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ABSTRACT OF THE DISCLOSURE

A control system for indoor position and vector tracking includes a plurality of

radio frequency (RF) transmitters to detect a mobile radio frequency identification
(RFID) tag. The control system includes an intelligent controller to receive location
5 information from the RF transmitters and to calculate a vector associated with the
mobile RFID tag. The intelligent controller may utilize the vector as a control input
to an algorithm for selecting a control operation for one or more of plurality of

networked devices.
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INDOOR POSITION AND VECTOR TRACKING SYSTEM AND METHOD

This is a division of co-pending Canadian Patent Application 3,081,095 filed
December 3, 2018 (PCT/US2018/063545).

TECHNICAL FIELD OF THE INVENTION

The invention relates in general to control systems, and more particularly to a
system and method for using an indoor position and vector tracking system and

method to improve the operation of home automation systems.

BACKGROUND OF THE INVENTION

Home automation systems attempt to serve occupants of a home by
automating routine tasks, such as activating lighting or regulating temperature within
the home. To date, however, home automation systems have utilized rudimentary
control mechanisms for feedback and control that cannot fully tailor the performance

of the home automation system to the unique needs of the occupants.

SUMMARY OF THE INVENTION

In accordance with the teachings of the present disclosure, disadvantages and
problems associated with home automation systems have been substantially reduced
or eliminated. In particular, an indoor position and vector tracking system and
method provides substantial improvements in home automation technology.

In accordance with another embodiment of the present disclosure, a system for
position tracking includes anchors positioned in an indoor space, where the anchors
represent a plurality of radio frequency transmitters each operable to transmit a radio-
frequency (RF) waveform. The system also includes a wearable mobile radio
frequency identification (RFID) tag responsive to the RF waveform, an intelligent
controller connected to the anchors, and a networked device. The intelligent
controller is operable to receive, from the anchors, a first position data corresponding
to a first detection of the wearable mobile RFID tag and receive, from the plurality of
anchors, a second position data corresponding to the second detection of the wearable
mobile RFID tag. The intelligent controller is operable to calculate, from the first
position data and the second position data, a personal motion vector of the mobile
RFID tag, the personal motion vector representing at least one of (1) a location and

direction of movement or (2) a gesture of the mobile RFID tag. The intelligent
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controller is further operable to associate the wearable RFID tag with a unique
identity, select an operation with respect to the networked device based at least on the
personal motion vector and the unique identity, and transmit a control instruction to
the networked device operable to cause the selected operation on the networked
device.

In accordance with one embodiment of the present disclosure, a method for
indoor position and vector tracking includes receiving, by an intelligent controller,
position data from one or more anchors positioned in an indoor space, wherein the
anchors comprise radio frequency transmitters operable to transmit an RF waveform
and the position data corresponds to detections of a wearable mobile radio frequency
identification (RFID) tag using the RF waveform. The method further includes,
calculating, based on the position data, a personal motion vector of the mobile RFID
tag, where the personal motion vector represents (1) a location and direction of
movement or (2) a gesture of the mobile RFID tag. The method further includes
associating the wearable RFID tag with a unique identity, selecting an operation with
respect to a networked device based at least on the personal motion vector and the
unique identity, and transmitting a control instruction to the networked device
operable to cause the selected operation on the networked device.

Technical advantages of certain embodiments of the present invention include
an improved control system that can detect and take into account the personal motion
vectors of wearable tags when making control decisions. By improving the feedback
and control mechanisms of the home automation system, including improving the
technology within an intelligent controller, various other benefits can be achieved.
Other technical advantages of the present disclosure will be readily apparent to one of
ordinary skill in the art from the following figures, description, and claims.
Moreover, while specific advantages have been explained above, various

embodiments may include some, all, or none of those advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present invention and its features
and advantages, reference is now made to the following description, taken in
conjunction with the accompanying drawings, in which:

FIGURE 1 is a block diagram illustrating an example embodiment of a system

for home automation in accordance with the teachings of the present disclosure;
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FIGURE 2 is a block diagram illustrating an example embodiment of an
intelligent controller in accordance with the teachings of the present disclosure;

FIGURE 3 is a block diagram illustrating an example embodiment of a control
operation in a system for home automation in accordance with the teachings of the
present disclosure;

FIGURES 4A and 4B are perspective drawings illustrating example gestures
for home automation control in accordance with the teachings of the present
disclosure;

FIGURE 4C is an illustration of an example embodiment of detecting a
gesture;

FIGURE 5 is a flowchart illustrating an example embodiment of a method for
home automation in accordance with the teachings of the present disclosure; and

FIGURE 6 is a flowchart illustrating an example embodiment of a method for

configuring a home automation system with adaptive learning module.

