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COLLABORATIVE VOICE CONTROLLED DEVICES 

TECHNICAL FIELD 

[0001] This specification generally relates to automated speech recognition. 

BACKGROUND 

[0002] The reality of a speech-enabled home or other environment – that is, one in 

which a user need only speak a query or command out loud and a computer-based 

system will field and answer the query and/or cause the command to be performed – 

is upon us.  A speech-enabled environment (e.g., home, workplace, school, etc.) can 

be implemented using a network of connected microphone devices distributed 

throughout the various rooms or areas of the environment.  Through such a network 

of microphones, a user has the power to orally query the system from essentially 

anywhere in the environment without the need to have a computer or other device in 

front of him/her or even nearby.  For example, while cooking in the kitchen, a user 

might ask the system “how many milliliters in three cups?” and, in response, receive 

an answer from the system, e.g., in the form of synthesized voice output.  

Alternatively, a user might ask the system questions such as “when does my nearest 

gas station close,” or, upon preparing to leave the house, “should I wear a coat 

today?”  Further, a user may ask a query of the system, and/or issue a command, 

that relates to the user’s personal information.  For example, a user might ask the 

system “when is my meeting with John?” or command the system “remind me to call 

John when I get back home.”  

SUMMARY 

[0003] Hotwords may be used in order to avoid picking up utterances made in the 

surrounding environment that are not directed to the system.  A hotword (also 

referred to as an "attention word" or "voice action initiation command") is a 

predetermined word or term that is spoken to invoke the attention of the system.  In 
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an example environment, the hotword used to invoke the system's attention are the 

words "OK computer."  When the system detects that the user has spoken the 

hotword, the system enters a ready state for receiving further user commands.    

[0004] In speech-enabled environments, devices may be continuously listening for 

hotwords.  When there are multiple devices in the same environment that are 

configured to respond to a particular hotword, any utterance including the hotword 

may trigger all the devices and provide redundant responses from the multiple 

devices.  For example, Alice, Bob and Carl may be looking for a restaurant to go to 

for lunch.  Alice may say “OK Computer, find me restaurants nearby”.  All three of 

their phones may simultaneously provide a response, e.g., a list of restaurants.  To 

improve user experience, it may be desirable for the phones to communicate with 

one another to provide different responses in a coordinated fashion similar to an 

actual conversation.  Alice’s phone may provide a list of nearby restaurants and 

Bob’s phone may provide a response selecting one of the restaurants in the list of 

nearby restaurants provided by Alice’s phone.  Carl’s phone may provide a response 

approving the selected restaurant based on Carl’s review of the restaurant on social 

media.  

[0005] According to one innovative aspect of the subject matter described in this 

specification, a first computing device identifies one or more other computing devices 

that are configured to respond to a particular, predefined hotword.  The first 

computing device receives an utterance that is spoken by a user.  Before performing 

speech recognition on the audio data that corresponds to the utterance, the first 

computing device determines that the audio data includes the hotword, and that a 

second computing device is already processing the audio.  The first computing 

device receives the response outputted by the second computing device in response 

to the utterance.  Based on this response and the utterance, the first computing 

device generates a response and provides the response for output.  Thus the first 

computing device augments the response from the second computing device and 

provides a new response which can provide additional information to the users.   
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[0006] In general, another innovative aspect of the subject matter described in this 

specification may be embodied in methods that include the actions of identifying, by 

a first computing device, a second computing device that is configured to respond to 

a particular, predefined hotword; receiving audio data that corresponds to an 

utterance; receiving a transcription of additional audio data outputted by the second 

computing device in response to the utterance; based on the transcription of the 

additional audio data and based on the utterance, generating a transcription that 

corresponds to a response to the additional audio data; and providing, for output, the 

transcription that corresponds to the response. 

[0007] These and other embodiments can each optionally include one or more of 

the following features.  In some implementations, providing, for output the 

transcription that corresponds to the response comprises providing an initial 

portion of the transcription to a speech synthesizer of the first computing device; and 

providing, to the second computing device, (i) a remaining portion of the transcription 

and (ii) instructions to output the remaining portion of the transcription using a 

speech synthesizer of the second computing device.  

[0008] In some implementations, the actions further include before performing 

speech recognition on the audio data that corresponds to the utterance: determining 

that the audio data that corresponds to the utterance includes the particular, 

predefined hotword; and receiving data indicating that the second computing device 

is responding to the audio data.  

[0009] In some implementations, providing, for output, the transcription that 

corresponds to the response comprises providing the transcription that corresponds 

to the response to a speech synthesizer. 

[0010] In some implementations, the audio data that corresponds to the 

synthesized transcription is received by a third computing device that is configured to 

generate a response based on the audio data that corresponds to the synthesized 

transcription, the transcription of the additional audio data, and the utterance.  
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[0011] In some implementations, the actions further include after providing, for 

output, the transcription that corresponds to the response, receiving, by the first 

computing device, audio data that corresponds to a second utterance; based on the 

transcription of the additional audio data, based on the utterance, and based on the 

second utterance, generating an additional transcription that corresponds to a 

response to the audio data that corresponds to the second utterance; and providing, 

for output, the additional transcription. 

[0012] In some implementations, the actions further include receiving data 

indicating a type of speech synthesizer used by the second computing device to 

output the additional audio data, wherein a type of speech synthesizer that received 

the transcription that corresponds to the response is different than the type of speech 

synthesizer used by the second computing device to output the additional audio 

data. 

[0013] In some implementations, providing, for output, the transcription that 

corresponds to the response comprises providing the transcription to a display of the 

first computing device. 

[0014] In some implementations, receiving data indicating that the second 

computing device is responding to the audio data includes receiving, from the 

second computing device, a short range radio signal that indicates that the second 

computing device is responding to the audio data.  In some implementations, 

receiving data indicating that the second computing device is responding to the 

audio data includes receiving, from the second computing device and through a local 

network, data indicating that the second computing device is responding to the audio 

data.  In some implementations, receiving data indicating that the second computing 

device is responding to the audio data includes receiving, from a server, data 

indicating that the second computing device is responding to the audio data.  

[0015] In certain aspects, determining that the audio data that corresponds to the 

utterance includes the particular, predefined hotword includes the steps of extracting 

audio features of the audio data that corresponds to the utterance; generating a 
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hotword confidence score by processing the audio features; determining that the 

hotword confidence score satisfies a hotword confidence threshold; and based on 

determining that the hotword confidence score satisfies a hotword confidence 

threshold, determining that the audio data that corresponds to the utterance includes 

the particular, predefined hotword. 

[0016] In some implementations, generating a transcription that corresponds to a 

response to the additional audio data comprises determining user information that is 

associated with the transcription of the additional audio data that is associated with a 

first user of the first computing device or with a second user of the second computing 

device; and wherein the transcription is generated based on the user information. 

