) and/or information about the user 136
(accessed in step 1710). Then, the audio responsive electronic device 1402 may audibly
provide the customized message to the user 136.

[0256] For example, assume the topic retrieved in step 1712 was a promotion for a free
viewing period on Hulu. Also assume the user 136 is located in Palo Alto, CA. The audio
responsive electronic device 1402 may access content source(s) 120 and/or other sources
available via network 118 to determine that the most popular show on Hulu for
subscribers in Palo Alto is “Shark Tank.” Using information accessed in step 1710, the
audio responsive electronic device 1402 may also determine that the user 136 is not a
subscriber to Hulu. Accordingly, in step 1714, the audio responsive electronic device
1402 may generate and say to the user 136 the following customized message: “The most

popular Hulu show in Palo Alto is Shark Tank. Say ‘Free Hulu Trial’ to watch for free.”
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[0257] As another example, assume the topic retrieved in step 1712 was a promotion for
discount pricing on commercial free Pandora. The audio responsive electronic device
1402 may access content source(s) 120 and/or other sources available via network 118,
and/or information retrieved in step 1710, to determine that the user 136 has a
subscription to Pandora (with commericals), and listened to Pandora 13 hours last month.
Accordingly, in step 1714, the audio responsive electronic device 1402 may generate and
say to the user 136 the following customized message: “You listened to Pandora for 13
hours last month. Say ‘Pandora with no commercials’ to sign up for discount pricing for
commercial-free Pandora.”

[0258] In 1716, the audio responsive electronic device 1402 receives an audible
command from the user 136. The received command may or may not be related to or
prompted by the customized topic message of step 1714.

[0259] In 1718, the audio responsive electronic device 1402 processes the received user

command.

Example Computer System

[0260] Various embodiments and/or components therein can be implemented, for
example, using one or more computer systems, such as computer system 1800 shown in
FIG. 18. Computer system 1800 can be any computer or computing device capable of
performing the functions described herein. Computer system 1800 includes one or more
processors (also called central processing units, or CPUs), such as a processor 1804.
Processor 1804 is connected to a communication infrastructure or bus 1806.

[0261] One or more processors 1804 can each be a graphics processing unit (GPU). In
some embodiments, a GPU is a processor that is a specialized electronic circuit designed
to process mathematically intensive applications. The GPU can have a parallel structure
that is efficient for parallel processing of large blocks of data, such as mathematically
intensive data common to computer graphics applications, images, videos, etc.

[0262] Computer system 1800 also includes user input/output device(s) 1803, such as
monitors, keyboards, pointing devices, etc., that communicate with communication
infrastructure 1806 through user input/output interface(s) 1802.

[0263] Computer system 1800 also includes a main or primary memory 1808, such as

random access memory (RAM). Main memory 1808 can include one or more levels of
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cache. Main memory 1808 has stored therein control logic (i.e., computer software)
and/or data.

[0264] Computer system 1800 can also include one or more secondary storage devices or
memory 1810. Secondary memory 1810 can include, for example, a hard disk drive 1812
and/or a removable storage device or drive 1814. Removable storage drive 1814 can be a
floppy disk drive, a magnetic tape drive, a compact disk drive, an optical storage device,
tape backup device, and/or any other storage device/drive.

[0265] Removable storage drive 1814 can interact with a removable storage unit 1818.
Removable storage unit 1818 includes a computer usable or readable storage device
having stored thereon computer software (control logic) and/or data. Removable storage
unit 1818 can be a floppy disk, magnetic tape, compact disk, DVD, optical storage disk,
and/ any other computer data storage device. Removable storage drive 1814 reads from
and/or writes to removable storage unit 1818 in a well-known manner.

[0266] According to an exemplary embodiment, secondary memory 1810 can include
other means, instrumentalities or other approaches for allowing computer programs
and/or other instructions and/or data to be accessed by computer system 1800. Such
means, instrumentalities or other approaches can include, for example, a removable
storage unit 1822 and an interface 1820. Examples of the removable storage unit 1822
and the interface 1820 can include a program cartridge and cartridge interface (such as
that found in video game devices), a removable memory chip (such as an EPROM or
PROM) and associated socket, a memory stick and USB port, a memory card and
associated memory card slot, and/or any other removable storage unit and associated
interface.