DETAILED DESCRIPTION OF THE INVENTION

Embodiments of the present disclosure and its advantages are best understood
by referring to FIGURES 1 through 6, wherein like numerals refer to like and
corresponding parts of the various drawings.

Traditional environments like the home are faced with an ever-increasing
number of automated devices and appliances, yet the sophistication of home
automation systems has historically lagged behind other industries. Yet, in recent
years, the number of connected Internet of Things (IoT) devices and appliances
available to the consumer is increasing. These devices and appliances serve the
occupant by receiving sensor input and taking action based on that input. For
example, motion detectors may turn on the light if motion is detected. These basic
control mechanisms suffer from a number of deficiencies. Using the previous
example, if the occupant remains still for too long (or is situated outside of the line-of-
sight of the motion sensor), a timer may cause the light to turn off even if the
occupant is still in the room and would like the light to stay on. These basic
controllers lack the mechanisms required to know where the individual is, know
whether an individual wants to turn on the light when entering a room, or, to use
another example, know whether the individual wants to raise or lower the temperature

setting of the home air conditioning system without receiving a direct command to do
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so by the individual. Specifically, these mechanisms also lack the ability to
distinguish between individuals that may want different actions taken, and they lack
the ability to determine the direction of travel of those individuals within the room
that would be used to determine which action to take.

The present disclosure recognizes that such systems lack mechanisms to
determine who is in the home, where in the room they are, and in what direction and
with what velocity they are currently moving. In order to provide a home automation
system that remedies these and other deficiencies, the present disclosure recognizes
that improved control mechanisms are required in order to track and use this
information it its control algorithms. For example, the present disclosure recognizes
and discloses mechanisms for obtaining and calculating the personal motion vectors
of individual home occupants, as well as sophisticated control algorithms that may
utilize and/or learn the preferences of the individual occupant based on the personal
motion vectors. Anchors located at various points around the home may utilize radio
frequency technology, such as UWB, to calculate the location of a radio frequency
identifier that the occupant of the home may wear. The wearable tag may be
conveniently embodied as a wristband or necklace, or could be included within a
smart watch or similar device. The position data associated with the wearable tags
may be successively analyzed to calculate personal motion vectors associated with the
wearers of the wearable tags. These personal motion vectors reveal the location and
direction of movement of the occupant, and can be further calculated to detect precise
gestures the occupant is making. This information can be utilized as an input to
empower control algorithms that may learn user’s preferences by observing the
personal motion vectors and associating those vectors with preferred control
activities, and to take actions with respect to a network of 10T and other devices.

FIGURE 1 is a block diagram illustrating an example embodiment of a control
system 10 for home automation in accordance with the teachings of the present
disclosure. Control system 10 includes multiple anchors 100a . . . 100d (which may
individually or collectively be referred to herein as anchor(s) 100), one or more
wearable tags 102a . . 102b (which may individually or collectively be referred to
herein as wearable tag(s) 102), intelligent controller 104, network 108, user
equipment device (UE) 110, and networked devices 112a . . . 112d (which may

individually or collectively be referred to herein as networked device(s) 112).
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Control system 10 may comprise one or more rooms of a home, office, or
other indoor space that includes various networked devices 112 under the control of
intelligent controller 104.  Anchors 100 collectively detect position data of one or
more wearable tags 102 and transmit the position data to intelligent controller 104,
Intelligent controller 104 uses the position data to determine a location and personal
motion vectors of the one or more wearable tags 102 (such as vector & with respect to
wearable tag 102a). The identity of the wearer of wearable tag 102 and the personal
motion vector of wearable tag 102 may be used as inputs to directly control a device
and/or as inputs to a predictive and/or learning algorithm for controlling one or more
networked devices 112. Using the identity of the wearers of wearable tags 102 as
well as their respective personal motion vectors the home automation system 10 can
more finely tailor its control of networked devices 112 to the precise needs and
preferences of the individual occupants.

Anchors 100 comprise a wireless transceiver module coupled to an appropriate
antenna capable of transmitting and receiving a radio frequency (RF) pulse to locate
the position of wearable tags 102. Anchors 100 may triangulate a two or three-
dimensional location of wearable tag 102 by measuring the time of flight (ToF) of RF
signals emitted and/or reflected from wearable tag 102 to calculate position of
wearable tag 102. Additionally or alternatively, wearable tag 102 may measure the
ToF of signals received from various anchors 100 and transmit position data to
anchors 100. The time distance of arrival (TDOA) of the RF signals to the various
anchors 100 or to wearable tag 102 may be utilized to calculate the precise location of
wearable tag 102 using triangulation. This calculation may be performed by wearable
tag 102 or one or more of anchors 100. It should be noted that while anchors 100a . . .
100d are shown in the illustrated embodiment, system 10 may include any appropriate
number of anchors as required. For example, subsets of anchors 100 may be utilized
in each room of the indoor space to sufficiently triangulate wearable tags 102 within
each room.

