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FIG.3

One system (100) includes a communication device (105) that includes an elec-
tronic processor (205) configured to receive a first voice command via a micro-
phone (220) and analyze the first voice command using a first type of voice
l recognition. The electronic processor (205) determines that an action to be per-

formed in accordance with the first voice command is unrecognizable based on
the analysis using the first type of voice recognition. The electronic processor
& (205) transmits the first voice command to a remote electronic computing device

accompanying a request requesting that the first voice command be analyzed
using a second type of voice recognition different from the first type of voice
recognition. The electronic processor (205) receives, from the remote electron-
ic computing device, a second voice command corresponding to the action and
vL different from the first voice command, and outputs, with a speaker (225), the
second voice command.
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METHODS AND SYSTEMS FOR PROVIDING A CORRECTED VOICE COMMAND

BACKGROUND OF THE INVENTION

[0001] Many communication devices (such as smart phones, portable radios, laptop
computers, and the like) and other physical devices (such as lights, televisions,

stereos, computers, vehicles, and the like) are equipped with components that allow
the devices to communicate with other devices and receive voice commands from a
user. In some situations, such physical devices may be referred to as the Internet of

things (IoT).

[0002] Many such communication devices further comprise, or provide access to,
electronic digital assistants (or sometimes referenced as “virtual partners™) that may
provide the user thereof with valuable information in an automated (for example,
without further user input) or semi-automated (for example, with some further user
input) fashion. The valuable information provided to the user may be based on
explicit requests for such information posed by the user via an input (for example,
such as a parsed natural language input or an electronic touch interface manipulation
associated with an explicit request) in which the electronic digital assistant may

reactively provide such requested valuable information.

[0003] As some existing examples, electronic digital assistants such as Siri provided
by Apple, Inc.® and Google Now provided by Google, Inc.®, are software
applications running on underlying electronic hardware that are capable of
understanding natural language, and may complete electronic tasks in response to user
voice inputs, among other additional or alternative types of inputs. These electronic
digital assistants may perform such tasks as taking and storing voice dictation for
future reference and retrieval, reading a received text message or an e-mail message
aloud, generating a text message or e-mail message reply, looking up requested phone
numbers and initiating a phone call to a requested contact, generating calendar
appointments and providing appointment reminders, warning users of nearby dangers
such as traffic accidents or environmental hazards, and providing many other types of

information in a reactive or proactive manner.
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0004] The accompanying figures, where like reference numerals refer to identical or
functionally similar elements throughout the separate views, which together with the
detailed description below are incorporated in and form part of the specification and
serve to further illustrate various embodiments of concepts that include the claimed

invention, and to explain various principles and advantages of those embodiments.

[0005] FIG. 1 is a system diagram illustrating a communication system for providing
a corrected voice command in response to receiving a voice command that is

unrecognizable by a communication device and/or an Internet of things (IoT) device.

[0006] FIG. 2 is a device diagram showing a device structure of the communication
device of the communication system of FIG. 1 in accordance with some

embodiments.

[0007] FIG. 3 illustrates a flow chart of a method performed by the communication
device of FIG. 2 for providing the corrected voice command in accordance with some

embodiments.

[0008] FIG. 4 illustrates a flow chart of a method performed by a remote electronic
computing device of the communication system of FIG. 1 for determining the

corrected voice command in accordance with some embodiments.

[0009] Skilled artisans will appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures may be exaggerated relative to
other elements to help to improve understanding of embodiments of the present

invention.

[0010] The apparatus and method components have been represented where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to understanding the embodiments of the present invention so
as not to obscure the disclosure with details that will be readily apparent to those of

ordinary skill in the art having the benefit of the description herein.
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DETAILED DESCRIPTION OF THE INVENTION

[0011] Due to limited memory space, limited processing power, and/or desired fast
response time when performing an action in response to a received voice command,
communication devices and/or other Internet of things (IoT) devices may be
configured to use exact keyword matching (for example, 100% keyword match) or
near-exact keyword matching (for example, 75-100%, exclusive, keyword match) to
compare a received voice command to a locally-stored limited list of voice commands
that correspond to actions to be taken by the communication device and/or the [oT
device in response to the voice command. However, when the user does not know or
remember the voice command for a desired action (for example, because the user is a
new user or is in an unfamiliar location with unfamiliar [oT devices such as a hotel
room) or is unable to pronounce the voice command for a desired action, the
communication device and/or the IoT device may be unable to recognize (in other
words, unable to sufficiently match) the voice command, and thus, unable to perform
the desired action. For example, a lighting system in a home of user may be
configured to turn on a kitchen light in response to receiving the voice command
“kitchen light on.” However, the user may not remember the exact voice command
“kitchen light on” and may instead say “turn on the light above the refrigerator.” In
some situations, the lighting system may not recognize the voice command “turn on
the light above the refrigerator” because it does not exactly or near-exactly match any

voice commands in the locally-stored limited list of voice commands.

[0012] While using a remote server with more processing power and/or memory than
the communication device and/or IoT device to perform all voice processing functions
may allow for a wider range of voice commands to be stored and/or recognized,
communicating with the remote server increases the response time of the
communication device and/or IoT device responding to the voice command.
Additionally, in some situations, the remote server may not be available due to
network connectivity problems between the remote server and the communication
device and/or the [oT device. Thus, it is advantageous for a communication device
and/or IoT device to use exact or near-exact keyword matching as much as possible

and only communicate with a remote server to determine the meaning of a voice
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command when the voice command is unrecognizable (for example, when a received
voice command cannot be keyword-matched). In accordance with the goal of using
exact or near-exact keyword matching as much as possible, when the remote server
analyzes an unrecognized voice command, it is advantageous for the remote server to
determine a corresponding corrected voice command that is recognizable by the
communication device using exact or near-exact keyword matching. Such a corrected
voice command may be provided to the user for use when the same action is desired

in the future.

[0013] Disclosed are a method, device, and system for a communication device to
provide a corrected voice command to a user. In some embodiments, the
communication device determines that an action to be performed in accordance with a
first voice command is unrecognizable based on an analysis using a first type of voice
recognition (for example, exact or near-exact keyword matching using a local
memory and a local processor that compares a received voice command with voice
sample data that is stored in the local memory and that is associated with an action to
be performed). The communication device transmits the first voice command to a
remote electronic computing device for further analysis of the first voice command
using a second type of voice recognition (for example, natural language processing)
different from the first type of voice recognition. The communication device then
receives a second voice command corresponding to the action from the remote
electronic computing device. The communication device outputs the second voice
command to 1) teach the user a corrected voice command corresponding to the action
that is recognizable by the communication device (and/or another IoT device) for

future use; and/or i1) control an [oT device to perform the action.

[0014] The method, device, and system address the above-noted technological
problems by improving the interaction between a communication device and/or an
IoT device and a user that provides a voice command to the communication device
and/or the IoT device. In some situations, by providing the corrected voice command
to the user, the user may learn the corrected voice command and use the corrected
voice command in the future to request the desired action. Thus, the communication

device and/or the [oT device may recognize future received voice commands locally
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without using a remote electronic computing device. In such situations, the
communication device is able to execute the action more quickly than when the
remote electronic computing device is used to analyze the voice command.
Additionally, in such future situations, the overall system uses less processing power
because the remote electronic computing device is not used to analyze the voice
command. Furthermore, by teaching the user voice commands that are stored locally,
the communication device and/or the 10T device may be designed to use less memory
space and processing power than in situations where locally-stored voice commands
are not taught to the user. For example, the communication device and/or the loT
device may store one correct voice command for each desired action rather than a
number of similar voice commands that correspond to the same desired action.
Additionally, the communication device and/or the [oT device may be able to analyze
the voice command locally and perform a desired action in situations when there are
network connectivity problems and the remote electronic computing device cannot be
accessed. In some situations, the communication device and/or the IoT device may
use a type of voice recognition (for example, exact or near-exact keyword matching)
that uses less processing power to perform than a more complex type of voice
recognition used by the remote electronic computing device (for example, natural
language processing). Thus, the design of the communication device may allow for
fast processing time and less memory to be used when the user knows the correct
locally-stored voice commands while still allowing for other voice commands to be
analyzed remotely when such voice commands are unrecognizable. The
communication device and/or the IoT device also improves out-of-box experience for
anew user by providing corrected voice commands to teach the user the voice
commands that are stored locally by the communication device and/or the IoT device.
For example, it may be inconvenient and burdensome for a new user look up a correct

voice command in a manual each time the new user desires to use a voice command.