[0267] Computer system 1800 can further include a communication or network interface
1824. Communication interface 1824 enables computer system 1800 to communicate and
interact with any combination of remote devices, remote networks, remote entities, etc.
(individually and collectively referenced by reference number 1828). For example,
communication interface 1824 can allow computer system 1800 to communicate with
remote devices 1828 over communications path 1826, which can be wired and/or
wireless, and which can include any combination of LANs, WANS, the Internet, etc.
Control logic and/or data can be transmitted to and from computer system 1800 via

communication path 1826.
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[0268] In some embodiments, a tangible apparatus or article of manufacture comprising a
tangible computer uscable or readable medium having control logic (software) stored
thereon is also referred to herein as a computer program product or program storage
device. This includes, but is not limited to, computer system 1800, main memory 1808,
secondary memory 1810, and removable storage units 1818 and 1822, as well as tangible
articles of manufacture embodying any combination of the foregoing. Such control logic,
when executed by one or more data processing devices (such as computer system 1800),
causes such data processing devices to operate as described herein.

[0269] Based on the teachings contained in this disclosure, it will be apparent to persons
skilled in the relevant art(s) how to make and use embodiments of the invention using
data processing devices, computer systems and/or computer architectures other than that
shown in FIG. 18. In particular, embodiments can operate with software, hardware,
and/or operating system implementations other than those described herein.

[0270] It is to be appreciated that the Detailed Description section, and not any other
section, is intended to be used to interpret the claims. Other sections can set forth one or
more but not all exemplary embodiments as contemplated by the inventor(s), and thus,
are not intended to limit this disclosure or the appended claims in any way.

[0271] While this disclosure describes exemplary embodiments for exemplary fields and
applications, it should be understood that the disclosure is not limited thereto. Other
embodiments and modifications thereto are possible, and are within the scope and spirit
of this disclosure. For example, and without limiting the generality of this paragraph,
embodiments are not limited to the software, hardware, firmware, and/or entities
illustrated in the figures and/or described herein. Further, embodiments (whether or not
explicitly described herein) have significant utility to fields and applications beyond the
examples described herein.

[0272] Embodiments have been described herein with the aid of functional building
blocks illustrating the implementation of specified functions and relationships thereof.
The boundaries of these functional building blocks have been arbitrarily defined herein
for the convenience of the description. Alternate boundaries can be defined as long as the
specified functions and relationships (or equivalents thereof) are appropriately performed.
Also, alternative embodiments can perform functional blocks, steps, operations, methods,

etc. using orderings different than those described herein.
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[0273] References herein to “one embodiment,” “an embodiment,” “an example
embodiment,” or similar phrases, indicate that the embodiment described can include a
particular feature, structure, or characteristic, but every embodiment can not necessarily
include the particular feature, structure, or characteristic. Moreover, such phrases are not
necessarily referring to the same embodiment. Further, when a particular feature,
structure, or characteristic is described in connection with an embodiment, it would be
within the knowledge of persons skilled in the relevant art(s) to incorporate such feature,
structure, or characteristic into other embodiments whether or not explicitly mentioned or
described herein. Additionally, some embodiments can be described using the expression
“coupled” and “connected” along with their derivatives. These terms are not necessarily
intended as synonyms for each other. For example, some embodiments can be described
using the terms “connected” and/or “coupled” to indicate that two or more elements are in
direct physical or electrical contact with each other. The term “coupled,” however, can
also mean that two or more elements are not in direct contact with each other, but yet still
co-operate or interact with each other.

[0274] The breadth and scope of this disclosure should not be limited by any of the
above-described exemplary embodiments, but should be defined only in accordance with

the following claims and their equivalents.
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WHAT IS CLAIMED IS:

1. An audio responsive electronic device, comprising:
a data storage;
a queue in the data storage, wherein intents are stored in the queue;
a play/stop button; and
one or more processors configured to:
receive an indication that a user pressed the play/stop button;
retrieve from the queue an intent last stored in the queue, wherein the
retrieved intent is associated with content previously paused,
retrieve from the queue state information associated with the paused
content; and
cause content to be played based on at least the paused content and the

state information.

2. The audio responsive electronic device of claim 1, the one or more processors further
configured to:
after receiving the indication that the user pressed the play/stop button, determine
that content is currently playing;
pause the content;
store state information in the queue, wherein the state information is configured to
resume playing content in the future, and wherein the state information is stored in the

queue with an intent that previously caused the content to be played.

3. The audio responsive electronic device of claim 1, wherein to cause content to be played
based on at least the paused content and the state information, the one or more processors
are configured to:

first determine whether to resume play of the paused content from a beginning of
the paused content or from a point where the paused content was paused based on at least
the state information;

second determine whether to play the paused content or other content in a same

genre of the paused content based on at least the state information; and
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cause content to be played based on at least the first determination and the second

determination.