[0017] In certain aspects, generating a transcription that corresponds to a 

response to the additional audio data comprises the actions of accessing data that is 

associated with the transcription of the additional audio data; and generating the 

transcription based on the accessed data. 

[0018] The actions further include determining a location of the first computing 

device, and generating the transcription based on the location of the first computing 

device.  The actions further include providing, to the second computing device or to a 

server, the audio data that corresponds to the utterance in response to receiving 

data indicating that the second computing device is responding to the audio data. 

[0019] In some implementations, the actions further include generating a first audio 

fingerprint of the audio data that corresponds to the utterance; receiving, from the 

second computing device, a second audio fingerprint of the audio data that 

corresponds to the utterance; comparing the first audio fingerprint to the second 

audio fingerprint; and based on comparing the first audio fingerprint to the second 

audio fingerprint, determining that the audio data received by the first computing 

device corresponds to the audio data received by the second computing device. 

[0020] In some implementations, further actions include receiving, from the second 

computing device or a server, a transcription of the audio data that corresponds to 
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the utterance, wherein generating the transcription that corresponds to the response 

to the additional audio data is based further on the transcription of the audio data 

that corresponds to the utterance. 

[0021] In some implementations, the first computing device and the second 

computing device are able to detect short range radio communications from each 

other. 

[0022] In some implementations, the first computing device and the second 

computing device are co-located. 

[0023] Other embodiments of this aspect include corresponding systems, 

apparatus, and computer programs recorded on computer storage devices, each 

configured to perform the operations of the methods. 

[0024] Particular embodiments of the subject matter described in this specification 

can be implemented so as to realize one or more of the following advantages.  First, 

a collaborative voice controlled device system can make conversational search 

smarter and more natural by seamlessly providing multiple and sequential responses 

in a coordinated fashion similar to an actual conversation.  Before providing a 

response to a query, a device may process the available information to generate a 

response.  Each device can provide a unique response which can add to the 

conversation and can be user-specific or location-specific.  The device may either 

provide the unique response or pass the information to another device.  Providing 

information to another devices allows the device to make conversations more 

human-like by intentionally leaving out parts of the unique response so that other 

devices may complete the response.  Second, a collaborative voice controlled device 

system can resolve the problem of multiple devices responding to the same query in 

a nearly identical manner.  For example, communication between the devices allows 

the devices to determine how and when the devices respond to the query.  This 

reduces the wastage of computing resources and battery power by avoiding 

redundant output.  Third, the collaborative voice controlled device system can be 

used to improve speech processing by using multiple devices with different 
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microphones at different locations to process audio data to get a more accurate 

transcription of the audio data.   

[0025] The details of one or more embodiments of the subject matter described in 

this specification are set forth in the accompanying drawings and the description 

below.  Other features, aspects, and advantages of the subject matter will become 

apparent from the description, the drawings, and the claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a diagram of an example system for collaboration between multiple 

voice controlled devices. 

[0027] FIG. 2 is a diagram of an example process for collaboration between 

multiple voice controlled devices. 

[0028] FIG. 3 shows an example of a computing device and a mobile computing 

device. 

[0029] Like reference numbers and designations in the various drawings indicate 

like elements. 

DETAILED DESCRIPTION 

[0030] FIG. 1 is a diagram of an example system 100 for collaboration between 

multiple voice controlled devices.  In general, the system 100 illustrates a user Alice 

speaking an utterance 102 “OK computer, find me a good steakhouse nearby for 

lunch” that is detected by computing devices 104a and 104b.  Computing device 

104a processes the utterance and provides a response “Al’s steakhouse at 123 Main 

Street has good reviews.”  Based on the utterance 102 and the response provided 

by computing device 104a, computing device 104b generates and provides a follow-

up response “Al’s is very busy right now, let’s try Lone Star Steakhouse at 4 Main 

Street instead.  Bob likes it a lot.”    



 

8 

[0031] In more detail, the sequence of events in FIG. 1 begins at stage A.  The 

computing devices 104a and 104b identify each other and other computing devices 

that are configured to respond to a particular, predefined hotword.  In some 

implementations, the computing devices identify each other by searching the local 

network for other computing devices that are configured to respond to the hotword.  

For example, computing device 104b may search the local area network, and may 

identify computing device 104a as another computing device that is configured to 

respond to the hotword. 

[0032] In some implementations, the computing devices identify other computing 

devices that are configured to respond to the hotword by identifying the user who is 

logged into each device.  In some implementations, and in this example, computing 

device 104a may be associated with the user Alice and computing device 104b may 

be associated with a user Bob.  In this case, Alice may be logged into computing 

device 104a and Bob may be logged into computing device 104b.  Alice and Bob 

may be a part of a group of users with associated devices that may be configured to 

respond to a particular, predefined hotword.  The group of users may be a group of 

co-workers at a company, or a group of friends.  Each computing device may share 

information that is related to the user who is logged into the particular computing 

device, such as a user identifier.   

[0033] In some implementations, both computing devices 104a and 104b may be 

associated with the same user.  For example, Alice may be logged into computing 

devices 104a and 104b.  Alice may have the computing device 104a in her hand.  

The computing device 104b may be a home assistant located on a table.  Computing 

device 104a detects computing devices 104b and each computing device shares 

information that is related to the user who is logged into the computing device, such 

as a user identifier. 

[0034] In some implementations, once the computing device 104b has identified 

104a as a computing devices that is configured to respond to the same hotword, the 

computing devices 104a and 104b may share and store their respective device 

identifiers 106 and 108.  The identifiers may be based on a type of device, an IP 
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address of the device, a MAC address, a name given to the device by a user, or any 

combinations thereof.  For example, the device identifier 106 for computing device 

104a may be "Alice phone".  The device identifier 108 for computing device 104b 

may be "Bob phone".  The computing devices 104a and 104b have respective 

device groups 110 and 112 where the computing devices store the device identifiers.   

[0035] In some implementations, there may be more than two computing devices 

that are configured to respond to the particular hotword.  Each computing device 

may identify the other computing devices that are configured to respond to the 

particular hotword, and may store the device identifiers for the other computing 

devices in the device group.  

[0036] In some implementations, the computing devices may be co-located such 

that they share a same location or place.  The computing devices may be within a 

predetermined distance of each other, or within the same room.  The computing 

devices may be in the same acoustic environment.  In some examples, the 

computing devices may be co-located virtually, e.g., when the computing devices 

participate in a telephone or video conference. 

