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CONTEXT-AWARE QUERY RECOGNITION
FOR ELECTRONIC DEVICES

TECHNICAL FIELD

[0001] Embodiments described herein pertain in general
to recognition and understanding of voice queries and in
particular to providing context-aware queries of electronic
devices.

BACKGROUND

[0002] Spoken Language Understanding (SLU) is a pro-
cess by which a speech signal is interpreted to provide a
human/computer interface. The recipient of a query is
explicitly defined by the user. For example, when a user is
talking to a computer, the user either pushes a button or
begins the query with a dedicated phrase known to the
computer (e.g., Hello Computer). Either the button or the
dedicated phrase informs the computer that the next state-
ment is assumed to be directed to the computer for recog-
nition and interpretation. These are significant restrictions
and design limitations for any human/computer interface.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 illustrates an example of an electronic
device for recognizing and interpreting speech signals,
according to various embodiments.

[0004] FIG. 2 illustrates a flow diagram of a method for
context-aware query recognition in the electronic device,
according to various embodiments.

[0005] FIG. 3 illustrates a flow diagram of a method for
Intent Recognition, according to various embodiments.
[0006] FIG. 4 illustrates a flow diagram of a method for
Recipient Recognition, according to various embodiments.
[0007] FIG. 5 illustrates a flow diagram of a method for
Recipient and Intent Detection, according to various
embodiments.

DETAILED DESCRIPTION

[0008] Conventional human/computer interfaces use some
form of indicating to the computer that the following con-
versation is actually a query meant for the computer. In one
example, a dedicated wake-up phrase by the user may be
spoken prior to the actual query. In another example, the user
may have to push a button signaling to the computer that the
conversation occurring while the button is depressed is a
query meant for the computer to recognize and interpret.
Such human/computer interfaces are limiting for the user
who has to either push the button or remember to say the
wake-up phrase prior to initiating the computer query.
[0009] The disclosed embodiments provide a way for the
user to query an electronic device without a dedicated
wake-up phase or signal button. Using speech detection and
context-aware understanding of queries in conversational
speech or text, the electronic device can determine the user’s
intent from the speech audio signal or text signal and act on
the query. Such a method enables the user to speak in a more
natural conversational way with the electronic device. In the
following embodiments, the wake-up phrase may be defined
as any speech or speech signal that the computer uses to
determine that everything following that speech as being a
query to be recognized by the computer.

[0010] As used herein, a “computer” may be any elec-
tronic device having the capability to receive a signal
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representing user conversation (e.g. an audio signal), deter-
mine what was said in the conversation using speech rec-
ognition, and interpret the conversation to determine if it
was meant for the device. Such an electronic device may be
a server, computer (e.g., having a central processing unit
(CPU), memory, input/output), a kitchen appliance having
an electronic controller, a control system in a vehicle, a
personal electronic device, a home controller/security sys-
tem, or any other electronic system having such capability.
[0011] FIG. 1 illustrates an example of an electronic
device for recognizing and interpreting speech signals,
according to various embodiments. The electronic device
100 may also be referred to as a computer or controller to
execute any methods disclosed herein. This block diagram is
for purposes of illustration only as other electronic devices
may have different architectures and still be able to imple-
ment the context-aware query recognition method disclosed
herein.

[0012] Examples, as described herein, may include, or
may operate on, logic or a number of components, modules,
or mechanisms. Modules are tangible entities (e.g., hard-
ware) capable of performing specified operations and may
be configured or arranged in a certain manner. In an
example, circuits may be arranged (e.g., internally or with
respect to external entities such as other circuits) in a
specified manner as a module. In an example, at least a part
of one or more computer systems (e.g., a standalone, client
or server computer system) or one or more hardware pro-
cessors 102 may be configured by firmware or software
(e.g., instructions, an application portion, or an application)
as a module that operates to perform specified operations. In
an example, the software may reside on a transitory or
non-transitory computer readable medium. In an example,
the software, when executed by the underlying hardware of
the module, causes the hardware to perform the specified
operations.

[0013] The electronic device 100 may include a hardware
processor 102 (e.g., a central processing unit (CPU), a
graphics processing unit (GPU), a hardware processor core,
or any combination thereof), and memory 104. The various
elements of the computer may communicate with each other
over an interlink (i.e., bus) 108.

[0014] The electronic device 100 may further include a
display unit 110 and an input device 112 (e.g., a keypad,
keyboard, microphone) coupled to the interlink 108. In an
example, the display unit 110 and the input device 112
together may be a touchscreen display. The touchscreen
display may be incorporated in a tablet computer, smart-
phone device, kitchen appliance, personal electronics, or
other such electronic device.