4. The audio responsive electronic device of claim 1, further comprising tell me something
functionality, wherein the data storage comprises a topic database, and wherein the one or
more processors are further configured to:

receive an indication that a user selected the tell me something functionality;

determine an identity of the user;

determine a location of the identified user;

access information relating to the identified user;

retrieve a topic from the topic database based on at least one of the location of the
identified user and the information related to the identified user;

customize the retrieved topic for the identified user; and

audibly provide the customized topic to the identified user.

5. The audio responsive electronic device of claim 4, wherein to customize the retrieved
topic for the identified user, the one or more processors are further configured to:
customize the retrieved topic for the identified user based on at least one of the

location of the identified user and the information related to the identified user.

6. A method in an audio responsive electronic device, wherein the audio responsive
electronic device comprises a play/stop button and a data storage comprising a queue,
wherein intents are stored in the queue, the method comprising:

receiving an indication that a user pressed the play/stop button;

retrieving from the queue an intent last stored in the queue, wherein the retrieved
intent is associated with content previously paused;

retrieving from the queue state information associated with the paused content;
and

causing content to be played based on at least the paused content and the state

information.
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The method of claim 6, further comprising:

after receiving the indication that the user pressed the play/stop button,
determining that content is currently playing;

pausing the content;

storing state information in the queue, wherein the state information is configured
to resume playing content in the future, and wherein the state information is stored in the

queue with an intent that previously caused the content to be played.

The method of claim 6, wherein the causing content to be played comprises:

first determining whether to resume play of the paused content from a beginning
of the paused content or from a point where the paused content was paused based on at
least the state information;

second determining whether to play the paused content or other content in a same
genre of the paused content based on at least the state information; and

causing content to be played based on at least the first determinating and the

second determinating.

The method of claim 6, further comprising:
receiving an indication that a user selected tell me something functionality;
determining an identity of the user;
determining a location of the identified user;
accessing information relating to the identified user;
retrieving a topic from a topic database in the data storage based on at least one of
the location of the identified user and the information related to the identified user;
customizing the retrieved topic for the identified user; and

audibly providing the customized topic to the identified user.

The method of claim 9, wherein the customizing the retrieved topic for the identified user
comprises:
customizing the retrieved topic for the identified user based on at least one of the

location of the identified user and the information related to the identified user.
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A non-transitory computer-readable device having instructions stored thereon that, when
executed by at least one computing device, causes the at least one computing device to
perform operations in an audio responsive electronic device, wherein the audio responsive
electronic device comprises a play/stop button and a data storage comprising a queue,
wherein intents are stored in the queue, the operations comprising:

receiving an indication that a user pressed the play/stop button;

retrieving from the queue an intent last stored in the queue, wherein the retrieved
intent is associated with content previously paused;

retrieving from the queue state information associated with the paused content;
and

causing content to be played based on at least the paused content and the state

information.

The non-transitory computer-readable device of claim 11, the operations further
comprising:

after receiving the indication that the user pressed the play/stop button,
determining that content is currently playing;

pausing the content;

storing state information in the queue, wherein the state information is configured
to resume playing content in the future, and wherein the state information is stored in the

queue with an intent that previously caused the content to be played.

The non-transitory computer-readable device of claim 11, wherein the causing content to
be played comprises:

first determining whether to resume play of the paused content from a beginning
of the paused content or from a point where the paused content was paused based on at
least the state information;

second determining whether to play the paused content or other content in a same
genre of the paused content based on at least the state information; and

causing content to be played based on at least the first determinating and the

second determinating.
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The non-transitory computer-readable device of claim 11, the operations further
comprising:

receiving an indication that a user selected tell me something functionality;

determining an identity of the user;

determining a location of the identified user;

accessing information relating to the identified user;

retrieving a topic from a topic database in the data storage based on at least one of
the location of the identified user and the information related to the identified user;

customizing the retrieved topic for the identified user; and

audibly providing the customized topic to the identified user.

The non-transitory computer-readable device of claim 14, wherein the customizing the
retrieved topic for the identified user comprises:
customizing the retrieved topic for the identified user based on at least one of the

location of the identified user and the information related to the identified user.