[0037] In some implementations, the computing devices may identify other 

computing devices that are configured to respond to the hotword through short range 

communication such as the Bluetooth protocol or the Bluetooth Low Energy (BLE) 

protocol.  For example, the computing device 104a may transmit a signal through 

short range communication searching for other computing devices that are 

configured to respond to the hotword.  The computing devices may be located within 

a particular distance of each other, such as ten meters, as determined by GPS or 

signal strength.  The first computing device may detect a strength of a signal being 

transmitted by the second computing device and translate that to a corresponding 

distance.  The computing devices may employ one of these techniques or a 

combination of them to identify other computing devices that are configured to 

respond to the hotword. 
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[0038] In this example and in stage B, Alice speaks the utterance 102, "OK 

computer, find me a good steakhouse nearby for lunch," in the vicinity of the 

computing devices 104a and 104b.  The utterance 102 is detected by microphones 

114 and 116 of computing devices 104a and 104b respectively.   

[0039] The respective microphones 114 and 116 of the computing devices 104a 

and 104b provide audio data to respective audio subsystems 118 and 120.  The 

respective audio subsystems 118 and 120 may buffer, filter, and digitize the audio 

data.  In some implementations, the computing device may also perform endpointing 

on the audio data.  The audio subsystems 118 and 120 may include audio buffers to 

store filtered and digitized audio data.   

[0040] In stage C, the respective audio subsystem 118 and 120 of each computing 

device 104a and 104b provide the processed audio data to respective hotworders 

122 and 124.  The respective hotworders 122 and 124 compare the processed audio 

data to known hotword data and compute respective hotword confidence scores that 

indicate the likelihood that the utterance 102 includes a hotword 126.   

[0041] The hotworder 124 of computing device 104b may extract audio features 

from the processed audio data such as filterbank energies or mel-frequency cepstral 

coefficients.  The hotworder 124 may use classifying windows to process these 

audio features such as by using a support vector machine or a neural network.  

Based on the processing of the audio features, if the hotworder 124 of computing 

device 104b computes a hotword confidence score that exceeds a threshold hotword 

confidence score, the computing device 104b determines that the utterance 102 

includes the hotword 126.  Similarly, the hotworder 122 of computing device 104a 

may determine that the utterance 102 includes the hotword 126.  

[0042] In some implementations, one or more of the computing devices sends the 

processed audio data to a server and the server computes a hotword confidence 

score.  In this instance, the server includes a hotworder similar to hotworders 122 

and 124.  The hotworder on the server may determine that the utterance 102 
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includes the hotword and sends the notification to the one or more computing 

devices.  

[0043] In some implementations, the system determines that the audio data 

includes the hotword without performing speech recognition on the audio data. 

[0044] In some implementations, each computing device may generate audio 

fingerprints of the received audio data.  Computing device 104b may generate a first 

audio fingerprint of the audio data that corresponds to the utterance detected by 

microphone 114 of the computing device 104a.  The computing device 104a may 

receive a second audio fingerprint of the audio data that corresponds to the 

utterance detected by microphone 116 of the computing device 104b.  The audio 

fingerprints may be compared to determine if the computing devices 104a and 104b 

are responding to the same utterance.   

[0045] In some implementation, the audio data from the computing devices may be 

sent to a server.  The server may include an audio fingerprinting module to generate 

the audio fingerprints and perform the comparison.  In some implementations, the 

computing devices may also send a device identifier with the audio data.  In some 

implementations, the computing devices may also send location information 

associated with the computing devices with the audio data. 

[0046] In stage D, the speech-enabled system 100 identifies one of the computing 

devices as the device that the utterance 102 is intended for.  In this example, Alice 

may speak the utterance 102 towards the computing device 104a, which is in her 

hand.  The computing device 104a is identified as the computing device that the 

utterance 102 is intended for.  The computing device 104a notifies the other devices 

that were triggered by the utterance 102 that it will be processing the audio data.  In 

this example, computing device 104a sends response indicator 128 indicating that it 

is responding to the audio data corresponding to the utterance 102 to computing 

device 104b.   
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[0047] In some implementations, the response indicator 128 indicating that 104a is 

responding to the audio data may be an ultrasonic or audible audio signal, or a short 

range radio signal such as Bluetooth.  The signal is received by 104b and any other 

computing devices in the vicinity.  In some implementations, the notification signal 

may include a particular frequency and/or pattern.  For example, a notification signal 

may be twenty kilohertz to indicate that the second computing device will perform 

speech recognition on the audio data. 

[0048] In some implementations, the response indicator 128 indicating that 104a is 

responding to the audio data may be received by 104b through a local network.  In 

some implementations, the response indicator 128 indicating that 104a is responding 

to the audio data may be received by 104b through a server. 

[0049] In some implementations, determining which device initially responds to a 

user utterance may involve determining which device is nearest to the user.  The 

loudness of the audio data received by the computing device may reflect a distance 

between the computing device and the source of the audio.  For direct path signal 

propagation, the loudness is approximately inversely proportional to the square of 

the distance between the source and the receiver. 

[0050] In some implementations, the computing devices may calculate a loudness 

score for the audio data using one or a combination of the following techniques.  One 

technique may be to calculate the sound pressure or sound pressure level as 

received by the microphone when the user is speaking the utterance.  The higher the 

sound pressure or sound pressure level, the higher the loudness.  A second 

technique is to calculate the root mean square of the audio data.  The higher the root 

mean square value of the audio data, the higher the loudness.  A third technique is 

to calculate the sound intensity of the audio data.  The higher the sound intensity of 

the audio data, the higher the loudness.  A fourth technique is to calculate the sound 

power of the audio data.  The higher the sound power, the higher the loudness.  The 

computing device with the highest loudness score may be identified as the 

computing device which responds initially to the utterance 102. 
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[0051] In some implementations, determining which device initially responds to a 

user utterance may comprise determining which device receives the clearest audio 

data.  Each computing device may calculate a clarity score which may be 

determined based on the signal-to-noise-ratio of the audio data associated with the 

utterance 102.  The computing device with the highest clarity score may be identified 

as the computing device which responds initially to the utterance 102. 

[0052] In some implementations, determining which device initially responds to a 

user utterance may comprise performing speaker identification on the audio data 

corresponding to the utterance 102.  This may involve providing the audio data to the 

respective speaker identification modules 154 and 156 of computing devices 104a 

and 104b.  The speaker identification modules 154 and 156 may be implemented in 

software that runs on a processor.  The speaker identification modules 154 and 156 

analyze the audio data to calculate a respective speaker identity confidence score 

indicating a confidence that the identity of the speaker matches the user associated 

with the computing device.  For example, speaker identification module 154 of 

computing device 104a may calculate a confidence score of 0.8, and speaker 

identification module 156 of computing device 104b may calculate a speaker 

identification confidence score of 0.05, indicating a greater confidence that the 

speaker is Alice.   

[0053] In some implementations, the computing devices may use one of these 

scores or a combination of them to determine a total confidence score.  The total 

confidence score may be used to identify the computing device that initially responds 

to the user utterance 102.  In some implementations, each computing device may 

transmit the respective score, or combination of scores and the respective device 

identifier to the other computing devices in the device group.   