[0015] One embodiment provides a communication device configured to provide a
corrected voice command in response to receiving a voice command that is
unrecognizable by the communication device. The communication device includes a

memory, a microphone, a speaker, and a network interface configured to



WO 2020/101865 PCT/US2019/058240

communicate with a remote electronic computing device. The communication device
further includes an electronic processor configured to receive a first voice command
via the microphone and analyze the first voice command using a first type of voice
recognition. The electronic processor is further configured to determine that an action
to be performed in accordance with the first voice command is unrecognizable based
on the analysis using the first type of voice recognition. The electronic processor is
further configured to transmit, via the network interface, the first voice command to
the remote electronic computing device accompanying a request requesting that the
first voice command be analyzed using a second type of voice recognition different
from the first type of voice recognition. The electronic processor is further
configured to receive, via the network interface and from the remote electronic
computing device, a second voice command corresponding to the action and different
from the first voice command. The electronic processor is further configured to

output, with the speaker, the second voice command.

[0016] Another embodiment provides a method for providing a corrected voice
command in response to receiving a voice command that is unrecognizable by a
communication device. The method includes receiving, via a microphone of the
communication device, a first voice command via the microphone. The method
further includes analyzing, with an electronic processor of the communication device,
the first voice command using a first type of voice recognition. The method further
includes determining, with the electronic processor, that an action to be performed in
accordance with the first voice command is unrecognizable based on the analysis
using the first type of voice recognition. The method further includes transmitting,
via a network interface of the communication device, the first voice command to a
remote electronic computing device accompanying a request requesting that the first
voice command be analyzed using a second type of voice recognition different from
the first type of voice recognition. The method further includes receiving, via the
network interface and from the remote electronic computing device, a second voice
command corresponding to the action and different from the first type of voice
recognition. The method further includes outputting, with a speaker of the

communication device, the second voice command.
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[0017] Another embodiment provides a communication system configured to provide
a corrected voice command in response to receiving a voice command that is
unrecognizable by a communication device. The communication system includes a
remote electronic computing device including a first electronic processor and a first
network interface. The communication system further includes the communication
device including a memory, a microphone, a speaker, a second network interface
configured to communicate with the first network interface, and a second electronic
processor. The communication device is configured to receive a first voice command
via the microphone of the communication device, and analyze, with the second
electronic processor of the communication device, the first voice command using a
first type of voice recognition. The communication device is further configured to
determine, with the second electronic processor of the communication device, that an
action to be performed in accordance with the first voice command is unrecognizable
based on the analysis using the first type of voice recognition. The communication
device is further configured to transmit, from the communication device via the
second network interface, the first voice command to the remote electronic computing
device. The remote electronic computing device is configured to analyze, with the
first electronic processor of the remote electronic computing device, the first voice
command using a second type of voice recognition different from the first type of
voice recognition. The remote electronic computing device is further configured to
determine, with the first electronic processor of the remote electronic computing
device, a second voice command corresponding to the action based on the analysis
using the second type of voice recognition. The remote electronic computing device
is further configured to transmit, from the remote electronic computing device via the
first network interface, the second voice command to the communication device. The
communication device is further configured to receive, via the second network
interface of the communication device, the second voice command, and output, with

the speaker of the communication device, the second voice command.

[0018] FIG. 1 is a block diagram of a communication system 100 according to one
example embodiment. The communication system 100 includes a communication

device 105. As illustrated in FIG. 1, the communication device 105 may be a
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handheld communication device, for example, a mobile telephone or other portable
communication device, mobile radio, smart watch, tablet, or other smart wearable, or
may be another device configured to communicate over a network 110. In some
embodiments, the communication device 105 may be a handheld radio carried by a
public safety officer or first responder, such as a police officer. In some
embodiments, the communication device 105 may be a mobile communication device
mounted in or on a vehicle (for example, a police vehicle, an ambulance, or the like).
In some embodiments, the communication device 105 is a laptop computer or a

desktop computer.

[0019] The communication system 100 also includes Internet of things (IoT) devices
115A, 115B, 115C, and 115D that may be referred to as secondary devices. In the
following description, when explaining how a single IoT device functions, a reference
to IoT device 115 is used. In some embodiments, the IoT devices 115 (and the
communication device 105) are equipped with components that allow the ToT devices
115 to communicate with other devices and receive voice commands from a user. As
indicated by FIG. 1, IoT devices 115 may be any one of a number of different types of
IoT devices. For example, IoT device 115A is a kitchen light in a home, and IoT
device 115B is a dining room light in the home. As other examples, IoT device 115C

1s a stereo 1n the home and IoT device 115D is a television in the home.

[0020] The types of communication devices 105 and IoT devices 115 described above
and shown in FIG. 1 are merely examples. In other embodiments, the communication
system 100 includes other types of communication devices 105 and/or IoT devices
115, including but not limited to, enterprise loT devices in enterprise environments,
mission critical IoT devices in mission critical environments, and industrial IoT
devices in industrial environments. In some embodiments, the communication system
100 includes more or fewer communication devices 105 and/or [oT devices 115 than

the number devices shown in FIG. 1.

[0021] As indicated in FIG. 1, the communication device 105 and the IoT devices 115
may communicate with other devices (for example, each other) via the network 110

over respective wireless links 120 and via corresponding network interfaces including
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one or more transceiver circuits (for example, by sending and receiving radio signals).

[0022] Also as shown in FIG. 1, in some embodiments, the communication device
105 and the 10T devices 115 communicate directly with each other via direct-mode
wireless link(s) 125 using a communication channel or connection that is outside of
the network 110. For example, the communication device 105 and the IoT devices
115 communicate directly with each other when they are within a predetermined
distance from each other. In some embodiments, one or more of the IoT devices 115
are configured to communicate solely via direct-mode wireless links 125 with other
devices (for example, with communication devices 105 located within a
predetermined distance of the IoT device 115). In such embodiments, the one or
more [oT devices 115 may not be configured to directly communicate over the
network 110. In such embodiments, the one or more [oT devices 115 may only
communicate information over the network 110 by communicating through the
communication device 105 (for example, a nearby smart phone, portable radio, and
the like). For example, the one or more IoT devices 115 form a personal area network
(PAN) with the communication device 105 via corresponding short-range PAN
transceivers, which may be based on a Bluetooth™, Zigbee, Bluetooth™ Low
Energy, WiFi, Near Field Communication (NFC), Radio Frequency ID (RFID) or

other short-range wireless protocol.

[0023] In some embodiments, the network 110 is a radio access network that provides
for radio communication links to be arranged within the network 110 between a
plurality of user terminals. Such user terminals may be portable, mobile, or stationary
and may include any one or more of the communication device 105 and the IoT
devices 115 illustrated in FIG. 1, among other possibilities. At least one other
terminal, for example used in conjunction with the communication device 105, may
be a fixed terminal 130, for example a base station, eNodeB, repeater, and/or access
point. Such a network 110 typically includes a system infrastructure that generally
includes a network of various fixed terminals 130, which are in direct radio
communication with the communication devices 105. Each of the fixed terminals 130
operating in the network 110 may have one or more transceivers which may, for

example, serve communication devices 105 in a given region or area, known as a
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‘cell’ or ‘site’, by radio frequency (RF) communication. The communication devices
105 that are in direct communication with a particular fixed terminal 130 are said to
be served by the fixed terminal 130. In one example, all radio communications to and
from each communication device 105 within the network 110 are made via respective
serving fixed terminals 130. Sites of neighboring fixed terminals 130 may be offset
from one another and may provide corresponding non-overlapping or partially or fully

overlapping RF coverage areas.

[0024] The network 110 may include wireless and wired portions. The network 110
may operate according to an industry standard wireless access technology such as, for
example, an LTE, LTE-Advance, or 5G technology over which an OMA-PoC, a
VoIP, an LTE Direct or LTE Device to Device, or a PoIP application may be
implemented. Additionally or alternatively, the network 110 may implement a
WLAN technology such as Wi-Fi perhaps operating in accordance with an IEEE
802.11 standard (for example, 802.11a, 802.11b, 802.11g) or such as a WiMAX
perhaps operating in accordance with an IEEE 802.16 standard. The network 110
may additionally or alternatively operate according to an industry standard LMR
wireless access technology such as, for example, the P25 standard defined by the
APCO, the TETRA standard defined by the ETSI, the dPMR standard also defined by
the ETSI, or the DMR standard also defined by the ETSI. Because these systems
generally provide lower throughput than the broadband systems, they are sometimes
designated narrowband RANs. The network 110 may also include future developed
networks. In some embodiments, the network 110 may also include a combination of

the networks mentioned.