WO 2019/046171 PCT/US2018/048104

1/18
Display device
Dispiay Media device 106
™\-108 »
Voice Adapter(s)
Speaker(s)  V™_1ins (\-104 i pter(s)
Control Interface N
Control Module f\ﬂg Module f\_,ﬁa 194 114
(.J
Transceiver | 112 Application(s)
Presence Detector &15@
120
Beam Forming
.
Module 0 (’)
Network
Voice Platform Content
Source(s)
Digitai Assistant{s) I~_4an
Microphona  {™~126A
1268 126D Microphone :
ol o’ o~ Ana Audio
. . ¥ Responsive
Microphone Microphone 124 L~ Electronic
Davice
122
Microphone 1260 Speakers
180
User interface & Command Module  ¥-128 isu
V_;saaai ~_182
indicators
Transceiver  ™130 Battery 1140
Beam Forming Module 132 Processor
~-184
interface  L-—~L_186
Data Storage 134
Library p~ 3188
Presence Deteclor ”\«160
Remaote [™138 Pawer
136 Control Source 142

FIG. 1

i
Ny



WO 2019/046171

PCT/US2018/048104

218

Display device

Speaker(s) I 108

Microphone Array
124

?
1) ]
-204A -
) i

- ~

i
S

-

Y 12
3 ‘4

Microphone 1964

{front)
1268 1260 2@&49
C C__ Ly
Microphone Microphone
(left) {right} i ;

Microphone |
(back) 126C

4 *

]
§ T

\204C

136




WO 2019/046171 PCT/US2018/048104

318

302

Determine position of display device N 302
{(source of noise)

De-enhance audic from display device N\ 304

%

Determine position of user N 306
{source of commands)

Enhance audio from user /N 308




WO 2019/046171

PCT/US2018/048104

4/18

402

7

Receive audio stream being provided to |~ 404
display device

%

Listen for audio stream to identify and | ~_ 406
determing position of display device

%

Adjust beam forming of microphone array

using audio stream and/or position of /O 408

display device and/or position of user to de-
enhance audio from display device




WO 2019/046171 PCT/US2018/048104

5/18

500

7

Determine a lack of presence of a userat a |~ 502
display device at a current time

%

Determing a past time of a past user N 504
detection at the display device

%

Determine the difference between the
current time and the past time is greater /- 506
than a threshold value

Place the display device in a standby mode /™ 508




WO 2019/046171

PCT/US2018/048104

6/18

600

7

Defermine a lack of presence of a user at
an audio responsive electronic device at a N\ 602
current time

%

Determine a past time of a past user
detection at the audic respensive slectronic ™\ 604
device

%

Determine the difference between the
current time and the past time is greater ™\~ 506
than a threshold value

%

Place the audio responsive eleclronic |~ 508
device in a standby mode




WO 2019/046171 PCT/US2018/048104

718

700

7

Establish a peer to peer wireless natwork
connection between a display device and 702
an audio responsive electronic device

A

Determine a position of a user at a display |~ 204
device

%
Configure a transmission pattern for the

display device based on the determined N 706
pusition

%
Transmit to the audio responsive eleclronic
device over the peer to peer wireless 708
network connection based on the
configured transmission pattemn




WO 2019/046171 PCT/US2018/048104

8/18
802
Listen for trigger word N\ 804

%

Upon receipt of trigger word, identify and |~ 806
determine position of user

%

Adjust beam forming of microphone array
using position of display device and/or /\- 808
position of user to enhance audic from user




WO 2019/046171

910A

9108

910C

910D

910k

910F

910G

910N

PCT/US2018/048104
9/18
Library
188
804 808 908 910
ol ol -l .l
index Category Type Visual Indicator
Command On-0Off /
Brightness / Color /
Movement
1 Tone Happy All on / Medium/ Green
S { Slow movement right
to eft
PN Tone Sad Even on / Medium /
Red / Slow blinking
3 Function/Scenario | Pause Playback Al on / Medium /
™ Green / Slow
movement right (o left
NG 4 Funclion/Scenario | Processing All on / Medium / Blus /
Command Medium blinking
2N 5 Function/Scenario | Waiting for audio Al off / NA /T NA T NA
input
7N 6 User Feedback Audio input clearly | All on/ Bright/ Green /
understood One long pulse
7 User Feadback Audio input not Alt on / Bright / Red /
™\ received or Fast blinking
understood
NG N




WO 2019/046171 PCT/US2018/048104

10118

Audic responsive electronic device receives |~ 1004
audio input

A

Provide user feedback based on quality of | ~_ 1006
received audio input

%

Identify intended target (or destination) of
received audio input 7N\~ 1008

Transmit audioc input {o the target N\~ 1010

%

Receive message from target, where the
message includes a response and a visual ¥ N 1012
indicator code or index