[0054] In some implementations, each computing device may use a score 

comparer to compare the total confidence scores of all the computing devices that 

are configured to respond to the hotword.  The computing device with the highest 

total confidence score may initiate speech recognition on the audio data following the 

hotword.  A computing device that does not have the highest total confidence score 
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may wait for data indicating that another computing device has begun processing the 

audio data.  

[0055] In some implementations, determining which device initially responds to a 

user utterance may comprise analyzing the settings of the computing device.  For 

example, if the utterance is in French and there is one phone with French language 

settings in the vicinity, it is probably the computing device that the utterance was 

intended for.  

[0056] In some implementations, determining which device initially responds to a 

user utterance may be done by analyzing the semantics of the command or the 

query included in the utterance and correlating it with the state and information of the 

computing devices.  For example, if the query is "Who am I meeting with at two 

o'clock?" the speech-enabled system may determine that the query is intended for 

the computing device which is synchronized with a calendar, and has an 

appointment at two o'clock.  

[0057] In stage E, the computing device 104a processes the audio data that 

corresponds to the utterance 102.  The audio data may be provided to a speech 

recognizer 130, which may perform speech recognition on the portion of the audio 

data that follows the hotword.  In this example, the speech recognizer 130 may 

identify the words "find me a good steakhouse nearby for lunch” and identify and 

execute the command.   

[0058] In some implementations, the computing device 104a may send the portion 

of the audio data following the hotword to a server.  The server may include a 

speech recognizer similar to the speech recognizer 130.  The speech recognizer 

included in the server may perform speech recognition and provide a transcription of 

the audio data to the computing device 104a.  The computing device 104a can then 

identify the words and execute the command.   

[0059] In some implementations, the computing device 104a may generate a 

response to the audio data by accessing data associated with the audio data.  In this 
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example, the computing device 104a identifies the command “find me a good 

steakhouse nearby for lunch” in the utterance 102, and may perform a web search to 

find steakhouses nearby.  The computing device 104a may also access customer 

reviews from the web to select a steakhouse, and to generate a transcription 132 

corresponding to the response “Al’s steakhouse at 123 Main Street has good 

reviews”. 

[0060] In stage F, the computing device 104a provides as output the generated 

response to the audio data associated with the utterance 102.  In some 

implementations, this includes providing the transcription 132 that corresponds to the 

response to a speech synthesizer 134.  The output of the speech synthesizer may 

be provided to a speaker 136 of the computing device.  In this example the 

computing device 104a provides, as output, the additional audio data 138 “Al’s 

steakhouse at 123 Main Street has good reviews.” 

[0061] In some implementations, the transcription 132 that corresponds to the 

response may be sent to a display 140 of the computing device 104a. 

[0062] In stage G, computing device 104b sends the transcription 132 that 

corresponds to the response to computing device 104b and any other identified 

computing devices. 

[0063] In some implementations, one or more of the computer devices may include 

a privacy module that manages or filters the data being transmitted or received 

based on user settings or preferences.   

[0064] In stage H, computing device 104b processes the audio data corresponding 

to the utterance 102 and the transcription 132 of the additional audio data provided 

by computing device 104b, and generates a new transcription that corresponds to a 

response.  In this example, computing device generates a response based on the 

command “find me a good steakhouse nearby for lunch” and the response provided 

by computing device 104a, “Al’s steakhouse at 123 Main Street has good reviews”.   
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[0065] In some implementations, the computing device 104b may generate a 

response based on user information 142 that is associated with the audio data.  The 

user information may be associated with a user of the computing device (e.g., 

calendar, contacts, media files, personal preferences, etc.).  In this example, based 

on the command “find me a good steakhouse nearby for lunch” and the response 

provided by computing device 104a, “Al’s steakhouse at 123 Main Street has good 

reviews”, the computing device 104b may access an online reservation system on 

the internet and may access Bob's restaurant reviews or personal preferences to 

generate a transcription corresponding to the response "Al’s is very busy right now, 

let’s try Lone Star Steakhouse at 4 Main Street instead.  Bob likes it a lot.” 

[0066] In some implementations, computing device 104b may receive a 

transcription of the audio data that corresponds to the utterance 102, and use this 

transcription in addition to the transcription of the response provided by computing 

device 104b and the audio data corresponding to the utterance.  This may help in 

cases when computing device 104b may be further away from the user speaking the 

utterance.  Since computing device is closer to the user, it may provide a more 

accurate transcription of the utterance 102.  This also eliminates the need to perform 

speech recognition twice on the same audio data.   

[0067] In stage I, the computing device 104b provides the generated output in 

response to the utterance 102 and the additional audio data provided by computing 

device 104a.  In some implementations, this includes providing the transcription that 

corresponds to the response to a speech synthesizer 144.  The output of the speech 

synthesizer may be provided to a speaker 146 of the computing device 104b.  In this 

example the computing device 104a provides, as output, the utterance 148 "Al’s is 

very busy right now, let’s try Lone Star Steakhouse at 4 Main Street instead.  Bob 

likes it a lot." 

[0068] In some implementations, providing, for output, the transcription that 

corresponds to the response comprises providing the transcription to a display 150 

of the computing device 104a. 
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[0069] In some implementations, the parameters covering the voice produced by 

the speech synthesizer (e.g., pitch, tone, accent, speed, inflection, etc.) may be 

adjusted.  This allows for the creation of custom voices for each computing device, 

improving user experience.  The speech synthesizer may use a form of machine 

learning to generate the parametric representation of speech to synthesize the 

speech.  For example, a neural network may be used to generate the speech 

parameters. 

[0070] In some implementations, one or more of the computing devices may follow 

an initial response with a question or a prompt for the user to respond to before 

proceeding further.  For example, if Alice speaks the utterance “OK computer, find 

me a good restaurant nearby for lunch”, Alice’s device may provide a list of 

restaurants nearby.  Bob’s device may access Bob’s personal information and 

provide the response “Bob loves Argentinian steak, there are a lot of good 

steakhouses nearby.  Would you like to try one?”  One or more of the computing 

devices may wait for a response to the question and continue based on the 

response.  Upon receiving the response “Yes”, Bob’s device might provide a follow-

up response “Rural Society on 123 Madison Avenue has good reviews.” 