[0015] The electronic device 100 may additionally include
a storage device (e.g., flash memory, random access memory
(RAM), read only memory (ROM), magnetic disk drive,
optical disk drive) 116, a signal generation device 118 (e.g.,
a speaker), a sensor and network interface device 120, and
one or more sensors 121. The sensors 121 may include
imaging sensors for determining the location of the user with
respect to the electronic device or any movements or ges-
turing performed by the user. The sensors 121 may further
include biometric sensors (e.g., finger print, retina data,
voice recognition) for determining a user’s identity. If the
sensors are coupled to the electronic over a wireless channel,
the sensor and network interface device 120 may include the
necessary radio(s) to communicate with the sensors.
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[0016] The memory 104 may include at least one transi-
tory or non-transitory computer-readable medium on which
is stored one or more sets of data structures or instructions
124 (e.g., software) embodying or utilized by any one or
more of the techniques, methods, or functions described
herein. The instructions 124 may also reside, at least par-
tially, in additional computer-readable memories such as
within the hardware processor 102 during execution thereof
by the system 100. In an example, one or any combination
of the hardware processor 102, the memory 104 or the mass
storage device 116 may constitute non-transitory computer-
readable media.

[0017] The network interface device 120 may also be a
sensor interface and include any wired or wireless interface,
such as a radio, for reading sensors over a wireless channel.
The radio may operate using a Bluetooth®, an IEEE 802.11
standard, or any other standard for reading data from sensors
over a wireless channel. The network may be a peer-to-peer
network, a local area network (LAN), or a wide area network
(WAN) including the Internet.

[0018] FIG. 2 illustrates a flow diagram of a method for
context-aware query recognition in an electronic device,
according to various embodiments. The execution of the
various blocks of the method may all be performed by the
electronic device, distributed amongst multiple electronic
devices, distributed amongst one or more electronic devices
and one or more servers over an Internet connection, or the
entire execution may be performed by the one or more
servers over the Internet connection.

[0019] Since the method for context-aware query recog-
nition monitors all of the speech from the user, transmitting
the conversation over the Internet may result in privacy
concerns. One way to avoid such issues is for the electronic
device receiving the user speech 200 to encrypt the trans-
mission of the speech prior to transmission over the Internet
connection. The encryption may be built into any one of the
blocks 200, 202, 203, 204, 206 of FIG. 2 depending upon
which part of the method is executed in the electronic device
and which part is executed by the Internet server.

[0020] Speech recognition 202 is used to identify the
words in the user’s conversation 200. The user’s conversa-
tion may be received by a microphone 112 as shown in the
electronic device of FIG. 1. The speech recognition may be
speaker dependent (e.g., needing training of the user’s voice)
or speaker independent (e.g., not needing training of the
user’s voice). The user speech does not need to include a
wake-up phrase for operation of the method for context-
aware query recognition.

[0021] The speech recognition 202 may be performed over
a context window that defines a particular time period over
which the speech recognition 202 assumes that the user’s
query is still occurring. The context window may be defined
by a particular time period (e.g., 5 seconds) over which the
user is speaking or when the user is silent for a particular
time period (e.g., 1 second) after a speech signal is received.
[0022] The speech recognition 202 may use acoustic mod-
eling and/or language modeling in a statistically-based
speech recognition algorithm to generate a recognized
speech signal in response to the user speech 200. For
example, a Hidden-Markov Model (HMM) may be used as
the algorithm for speech recognition 202. The HMM is only
one example of a speech recognition algorithm 202. Other
embodiments may use other ways to perform the speech
recognition. The recognized speech signal does not need to
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include the wake-up phrase for operation of the method for
context-aware query recognition.

[0023] The HMM is a statistical model that outputs a
sequence of symbols or quantities as a piecewise stationary
signal or a short-time stationary signal. In a short time-scale
(e.g., 10 milliseconds), speech can be approximated as a
stationary process. In speech recognition, the HMM outputs
a sequence of n-dimensional real-valued vectors (with n
being a relatively small integer, such as 40) every 10
milliseconds. The vectors may consist of cepstrum coeffi-
cients that are obtained by taking a Fourier transform of a
short time window of the user’s speech 200 and decorrelat-
ing the spectrum using a cosine transform, then using the
first (most significant) coefficients. Several of those feature
vectors may be combined together in order to get longer
temporal contexts, e.g. by estimating derivatives (deltas and
delta-deltas) or by simply stacking the features together.
Usually, feature vectors of 5 to 50 frames may be combined
to form a super vector in this fashion. The HMM tends to
have a statistical distribution in each state that may be
modeled by a Gaussian mixture model (GMM), a deep
neural network (DNN), a recurrent neural network (RNN),
a long-short term memory network (LSTM) or any other
type of statistical approach for each observed super vector.
[0024] As used herein, a “word” may be represented by a
numerical vector. A sequence of words (e.g., a sentence)
may be represented in a graphical way (e.g., as a lattice).
Each word or, for more general speech recognition systems,
each phoneme or each sub-phonetic unit, that may or may
not be depend on the context of surrounding phonemes, may
have a different output distribution. An HMM for a sequence
of words or phonemes is made by concatenating the indi-
vidual trained HMMs for the separate words and phonemes.
In some embodiments, the concatenated HMMs may be
represented by a graph, for example a weighted finite state
transducer (WFST). The probability of different sequences
of words may be modelled by a grammar or a statistical
language model. The statistical language model may be
represented by word n-grams or recurrent neural networks
(RNN).