[0025] The network 110 is illustrated in FIG. 1 as providing coverage for the
communication device 105 and/or the IoT devices 115 via a single fixed terminal 130
coupled to a single infrastructure controller 135 (for example, a radio controller, call
controller, PTT server, zone controller, MME, BSC, MSC, site controller, Push-to-
Talk controller, or other network device). In other embodiments, additional fixed
terminals 130 and additional infrastructure controllers 135 may be disposed to support

a larger geographic footprint and/or a larger number of mobile devices.

10
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[0026] In some embodiments, the infrastructure controller 135 illustrated in FIG. 1, or
some other back-end infrastructure device or combination of back-end infrastructure
devices existing on-premises or in a remote cloud computing cluster 140 accessible
via an Internet Protocol (IP) network 145 (such as the Internet) operate as a back-end
electronic digital assistant, a back-end audio and/or video processing device, and/or a
remote cloud-based storage device consistent with the remainder of this disclosure. In
some embodiments, such devices, individually or in combination, may be referred to
as a remote electronic computing device. In other words, an individual component
and/or a combination of individual components of the network 110 may be referred to
as a remote electronic computing device. In some embodiments, the remote
electronic computing device may be a single electronic processor (for example, an
electronic processor of the infrastructure controller 135). In other embodiments, the
remote electronic computing device includes multiple electronic processors
distributed remotely from each other and linked via a wired and/or wireless
communication link(s). For example, the electronic computing device may be
implemented on a combination of at least two of an electronic processor of the
infrastructure controller 135, an electronic processor of the cloud computing cluster
140 accessible via an IP network 145, and another electronic processor of a back-end
device of the network 110. In some embodiments, the remote electronic computing
device accesses one or more databases 150 (for example, a voice command database)

as described in greater detail below.

[0027] The IP network 145 may comprise one or more routers, switches, LANs,
WLANs, WANSs, access points, or other network infrastructure, including but not
limited to, the public Internet. The cloud computing cluster 140 may be comprised of
a plurality of computing devices, one or more of which may be executing none, all, or
a portion of the functionality of the remote electronic computing device described
below, sequentially or in parallel, across the one or more computing devices. The one
or more computing devices comprising the cloud computing cluster 140 may be
geographically co-located or may be separated by inches, meters, or miles, and inter-
connected via electronic and/or optical interconnects. Although not shown in FIG. 1,

one or more proxy servers or load balancing servers may control which one or more

11
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computing devices perform any part or all of the functionality of the remote electronic

computing device described below.

[0028] As shown in FIG. 1, database(s) 150 may be accessible by the communication
device 105 via the IP network 145 and/or the cloud computing cluster 140, and may
include databases such as a voice command database that stores recognized voice
commands for various communication devices 105 and/or 10T devices 115 and/or
other types of databases. Databases 150 may further include all or a portion of the
databases described herein as being provided at the infrastructure controller 135. In
some embodiments, the databases 150 may be maintained by third parties. As shown
in FIG. 1, the databases 150 are communicatively coupled with the network 110 to
allow the communication device 105 and/or the [oT devices 115 to provide data to
and retrieve data from the databases 150 via infrastructure controller 135 and the IP
network 145. In some embodiments, the databases 150 are commercial cloud-based
storage devices. In some embodiments, the databases 150 are housed on suitable on-
premises database servers. The databases 150 described above are merely examples.
In some embodiments, the system 100 additionally or alternatively includes other
databases that store different information. In some embodiments, the databases 150
and/or additional or other databases are integrated with, or internal to, the
infrastructure controller 135. In FIG. 1, the schematic couplings between the fixed
terminal 130, the infrastructure controller 135, the IP network 145, the cloud
computing cluster 140, and the databases 150 represent wired and/or wireless

connections between the shown devices.

[0029] In some embodiments, the communication device 105 and/or the IoT devices
115 receive a voice command from a user and perform an action in response to
receiving the voice command. For example, the communication device 105 plays a
song in response to receiving a voice command requesting that the communication
device 105 play a song. As another example, the kitchen light 115A turns on in
response to receiving a voice command requesting that the kitchen light 115A be
turned on. In some embodiments, the communication device 105 and/or the IoT
devices 115 perform an action in response to receiving an instruction from another

device (for example, an instruction received via a wireless link 120 or direct-mode

12
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wireless link 125). For example, in response to receiving an instruction from the
remote electronic computing device, the kitchen light 115A may turn on or the
communication device 105 may play a song. Similarly, in some embodiments, the
communication device 105 receives a voice command and provides an instruction to
an IoT device 115 in response to the voice command. For example, the
communication device 105 may receive a voice command requesting that the kitchen
light 115A be turned on. In response to receiving such a voice command, the
communication device 105 communicates an instruction to the kitchen light 115A via

a wireless link 120 or 125 to turn on the kitchen light 115A.

[0030] FIG. 2 is a block diagram of the communication device 105 according to one
example embodiment. In the embodiment illustrated, the communication device 105
includes an electronic processor 205 (for example, a microprocessor or other
electronic device). The electronic processor 205 includes input and output interfaces
(not shown) and is electrically coupled to a memory 210, a network interface 215, a
microphone 220, a speaker 225, and a display 230. In some embodiments, the
communication device 105 includes fewer or additional components in configurations
different from that illustrated in FIG. 2. For example, the communication device 105
may additionally include a push-to-talk button or a camera. As another example, the
communication device 105 may include one or more additional input devices such as
a computer mouse and/or a keyboard that receive inputs from a user of the
communication device 105. As yet another example, the communication device 105
may include a location component (for example, a global positioning system (GPS)
receiver) configured to determine the geographic coordinates of the location of the
communication device 105. In some embodiments, the communication device 105

performs functionality other than the functionality described below.

[0031] The memory 210 may include read only memory (ROM), random access
memory (RAM), other non-transitory computer-readable media, or a combination
thereof. The electronic processor 205 is configured to receive instructions and data
from the memory 210 and execute, among other things, the instructions. In particular,
the electronic processor 205 executes instructions stored in the memory 210 to

perform the methods described herein.
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[0032] The network interface 215 sends and receives data to and from other devices
of the communication system 100 (for example, the remote electronic computing
device and/or the 10T devices 115). In some embodiments, the network interface 215
includes one or more transceivers for wirelessly communicating with the IoT devices
115 and/or the remote electronic computing device. Alternatively or in addition, the
network interface 215 may include a connector or port for receiving a wired
connection to the IoT devices 115 and/or the network 110, such as an Ethernet cable.
In some situations, the electronic processor 205 may receive, via the network
interface 215, alist of voice commands supported by the 10T devices 115 from the
IoT devices 115. In other situations, the electronic processor 205 may receive, from a
voice command database 150 via the network 110, a list of voice commands
supported by the IoT devices 115 within a predetermined area. For example, based at
least in part on a location of the communication device 105, the communication
device 105 may request and/or receive a list of voice commands supported by the [oT
devices 115 within a predetermined distance from the location of the communication
device 105 (for example, within twenty feet, within Bluetooth™ communication
range, within a geofenced area, within a cell/coverage area, or the like). For example,
the voice command database 150 stores a location of each of a plurality of [oT
devices 115 as well as corresponding voice commands supported by each of the [oT
devices 115 of the plurality of IoT devices 115. In some embodiments, the
communication device 105 receives, via the network interface 215, new voice
command sets with associated functions that may be performed locally by the

communication device 103.

[0033] The electronic processor 205 may communicate data generated by the
communication device 105 over the network 110 through the network interface 215,
such as for receipt by one or more other communication devices 105, one or more [oT
devices 115, and/or the remote electronic computing device. For example, the
electronic processor 205 receives electrical signals representing sound from the
microphone 220 (for example, a first voice command) and may communicate
information relating to the electrical signals over the network 110 through the

network interface 215 to other devices, for example, to one or more other
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communication devices 105, one or more [0T devices 115, and/or the remote
electronic computing device. Similarly, the electronic processor 205 may output
information received from the network 110 through the network interface 215 through
the speaker 225, the display 230, or a combination thereof (for example, a second,
corrected voice command accessed from the voice command database 150 by the

remote electronic computing device).