In some embodiments, anchors 100 and/or wearable tag 102 may utilize an
orthogonal frequency division multiplexed (OFDM) modulation scheme to transmit
and/or receive ultra-wideband (UWB) signal RF pulses. UWB is radio technology
that may use low energy signals in the range of -41.3 dBm/MHz for short pulses of 1
to 100 megapulses per second on a wide frequency carrier signal (3.1-10.6 GHz). In

some embodiments, UWB may be beneficially utilized by anchors 100 and/or
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wearable tags 102 to detect the position of wearable tags 102 in two- or three-
dimensional space within a 5-10 cm margin of error 1-10 times every second. In
some embodiments, anchors 100 may include a second wireless transceiver module to
communicate ToF and/or TDOA data to each other and/or position data of wearable
tag 102 to intelligent controller 104. Position data may comprise {x, y, and z}
coordinates of wearable tag 102, an identity of wearable tag 102, along with a
timestamp representing a time at which wearable tag 102 is located at those
coordinates. It should be understood that the coordinates provided by anchors 100
may not necessarily be absolute locations. In some embodiments, the coordinates
reported by anchors 100 may be relative values from some particular starting location,
and/or values relative to each other. For example, one anchor 100a may arbitrarily be
set to have coordinates of {0, 0, 0} and other anchors 100 and devices may be
determined relative to the location of anchor 100a. It should also be noted that while
UWRB has been described with respect to the first wireless module of anchors 100, any
appropriate indoor positioning technology may be utilized (such as Wi-Fi, RFID,
ultrasound, or GPS) to the extent that it can provide sufficient location resolution of
wearable tags 102. The second wireless module may utilize a wireless protocol such
as Wi-Fi, infrared, or Bluetooth, or other suitable wireless protocol to communicate
position data to intelligent controller 104. In some embodiments, anchors 100 may
form a mesh network.

Wearable tags 102 comprise a locator tag capable of emitting RF signals to
anchors 100. Wearable tags 102 may comprise a radio-frequency identifier (RFID)
tag, in which wearable tags may include a reflector of RF signals received from
anchors 100. Wearable tag 102 may be capable of modulating the reflected signal
such that anchors 100 are capable of interpreting the modulated signal as a unique
identifier of the wearable tag 102. Alternatively, wearable tag 102 may include a
transceiver module capable of receiving various RF signals from anchors 100 and
transmitting position data to one or more anchors 100. In such embodiments,
wearable tags 102 may include circuitry for measuring TDOA of RF signals from
anchors 100 and using TDOA to triangulate three-dimensional coordinates of
wearable tag 102. In response to receiving synchronized RF pulses from anchors 100,
wearable tag 102 may respond by transmitting position data to one or more anchors
100. In some embodiments, wearable tag 102 may act as a reflector of RF pulses

from anchors 100, and in such embodiments, anchors 100 may be responsible for
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generating position data for transmission to intelligent controller 104. Wearable tag
102 may comprise or be embedded in a wearable accessory, such as a watch,
wristband, or necklace. In some embodiments, wearable tag 102 may be included in,
on, or as part of a smart watch. Notably, wearable tag 102 and/or anchors 100 may be
capable of operating in a discontinuous reception mode (DRX) in which signals from
anchors 100 may be discontinued at appropriate times and/or intervals. For example,
a DRX mode may be triggered upon a determination that the coordinates of wearable
tag 102 are not substantially changing (i.e., wearable tag 102 is generally stationary).
The DRX mode may then cause anchors 100 and/or wearable tag 102 to transmit/emit
RF signals on a longer cycle than when wearable tag 102 is actively moving. DRX
mode may be disabled upon a detection that the coordinates of wearable tag 102 have
changed.

Intelligent controller 104 comprises a centralized feedback-based controller
capable of receiving position data of one or more wearable tags 102 within system 10
and calculating personal motion vector a of wearable tag 102 and for controlling the
operation of one or more network devices 112 within system 10. For example, in the
illustrated embodiment, personal motion vector & may comprise position data (X, v,
and/or z coordinates) of wearable tag 102a and direction of movement of wearable tag
102a. In some embodiments personal motion vector & may also comprise the
velocity of the wearable tag 102a. Intelligent controller 104 may be capable of
interpreting personal motion vector a as a direction of movement of the user of
wearable tag 102. Personal motion vector & may additionally or alternatively
indicate a motion state of wearable tag 102a. For example, a personal motion vector
a with a velocity of zero may indicate a lack of movement or activity of wearable tag
102a. Intelligent controller 104 may also be capable of calculating personal motion
vectors of wearable tag 102b and any number of additional wearable tags 102 at once
and/or in parallel with wearable tag 102a. Intelligent controller 104 may include or
comprise a programmable logic controller, application specific integrated circuit
(ASIC), field programmable gate array (FPGA), and/or computer processor, along
with one or more memories and controlling logic. Intelligent controller 104 may
include control logic implemented in a non-transitory computer-readable medium.
Intelligent controller 104 includes one or more feedback-based control algorithms for