[0025] The speech signal (e.g., voiced audio signal, words
and/or phonemes from a Speech Recognition 202 process) is
input into parallel processing of Intent Recognition 203 and
Recipient Recognition 204. In order to reduce the latency
time and, thus, the time required for the electronic device to
act on the query, the Intent Recognition 203 and the Recipi-
ent Recognition 204 are performed substantially simultane-
ously (e.g., in parallel).

[0026] The Intent Recognition 203 determines the user’s
intent based on the words and/or phonemes of the speech
signal. This can be a sequence of words and/or phonemes but
also lattices, n-best lists or other suitable data structure. It
may also include other features like word confidences or
word timing information. An example method for perform-
ing the Intent Recognition 203 is shown in FIG. 3.

[0027] FIG. 3 illustrates a flow diagram of a method for
Intent Recognition, according to various embodiments. In
block 301, the Intent Recognition 203 receives the recog-
nized speech signal from the speech recognition algorithm
202. In block 303, the Intent Recognition 203 processes the
words and/or phonemes of the recognized speech signal to
determine what the user wants to accomplish.

[0028] For example, the Intent Recognition 203 may pro-
cess the words and/or phonemes to determine, in block 305,
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if the words or sounds implying some action (e.g., make,
open, close, turn on, turn off, move, search, reply, increase,
decrease). The Intent Recognition 203 may look for certain
key words and the relationship between those words in a
sentence. This can be done by machine learning given
training data where the words and/or phonemes are anno-
tated by certain intents. Thus, the Intent Recognition 203
uses the words and/or phonemes to determine if the user’s
speech requests some action to be performed. A machine
learning algorithm (e.g., a condition random field, hidden
Markov Models, Deep Neuronal Networks, Recurrent Neu-
ronal Networks). The input to the machine learning algo-
rithm may be vectors that represent the words and the words’
positions in the input sentence. The output of the machine
learning is the intent represented by the sentence. For
example, if the user states “It is too warm in here”, the intent
of the sentence is to “turn down” or “turn off” the heating.
[0029] As used herein, an “action” may be defined as one
action or multiple actions. For example, “brew coffee and
put milk in the coffee” may be defined as “an action”.
[0030] Inblock 309, if the recognized speech signal com-
prises some intents, the action to be performed by the intent
is output. In block 307, if the recognized speech signal does
not contain any intents, a negative indication is output to
indicate to the Recipient and Intent Detection 206 that no
action was intended by the user.

[0031] Referring again to FIG. 2, the Recipient Recogni-
tion 204 determines who or what is the intended recipient of
the user’s speech 200. In other words, the Recipient Rec-
ognition 204 determines if the user is speaking to the
electronic device or if the user is speaking to another person
in the room.

[0032] FIG. 4 illustrates a flow diagram of a method for
Recipient Recognition, according to various embodiments.
Inblock 401, the Recipient Recognition 204 receives speech
features (e.g. Mel Frequency Cepstral Coefficients
(MFCCs)), words and/or phonemes from the captured
speech signal. In block 403, the Recipient Recognition 204
processes the features, words and/or phonemes to determine,
in block 405, if any features, words or sounds typically
associated with the electronic device are in the speech
signal. For example, a “wake on voice” technology may be
used to detect special trigger words or word sequences.
Machine learning can be applied to learn it given an audio
signal. Some features (e.g. MFCC features) may be com-
puted and used for calculations (e.g., phoneme probabilities
using neuronal networks). A Gaussian Mixture Model may
be used to represent and classify recipients of the speech.
Some of these computational steps may be shared across
modules (e.g., with the Speech Recognition 202).