[0071] In some implementations, the collaborative voice-controlled device system 

may have more than two devices.  For example, a group of three users Alice, Bob 

and Carl may be trying to obtain directions to a nearby park and each may have their 

own device.  Alice speaks the utterance “OK computer, give me directions to 

Prospect Park”.  Alice’s device may access Alice’s personal information, which 

indicates that she usually uses public transit.  Alice’s device may use that 

information, along with the information obtained from a public transit web tool to 

provide the response, “There’s a train leaving from Carol Square Station in 12 

minutes, it arrives at Prospect Park Station at 4:59 pm.  It’s a 4 minute walk to Carol 

Square Station, and a 5 minute walk from Prospect Park Station to the entrance of 

Prospect Park.”  Bob’s device may receive this response through a network.  In 

generating a response, Bob’s device may access Bob’s personal information and 

see that Bob usually prefers to drive, and that he has parked his car at a nearby 

garage.  The devices may detect the location change to the garage and discussion 
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among Alice, Bob, and Carl to drive instead of take public transportation.  Bob’s 

device may use a web map search tool to provide driving directions to the park.  

During the drive, Carl’s device may receive the directions through the network and 

may access a real-time traffic tool to determine that there is a faster route and 

provide a response, “If you take Main St instead of Rock Rd, it will be 5 minutes 

faster.” 

[0072] In some implementations, before providing a response, the devices may 

collaborate with each other to generate more complete and relevant responses.  This 

may be done by using the available information, and sharing users’ personal 

information provided a user selected to share personal information beforehand.  For 

example, if Alice says “OK computer, find me a good restaurant nearby”, all the 

devices may begin to process the query before any response is provided.  Bob’s 

phone may send data to the other devices indicating that Bob is a vegetarian.  This 

allows the devices to tailor their responses to only provide vegetarian-friendly 

restaurant options.  

[0073] In some implementations, the devices can either provide a response or 

pass the information to another device.  Conversations may be made more human-

like or humorous by intentionally coordinating the responses, or by leaving out parts 

of a response by a device, to be completed by other devices.  For example, in the 

above example, where Bob’s phone has shared data indicating that Bob is a 

vegetarian, in response to “Shall we try Al’s Steakhouse on 123 Main Street?”, 

Alice’s phone does not provide a response and waits for Bob’s phone to provide the 

response “Are steaks vegetarian?”   

[0074] FIG. 2 is a diagram of an example process 200 for collaboration between 

multiple voice controlled devices.  The process 200 may be performed by a 

computing device such as the computing devices 104a and 104b from FIG. 1.  The 

process 200 determines that a second computing device is processing an audio 

utterance, and receives a transcription of a response to the utterance.  The process 

200 uses the utterance and transcription of the response to generate a response.   



 

19 

[0075] The first computing device identifies a second computing device that is 

configured to respond to a particular, predefined hotword (210).  In some 

implementations, the first computing device may do this by periodically transmitting 

an ultrasound or radio signal that requests a response.  For example, the first 

computing device may transmit an ultrasound that is 20.5 kilohertz when searching 

for computing devices that recognize hotwords.  In response, computing devices that 

receive the 20.5 kilohertz ultrasound may respond with a twenty-one kilohertz 

ultrasound.  In some implementations, the ultrasonic or radio signal can be encoded 

with information identifying the first computing device. 

[0076] In some implementations, the first computing device may identify other 

computing devices that belong to the same user.  While setting up a new computing 

device, part of the setup procedure may be to identify other computing devices that 

belong to the same user.  This may be accomplished by detecting other devices that 

the user is logged into.  Once the first computing device identifies another computing 

device, the computing devices may exchange data using an ultrasonic frequency 

signal that encodes a bit stream so that the computing devices can exchange data 

when identifying a hotword.   

[0077] The ultrasonic frequency signal may be transmitted through a speaker.  For 

example, a user may be setting up a home assistant and part of the set up process 

is to search for other computing device that are nearby and that respond to 

hotwords.  The home assistant may identify a phone and a tablet that the user is 

logged into.  As an example, the thermostat, phone, and tablet may exchange data 

using an ultrasonic signal upon identifying that each are co-located in a same room.  

The ultrasonic signal may include a bit stream identifying each of the devices.  The 

devices may use the ultrasonic channel upon detection of a hotword.     

[0078] In some implementations, the computing devices may identify other 

computing devices that are configured to respond to the hotword by identifying 

computing devices that are configured to respond when the hotword is spoken by the 

same user through speaker identification.  For example, computing devices 104a 

and 104b may be configured to respond to the voice of Alice when Alice speaks the 
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hotword.  The computing devices share the speaker identification information by 

providing a user identifier for Alice to each other. 

[0079] A user speaks the utterance and a microphone of the first computing device 

receives the audio data of the utterance (220).  The first computing device processes 

the audio data by buffering, filtering, endpointing, and digitizing the audio data.  As 

an example, the user may utter “OK computer” and the microphone of the first 

computing device receives the audio data that corresponds to “OK computer.”  An 

audio subsystem of the first computing device samples, buffers, filters, and performs 

endpointing on the audio data for further processing by the first computing device.  

[0080] In some implementations, the first computing device determines that the 

audio data that corresponds to the utterance includes the particular, predefined 

hotword (230).  The audio features of the audio data that corresponds to the 

utterance are extracted.  In some implementations, the likelihood that the utterance 

includes a hotword may be represented by a hotword confidence score.  The 

hotword confidence score is generated by processing the audio features.   

[0081] The hotword confidence score may be normalized to a scale from one to 

one where one indicates the highest likelihood that the utterance includes a hotword.  

The first computing device may compare the hotword confidence score to a hotword 

confidence threshold.  If the hotword confidence score satisfies the hotword 

confidence threshold, the first computing device may determine that the audio data 

that corresponds to the utterance includes the particular, predefined hotword.   

[0082] If the hotword confidence score does not satisfy the hotword confidence 

threshold, then the system determines that the audio data does not include the 

hotword.  For example, if the hotword confidence threshold is 0.75, then audio data 

with a hotword confidence score above 0.75 would be labeled as including the 

hotword and audio data with hotword confidence score below 0.75 would be labeled 

as not including the hotword. 
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[0083] In some implementations, the system determines that the audio data 

includes the hotword without performing speech recognition on the audio data. 

[0084] In some implementations, the first computing device determines the 

likelihood that the utterance includes a particular, predefined hotword by comparing 

the audio data of the utterance to a group of audio samples that include the hotword.   

[0085] In some implementations, the first computing device receives data 

indicating that the second computing device is responding to the audio data (240).  

This could be data from a server, or from the second computing device and through 

a local network indicating that the second computing device is responding to the 

audio data.  The data could be a notification signal such as an ultrasound, a short 

range radio signal, or a local area wireless signal to indicate that the second 

computing device is initiating speech recognition processing on the audio data.  To 

receive the signal, the first computing device may ensure that the microphone of the 

first computing device remains active, that a short range radio receiver is active, or 

that another radio such a local area wireless radio is active.  

[0086] The first computing device receives a transcription of additional audio data 

outputted by the second computing device in response to the utterance (250).  