_ Retrieve desired visual
Playback or otherwise operate indicator command from library
according to the response using visual indicator code/

index

Command visual indicators
using retrieved visual indicator N\~ 1018
command

FIG. 10



PCT/US2018/048104

WO 2019/046171

1118

A

6L~

uesissy [enbig

18ipueH jusiuy SLL 1IN HeY
3 a ) 3
8011 8oLl oL Z0LL
3
a8t

UIIOLIB] o BDIOA




WO 2019/046171 PCT/US2018/048104

12118

1200

Receive a voice input - 1202

3

Perform eche‘car}celiatmn on the ~_ 1204
voice input

3

Detect trigger word in the voice  j~__ 1906
input

¥

Perform noise car_‘aceiiamn onthe i~ _ 1908
voice input

¥
Transmit the processed voice
input {0 a voice platform based - 1210

on the detected trigger word

¥

Receive an intent from the voice |~ _ 4919
platform

3

Process the intent \_ 1214

FIG. 12



WO 2019/046171 PCT/US2018/048104

13/18
1300
Receive a voice input ™\ 1302

¥

Detect a tragg?;;\;t:;rd in the voice |~ 1304

y

Select a digital assistant based on |~ _ 1306
the detected trigger word

4

Transmit the voice input to the
selected digital assistant to N\ 1308
generate an inient

¥

Traﬁsmé_i the intent to a media |~ 1310
device for processing

FIG. 13



WO 2019/046171

14/18

PCT/US2018/048104

Audio
Responsive

Data _— |
Storage

1404

intent Queus N 1406
Topics N~ 1408
Play/Stop - 1410

Tell Me Something 17\ 1412

Electronic
Device 1402

FIG. 14



WO 2019/046171 PCT/US2018/048104
15/18
1502
User presses play/stop bution - 1504
3 /M 1506
Yes < Content playing? >
¥
No
Pause contant N\~ 1508

. S 1512 /1814

Yes Ask user for

?
¥ - 1810 <ntent queue empty_>m> instructions

Store state information of
paused content (for
example, information
identifying the source,
content, type of content,
point in the content where
it was paused, eic.)

No

¥

Retrieve most recent intent
from intent gueus, as well as
associated state information (if
user presses play/stop button
multiple times, then cycle
through intents in the intert
gueus)

4

Cause source to play content
associated with most recent
intent, based on associated

state information

FIG. 18



WO 2019/046171

16/18

Determine whether to resume
or play from the beginning of
the content, based on how long
the content was paused, the
type of content, the source, ste.

PCT/US2018/048104

- 16802

¥

Determine whether to play the
content, or other content of the
same gerve, basad on the
intent, the content, the type of
content, the source, efc.

¥

Access and cause source to
provide content based on
detarminations

¥

Play content

FIG. 16



WO 2019/046171

1718

PCT/US2018/048104

User presses {ell me something
button

Defermine user identity

4

Determine user location

N 1708

4

Access other user information,
such as preferences, history,
subscriptions, etc.

¥

Refrieve topic based on user
information, trending, location,
efc.

N 1712

4

Audibly provide topic to user, in
a cusiomized manner based on
user information, location, elc.

¥

Raceive user command

4

Process user command

\_ 1718

FIG. 17

1702



PCT/US2018/048104

WO 2019/046171

18/18

8L "'Oid

0081 waskg senduion

Gcgl UiBd SUCHEOIUNWILLOD

gzal (senfue
{shiuocmsu
{s)a0ineD Blolliey

P28l 2oBlSiU|
SUCREDIUNWILWC)

zzgl wun sbeioig
|jgBAOLLEY

028l soelisiy

gLl nun sbeiols
SIGRAOUIS Y

18l SAUQ
sbelols sjgeroWway

cl8l
SALIC MSIT el

oLl
Aoidsiy Alepuoses

£081 (s)eoeusiuy
wdinQandu) asn

zZogl (s)eoeusily
wndinoandy) Jasn

8081 Aowap uiey

FOQL JOSSBI0IH

2081
SNSRI
UOREDIUNLILIOD




INTERNATIONAL SEARCH REPORT

International application No.
PCT/US2018/048104

A. CLASSIFICATION OF SUBJECT MATTER

G10L 15/28(2006.01)i, G10L 15/22(2006.01)i, G10L 17/22(2013.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
G10L 15/28; GO6F 12/00, GOG6F 17/00; GO6F 17/27, GO6F 3/16, G10L 15/06; G10L 15/18; G10L 15/22; G10L 17/22

Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electromic data base consulted during the international search (name of data base and, where practicable, search terms used)
¢eKOMPASS(KIPO internal) & Keywords: audio, responsive, intent, play, stop, button, content, state, queue, and similar terms.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

See paragraphs [0015]-[0018]; claims 1-2; and figure 1.