utilizing the unique identity associated with wearable tag 10, personal motion vectors
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of wearable tags 102, the status of networked devices 112, and other appropriate
intelligence to make intelligent decisions about the operation of networked devices
112.

Intelligent controller 104 may additionally or alternatively be capable of
interpreting one or more personal motion vectors as a gesture from a particular user of
a wearable tag 102. Intelligent controller 104 may include pattern-recognition logic
to interpret a set of personal motion vectors as a gesture. Gestures may be utilized by
intelligent control hub to initiate a control operation of one or more networked
devices 112. Additionally or alternatively, gestures may be used by intelligent
controller 104 as feedback on the operation of one or more networked devices by
intelligent controller 104. As another example, intelligent controller 104 may include
training logic to learn the location of various devices 112 based on gesture-based
feedback. The gesture-based feedback may also be used as input to an artificial
intelligence algorithm that can update and learn user preferences for device 112
settings. For example, if the intelligent controller 104 determines to activate a light
based on the presence of wearable tag 102 moving toward a particular room, a gesture
may be utilized as an instruction to intelligent controller 104 that the user does not
want the light activated. Intelligent controller 104 may record the circumstances
(context) under which the light activation feedback was provided, such as time of day,
time of year, and/or the location of other wearable tags 102. Those circumstances
may be utilized to update the preference profile of the user of wearable tag 102 and/or
to update a predictive control algorithm of intelligent controller 104. For example,
intelligent controller 104 may learn over time based on the circumstances that the user
of wearable tag 102 prefers to not turn on the hallway light at night when other
wearable tags 102 of children are present in the adjacent rooms, but prefers to turn on
the hallway light if the children are not present in the adjacent rooms. Additional
example embodiments of feed-back control algorithms utilized by intelligent
controller 104 will be explained below with respect to an example embodiment of
operation of intelligent controller 104. A more detailed embodiment of intelligent
control hub is explained below with respect to FIGURE 2. Example embodiments of
how intelligent controller 104 may interpret a set of personal motion vectors as
gestures are explained below with respect to FIGURE 3.

Network 108 comprises any appropriate combination of hubs, switches,

routers, and associated signaling that may allow a UE 110, such as a smart phone or
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table, to communicate with intelligent controller 104 using network 108. Network
108 may represent a home network (such as a Wi-Fi network) and/or may include the
Internet.

UE 110 comprises any device capable of displaying an interface and
communicating data to and from intelligent controller 104 utilizing network 108. In
some embodiments, a UE may comprise a smart phone or tablet that includes an
application interface (such as a smart phone app) to interact with intelligent control
hub 108. A UE 110 may utilize network 108, for example, to interact with intelligent
control hub 108 in order to configure network devices 112, set up user profiles
associated with wearable tags 102, enter preference data to be associated with the user
profiles, and/or enter data about the layout of the devices 112 within system 10.

Networked devices 112 comprise networked devices that are connectable to
intelligent controller 104, such as IoT devices. Networked devices 112 may include
any device that includes a transmission module to receive commands and/or signals
from intelligent controller 104 and logic or circuitry to take appropriate action based
on those signals and/or commands. Network devices 112 may communicate with
intelligent controller 104 using one or more of any appropriate communication
protocols, such as Wi-Fi, control area network (CAN), Bluetooth, infrared, X10, or
other wired or wireless protocols. Networked devices 112 may include lighting
and/or lighting control modules, automated window and door locks, security systems,
video surveillance systems, air conditioning and heating systems and/or thermostats
(including smart thermostats), refrigerators, garage doors, air purifiers, humidifiers, or
other household or office appliances connectable to intelligent controller 104 and
capable of responding to commands or signals from intelligent controller 104 by
taking appropriate action. In some embodiments, one or more network devices 112
may be capable of transmitting data, such as device status or other information about
the operation of the device 112 to intelligent controller 104.