[0087] In some implementations, the second computing device may generate a 

transcription of additional audio data in response to the utterance response to the 

received data based on user information that is associated with the audio data.  The 

user information may be associated with a user of the first computing device (e.g., 

calendar, contacts, media files, social media information, personal preferences, etc.).  

[0088] For example, if Bob speaks the utterance "OK Computer, schedule a 

meeting with Bob this afternoon.", computing device 104b might use information from 

the calendar associated with Bob stored on the computing device 104b to provide a 

suggestion for a meeting time and may provide the response "Does either 3 or 4 pm 

work?"   
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[0089] The first computing device generates a transcription that corresponds to a 

response to the additional audio data based on the transcription of the additional 

audio data and the utterance (260).   

[0090] In some implementations, one or more of the computing device 104a and 

104b may determine a location of the computing device, and use the location 

information to generate a response.  For example, if computing device 104a 

determines that it is in a place where it might be inappropriate to respond audibly, 

e.g., in a library, the computing device 104a might not provide a response, or it may 

provide the response to the display 140 of the computing device 104A. 

[0091] In some implementations, the computing device might access data that is 

associated with the transcription of the additional audio data and generate the 

transcription based on the accessed data.  For example, if the transcription of the 

additional audio data includes a query asking for suggestions for restaurants in the 

vicinity, the computing device might perform a web search to access data 

corresponding to restaurants nearby.  The computing device may use this accessed 

data to generate the transcription corresponding to the response.   

[0092] The computing device provides, for output, the transcription that 

corresponds to the response (270).  In some implementations, this includes 

providing the transcription that corresponds to the response to a speech synthesizer.  

The output of the speech synthesizer may be provided to an audio speaker of the 

computing device.   

[0093] In some implementations, the transcription that corresponds to the response 

may be provided to a display of the computing device. 

[0094] In some implementations, collaboration among multiple devices might be 

used to improve the quality of speech recognition.  Since different devices have 

different sensors (microphones), and are positioned differently in the user’s 

surroundings, it could be that none of them correctly transcribed the whole user 

query but combining the transcriptions of all the computing devices might match the 
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query perfectly.  In another example, if a user is moving around a space, and 

different computing devices are close to the user at different times during the 

speaking of the query, by using the transcriptions from each of the computing 

devices and combining them, a more accurate transcription may be obtained. 

[0095] FIG. 3 shows an example of a computing device 300 and a mobile 

computing device 350 that can be used to implement the techniques described here.  

The computing device 300 is intended to represent various forms of digital 

computers, such as laptops, desktops, workstations, personal digital assistants, 

servers, blade servers, mainframes, and other appropriate computers.  The mobile 

computing device 350 is intended to represent various forms of mobile devices, such 

as personal digital assistants, cellular telephones, smart-phones, and other similar 

computing devices.  The components shown here, their connections and 

relationships, and their functions, are meant to be examples only, and are not meant 

to be limiting. 

[0096] The computing device 300 includes a processor 302, a memory 304, a 

storage device 306, a high-speed interface 308 connecting to the memory 304 and 

multiple high-speed expansion ports 310, and a low-speed interface 312 connecting 

to a low-speed expansion port 314 and the storage device 306.  Each of the 

processor 302, the memory 304, the storage device 306, the high-speed interface 

308, the high-speed expansion ports 310, and the low-speed interface 312, are 

interconnected using various busses, and may be mounted on a common 

motherboard or in other manners as appropriate.  The processor 302 can process 

instructions for execution within the computing device 300, including instructions 

stored in the memory 304 or on the storage device 306 to display graphical 

information for a GUI on an external input/output device, such as a display 316 

coupled to the high-speed interface 308.  In other implementations, multiple 

processors and/or multiple buses may be used, as appropriate, along with multiple 

memories and types of memory.  Also, multiple computing devices may be 

connected, with each device providing portions of the necessary operations (e.g., as 

a server bank, a group of blade servers, or a multi-processor system). 
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[0097] The memory 304 stores information within the computing device 300.  In 

some implementations, the memory 304 is a volatile memory unit or units.  In some 

implementations, the memory 304 is a non-volatile memory unit or units.  The 

memory 304 may also be another form of computer-readable medium, such as a 

magnetic or optical disk. 

[0098] The storage device 306 is capable of providing mass storage for the 

computing device 300.  In some implementations, the storage device 306 may be or 

contain a computer-readable medium, such as a floppy disk device, a hard disk 

device, an optical disk device, or a tape device, a flash memory or other similar solid 

state memory device, or an array of devices, including devices in a storage area 

network or other configurations.  Instructions can be stored in an information carrier.  

The instructions, when executed by one or more processing devices (for example, 

processor 302), perform one or more methods, such as those described above.  The 

instructions can also be stored by one or more storage devices such as computer- or 

machine-readable mediums (for example, the memory 304, the storage device 306, 

or memory on the processor 302). 

[0099] The high-speed interface 308 manages bandwidth-intensive operations for 

the computing device 300, while the low-speed interface 312 manages lower 

bandwidth-intensive operations.  Such allocation of functions is an example only.  In 

some implementations, the high-speed interface 308 is coupled to the memory 304, 

the display 316 (e.g., through a graphics processor or accelerator), and to the high-

speed expansion ports 310, which may accept various expansion cards (not shown).  

In the implementation, the low-speed interface 312 is coupled to the storage device 

306 and the low-speed expansion port 314.  The low-speed expansion port 314, 

which may include various communication ports (e.g., USB, Bluetooth, Ethernet, 

wireless Ethernet) may be coupled to one or more input/output devices, such as a 

keyboard, a pointing device, a scanner, or a networking device such as a switch or 

router, e.g., through a network adapter. 

[0100] The computing device 300 may be implemented in a number of different 

forms, as shown in the figure.  For example, it may be implemented as a standard 
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server 320, or multiple times in a group of such servers.  In addition, it may be 

implemented in a personal computer such as a laptop computer 322.  It may also be 

implemented as part of a rack server system 324.  Alternatively, components from 

the computing device 300 may be combined with other components in a mobile 

device (not shown), such as a mobile computing device 350.  Each of such devices 

may contain one or more of the computing device 300 and the mobile computing 

device 350, and an entire system may be made up of multiple computing devices 

communicating with each other. 

[0101] The mobile computing device 350 includes a processor 352, a memory 364, 

an input/output device such as a display 354, a communication interface 366, and a 

transceiver 368, among other components.  The mobile computing device 350 may 

also be provided with a storage device, such as a micro-drive or other device, to 

provide additional storage.  Each of the processor 352, the memory 364, the display 

354, the communication interface 366, and the transceiver 368, are interconnected 

using various buses, and several of the components may be mounted on a common 

motherboard or in other manners as appropriate. 