[0034] The display 230 displays images, video, text, and/or data from sensor inputs to
the user (for example, a public safety officer). The display 230 may be a liquid
crystal display (LCD) screen or an organic light emitting display (OLED) display
screen. In some embodiments, a touch sensitive input interface may be incorporated
into the display 230 as well, allowing the user to interact with content provided on the
display 230. In some embodiments, the display 230 includes a projector or future-
developed display technologies. In some embodiments, the speaker 225 and the
display 230 are referred to as output devices that present information to a user of the
communication device 105. In some embodiments, the microphone 220, a computer
mouse, and/or a keyboard or a touch-sensitive display are referred to as input devices

that receive input from a user of the communication device 105.

[0035] In some embodiments, other elements of the communication system 100 of
FIG. 1 include similar components as those shown in FIG. 2 with respect to the
communication device 105. For example, the infrastructure controller 135, the cloud
computing cluster 140, and the IoT devices 115 each include their own electronic
processor, memory, and network interface that are similar to the like-named
components of the communication device 105 explained above and function in a
similar manner as described above with respect to FIG. 2. In some embodiments,
these other elements of the communication system 100 include fewer or additional
components in configurations different from that illustrated in FIG. 2. For example,
the infrastructure controller 135 and the cloud computing cluster 140 may not include
one or more of the display 230, the microphone 220, and the speaker 225. As another
example, one or more of the IoT devices 115 may not include the speaker 225, the
display 230, and/or both. As another example, one or more of the IoT devices 115

may not include the microphone 220 and may instead be configured to receive
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instructions via a network interface from the communication device 105 and/or the

remote electronic computing device as explained above.

[0036] As explained above, in some embodiments, at least one of the infrastructure
controller 135, the cloud computing cluster 140, and another back-end device of the
network 110 form a remote electronic computing device that sends and receives data
(for example, voice commands and corresponding information) to/from the
communication device 105 and/or the IoT devices 115 via the network 110. In some
embodiments, the remote electronic computing device has greater processing power,
and/or has access to more stored supported voice commands than the communication
device 105 and/or the [oT devices 115, and/or has access to more powerful or
resource consuming voice processing algorithms that may, for example, be configured
to identify an intent of a voice command instead of using keyword matching

techniques.

[0037] In some situations, a user may provide a voice command to the
communication device 105 and/or to one or more of the IoT devices 115 that is
received by the microphone 220 of the communication device 105 and/or the IoT
device 115. However, due to limited memory space, limited processing power, and/or
desired fast response time when performing an action in response to a received voice
command, the communication device 105 and/or the IoT devices 115 may be
configured to use exact or near-exact keyword matching to compare a received voice
command to a locally-stored limited list of voice commands that correspond to
actions to be taken by the communication device 105 and/or the IoT device 115 in
response to the voice command. In other words, a first type of voice recognition
implemented by the communication device 105 and/or the IoT devices 115 (for
example, exact or near-exact keyword matching using a word matching comparison
that compares a received voice command with voice sample data that is stored in the
local memory and that is associated with an action to be performed) may be less
complex and may be able to recognize less voice commands than a second type of
voice recognition implemented by the remote electronic computing device (for
example, natural language processing and access to larger amounts of language

corresponding to stored voice commands).
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[0038] To address the technological problems set forth previously herein, the
communication device 105 performs, in one instance, a method 300 illustrated in FIG.
3. In executing the method 300, the communication device 105 outputs a corrected
voice command to 1) teach the user the corrected voice command corresponding to an
action that is recognizable by the communication device 105 and/or an IoT device 115

for future use; and/or ii) control the IoT device 115 to perform the action.

[0039] The method 300 addresses the above-noted technological problems by
improving the interaction between the communication device 105 and/or an IoT
device 115 and a user that provides a voice command to the communication device
105 and/or the 10T device 115. In some situations, by providing the corrected voice
command to the user, the user may learn the corrected voice command and use the
corrected voice command in the future to request the desired action. Thus, the
communication device 105 and/or the IoT device 115 may recognize future received
voice commands locally without using a remote electronic computing device. In such
situations, the communication device 105 and/or the IoT device 115 is able to execute
the requested action more quickly than when the remote electronic computing device
is used to further analyze the received voice command. Additionally, in such future
situations, the overall communication system 100 uses less processing power and/or is
able to recognize a future voice command when there is not connectivity to the
remote electronic computing device because the remote electronic computing device
is not used to analyze the future voice command. Furthermore, by teaching the user
voice commands that are stored locally, the communication device 105 and/or the IoT
device 115 may be designed to use less memory space and processing power than in
situations where locally-stored voice commands are not taught to the user. For
example, the communication device 105 and/or the IoT device 115 may store one
correct voice command for each desired action rather than a number of similar voice
commands that correspond to the same desired action. Similarly, the communication
device 105 may use a type of voice recognition (for example, exact or near-exact
keyword matching) that uses less processing power to perform than a more complex
type of voice recognition used by the remote electronic computing device (for

example, natural language processing). Thus, the design of the communication
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device 105 and/or the 10T device 115 may allow for fast processing time and less
memory to be used when the user knows the correct locally-stored voice commands
while still allowing for other voice commands to be analyzed remotely when voice
commands are unrecognizable. The communication device 105 and/or the [oT device
115 also improves out-of-box experience for a new user by providing corrected voice
commands to teach the user the voice commands that are stored locally by the
communication device 105 and/or the IoT device 115. For example, it may be
inconvenient and burdensome for a new user look up a correct voice command in a
user manual each time the new user desires to use a voice command to perform an

action.

[0040] FIG. 3 illustrates a flow chart diagram of the method 300 performed by the
communication device 105 for providing a corrected voice command in response to
receiving a voice command that is unrecognizable by the communication device 105
and/or an 10T device 115. While a particular order of processing steps, message
receptions, and/or message transmissions is indicated in FIG. 3 as an example, timing
and ordering of such steps, receptions, and transmissions may vary where appropriate
without negating the purpose and advantages of the examples set forth in detail
throughout the remainder of this disclosure. While the method 300 is explained
below as being performed by the communication device 105, in some embodiments,

one or more of the IoT devices 115 may be configured to perform the method 300.

[0041] At block 305, the electronic processor 205 of the communication device 105
receives a first voice command via the microphone 220. For example, the first voice
command is spoken by a user and intended to be received by at least one of the
communication device 105 and an IoT device 115 to instruct the at least one of the
communication device 105 and the IoT device 115 to execute an action. For example,
the first voice command may be intended for the communication device 105 and may
instruct the communication device 105 to output a song from the speaker 225. As
another example, the first voice command may be intended for the kitchen light 115A
and may instruct the kitchen light 115A to turn on. As a variation of the previous
example, the first voice command may be intended for the communication device 105

and may instruct the communication device 105 to provide an instruction to the
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kitchen light 115A to turn on. As another example, the first voice command may be
intended for a communication device 105 acting as a two-way communication radio
for public safety use. For example, the first voice command instructs the two-way
communication radio to change a talkgroup channel, to trigger the radio into a certain
public safety mode such as patrolling mode, to alert a dispatcher or command center
of an emergency, to prepare a smart vehicle in a certain mode such as pursuit mode,
to retrieve video/image footage recorded by a camera in a building during a criminal
investigation, and the like. As other examples, the first voice command may be
intended for a communication device 105 being used by an employee of a retailer in a
retail communication system, by an employee of a warehouse in a warehouse
communication system, by an employee of a private security company in a private
security communication system, by an employee of a medical facility in a medical
facility communication system, or by an employee of heavy machinery entity in a
heavy machinery communication system. For example, the first voice command
instructs the communication device 105 or an [oT device 115 to flag a retail item as
being low in inventory, to retrieve information regarding an item stored in a
warehouse, to alert a command center of a breach in security, to request that a medical
device to be delivered to a desired location in a hospital, or to enable an ancillary
device of heavy machine such as a fan or sprinkler to suppress dust. Other

possibilities exist as well.

[0042] At block 310, the electronic processor 205 analyzes the first voice command
using a first type of voice recognition. In some embodiments, the electronic processor
205 uses speech-to-text techniques to convert the first voice command into text. In
some embodiments, the electronic processor 205 compares the text to locally-stored
supported voice commands to determine an action that corresponds to the first voice
command. In some embodiments, the electronic processor 205 compares the voice
data received by the microphone 220 with voice sample data that is stored in the
memory 210 (in other words, local memory) and that is associated with actions to be
performed to find a match, such as by comparing audio parameter sets sampled over
various portions of voice data including but not limited to pitch, time, range, etc., by

comparing frequency domain transforms using fast Fourier transforms (FFTs), or by
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comparing mel-frequency cepstral coefficients (MFCCs), among other possibilities.