In operation, intelligent controller 104 calculates personal motion vectors of
one or more wearable tags 102 based on position data received from one or more
anchors 100. In some embodiments, the position data may include position
coordinates and timestamps associated with those coordinates. The timestamp may
represent a time at which the coordinates were detected by anchors 100. Intelligent

controller 104 utilizes the calculated personal motion vectors, including in some

Date Recgue/Date Received 2021-07-09



10

15

20

25

30

10

embodiments the location, direction, and velocity, of wearable tags 102 to make
intelligent decisions regarding the operation of one or more networked devices 112.

Intelligent controller 104 may transmit control instructions to networked
devices 112 based on the personal motion vector of wearable tag 102, and the user
preference profile associated with wearable tag 102, and/or other wearable tags 102.
the user profile associated with wearable tag 102 may include preferences for actions
with respect to selected networked devices 112 based on unique circumstances of the
user, such as time of day, weather, or other preferences. For example, a user of
wearable tag 102a may want dimmable lights 112 to be set to particular settings based
on the time of day or the weather. As another example, the wearer of wearable tag
102a may be a household pet such that intelligent controller 104 may determine not to
turn on the light at night based on the personal motion vectors of that wearable tag
102a. As another example, intelligent controller 104 may determine to leave the
lights on upon wearable tag 102a leaving the room based on the continued presence of
wearable tag 102b in the room.

Anchors 100 may be positioned within an indoor space such that the anchors
100 may capable of triangulating the location of wearable tags 102 within the space
based on transmitted RF pulses from the anchors 100 and/or wearable tags 102.
Anchors 100 may be positioned along the perimeter of one or more rooms of the
interior space, or any other appropriate location effective to triangulate signals from
wearable tag 102. In some embodiments, anchors 100 transmit RF pulses on regular
intervals in order to measure the TDOA of signals reflected from wearable tags 102.
The RF pulses may be UWB waveforms. In some embodiments, wearable tags 102
may also include the ability to respond to the transmitted RF pulses by modulating the
transmitted RF pulse with a unique identifier of the wearable tag 102. Anchors 100
may analyze the modulated signals for the unique identity of the wearable tag 102,
and may analyze the TDOA of the reflected signals to determine the location in three-
dimensional space of wearable tags 102. Anchors 100 may be installed in various
rooms of the house such that the personal motion vector of wearable tags 102 may be
substantially continuously monitored as the wearer moves with the wearable tag 102
from room to room.

Intelligent controller 104 may be connected to the plurality of anchors 100 and
networked devices 112. Intelligent controller 104 may be configured to receive

positioning data of wearable tags 102 on periodic intervals. For example, intelligent
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controller 104 may  receive, from one or more of anchors 100, a first position data
corresponding to a first detection of the wearable tag 102a. Intelligent controller 104
may subsequently receive, from one or more of the other anchors 100, a second
position data corresponding to the second detection of the wearable mobile RFID tag.
The first and second position data may include the identity of wearable tag 102, the
(x, y, and/or z) coordinates of wearable tag 102, and/or a time stamp associated with
the time at which wearable tag 102 was located at the time the coordinates were
detected. Based on the first and second position data, intelligent controller 104
calculates a personal motion vector of wearable tag 102 and associates the unique
identity of wearable tag 102 with the vector. The personal motion vector may include
the location, direction of travel, and velocity of wearable tag 102.

As intelligent controller 104 continues to receive position data from anchors
100, intelligent control hub may continuously update the personal motion vector of
wearable tag 102. Intelligent controller 104 may also be capable of collecting
multiple consecutive personal motion vectors into sets. Those sets may be pattern-
matched against known gestures to determine whether user of wearable tag 102 is
making a gesture intended as a form of control feedback to intelligent controller 104,
Based on the personal motion vector, gesture, the identity of wearable tag 102, and/or
one or more other selection criteria, intelligent controller 104 may select an operation
with respect to one or more of networked devices 112. A control instruction effective
to cause the networked device 112 to carry out the selected operation may be
transmitted by intelligent controller 104 to the selected networked device 112.
Intelligent controller 104 may execute a control algorithm to determine how the state
of system 10 should be changed in response to the personal motion vectors of one or
more wearable devices 102. Those decisions may be based on a preference profile
associated with the unique identity of the wearable device 102. In accordance with
the teachings of the present disclosure, intelligent controller 104 may interpret the
same gesture differently based on the position at which the location where the gesture
was detected. For example, rolling the wrist in the kitchen might be interpreted as a
control instruction to turn down the stereo audio level in the kitchen, while the same
gesture, when detected in the bedroom, may be interpreted as a control instruction to
turn down the TV.