[0102] The processor 352 can execute instructions within the mobile computing 

device 350, including instructions stored in the memory 364.  The processor 352 

may be implemented as a chipset of chips that include separate and multiple analog 

and digital processors.  The processor 352 may provide, for example, for 

coordination of the other components of the mobile computing device 350, such as 

control of user interfaces, applications run by the mobile computing device 350, and 

wireless communication by the mobile computing device 350. 

[0103] The processor 352 may communicate with a user through a control 

interface 358 and a display interface 356 coupled to the display 354.  The display 

354 may be, for example, a TFT (Thin-Film-Transistor Liquid Crystal Display) display 

or an OLED (Organic Light Emitting Diode) display, or other appropriate display 

technology.  The display interface 356 may comprise appropriate circuitry for driving 

the display 354 to present graphical and other information to a user.  The control 

interface 358 may receive commands from a user and convert them for submission 
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to the processor 352.  In addition, an external interface 362 may provide 

communication with the processor 352, so as to enable near area communication of 

the mobile computing device 350 with other devices.  The external interface 362 may 

provide, for example, for wired communication in some implementations, or for 

wireless communication in other implementations, and multiple interfaces may also 

be used. 

[0104] The memory 364 stores information within the mobile computing device 

350.  The memory 364 can be implemented as one or more of a computer-readable 

medium or media, a volatile memory unit or units, or a non-volatile memory unit or 

units.  An expansion memory 374 may also be provided and connected to the mobile 

computing device 350 through an expansion interface 372, which may include, for 

example, a SIMM (Single In Line Memory Module) card interface.  The expansion 

memory 374 may provide extra storage space for the mobile computing device 350, 

or may also store applications or other information for the mobile computing device 

350.  Specifically, the expansion memory 374 may include instructions to carry out or 

supplement the processes described above, and may include secure information 

also.  Thus, for example, the expansion memory 374 may be provide as a security 

module for the mobile computing device 350, and may be programmed with 

instructions that permit secure use of the mobile computing device 350.  In addition, 

secure applications may be provided via the SIMM cards, along with additional 

information, such as placing identifying information on the SIMM card in a non-

hackable manner. 

[0105] The memory may include, for example, flash memory and/or NVRAM 

memory (non-volatile random access memory), as discussed below.  In some 

implementations, instructions are stored in an information carrier such that the 

instructions, when executed by one or more processing devices (for example, 

processor 352), perform one or more methods, such as those described above.  The 

instructions can also be stored by one or more storage devices, such as one or more 

computer- or machine-readable mediums (for example, the memory 364, the 

expansion memory 374, or memory on the processor 352).  In some 
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implementations, the instructions can be received in a propagated signal, for 

example, over the transceiver 368 or the external interface 362. 

[0106] The mobile computing device 350 may communicate wirelessly through the 

communication interface 366, which may include digital signal processing circuitry 

where necessary.  The communication interface 366 may provide for 

communications under various modes or protocols, such as GSM voice calls (Global 

System for Mobile communications), SMS (Short Message Service), EMS 

(Enhanced Messaging Service), or MMS messaging (Multimedia Messaging 

Service), CDMA (code division multiple access), TDMA (time division multiple 

access), PDC (Personal Digital Cellular), WCDMA (Wideband Code Division Multiple 

Access), CDMA2000, or GPRS (General Packet Radio Service), among others.  

Such communication may occur, for example, through the transceiver 368 using a 

radio-frequency.  In addition, short-range communication may occur, such as using a 

Bluetooth, WiFi, or other such transceiver (not shown).  In addition, a GPS (Global 

Positioning System) receiver module 370 may provide additional navigation- and 

location-related wireless data to the mobile computing device 350, which may be 

used as appropriate by applications running on the mobile computing device 350. 

[0107] The mobile computing device 350 may also communicate audibly using an 

audio codec 360, which may receive spoken information from a user and convert it to 

usable digital information.  The audio codec 360 may likewise generate audible 

sound for a user, such as through a speaker, e.g., in a handset of the mobile 

computing device 350.  Such sound may include sound from voice telephone calls, 

may include recorded sound (e.g., voice messages, music files, etc.) and may also 

include sound generated by applications operating on the mobile computing device 

350. 

[0108] The mobile computing device 350 may be implemented in a number of 

different forms, as shown in the figure.  For example, it may be implemented as a 

cellular telephone 380.  It may also be implemented as part of a smart-phone 382, 

personal digital assistant, or other similar mobile device. 



 

28 

[0109] Various implementations of the systems and techniques described here can 

be realized in digital electronic circuitry, integrated circuitry, specially designed 

ASICs (application specific integrated circuits), computer hardware, firmware, 

software, and/or combinations thereof.  These various implementations can include 

implementation in one or more computer programs that are executable and/or 

interpretable on a programmable system including at least one programmable 

processor, which may be special or general purpose, coupled to receive data and 

instructions from, and to transmit data and instructions to, a storage system, at least 

one input device, and at least one output device. 

[0110] These computer programs (also known as programs, software, software 

applications or code) include machine instructions for a programmable processor, 

and can be implemented in a high-level procedural and/or object-oriented 

programming language, and/or in assembly/machine language.  As used herein, the 

terms machine-readable medium and computer-readable medium refer to any 

computer program product, apparatus and/or device (e.g., magnetic discs, optical 

disks, memory, Programmable Logic Devices (PLDs)) used to provide machine 

instructions and/or data to a programmable processor, including a machine-readable 

medium that receives machine instructions as a machine-readable signal.  The term 

machine-readable signal refers to any signal used to provide machine instructions 

and/or data to a programmable processor. 

[0111] To provide for interaction with a user, the systems and techniques 

described here can be implemented on a computer having a display device (e.g., a 

CRT (cathode ray tube) or LCD (liquid crystal display) monitor) for displaying 

information to the user and a keyboard and a pointing device (e.g., a mouse or a 

trackball) by which the user can provide input to the computer.  Other kinds of 

devices can be used to provide for interaction with a user as well; for example, 

feedback provided to the user can be any form of sensory feedback (e.g., visual 

feedback, auditory feedback, or tactile feedback); and input from the user can be 

received in any form, including acoustic, speech, or tactile input. 
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[0112] The systems and techniques described here can be implemented in a 

computing system that includes a back end component (e.g., as a data server), or 

that includes a middleware component (e.g., an application server), or that includes  

a front end component (e.g., a client computer having a graphical user interface or a 

Web browser through which a user can interact with an implementation of the 

systems and techniques described here), or any combination of such back end, 

middleware, or front end components.  The components of the system can be 

interconnected by any form or medium of digital data communication (e.g., a 

communication network).  Examples of communication networks include a local area 

network (LAN), a wide area network (WAN), and the Internet. 

[0113] The computing system can include clients and servers.  A client and server 

are generally remote from each other and typically interact through a communication 

network.  The relationship of client and server arises by virtue of computer programs 

running on the respective computers and having a client-server relationship to each 

other. 