[0043] As a first example, the first type of voice recognition is a word matching
comparison to locally-stored supported voice commands. In other words, in some
embodiments, the first type of voice recognition is exact or near-exact keyword
matching such that the electronic processor 205 may not be able to recognize
converted text or voice data of a voice command unless the voice command exactly or
nearly exactly matches or nearly exactly matches a supported voice command that is
locally stored in the memory 210 of the communication device 105 or of an [oT
device 115. For example, when a stored supported voice command to play song 1 on
the communication device 105 is “play song 1,” the electronic processor 205
recognizes the exact spoken voice command “play song 17 or near-exact voice
commands “please play song 17 or “playing song 1~ and executes a corresponding
action in response (in other words, outputting song 1 via the speaker 225). However,
when the spoken voice command is “start song 17 or “I want to hear song 1,” the
electronic processor 205 may not be able to keyword-match, and thus recognize, the
spoken voice command. As another example, when a stored supported voice
command to turn on the kitchen light 115A is “kitchen light on,” the kitchen light
115A may execute the corresponding action of turning on in response to receiving the
exact voice command “kitchen light on” or the near-exact voice command “kitchen
lighting on.” However, the kitchen light 115A may not be able to recognize similar
voice commands that are not similar enough to be an exact or near-exact match such

as “turn on the light in the kitchen™ or “turn on the light above the refrigerator.”

[0044] At block 315, the electronic processor 205 determines that an action to be
performed in accordance with the first voice command is unrecognizable based on the
analysis using the first type of voice recognition. In embodiments where the first type
of voice recognition is a word matching comparison to locally-stored supported voice
commands (in other words, exact or near-exact keyword matching), the electronic
processor 205 determines that the action to be performed in accordance with the first
voice command is unrecognizable by determining that the first voice command (in
other words, the converted text or voice data corresponding to the first voice

command) does not match with any of the locally-stored supported voice commands

20



WO 2020/101865 PCT/US2019/058240

(for example, as described in the above examples relating to the song 1 and the

kitchen light 115A).

[0045] In some embodiments, the electronic processor 205 is configured to determine
that an action to be performed in accordance with the first voice command is
unrecognizable by an intended recipient IoT device 115 based on the analysis using
the first type of voice recognition. In other words, the first voice command may be
intended for an IoT device 115 located nearby the communication device 105, but the
communication device 105 may determine that the first voice command does not
match with any of the supported voice commands locally-stored by the IoT device
115. In some embodiments, the communication device 105 locally stores, in the
memory 210, a list of voice commands supported by nearby IoT devices 115 in
addition to the voice commands supported by the communication device 105. For
example, the electronic processor 205 is configured to receive, via the network
interface 215, alist of supported voice commands locally-stored by the IoT device
115 from the IoT device 115 (if not already present/pre-stored on the communication
device 105). For example, when the communication device 105 is moved to be
within communication range of the [oT device 115, the communication device 105
requests and/or receives the list of supported voice commands locally-stored by the
IoT device 115 via a wireless link 125 between the communication device 105 and
the ToT device 115. As another example of how the communication device 105
obtains and locally stores the list of supported voice commands locally-stored by the
IoT device 115, the electronic processor 205 is configured to receive, via the network
interface 215 and from a voice command database 150, lists of supported voice
commands locally-stored by IoT devices 115 within a predetermined area. In some
embodiments, the lists of supported voice commands for 1oT devices 115 are
requested and/or received based at least in part on a location of the communication
device 105. For example, when the communication device 105 is moved to a new
location (for example, a hotel room), the communication device 105 requests and/or
receives lists of supported voice commands for nearby 10T devices 115 located within
a predetermined distance of the communication device 105 (for example, within ten

feet, within fifty feet, within communication range of the of the communication
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device 105 according to a predetermined communication protocol such as
Bluetooth™, within a geofenced area, within a cell/coverage area, and the like). In
some situations, the locations of IoT devices 115 are stored in the voice command
database 150 which allows for the lists of supported voice commands for the [oT

devices 115 located nearby the communication device 105 to be determined.

[0046] In some embodiments, the communication device 105 performs a query to a
search engine on the Internet over the network 110 using a search term related to an
identified location. For example, the query requests voice commands for [oT devices
at the Main Street Shopping Mall. When the results of the query are received, the
communication device 105 may perform natural language processing on the results.
For example, the communication device 105 may perform natural language
processing on a website that lists [oT devices 115 in the Main Street Shopping Mall
and their associated voice commands. The communication device 105 may then
locally store the associated voice commands in the list of supported voice commands
on the memory 210. In some embodiments, the query to the search engine and natural
language processing of search results is performed by the remote electronic

computing device, for example, upon request from the communication device 105.

[0047] In some embodiments, when the communication device 105 is moved outside
of the predetermined distance from an [oT device 115, the communication device 105
deletes the list of supported voice commands for the IoT device 115 from the memory
210. In some embodiments, such deletion prevents the memory 210 from becoming
full and clears space in the memory 210 for lists of supported voice commands for
other IoT devices 115 that are nearby the communication device 105 as the
communication device 105 is moved to different locations. In other words, the
communication device 105 may dynamically update a location-based list of voice
commands supported by nearby IoT devices 115 by communicating with at least one
of the IoT devices 115 and the voice command database 150 as described above. The
temporary storage method explained above allows the communication device 105 to
determine which voice commands are supported by nearby IoT devices 115 without
the communication device 105 having to permanently store lists of supported voice

commands for all possible IoT devices 115 that the communication device 105 may
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encounter. In other words, the communication device 105 may be equipped with less
memory than that required to store all voice commands supported by all possible [oT

devices 115 that the communication device 105 may encounter.

[0048] In some embodiments, the communications device 105 continues to store the
voice commands supported by an [oT device 115 in the memory 210 even after the
communication device 105 has moved outside of the predetermined distance from the
IoT device 115. However, the communication device 105 may flag such voice
commands as inactive when the communication device 105 is outside of the
predetermined from the IoT device 115. Such flagging may reduce processing power
when the communication device 105 analyzes received voice commands because the
electronic processor 205 compares the received voice command to less possible stored
voice commands. In such embodiments, the communication device 105 may retrieve
and reactivate inactive, stored voice commands when the communication device 105
moves back to a location that is within the predetermined distance from the IoT
device 115. Such storage of inactive voice commands may be useful when there are
network connectivity problems and the communication device 105 is unable to
communicate over the network 110 (for example, to retrieve supported voice

commands of nearby IoT devices 115).

[0049] At block 320, the electronic processor 205 transmits, via the network interface
215, the first voice command to the remote electronic computing device
accompanying a request requesting that the first voice command be analyzed using a
second type of voice recognition different from the first type of voice recognition. In
some embodiments, the electronic processor 205 transmits the first voice command
and the request to the remote electronic computing device in response to determining
(at block 315) that the action to be performed in accordance with the first voice
command is unrecognizable based on the analysis using the first type of voice
recognition. The electronic processor 205 transmits the first voice command and
request to the remote electronic computing device via the network 110 using any one
of a number of communication methods. For example, the electronic processor 205
transmits the first voice command to the remote electronic computing using a push-to-

talk call such that the remote electronic computing device receives sound data
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corresponding to the first voice command. As another example, the electronic
processor 205 transmits the first voice command to the remote electronic computing
using a transmission of a data file. For example, the data file includes audio data or
converted text data corresponding to the first voice command. In other words, the
transmitting of the first voice command to the remote electronic computing device
may include transmitting the first voice command itself (via a push-to-talk call) or
transmitting data corresponding to the first voice command (transmission of a data

file including but not limited to a digital audio file and a text file).

[0050] In some embodiments, the request to use a second type of voice recognition to
analyze the first command that the electronic processor 205 transmits along with the
first voice command is indicated by a type of data transmission (for example, by
transmitting a push-to-talk call or a digital audio file) or by an opcode or metadata
included in the data transmission. In some embodiments, the request identifies the
first type of voice recognition used by the communication device 105 to attempt to
recognize the first voice command. In some embodiments, the request includes a
particular type of voice recognition to be used by the remote electronic computing
device as the second type of voice recognition. In some embodiments, the request to
use a second type of voice recognition to analyze the first command is implied by the
mere transmission of the first voice command. In other words, the remote electronic
computing device may be configured to analyze the received first voice command
using a second type of voice recognition (as explained below with respect to FIG. 4)

in response to receiving the first voice command.