[0033] For example, if the electronic device is a coffee
maker, the coffee maker controller processes the words
and/or phonemes to determine if the words or sounds for
“coffee”, “cup”, “make”, or any other direct or indirect
related words or sounds associated with making coffee are
present in the recognized speech signal. For example, a
direct relation may be the user stating “make a cup of coffee”
while an indirect relation may be the user stating “it would
be nice to get a cup of coffee”. In another example, if the
electronic device is a home automation controller, the home
controller processes the words and/or phonemes to deter-
mine if any words or sounds are present that are associated
with something that the home controller is able to control
(e.g., light, window, door, alarm).
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[0034] In block 409, the Recipient Recognition 204 out-
puts an affirmative indication that the user’s intent is for the
recognized speech to be used by the electronic device if
words, sounds or intents associated with the electronic
device are recognized in the processed speech signal. In
block 407, the Recipient Recognition 204 outputs a negative
indication or no indication if the user’s intent is for the
speech signal to be used by something or someone other than
the electronic device. The negative indication may include a
set of probabilities (e.g., probabilistic indication) that the
speech signal is to be used by something or someone other
than the electronic device (e.g., P(recipientlspeech signal)).
[0035] FIG. 5 illustrates a flow diagram of a method for
Recipient and Intent Detection 206, according to various
embodiments. In block 501, the Recipient and Intent detec-
tion 206 receives the results of the Intent Recognition 203
and the Recipient Recognition 204. In block 503, it is
determined if the Intent Recognition 203 indicates some
kind of action to be performed. If no action is indicated, the
recognized speech is ignored in block 505.

[0036] Ifthe Intent Recognition 203 indicates an action to
be performed, block 507 determines if the electronic device
is the intended recipient of the user speech, based on the
output of the Recipient Recognition 204. If the intended
recipient is not intended to be the electronic device, based on
receiving the negative indication (see block 407 of FIG. 4)
the recognized speech is ignored in block 505. If the
electronic device is the intended recipient of the user speech,
based on receiving the affirmative indication (see block 409
of FIG. 4), a command to perform the action is generated, in
block 509.

[0037] For example, if the electronic device is a coffee
maker and the Intent Recognition 203 determines that the
user’s speech indicates a desire for a cup of coffee to be
made and the Recipient Recognition 204 determines that the
user was talking to the electronic device, the Recipient and
Intent Detection 206 outputs instructions to make the cup of
coffee. In another example, if the electronic device is a home
automation controller and the Intent Recognition 203 deter-
mines that the user’s speech indicates a light to be turned off
and the Recipient Recognition 204 determines that the user
was talking to the electronic device, the Recipient and Intent
Detection 206 outputs instructions to turn the light off.
[0038] One or more of the Intent Recognition 203, Recipi-
ent Recognition 204, and/or Recipient and Intent Detection
206 may optionally include an input from an external sensor
210 (e.g., imaging, biometric, keyboard, keypad, touch-
screen, speaking position and/or speaking direction). This
enables the electronic device to input text, images, or
biometric sensor data into the method. Thus, if the method
determines that the user is moving towards the electronic
device or gesturing towards the electronic device, that may
be an indication of the user’s intent.

[0039] Referring again to FIG. 2, the command or instruc-
tions output from the Recipient and Intent Detection 206 is
input to one or more of a dialog engine, database look-up
routine, a World Wide Web (WWW) search engine, or a
third party application program interface (API) 208 (e.g.,
motor control or some other machine-type action). For
example, if the user query is determined to have been asking
a question of the electronic device, the electronic device can
determine the question and pass the question to a database
look-up routine. The database look-up routine may access a
database within the electronic device or a database located



US 2018/0090140 A1

over an Internet connection. Another embodiment may
compute the command or instructions to determine the
recipient and the recipient re-processes the audio/features/
signal for their own use (e.g., to compute some application
specific classes) or the command/instructions may be pro-
cessed in the cloud to incorporate other knowledge sources.
[0040] Ifthe electronic device does not contain the desired
information, the command or instructions may be passed,
over an Internet connection, to a WWW search engine, a
dialog search engine, or a chat-bot. The WWW search
engine may then perform the search and return the search
results to the electronic device to be displayed or read to the
user using a synthetic voice. The electronic device may also
respond with a request for clarification of user-action. The
electronic device may also respond with a request for
additional information or actions on the part of the user
when the recipient/intent combination is understood but
cannot be processed due to some known circumstances. For
example, the electronic device may answer: “Got it, if you
would like a coffee, please empower the coffee machine!” In
other words, the device recognizes the intent/recipient but
also recognizes the fact that the coffee machine is, for
whatever reason, out of service and not responding.

[0041] If the recognized speech signal contains a request
for an action be performed, the command or instruction may
be passed to the third party API that is responsible for
performing that task. For example, if the recognized speech
signal requested a cup of coffee to be made, the third party
API may be the interface from the electronic device con-
troller and the mechanism to control the flow of water into
the coffee maker as well as the brewing time selectable by
the user.