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2015-0018992 A1 (SONOS, INC.) 15 January 2015 1-15
See paragraphs [0020]-[0068] and [0091]; claim 1; and figures 3 and 9.
A US 2014-0309993 A1 (NUANCE COMMUNICATIONS, INC.) 16 October 2014 1-15
See paragraphs [0018] and [0034]; and figure 1.
A US 2017-0011742 A1 (MITSUBISHI ELECTRIC CORPORATION) 12 January 2017 1-15
See paragraphs [0041]-10043] and [0062]1-[0063]; claim 11; and figures 1-2.
A US 2017-0243576 A1 (SONOS, INC.) 24 August 2017 1-15
See paragraphs [0018] and [0042]-[0046]; claim 1; and figure 4.
A US 2009-0138507 A1 (ERIK J. BURCKART et al.) 28 May 2009 1-15

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

"A"™ document defining the general state of the art which is not considered
to be of particular relevance

carlier application or patent but published on or after the international
filing date

document which may throw doubts on priotity claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later
than the priority date claimed

g

"

o

wpn

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

gn

myn

ngn

Date of the actual completion of the international search
17 December 2018 (17.12.2018)

Date of mailing of the international search report

17 December 2018 (17.12.2018)

Name and mailing address of the ISA/KR

International Application Division

Korean Intellectual Property Office

189 Cheongsa-ro, Seo-gu, Dagjeon, 35208, Republic of Korea

Facsimile No. +82-42-481-8578

Authorized officer

NHO, Ji Myong

Telephone No. +82-42-481-8528

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2018/048104
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015-0018992 Al 15/01/2015 CN 105453179 A 30/03/2016
EP 3020044 Al 18/05/2016
EP 3020044 A4 06/07/2016
JP 2016-532889 A 20/10/2016
JP 6290394 B2 07/03/2018
US 9298415 B2 29/03/2016
WO 2015-006226 Al 15/01/2015
US 2014-0309993 Al 16/10/2014 US 9373322 B2 21/06/2016
US 2017-0011742 Al 12/01/2017 CN 106663424 A 10/05/2017
DE 112014006542 T 15/12/2016
US 10037758 B2 31/07/2018
WO 2015-151157 Al 13/04/2017
WO 2015-151157 Al 08/10/2015
US 2017-0243576 Al 24/08/2017 AU 2017-222436 Al 31/08/2017
AU 2017-223395 Al 31/08/2017
CA 3015491 Al 31/08/2017
CA 3015496 Al 31/08/2017
US 10095470 B2 09/10/2018
US 10097919 B2 09/10/2018
US 2017-0242649 Al 24/08/2017
US 2017-0242650 Al 24/08/2017
US 2017-0242651 Al 24/08/2017
US 2017-0242655 Al 24/08/2017
US 2017-0242656 Al 24/08/2017
US 2017-0242657 Al 24/08/2017
US 2017-0243587 Al 24/08/2017
US 2017-0245050 Al 24/08/2017
US 2017-0245051 Al 24/08/2017
US 2018-226074 Al 09/08/2018
US 9772817 B2 26/09/2017
US 9785402 B2 10/10/2017
US 9788106 B2 10/10/2017
US 9788107 B2 10/10/2017
US 9811314 B2 07/11/2017
US 9820039 B2 14/11/2017
US 9826306 B2 21/11/2017
US 9947316 B2 17/04/2018
US 9965247 B2 08/05/2018
WO 2017-147075 Al 31/08/2017
WO 2017-147081 Al 31/08/2017
US 2009-0138507 Al 28/05/2009 None

Form PCT/ISA/210 (patent family annex) (January 2015)



	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - claims
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - drawings
	Page 70 - drawings
	Page 71 - drawings
	Page 72 - drawings
	Page 73 - drawings
	Page 74 - drawings
	Page 75 - drawings
	Page 76 - drawings
	Page 77 - drawings
	Page 78 - drawings
	Page 79 - drawings
	Page 80 - drawings
	Page 81 - wo-search-report
	Page 82 - wo-search-report