[0051] FIG. 4 illustrates a flow chart diagram of a method 400 performed by the
remote electronic computing device for determining a corrected second voice
command in response to receiving the first voice command from the communication
device 105 that is unrecognizable by the communication device 105 and/or an [oT
device 115. While a particular order of processing steps, message receptions, and/or
message transmissions is indicated in FIG. 4 as an example, timing and ordering of
such steps, receptions, and transmissions may vary where appropriate without
negating the purpose and advantages of the examples set forth in detail throughout the

remainder of this disclosure.
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[0052] At block 405, the remote electronic computing device receives the first voice
command from the communication device 105 and the accompanying request to
analyze the first voice command using a second type of voice recognition. At block
410, the remote electronic computing device analyzes the first voice command using a
second type of voice recognition that is different from the first type of voice
recognition. In embodiments where the remote electronic computing device receives
sound data corresponding to the first voice command, the remote electronic
computing device may use speech-to-text techniques to convert the first voice
message into text as described above with respect to block 310. As mentioned above,
in some embodiments, the second type of voice recognition is more complex and able
to recognize more voice commands than the first type of voice recognition
implemented locally by the communication device 105. For example, the second type
of voice recognition uses a natural language processing engine (for example, Rasa
natural language processing, Natural Language Toolkit (NLTK), Stanford CoreNLP,
and the like) configured to determine an intent and/or content of the first voice
command rather than merely performing exact or near-exact keyword matching. As
another example, the remote electronic computing device may have more processing
power than the communication device 105 and may have access to larger amounts of
language, a larger number of different languages, or an enhanced ability to re-arrange
words and/or terms into all possible different orderings and determine whether a
keyword match or NLP match could then be found corresponding to stored voice
commands. As one, the remote electronic computing device may be able to compare
the first voice command to hundreds of stored word strings that are similar to one or a
few supported voice commands locally stored by the communication device 105 that

correspond to the action to be performed.

[0053] At block 415, based on the analysis of the first voice command using the
second type of voice recognition, the remote electronic computing device determines
the action to be performed in accordance with the first voice command. Continuing
the above example relating to the kitchen light 115A, the remote electronic computing
device determines that the intended action to be performed is turning on the kitchen

light 115A when the voice command is “turn on the light in the kitchen.” For
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example, the natural language processing engine of the remote electronic computing
device recognizes the words “turn on,” “light,” and “kitchen” and their relationship
and determines that the intended action to be performed is turning on the kitchen light
115A. As a variation of the above example, the voice command “turn on the light in
the kitchen” may be one of many stored synonyms of the voice command supported
by the communication device 105 that are remotely stored and analyzed by the remote
electronic computing device. As another example, when the voice command is “turn
on the light above the refrigerator,” the natural language processing engine of the
remote electronic computing device recognizes the words “turn on” and “refrigerator”
and their relationship. The electronic computing device may further leverage an
artificial intelligence or trained neural network model that may determine that the
word “refrigerator” is often associated with a kitchen or that the refrigerator is
location in the kitchen of a building based on location data or a map of the building
retrieved from a database 150. Accordingly, the remote electronic computing device
determines, using the association and remaining terms in the voice command, that the

intended action to be performed is turning on the kitchen light 115A.

[0054] In some embodiments, the remote electronic computing device determines a
second voice command corresponding to the action based on the analysis of the first
voice command using the second type of voice recognition. For example, at block
420, based on the determined action to be performed, the remote electronic computing
device determines a second voice command that the electronic processor 205 of the
communication device 105 is configured to recognize using the first type of voice
recognition. Continuing the above example relating to the kitchen light 115A, in
response to determining that the action to be performed is turning on the kitchen light
115A, the remote electronic computing device determines that the second voice
command is “kitchen light on.” In other words, when the first type of voice
recognition includes a word matching comparison to supported voice commands
locally-stored by the communication device 105 (in other words, exact or near-exact
keyword matching), the remote electronic computing device determines a second
voice command that is one of the supported voice commands locally-stored by the

communication device 105. In embodiments where the first voice command is
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intended for an IoT device 115 located nearby the communication device 105, the
remote electronic computing device determines a second voice command that is one
of the supported voice commands locally-stored by the intended recipient IoT device

115.

[0055] To determine a second voice command that the communication device 105
and/or an intended recipient [oT device 115 is configured to recognize using the first
type of voice recognition, in some embodiments, the remote electronic computing
device accesses the voice command database 150. In some embodiments, the voice
command database 150 stores supported voice commands that are stored locally for
each of a plurality of communication devices 105 and/or IoT devices 115. In some
embodiments, when the communication device 105 transmits the first voice command
to the remote electronic computing device (at block 320), the communication device
105 also transmits identification information of the communication device 105 or one
or more [oT devices 115 located nearby (for example, including an intended recipient
IoT device 115). Using the identification information, the remote electronic
computing device looks up supported voice commands in the voice command

database 150.

[0056] In other embodiments, the remote electronic computing device may not have
access to the voice commands supported by the communication device 105 and/or the
nearby loT devices 115. In such embodiments, the electronic processor 205 of the
communication device 105 is configured to transmit, via the network interface 215, a
list of voice commands supported by the communication device 105 and/or the loT
devices 115 located within a predetermined distance from the communication device
105. For example, the communication device 105 transmits such information along
with the first voice command to allow the remote electronic computing device to
determine an action to be performed in accordance with the first voice command and
determine a second voice command that corresponds to the action and that is
supported by the communication device 105 and/or the nearby IoT devices 115. In
some situations, when 10T devices 115 are configured to communicate over the
network 110, the IoT devices (for example, located within a predetermined distance

of the communication device 105) may each transmit a list of voice commands
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supported by the respective IoT device 115. As explained above with respect to the
Main Street Shopping Mall example, the communication device 105 and/or the
remote electronic computing device may perform a search query to a search engine on
the Internet over the network 110 to search for IoT devices 115 located nearby by the
communication device 105 and their associated supported voice commands. In some
embodiments, a search term of search query is based on location data of the
communication device 105 and/or identification information of nearby IoT devices

115.

[0057] In some embodiments, when the communication device 105 is unable to
establish a wireless link 125 with an [oT device 115 and the IoT device 115 is not
configured to communicate over the network 110, the remote computing device uses
information associated with the IoT device 115 that was stored during previous
communication with other communication devices 105. For example, other
communication devices 105 may have communicated first voice commands intended
for the IoT device 115 via the same fixed terminal 130 to the remote electronic
computing device. In response to these first voice commands, the remote electronic
computing device may have transmitted second voice commands back to the
communication devices 105 as described below. The remote electronic computing
device may access historical records of such communication via the same fixed
terminal 130 that include previously-identified second voice commands associated
with the [0T device 115. The remote electronic computing device may use these
historical records to determine at least a portion of a list of voice commands

supported by the IoT device 115.

[0058] In the above embodiments describing the use of a list of voice commands
supported by the communication device 105 and/or the ToT devices 115, using a
consolidated list of voice commands supported by the communication device 105
and/or the nearby 10T devices 115 within a predetermined area based on the location
of the communication device 105 may reduce processing time by the remote
electronic computing device because the consolidated list of supported voice
commands limits the possible actions corresponding to the first voice command. In

other words, the remote electronic computing device may be able to analyze less
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possible actions (for example, only the actions included in the consolidated list) when
determining the action to be performed in accordance with the first voice command

(at block 415), which may reduce processing time and power.

[0059] After the remote electronic computing device determines the second voice
command corresponding to the action to be performed in accordance with the first
voice command (at block 420), at block 425, the remote electronic computing device
is transmits the second voice command to the communication device 105 via the
network 110. In some embodiments, the remote electronic computing device repeats
the method 400 for each first voice command that is received by the remote electronic

computing device from a communication device 105.

[0060] Returning back to FIG. 3, at block 325, the electronic processor 205 of the
communication device 105 receives, via the network interface 215 and from the
remote electronic computing device, the second voice command that is different from
the first voice command and corresponds to the action to be performed in accordance
with the first voice command. In some embodiments, the communication device 105
receives the second voice command by receiving one of a push-to-talk call, a data file
(such as a voice, audio, or text file), and the like in a similar manner as described
above with respect to transmission of the first voice command (at block 320). As
described above, the second voice command received by the communication device
105 is determined by the remote electronic computing device by analyzing the first
voice command using the second type of voice recognition that is different from the

first type of voice recognition implemented by the communication device 105.