[0114] Although a few implementations have been described in detail above, other 

modifications are possible.  For example, while a client application is described as 

accessing the delegate(s), in other implementations the delegate(s) may be 

employed by other applications implemented by one or more processors, such as an 

application executing on one or more servers.  In addition, the logic flows depicted in 

the figures do not require the particular order shown, or sequential order, to achieve 

desirable results.  In addition, other actions may be provided, or actions may be 

eliminated, from the described flows, and other components may be added to, or 

removed from, the described systems.  Accordingly, other implementations are 

within the scope of the following claims. 
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CLAIMS 

 

1. A computer-implemented method, comprising: 

 identifying, by a first computing device, a second computing device that is 

configured to respond to a particular, predefined hotword; 

 receiving audio data that corresponds to an utterance; 

 receiving a transcription of additional audio data outputted by the second 

computing device in response to the utterance; 

 based on the transcription of the additional audio data and based on the 

utterance, generating a transcription that corresponds to a response to the additional 

audio data; and 

 providing, for output, the transcription that corresponds to the response. 

 

2. The method of claim 1, wherein providing, for output the transcription that 

corresponds to the response comprises: providing an initial portion of the 

transcription to a speech synthesizer of the first computing device; and 

 providing, to the second computing device, (i) a remaining portion of the 

transcription and (ii) instructions to output the remaining portion of the transcription 

using a speech synthesizer of the second computing device. 

 

3. The method of claim 1, comprising: 

 before performing speech recognition on the audio data that corresponds to 

the utterance: 

  determining that the audio data that corresponds to the utterance 

includes the particular, predefined hotword; and 

  receiving data indicating that the second computing device is 

responding to the audio data. 

 

4. The method of claim 1, wherein providing, for output, the transcription that 

corresponds to the response comprises: 

 providing the transcription that corresponds to the response to a speech 

synthesizer. 
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5. The method of claim 3, wherein audio data that corresponds to the 

synthesized transcription is received by a third computing device that is configured to 

generate a response based on the audio data that corresponds to the synthesized 

transcription, the transcription of the additional audio data, and the utterance  

 

6. The method of claim 1, comprising: 

 after providing, for output, the transcription that corresponds to the response, 

receiving, by the first computing device, audio data that corresponds to a second 

utterance;  

 based on the transcription of the additional audio data, based on the 

utterance, and based on the second utterance, generating an additional transcription 

that corresponds to a response to the audio data that corresponds to the second 

utterance; and 

 providing, for output, the additional transcription.  

 

7. The method of claim 3, comprising: 

 receiving data indicating a type of speech synthesizer used by the second 

computing device to output the additional audio data, 

 wherein a type of speech synthesizer that received the transcription that 

corresponds to the response is different than the type of speech synthesizer used by 

the second computing device to output the additional audio data. 

 

8. The method of claim 1, wherein providing, for output, the transcription that 

corresponds to the response comprises: 

 providing the transcription to a display of the first computing device. 

 

9. The method of claim 2, wherein receiving data indicating that the second 

computing device is responding to the audio data comprises: 

 receiving, from the second computing device, a short range radio signal that 

indicates that the second computing device is responding to the audio data;  
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 receiving, from the second computing device and through a local network, 

data indicating that the second computing device is responding to the audio data; or 

 receiving, from a server, data indicating that the second computing device is 

responding to the audio data. 

 

10. The method of claim 2, wherein determining that the audio data that 

corresponds to the utterance includes the particular, predefined hotword comprises: 

 extracting audio features of the audio data that corresponds to the utterance; 

 generating a hotword confidence score by processing the audio features; 

 determining that the hotword confidence score satisfies a hotword confidence 

threshold; and 

 based on determining that the hotword confidence score satisfies a hotword 

confidence threshold, determining that the audio data that corresponds to the 

utterance includes the particular, predefined hotword. 

 

11. The method of claim 1, wherein generating a transcription that corresponds to 

a response to the additional audio data comprises: 

 determining user information that is associated with a first user of the first 

computing device or with a second user of the second computing device; and 

 wherein the transcription is generated based on the user information. 

  

12. The method of claim 1, wherein generating a transcription that corresponds to 

a response to the additional audio data comprises: 

 accessing data that is associated with the transcription of the additional audio 

data; and 

 wherein the transcription is generated based on the accessed data. 

 

13. The method of claim 1, comprising: 

 determining a location of the first computing device, 

 wherein the transcription is generated based on the location of the first 

computing device. 
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14. The method of claim 2, comprising: 

 in response to receiving data indicating that the second computing device is 

responding to the audio data, providing, to the second computing device or to a 

server, the audio data that corresponds to the utterance. 

 

15. The method of claim 1, comprising: 

 generating a first audio fingerprint of the audio data that corresponds to the 

utterance; 

 receiving, from the second computing device, a second audio fingerprint of 

the audio data that corresponds to the utterance; 

 comparing the first audio fingerprint to the second audio fingerprint; and 

 based on comparing the first audio fingerprint to the second audio fingerprint, 

determining that the audio data received by the first computing device corresponds 

to the audio data received by the second computing device. 

 

16. The method of claim 1, comprising: 

 receiving, from the second computing device or a server, a transcription of the 

audio data that corresponds to the utterance, 

 wherein generating the transcription that corresponds to the response to the 

additional audio data is based further on the transcription of the audio data that 

corresponds to the utterance. 

 

17. The method of claim 1, wherein the first computing device and the second 

computing device are able to detect short range radio communications from each 

other. 

 

18. The method of claim 1, wherein the first computing device and the second 

computing device are co-located. 
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19. A system comprising:  

 one or more computers and one or more storage devices storing instructions 

that are operable, when executed by the one or more computers, to cause the one or 

more computers to perform operations comprising: 

 identifying, by a first computing device, a second computing device that is 

configured to respond to a particular, predefined hotword; 

 receiving audio data that corresponds to an utterance; 

 receiving a transcription of additional audio data outputted by the second 

computing device in response to the utterance; 

 based on the transcription of the additional audio data and based on the 

utterance, generating a transcription that corresponds to a response to the additional 

audio data; and 

 providing, for output, the transcription that corresponds to the response. 

 

20. A non-transitory computer-readable medium storing software comprising 

instructions executable by one or more computers which, upon such execution, 

cause the one or more computers to perform operations comprising: 

identifying, by a first computing device, a second computing device that is configured 

to respond to a particular, predefined hotword; 

 receiving audio data that corresponds to an utterance; 

 receiving a transcription of additional audio data outputted by the second 

computing device in response to the utterance; 

 based on the transcription of the additional audio data and based on the 

utterance, generating a transcription that corresponds to a response to the additional 

audio data; and 

 providing, for output, the transcription that corresponds to the response. 

 

  