Intelligent controller 104 may adaptively update preference profile in any one

or more of a number of ways. For example, intelligent controller 104 may update a
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preference profile based on calculating that a set of personal motion vectors represents
a gesture indicating whether an action taken by intelligent controller 104 was within
the personal preferences of the user of wearable device 102. Intelligent controller 104
may couple the gesture-based feedback with the circumstances under which the action
was taken, such as the time of day, the time of year, the weather, and the presence of
other wearable tags 102b in the vicinity of wearable tag 102a. This information may
be used by intelligent controller 104 to update its predictive analysis engine and one
or more preference profiles of wearable tags 102a and/or 102b in order to modify
actions taken under similar circumstances in the future.

Intelligent controller 104 may also be capable of observing manual activities
taken by the wearer of wearable tag 102 in a similar manner. For example, intelligent
controller 104 may couple a manual operation of one or more networked devices 112
with a personal motion vector of wearable tag 102. Intelligent controller 104 may
also utilize detected manual activities and motion vectors to dynamically build a map
of where networked devices 112 are within the interior space. For example,
intelligent controller 104 may determine that a light switch is at a particular x, y, z
coordinate based on the consistent presence of a personal motion vector at that
location when the controller 104 receives state change information that the switch is
turned on or off. When multiple wearable tags 102 are located in system 10,
intelligent control hub 112 may learn the location of various networked devices
through a process of elimination of candidate locations based on the presence or
absence of personal motion vectors at the same location over successive operations of
the networked device 112. For example, if at a first time network device 112a is
operated, wearable tag 102a is at location {1, 2, 10} and wearable tag 102b is located
at {3, 5, 10}, intelligent controller 104 may designate those two locations as possible
locations for network device 112a. If at a second time network device 112a is
operated, wearable tag 102a is at location {1, 2, 10} and wearable tag 102b is located
at {6, 11, 20}, then intelligent controller 104 may eliminate locations {3, 5, 10} and
{6, 11, 20} as possible locations and select location {1, 2, 10} as the location of
network device 112a.

In some embodiments, intelligent controller 104 may include a training mode
where the location of various networked devices 112 and a corresponding virtual map
may be generated by prompting a gesture at the location of each of the plurality of

wall anchors. The virtual map training mode may include identifying a plurality of
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rooms for the virtual map. Each room in the map may be associated with particular
preference profile settings for devices 112 within each room. The networked devices
112 may also be added to the map by the intelligent controller 104 prompting a
gesture at each of the locations of networked devices 112 within system 10. The
training mode may be executed by an interface application on UE 110, which may be
utilized by intelligent controller 104 to prompt the various gestures to build the virtual
map. In addition, an interface application on UE 110 can be used to complement,
display, and update the virtual map in some embodiments using feedback from a user
through the interface application.

Based on the map of networked devices 112 and personal motion vectors,
intelligent controller 104 may begin to predictively control those devices. The
predictive control of those devices by intelligent controller 104 may be further
enhanced by detecting and recording the circumstances under which the personal
motion vector associated with the control of a device 112 was detected. These
detected circumstances may be recorded and used by intelligent controller 104 to
update the predictive algorithms used to control networked devices 112. When
similar circumstances are detected in the future, intelligent controller 104 may
predictively operate the networked device 112 according to the predicted activity of
the wearer based on its personal motion vector. For example, if a user of wearable tag
102 typically sets a dimmer switch 112 to a particular setting after entering a room at
a particular time of day, day of the year, and/or season of the year, intelligent
controller 104 may determine the location of dimmer switch 112 based on that
activity. Additionally or alternatively, intelligent controller 104 may predictively
begin setting the dimmer switch to that particular setting upon calculating a personal
motion vector entering the room at that time of day.

As mentioned above, intelligent controller 104 may take actions with respect
to networked devices 112 based on the presence of multiple wearable tags 102 in the
same vicinity. Intelligent controller 104 may be capable of cross-correlating the
preference profiles of wearable tags 102a and 102b to determine combined preference
data when both tags are in the same vicinity and/or have similar movements. For
example, intelligent controller 104 may have a first temperature setting that is
preferred by the user of wearable tag 102a if wearable tag 102a is alone, but a second
temperature setting that is preferred by the user of wearable tag 102b if wearable tag

102b is alone. Yet, if wearable tag 102a and wearable tag 102b are together in the

Date Recgue/Date Received 2021-07-09



10

15

20

25

30

14

same room, intelligent controller 104 may determine that a third temperature setting is
preferred when the users of wearable tag 102a and 102b are together. Based on
consistently selecting unique or different activities when wearable tag 102a and 102b
are together from those that would be selected when wearable tags 102 are apart,
intelligent control hub 102 may determine to generate a combined preference profile
or special case within each user profile for using when the multiple wearable tags are
together. Intelligent controller 104 may also select unique settings in group settings
(such as get-togethers or parties) when the presence of multiple wearable tags 102 are
detected within the same room.