Additional Notes & Examples

[0042] Example 1 is an electronic device to execute a
context-aware query recognition, the device comprising: an
input device to receive user speech, memory to store instruc-
tions for performing a context-aware query; and a controller,
coupled to the memory and the input device, to generate a
speech signal in response to the user speech, determine if the
speech signal comprises an action to be performed, deter-
mine an intended recipient of the user speech, and if the
speech signal comprises the action and the intended recipi-
ent of the user speech is the electronic device, generate a
command for the electronic device to perform the action,
wherein the user speech and the speech signal do not include
a wake-up phrase.

[0043] In Example 2, the subject matter of Example 1
optionally includes a sensor coupled to the controller to
generate a sensor input to the controller.

[0044] In Example 3, the subject matter of Example 2
optionally includes wherein the sensor comprises at least
one of an image sensor to generate image data, an audio
sensor to receive the user speech, or a biometric sensor to
generate biometric sensor data.

[0045] In Example 4, the subject matter of Example 3
optionally includes wherein the controller is further to
determine the intended recipient based on at least one of the
image data or the biometric sensor data.

[0046] In Example 5, the subject matter of any one or
more of Examples 3-4 optionally include wherein the con-
troller is further to determine if the speech signal comprises
the action to be performed based on at least one of the image
data or the biometric sensor data.
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[0047] In Example 6, the subject matter of any one or
more of Examples 1-5 optionally include wherein the con-
troller is further to perform a database search based on the
command.

[0048] In Example 7, the subject matter of any one or
more of Examples 1-6 optionally include wherein the con-
troller is further to perform at least one of a World Wide Web
search based on the command, input the command to a
dialog engine, or input the command to a chat-bot.

[0049] In Example 8, the subject matter of any one or
more of Examples 1-7 optionally include wherein the con-
troller is further to pass the command to an application
program interface for execution.

[0050] In Example 9, the subject matter of any one or
more of Examples 1-8 optionally include wherein the elec-
tronic device is a kitchen appliance, a computer, a control
system in a vehicle, a personal electronic device, or a home
controller.

[0051] Example 10 is a computer-implemented method
for context-aware query recognition in an electronic device,
the method comprising: receiving user speech from an input
device; generating a speech signal in response to the user
speech, wherein the user speech and the speech signal do not
include a wake-up phrase; determining if the speech signal
comprises an action to be performed; determining an
intended recipient of the user speech; and if the speech
signal comprises the action and the intended recipient of the
user speech is the electronic device, generating a command
for the electronic device to perform the action.

[0052] In Example 11, the subject matter of Example 10
optionally includes receiving a sensor input comprising an
image, audio or biometric data.

[0053] In Example 12, the subject matter of Example 11
optionally includes determining if the speech signal com-
prises the action based on the sensor input.

[0054] In Example 13, the subject matter of any one or
more of Examples 11-12 optionally include determining the
intended recipient of the user speech based on the sensor
input.

[0055] In Example 14, the subject matter of any one or
more of Examples 10-13 optionally include wherein deter-
mining if the speech signal comprises the action to be
performed comprises: receiving at least one of words or
phonemes from the speech signal; determining if the words
or the phonemes are action words or sounds; and outputting
the action to be performed if the words or the phonemes
comprise the action to be performed.

[0056] In Example 15, the subject matter of Example 14
optionally includes outputting a negative or a probabilistic
indication if the words or the phonemes do not comprise the
action to be performed.

[0057] In Example 16, the subject matter of any one or
more of Examples 10-15 optionally include wherein deter-
mining the intended recipient of the user speech comprises:
receiving at least one of words or phonemes from the speech
signal; determining if the words or the phonemes are asso-
ciated with the electronic device; and if the words or
phonemes are associated with the electronic device, output-
ting the an affirmative indication that the intended recipient
of the user speech is the electronic device.

[0058] In Example 17, the subject matter of Example 16
optionally includes if the words or phonemes are not asso-
ciated with the electronic device, outputting a negative
indication.
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[0059] Example 18 is at least one computer-readable
medium comprising instructions for executing context-
aware query recognition that, when executed by a computer,
cause the computer to perform any one of the method
Examples 10-17.

[0060] Example 19 is an apparatus comprising means for
performing any of the methods of Examples 10-17.

[0061] Example 20 is a computer-implemented method
for context-aware query recognition in an electronic device,
the method comprising: receiving user speech from an input
device; generating a speech signal in response to the user
speech, wherein the user speech and the speech signal do not
include a wake-up phrase; and if the user speech comprises
at least one of words or phonemes indicating that the user
speech was intended for the electronic device and the speech
signal comprises an action, generating a command based on
the action.