[0061] At block 330, the electronic processor 205 of the communication device 105
outputs, with the speaker 225, the second voice command. In some embodiments,
outputting the second voice command is intended to teach the user a corrected voice
command for future use that corresponds to the action and that is recognizable by the
communication device 105 and/or a nearby IoT device 115. In other words, the
second voice command is a corrected voice command that is recognizable using the
first type of voice recognition implemented locally by the communication device 105

and/or the nearby IoT devices 115 as explained above. Accordingly, one purpose of
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the method 300 is to teach the user (for example, a new user) corrected supported
voice commands that are stored locally by the communication device 105 and/or the
IoT devices 115 (in other words, out-of-box experience training for a new user). In
some embodiments, the communication device 105 also outputs, via the speaker 225,
an indication to the user that the first voice command is not supported locally by the
communication device 105. In some embodiments, the communication device 105
also outputs, via the speaker 225, a recommendation to the user that the second voice
command be used in the future when the user desires to request the intended action.
In some embodiments when outputting indications of correct/locally supported voice
commands and incorrect/locally unsupported voice commands, the communication
device 105 also outputs, via the speaker 225, the respective voice commands to

attempt to teach the user corrected supported voice commands.

[0062] In some embodiments, the electronic processor 205 of the communication
device 105 is configured to execute the action to be performed in accordance with the
first voice command and the second voice command. In some embodiments, the
communication device 105 receives instructions from the remote electronic
computing device to execute the task along with receiving the second voice
command. In other embodiments, the electronic processor 205 executes the task in
response to receiving the second voice command from the remote electronic
computing device. For example, the communication device 105 transmits a first
voice command of “T want to hear song 17 to the remote electronic computing device
and receives a second voice command of “play song 17 from the remote electronic
computing device. In response to receiving the second voice command of “play song
1,” the communication device 105 outputs the second voice command of “play song
1 with the speaker 225 as if the communication device 105 is giving the instruction
to itself to play song 1. Then the communication device 105 plays song 1 with the
speaker 225. Such outputting of the second voice command on the speaker 225
before or commensurate with executing the action of playing song 1 on the speaker
225 allows the user to learn a corrected voice command (in other words, the second
voice command of “play song 1) to use in the future when the user desires the same

action to be performed.
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[0063] In embodiments where the first voice command is intended for an 10T device
115 located nearby the communication device 105, the outputting of the second voice
command with the speaker 225 may cause the intended recipient IoT device 115 to
execute the action to be performed in accordance with the first voice command and
the second voice command. For example, the intended recipient IoT device 115 is
configured to receive the audio of the second voice command output by the speaker
225 of the communication device 105 via a second microphone of the intended
recipient [oT device 115. In response to receiving the audio of the second voice
command via the second microphone, the intended recipient IoT device 115 executes
the action. As described above, in such embodiments, the second voice command is a
supported voice command that is locally-stored on a memory of the intended recipient
IoT device 115. For example, the communication device 105 receives the second
voice command of “kitchen light on” from the remote electronic computing device.
The communication device 105 outputs audio corresponding to the second voice
command of “kitchen light on” with the speaker 225. The kitchen light 115 receives
the second voice command from the speaker 225 of the communication device 105
with a microphone of the kitchen light 115A and determines that the received audio of
the second voice command is an exact or near-exact keyword match with a locally
stored voice command of the kitchen light 115A. The kitchen light 115A determines
that the action associated with the stored supported voice command is turning on the
kitchen light 115A. Accordingly, the kitchen light 115A turns on in response to
receive the audio of the second voice command. In this situation, the outputting of
the second voice command by the communication device 105 provides a voice
command to an IoT device (the kitchen light 115A) as well as teaching the user a
corrected voice command (in other words, the second voice command of “kitchen

light on™) to use in the future when the user desires the same action to be performed.

[0064] In other embodiments, the remote electronic computing device may
additionally or alternatively transmit an instruction, over the network 110, to the
intended recipient [oT device 115 to cause the intended recipient IoT device 115 to
execute the action. For example, when the intended recipient IoT device 115 is

configured to communicate with the remote electronic computing device over the
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network 110, the transmitted instruction ensures that the action is executed even
though the intended recipient IoT device 115 may not receive the second voice
command from the speaker 225 of the communication device 105 (for example, due
to a loud/noisy environment of the communication device 105, due to the second
microphone of the intended recipient IoT device 115 being blocked, or the like).
Similarly, in some embodiments, the communication device 105 may additionally or
alternatively transmit an instruction, over one of the wireless links 120 or 125, to the
intended recipient [oT device 115 to cause the intended recipient IoT device 115 to

execute the action.

[0065] Continuing the above example relating to the kitchen light 115A, the
communication device 105 transmits a first voice command of “turn on the light
above the refrigerator” to the remote electronic computing device and receives a
second voice command of “kitchen light on™ from the remote electronic computing
device. In response to receiving the second voice command of “kitchen light on,” the
communication device 105 outputs the second voice command with the speaker 225
to teach the user the correct voice command for turning the kitchen light 115A on.
The kitchen light 115A then turns on in response to at least one of receiving the
second voice command from the speaker 225 and receiving a corresponding
instruction from the communication device 105 and/or the remote electronic

computing device as explained above.

[0066] As indicated by FIG. 3, the communication device 105 may repeat the method
300 for additional voice commands that are received and not recognized by the first
type of voice recognition. In some embodiments, when the electronic processor 205
recognizes a voice command using the first type of voice recognition, the method
stops at block 310 and executes the action to be performed in accordance with the
voice command. In other words, in some embodiments, the communication device
105 only transmits a received voice command to the remote electronic computing
device for further analysis in response to determining that the received voice
command is not recognizable based on an analysis of the received voice command

using the first type of voice recognition.
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[0067] As indicated by the above explanation, the method 300 allows the
communication device 105 and/or an [oT device 115 to quickly analyze and execute
an action in accordance with voice commands that correspond to supported voice
commands stored locally by the communication device 105 and/or the [oT device 115
(for example, because the communication device 105 and/or the IoT device 115 does
not transmit such voice commands to the remote electronic computing device for
analysis). However, the method 300 also allows the communication device 105
and/or the IoT device 115 to recognize voice commands that are locally unsupported
by the communication device 105 and/or the IoT device 115 by transmitting such
voice commands to the remote electronic computing device for further analysis.
Additionally, the method 300 aims to teach the user a locally-supported voice
command that corresponds to an unsupported voice command received by the
communication device 105 and/or the IoT device 115 in order to increase the amount
of future voice commands that may be analyzed locally by the communication device

105 and/or the [oT device 115.

[0068] In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that various modifications and
changes may be made without departing from the scope of the invention as set forth in
the claims below. Accordingly, the specification and figures are to be regarded in an
illustrative rather than a restrictive sense, and all such modifications are intended to

be included within the scope of present teachings.

[0069] The benefits, advantages, solutions to problems, and any element(s) that
may cause any benefit, advantage, or solution to occur or become more pronounced
are not to be construed as a critical, required, or essential features or elements of any
or all the claims. The invention is defined solely by the appended claims including
any amendments made during the pendency of this application and all equivalents of

those claims as issued.

[0070] Moreover in this document, relational terms such as first and second, top
and bottom, and the like may be used solely to distinguish one entity or action from

another entity or action without necessarily requiring or implying any actual such
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relationship or order between such entities or actions. The terms “comprises,”

2 ¢l 2 ¢l

“comprising,” “has,” “having,” “includes,” “including,

2% << 2% <<

contains,” “containing” or
any other variation thereof, are intended to cover a non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains a list of
elements does not include only those elements but may include other elements not
expressly listed or inherent to such process, method, article, or apparatus. An element
proceeded by “comprises ...a,” “has ...a,” “includes ...a,” or “contains ...a” does not,
without more constraints, preclude the existence of additional identical elements in
the process, method, article, or apparatus that comprises, has, includes, contains the

element. The terms “a” and “an” are defined as one or more unless explicitly stated

2% ¢ % ¢ % ¢

otherwise herein. The terms “substantially,” “essentially,” “approximately,” “about™
or any other version thereof, are defined as being close to as understood by one of
ordinary skill in the art, and in one non-limiting embodiment the term is defined to be
within 10%, in another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.5%. The term “coupled” as used herein is
defined as connected, although not necessarily directly and not necessarily
mechanically. A device or structure that is “configured” in a certain way is

configured in at least that way, but may also be configured in ways that are not listed.