Intelligent controller 104 may select operations of networked devices 112
based on predicted activities of wearable tags 102. For example, the predictive
control algorithm of intelligent controller 104 may predict a first action to take with
respect to a particular networked device 112, such as activating a light upon wearable
tag 102 entering a room, or by activating a light of the room that wearable tag 102 is
heading toward. The user of wearable tag 102 may provide feedback to intelligent
controller 104 in the form of a gesture. Intelligent controller 104 utilizes position data
from anchors 100 to detect a set of vectors calculated based on the gesture. Intelligent
controller 104 may then match the set of patterns to a known gesture associated with a
particular feedback value, such as an approve or disprove action command. Based on
the feedback, intelligent controller 104 may update the preference profile of the user
of wearable tag 102 based on the circumstances under which the gesture was made,
such as the time of day, weather, presence of other tags 102, or any other appropriate
circumstance. Based on the updated preference data, intelligent controller 104 may,
utilizing its predictive analysis engine, more accurately predict the anticipated action
of user of wearable 102 the next time similar circumstances and personal motion
vector arise. Based on the updated preference data and under similar circumstances,
intelligent controller 104 may take another action to control networked device 112. In
some embodiments, intelligent controller 104 may scan for an additional gesture from
wearable tag 102 to confirm that the user approves the second action. Alternatively,
intelligent controller 104 may interpret a lack of a gesture from wearable tag 102 as
an approval of the second action. Accordingly, the detection of an approve gesture or
absence of a disapprove gesture may indicate the action was in accordance with user

preferences.
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Gestures may also be used to request intelligent controller 104 to perform a
particular action with respect to system 10. For example, a particular gesture may be
associated with activating a light switch 112 or adjusting the temperature of the
thermostat 112. Upon detection of such a gesture, intelligent controller 104 may
associate the gesture with the desired activity, and an appropriate operation command
may be sent to the appropriate networked device 112.

FIGURE 2 is a block diagram illustrating an example embodiment of an
intelligent controller 104 in accordance with the teachings of the present disclosure.
Intelligent controller 104 includes processor 200, interface 202, control algorithms
204, and database 206. Control algorithms 204 that may be executed by intelligent
controller 104 include vector calculation module 208, vector analysis module 210,
authentication module 212, device control module 214, learning module 216,
predictive module 218, and interface module 220. Database 206 may store the state
of various elements within system 10, including user profiles 222, configured devices
224, the status of various wearable tags 226, and the status of various devices 228. In
operation, intelligent control hub receives various position data (depicted as 91, @2)
from anchors 100a . . . n, and may utilize the various control algorithms 204 to
calculate personal motion vectors of wearable tags 102 and utilize those vectors for
generating control outputs (depicted as di, d2) to various networked devices 112a . . .
n. Intelligent controller 104 may also include interface module 220 containing logic
for interacting with an interface application executed by UE 108.

Processor 200 comprises a combination of hardware, software, and computer
components appropriate for executing control algorithms 204 based on position
information @1, @2 . . . Onreceived from anchors 100 via interface 202, information
stored in database 206, and/or information received from networked devices 112
(such as device status, sensor information or configuration information). The
execution of control algorithms 204 may cause processor 200 to select one or more of
network devices 112 and issue one or more control instructions di, d2 . . . dv to the
selected networked devices 112. Processor 200 may represent all or a portion of a
programmable logic controller, application specific integrated circuit (ASIC), field-
programmable gate array (FPGA), or other suitable computer processor.

Interface 202 comprises an interface module suitable for transmitting
information to and receiving information from anchors 100, UE 108, and/or

networked devices 112 via a communication network 108. Interface 202 may
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represent a network interface card (NIC), Ethemet card, port ASIC, Wi-Fi or other
wireless module, or a module for communicating according to any suitable wired
and/or wireless communication protocol. In some embodiments, interface 202 may
represent multiple interface cards that are able to transmitting and receiving
information according to any number and combination of communication protocols
necessary for communicating with anchors 100, networked devices 112, or UE 108.

Vector calculation module 208 comprises a module containing hardware,
software, and/or appropriate logic to execute an algorithm for determining a personal
motion vector of one or more wearable tags 102 based on position data @1, @2. . . O~
received from anchors 100. For example, vector calculation module 208 may make
appropriate calculations to determine where wearable tag 102 is, what direction and
with what velocity wearable tag 102 is moving in relation to a virtual map of the home
or indoor space. For example, vector calculation module 208 may utilize the
calculations discussed above with respect to FIGURE 1 to calculate a sequence of
personal motion vectors for each of the wearable tags 102 (e.g., wearable tag 102a,
102b) within system 10.