[0062] In Example 21, the subject matter of Example 20
optionally includes forwarding the command to an applica-
tion programming interface to execute the command in one
of a kitchen appliance, a computer, a control system in a
vehicle, a personal electronic device, or a home controller.
[0063] In Example 22, the subject matter of any one or
more of Examples 20-21 optionally include transmitting the
command over an Internet connection to a server for per-
forming a database search or a World Wide Web search.
[0064] Example 23 is at least one computer-readable
medium comprising instructions for executing context-
aware query recognition that, when executed by a computer,
cause the computer to perform any one of the method
Examples 20-22.

[0065] Example 24 is an apparatus comprising means for
performing any of the methods of Examples 20-22.

[0066] Example 25 is at least one computer-readable
medium comprising instructions for executing context-
aware query recognition in an electronic device that, when
executed by a computer, cause the computer to: receive user
speech from an input device, generate a speech signal in
response to the user speech, wherein the user speech and the
speech signal do not include a wake-up phrase; determine if
the speech signal comprises an action to be performed;
determine an intended recipient of the user speech; and if the
speech signal comprises the action and the intended recipi-
ent of the user speech is the electronic device, generate a
command for the electronic device to perform the action.
[0067] In Example 26, the subject matter of Example 25
optionally includes wherein, when the instructions cause the
computer to determine if the speech signal comprises the
action to be performed, the instructions cause the computer
to: receive at least one of words or phonemes from the
speech signal; determine if the words or the phonemes are
action words or sounds; and output the action to be per-
formed if the words or the phonemes comprise the action to
be performed.

[0068] In Example 27, the subject matter of any one or
more of Examples 25-26 optionally include wherein, when
the instructions cause the computer to determine the
intended recipient of the user speech, the instructions cause
the computer to: receive at least one of words or phonemes
from the speech signal; determine if the words or the
phonemes are words or sounds associated with the electronic
device; and if the words or phonemes are associated with the
electronic device, output an affirmative indication that the
intended recipient of the user speech is the electronic device.
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[0069] In Example 28, the subject matter of Example 27
optionally includes wherein the instructions further cause
the computer to determine the intended recipient of the user
speech based on a sensor input.

[0070] In Example 29, the subject matter of Example 28
optionally includes wherein the instructions further cause
the computer to determine the intended recipient of the user
speech based on images from the sensor input.

[0071] Example 30 is an electronic device to execute a
context-aware query recognition, the device comprising:
means for receiving user speech from an input device;
means for generating a speech signal in response to the user
speech, wherein the user speech and the speech signal do not
include a wake-up phrase; means for determining if the
speech signal comprises an action to be performed; means
for determining an intended recipient of the user speech; and
means for generating a command for the electronic device to
perform the action when the speech signal comprises the
action and the intended recipient of the user speech is the
electronic device.

[0072] In Example 31, the subject matter of Example 30
optionally includes means for receiving a sensor input
comprising an image or biometric data.

[0073] In Example 32, the subject matter of Example 31
optionally includes means for determining if the speech
signal comprises the action based on the sensor input.
[0074] In Example 33, the subject matter of any one or
more of Examples 31-32 optionally include means for
determining the intended recipient of the user speech based
on the sensor input.

[0075] In Example 34, the subject matter of any one or
more of Examples 30-33 optionally include wherein means
for determining if the speech signal comprises the action to
be performed comprises: means for receiving at least one of
words or phonemes from the speech signal, means for
parsing the words or the phonemes for action words or
sounds; and means for outputting the action to be performed
if the words or the phonemes comprise the action to be
performed.

[0076] In Example 35, the subject matter of Example 34
optionally includes means for outputting a negative indica-
tion if the words or the phonemes do not comprise the action
to be performed.

[0077] In Example 36, the subject matter of any one or
more of Examples 30-35 optionally include wherein the
means for determining the intended recipient of the user
speech comprises: means for receiving at least one of words
or phonemes from the speech signal; means for parsing the
words or the phonemes for words or sounds associated with
the electronic device; and means for outputting the an
affirmative indication that the intended recipient of the user
speech is the electronic device when the words or phonemes
are associated with the electronic device.

[0078] In Example 37, the subject matter of Example 36
optionally includes means for outputting a negative indica-
tion when the words or phonemes are not associated with the
electronic device.

[0079] Example 38 is an electronic device to execute
context-aware query recognition, the device comprising:
means for receiving user speech from an input device;
means for generating a speech signal in response to the user
speech, wherein the user speech and the speech signal do not
include a wake-up phrase; and means for generating a
command based on the action when the user speech com-
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prises at least one of words or phonemes indicating that the
user speech was intended for the electronic device and the
speech signal comprises an action.