[0071] It will be appreciated that some embodiments may be comprised of one or
more generic or specialized processors (or “processing devices™) such as
microprocessors, digital signal processors, customized processors and field
programmable gate arrays (FPGAs) and unique stored program instructions (including
both software and firmware) that control the one or more processors to implement, in
conjunction with certain non-processor circuits, some, most, or all of the functions of
the method and/or apparatus described herein. Alternatively, some or all functions
could be implemented by a state machine that has no stored program instructions, or
in one or more application specific integrated circuits (ASICs), in which each function
or some combinations of certain of the functions are implemented as custom logic.

Of course, a combination of the two approaches could be used.

[0072] Moreover, an embodiment may be implemented as a computer-readable

storage medium having computer readable code stored thereon for programming a
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computer (for example, comprising a processor) to perform a method as described and
claimed herein. Examples of such computer-readable storage mediums include, but
are not limited to, a hard disk, a CD-ROM, an optical storage device, a magnetic
storage device, a ROM (Read Only Memory), a PROM (Programmable Read Only
Memory), an EPROM (Erasable Programmable Read Only Memory), an EEPROM
(Electrically Erasable Programmable Read Only Memory) and a Flash memory.
Further, it is expected that one of ordinary skill, notwithstanding possibly significant
effort and many design choices motivated by, for example, available time, current
technology, and economic considerations, when guided by the concepts and principles
disclosed herein will be readily capable of generating such software instructions and

programs and ICs with minimal experimentation.

[0073] The Abstract of the Disclosure is provided 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. In
addition, in the foregoing Detailed Description, it may be seen that various features
are grouped together in various embodiments for the purpose of streamlining the
disclosure. This method of disclosure is not to be interpreted as reflecting an
intention that the claimed embodiments require more features than are expressly
recited in each claim. Rather, as the following claims reflect, inventive subject matter
lies in less than all features of a single disclosed embodiment. Thus the following
claims are hereby incorporated into the Detailed Description, with each claim

standing on its own as a separately claimed subject matter.
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CLAIMS

We claim:

1. A communication device configured to provide a corrected voice command in
response to receiving a voice command that is unrecognizable by the communication
device, the communication device comprising:
a memory;
a microphone;
a speaker;
anetwork interface configured to communicate with a remote electronic
computing device; and
an electronic processor configured to
receive a first voice command via the microphone,
analyze the first voice command using a first type of voice recognition,
determine that an action to be performed in accordance with the first
voice command is unrecognizable based on the analysis using the first type of
voice recognition,
transmit, via the network interface, the first voice command to the
remote electronic computing device accompanying a request requesting that
the first voice command be analyzed using a second type of voice recognition
different from the first type of voice recognition,
receive, via the network interface and from the remote electronic
computing device, a second voice command corresponding to the action and
different from the first voice command, and

output, with the speaker, the second voice command.
2. The communication device of claim 1, wherein the electronic processor is

further configured to execute the action based on receiving the second voice

command from the remote electronic computing device.
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3. The communication device of claim 1, wherein the electronic processor is
configured to output, with the speaker, the second voice command to cause a
secondary device to execute the action;

wherein the secondary device is configured to receive the second voice
command via a second microphone and execute the action in response to receiving the
second voice command via the second microphone;

wherein the second voice command is a supported voice command that is

locally-stored on a second memory of the secondary device.

4. The communication device of claim 1, wherein the electronic processor is
further configured to transmit, via the network interface and to the remote electronic
computing device, a list of voice commands supported by at least one of the group
consisting of the communication device and secondary devices within a

predetermined area.

5. The communication device of claim 4, wherein the electronic processor is
configured to receive, via the network interface, at least a portion of the voice
commands included in the list of voice commands from one or more secondary

devices.

6. The communication device of claim 1, wherein the electronic processor is
configured to receive, via the network interface and from a voice command database,
a list of voice commands supported by secondary devices within a predetermined
area, wherein the list of voice commands is based at least in part on a location of the

communication device.

7. The communication device of claim 1, wherein the first type of voice
recognition comprises a word matching comparison to locally-stored supported voice
commands and the second type of voice recognition comprises natural language

processing.
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8. The communication device of claim 1, wherein the first type of voice
recognition comprises a word matching comparison to locally-stored supported voice
commands;

wherein the electronic processor is configured to determine that the action to
be performed in accordance with the first voice command is unrecognizable by
determining that the first voice command does not match with any of the locally-

stored supported voice commands.

9. The communication device of claim 8, wherein the second voice command is

one of the locally-stored supported voice commands.

10. The communication device of claim 1, wherein the second voice command is

recognizable by the electronic processor using the first type of voice recognition.

11. The communication device of claim 1, wherein the electronic processor is
configured to transmit the first voice command to the remote electronic computing
device using at least one of the group consisting of a first push-to-talk call and a first
transmission of a first data file;

wherein the electronic processor is configured to receive the second voice
command from the remote electronic computing device by receiving at least one of

the group consisting of a second push-to-talk call and a second data file.

12. A method for providing a corrected voice command in response to receiving a
voice command that is unrecognizable by a communication device, the method
comprising:

receiving, via a microphone of the communication device, a first voice
command via the microphone,

analyzing, with an electronic processor of the communication device, the first
voice command using a first type of voice recognition,

determining, with the electronic processor, that an action to be performed in
accordance with the first voice command is unrecognizable based on the analysis

using the first type of voice recognition,
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transmitting, via a network interface of the communication device, the first
voice command to a remote electronic computing device accompanying a request
requesting that the first voice command be analyzed using a second type of voice
recognition different from the first type of voice recognition,

receiving, via the network interface and from the remote electronic computing
device, a second voice command corresponding to the action and different from the
first voice command, and

outputting, with a speaker of the communication device, the second voice

command.

13. The method of claim 12 further comprising executing the action with the
electronic processor based on receiving the second voice command from the remote

electronic computing device.

14. The method of claim 12, wherein outputting the second voice command with
the speaker causes a secondary device to execute the action;

wherein the secondary device is configured to receive the second voice
command via a second microphone and execute the action in response to receiving the
second voice command via the second microphone;

wherein the second voice command is a supported voice command that is

locally-stored on a memory of the secondary device.

15. The method of claim 12 further comprising:

receiving, via the network interface, a list of supported voice commands from
one or more secondary devices; and

transmitting, via the network interface and to the remote electronic computing

device, the list of supported voice commands.

16. The method of claim 12 further comprising receiving, via the network
interface and from a voice command database, a list of voice commands supported by
secondary devices within a predetermined area, wherein the list of voice commands is

based at least in part on a location of the communication device.
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17. The method of claim 12, wherein the first type of voice recognition comprises
a word matching comparison to locally-stored supported voice commands and the
second type of voice recognition comprises natural language processing;
wherein determining that the action to be performed in accordance with the
first voice command is unrecognizable includes determining that the first voice
command does not match with any of the locally-stored supported voice commands;
wherein the second voice command is one of the locally-stored supported

voice commands.

18. The method of claim 12, wherein the second voice command is recognizable

by the electronic processor using the first type of voice recognition.

19. A communication system configured to provide a corrected voice command in
response to receiving a voice command that is unrecognizable by a communication
device, the communication system comprising:
a remote electronic computing device including a first electronic processor
and a first network interface; and
the communication device including
a memory,
a microphone,
a speaker,
a second network interface configured to communicate with the first
network interface, and
a second electronic processor;
wherein the communication device and the remote electronic computing
device are configured to
receive a first voice command via the microphone of the
communication device,
analyze, with the second electronic processor of the communication

device, the first voice command using a first type of voice recognition,
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determine, with the second electronic processor of the communication
device, that an action to be performed in accordance with the first voice
command is unrecognizable based on the analysis using the first type of voice
recognition,

transmit, from the communication device via the second network
interface, the first voice command to the remote electronic computing device,

analyze, with the first electronic processor of the remote electronic
computing device, the first voice command using a second type of voice
recognition different from the first type of voice recognition,

determine, with the first electronic processor of the remote electronic
computing device, a second voice command corresponding to the action based
on the analysis using the second type of voice recognition,

transmit, from the remote electronic computing device via the first
network interface, the second voice command to the communication device,

receive, via the second network interface of the communication device,
the second voice command, and

output, with the speaker of the communication device, the second

voice command.
20. The communication system of claim 19, wherein the second voice command

is recognizable by the second electronic processor of the communication device using

the first type of voice recognition.
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