[0080] In Example 39, the subject matter of Example 38
optionally includes means for forwarding the command to
an application programming interface to execute the com-
mand in one of a kitchen appliance, a computer, a control
system in a vehicle, a personal electronic device, or a home
controller.

[0081] In Example 40, the subject matter of any one or
more of Examples 38-39 optionally include means for
transmitting the command over an Internet connection to a
server for performing a database search or a World Wide
Web search.

[0082] The above detailed description includes references
to the accompanying drawings, which form a part of the
detailed description. The drawings show, by way of illus-
tration, specific embodiments that may be practiced. These
embodiments are also referred to herein as “examples.” Such
examples may include elements in addition to those shown
or described. However, also contemplated are examples that
include the elements shown or described. Moreover, also
contemplated are examples using any combination or per-
mutation of those elements shown or described (or one or
more aspects thereof), either with respect to a particular
example (or one or more aspects thereof), or with respect to
other examples (or one or more aspects thereof) shown or
described herein.

[0083] Publications, patents, and patent documents
referred to in this document are incorporated by reference
herein in their entirety, as though individually incorporated
by reference. In the event of inconsistent usages between
this document and those documents so incorporated by
reference, the usage in the incorporated reference(s) are
supplementary to that of this document; for irreconcilable
inconsistencies, the usage in this document controls.
[0084] In this document, the terms “a” or “an” are used, as
is common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is
used to refer to a nonexclusive or, such that “A or B”
includes “A but not B,” “B but not A,” and “A and B,” unless
otherwise indicated. In the appended claims, the terms
“including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and
“wherein.” Also, in the following claims, the terms “includ-
ing” and “comprising” are open-ended, that is, a system,
device, article, or process that includes elements in addition
to those listed after such a term in a claim are still deemed
to fall within the scope of that claim. Moreover, in the
following claims, the terms “first,” “second,” and “third,”
etc. are used merely as labels, and are not intended to
suggest a numerical order for their objects.

[0085] The above description is intended to be illustrative,
and not restrictive. For example, the above-described
examples (or one or more aspects thereof) may be used in
combination with others. Other embodiments may be used,
such as by one of ordinary skill in the art upon reviewing the
above description. The Abstract is to allow the reader to
quickly ascertain the nature of the technical disclosure. It is
submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. Also,
in the above Detailed Description, various features may be
grouped together to streamline the disclosure. However, the
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claims may not set forth every feature disclosed herein as
embodiments may feature a subset of said features. Further,
embodiments may include fewer features than those dis-
closed in a particular example. Thus, the following claims
are hereby incorporated into the Detailed Description, with
a claim standing on its own as a separate embodiment. The
scope of the embodiments disclosed herein is to be deter-
mined with reference to the appended claims, along with the
full scope of equivalents to which such claims are entitled.

1. An electronic device to execute a context-aware query
recognition, the device comprising:

an input device to receive user speech;

memory to store instructions for performing a context-

aware query; and

a controller, coupled to the memory and the input device,

the controller being configured to generate a speech
signal in response to the user speech, determine, using
a first process, if the speech signal includes words
implying an action and whether the words implying the
action request the action to be performed, determine,
using a second process running in parallel with the first
process, if the speech signal includes words associated
with an intended recipient of the user speech, if the
speech signal requests the action to be performed and
if the intended recipient of the user speech is the
electronic device, generate a command for the elec-
tronic device to perform the action, wherein the user
speech and the speech signal do not include a wake-up
phrase.

2. The device of claim 1, further comprising a sensor
coupled to the controller to generate a sensor input to the
controller.

3. The device of claim 2, wherein the sensor comprises at
least one of an image sensor to generate image data, an audio
sensor to receive the user speech, or a biometric sensor to
generate biometric sensor data.

4. The device of claim 3, wherein the controller is further
configured to determine the intended recipient based on at
least one of the image data or the biometric sensor data.

5. The device of claim 3, wherein the controller is further
configured to determine if the speech signal includes the
words implying the action and if the words implying the
action request the action to be performed based on at least
one of the image data or the biometric sensor data.

6. The device of claim 1, wherein the controller is further
configured to perform a database search based on the
command.

7. The device of claim 1, wherein the controller is further
configured to perform at least one of a World Wide Web
search based on the command, input the command to a
dialog engine, or input the command to a chat-bot.

8. The device of claim 1, wherein the controller is further
configured to pass the command to an application program
interface for execution.

9. The device of claim 1, wherein the electronic device is
a kitchen appliance, a computer, a control system in a
vehicle, a personal electronic device, or a home controller.

10. A computer-implemented method for context-aware
query recognition in an electronic device, the method com-
prising:

receiving user speech from an input device;

generating a speech signal in response to the user speech,

wherein the user speech and the speech signal do not
include a wake-up phrase;
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determining, using a first process, if the speech signal
includes words implying an action and determining
whether the words implying the action request the
action to be performed;

determining an intended recipient of the user speech using

a second process running in parallel with the first
process; and

if the speech signal requests the action to be performed

and the intended recipient of the user speech is the
electronic device, generating a command for the elec-
tronic device to perform the action.

11. The method of claim 10, further comprising receiving
a sensor input comprising an image, audio or biometric data.

12. The method of claim 11, further comprising:

determining if the speech signal includes the words

implying the action and if the words implying the
action request the action to be performed based on the
sensor input.

13. The method of claim 11, further comprising:

determining the intended recipient of the user speech

based on the sensor input.

14. The method of claim 10, wherein determining if the
speech signal includes the words implying the action and if
the words implying the action request the action to be
performed comprises:

receiving at least one of words or phonemes from the

speech signal,

determining if the words or the phonemes are action

words or sounds; and

outputting the action to be performed if the words or the

phonemes request the action to be performed.

15. The method of claim 14, further comprising output-
ting a negative or a probabilistic indication if the words or
the phonemes are not action words or sounds or do not
request the action to be performed.

16. The method of claim 10, wherein determining the
intended recipient of the user speech comprises:

receiving at least one of words or phonemes from the

speech signal;

determining if the words or the phonemes are associated

with the electronic device; and

if the words or phonemes are associated with the elec-

tronic device, outputting the an affirmative indication
that the intended recipient of the user speech is the
electronic device.

17. The method of claim 10, wherein determining the
intended recipient of the user speech comprises:

receiving at least one of words or phonemes from the

speech signal;

determining whether the words or the phonemes are

associated with the electronic device; and

if the words or phonemes are not associated with the

electronic device, outputting a negative indication.

18. A computer-implemented method for context-aware
query recognition in an electronic device, the method com-
prising:

receiving user speech from an input device;

generating a speech signal in response to the user speech,

wherein the user speech and the speech signal do not
include a wake-up phrase;

analyzing the speech signal using a first process to deter-

mine if the speech signal includes at least one of words
or phonemes indicating that the user speech was
intended for the electronic device;
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analyzing the speech signal using a second process,
running in parallel with the first process to determine if
the speech signal includes at least one of words or
phonemes implying an action and determining whether
the words implying the action request an action; and

generating a command based on the requested action.

19. The method of claim 18, further comprising forward-
ing the command to an application programming interface to
execute the command in one of a kitchen appliance, a
computer, a control system in a vehicle, a personal electronic
device, or a home controller.

20. The method of claim 18, further comprising transmit-
ting the command over an Internet connection to a server for
performing a database search or a World Wide Web search.

21. At least one non-transitory computer-readable
medium comprising instructions for executing context-
aware query recognition in an electronic device that, when
executed by a computer, cause the computer to:

receive user speech from an input device;

generate a speech signal in response to the user speech,

wherein the user speech and the speech signal do not
include a wake-up phrase;

determine using a first process, if the speech signal

includes words implying an action and determine
whether the words implying the action request the
action to be performed;

determine an intended recipient of the user speech using

a second process running in parallel with the first
process; and

if the speech signal requests the action to be performed

and the intended recipient of the user speech is the
electronic device, generate a command for the elec-
tronic device to perform the action.

22. The computer-readable medium of claim 21, wherein,
when the instructions cause the computer to determine that
the speech signal includes the words implying the action and
that the words implying the action request the action to be
performed, the instructions cause the computer to:

receive at least one of words or phonemes from the speech

signal;

determine if the words or the phonemes are action words

or sounds; and

output the action to be performed if the words or the

phonemes comprise the action to be performed.

23. The computer-readable medium of claim 21, wherein,
when the instructions cause the computer to determine the
intended recipient of the user speech, the instructions cause
the computer to:

receive at least one of words or phonemes from the speech

signal;

determine if the words or the phonemes are words or

sounds associated with the electronic device; and

if the words or phonemes are associated with the elec-

tronic device, output an affirmative indication that the
intended recipient of the user speech is the electronic
device.

24. The computer-readable medium of claim 21, wherein
the instructions further cause the computer to determine the
intended recipient of the user speech based on a sensor input.

25. The computer-readable medium of claim 24, wherein
the instructions further cause the computer to determine the
intended recipient of the user speech based on images from
the sensor input.