Vector analysis module 210 comprises a module containing hardware,
software, and/or appropriate logic to execute an algorithm for analyzing personal
motion vectors calculated by vector calculation module 208. For example, vector
analysis module 210 may perform further calculations to detect patterns of vectors
generated by a wearable tag 102 and to determine that wearable tag 102 is being used
by the wearer to make a particular gesture. Vector analysis module 210 may
continuously or semi-persistently analyze all or a subset of the vectors generated in
order to compare the sets of vectors generated by vector calculation module 208 to a
table or database within database 206 of known patterns of vectors that should be
interpreted and/or associated with a gesture. Database 206 may store gestures and
their associated sets of vectors within user profiles 224 or other appropriate location.
Gestures may be unique to a particular wearable tag 102a and/or may be associated
with any number of wearable tags 102.

It should be noted that while vector calculation module 208 and vector
analysis module 210 are depicted in the illustrated embodiment as being part of
intelligent controller 104, they may be implemented in any appropriate location within
system 10. For example, in an example embodiment, vector calculation module 208

and/or vector analysis module 210 may form a portion of anchors 100. In such an
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embodiment, anchors 100 may transmit personal motion vectors and/or detected
gestures to intelligent controller 104 for further analysis.

Authentication module 212 comprises a module containing hardware,
software, and/or appropriate logic to execute appropriate user authentication and/or
authorization functions within system 10. For example, authentication module 212
may be utilized to determine whether a particular UE 108 may access intelligent
control hub 204 to configure devices 112, change preferences of particular user
profiles 224, or change parental control settings associated with particular device
profiles 226. Authentication module 212 may also be utilized to determine whether a
particular wearable tag 102 is authorized to take a particular action within system 10.
For example, vector analysis module 210 may determine whether wearable tag 102 is
authorized to operate a particular device 112 for which parental or other controls have
limited the control of that device to particular users or groups of users.
Authentication module 212 may access a user profile 224 in order to determine the
user’s authorization level before allowing a particular device 112 to be controlled by
wearable tag 102. For example, a parent with administrative control of all user
profiles may restrict access to particular devices 112 based on time of day or other
appropriate circumstances.

Device control module 214 comprises a module containing hardware,
software, and/or appropriate logic to transmit control instructions di, d2 . . . dx to
networked devices 112 in response to instructions received from predictive module
218 and/or UE 108. Device control module 214 may store device instructions for
each networked device 112 operable to cause each network device 112 to operate
according to its intended purpose. For example, device control module 214 may
include instructions for operating remote camera monitors, security systems, windows
and door locks, lighting systems, thermostats, or other networked devices 112.
Device control module 214 may also include logic for receiving status information
from remote devices, and may be capable of maintaining device status tables 230
within database 206. For example, device control module 214 may control and/or
maintain the state of system 10 and its associated networked devices 112 by updating
device entries within device status tables 230.

Learning module 216 comprises a module containing hardware, software,
and/or appropriate logic to execute an algorithm for learning the activities that are to

be taken based on the personal motion vector of each wearable tag 102. Learning
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module 216 may also include a training algorithm for learning the layout of devices
112 within the home or indoor space.

Learning module 216 may include logic for learning the preferences of the
user of wearable tag 102, which can be obtained in a number of different ways in
accordance with the teachings of the present disclosure. For example, learning
module 112 may monitor the status of networked devices 112 and correlate device
status changes with the personal motion vectors of wearable tag 102. To illustrate,
learning module 216 may detect the presence of wearable tag 102 in the vicinity of
networked device 112, and based on a state change of device 112 from a first state to
a second state at or near a time at which wearable device 102 is moving to networked
device or is at network device 112, learning module 216 may determine that wearable
device 112 has effected the state change. Learning module 216 may record and/or
store various circumstances associated with the operation in user profile 224.
Learning module 216 may then correlate those circumstances with actions that should
be taken to modify the state of system 10 in future similar circumstances. In this way,
learning module 216 may build and update a profile of user preferences for the
operation of networked devices 112 by wearable tag 102.

As another example, upon the execution of a particular action with respect to
networked device 112 caused by device control module 214, learning module 216
may receive feedback in the form of a gesture calculated by vector analysis module
210. That gesture may indicate that the action was, for example, correct, incorrect
and/or undesired. Learning module 216 may then obtain and store the circumstances
associated with that feedback in order to update a user profile 224 associated with
wearable tag 102. For example, learning module 216 may store the time of day,
personal motion vectors of other wearable tags 102, or other suitable circumstances.
These circumstances may for example, be stored in one or more user profiles 224,
which are used by predictive module 218 to determine particular actions that are to be
taken by device control module 218 in response to the detection of a personal motion
vector of wearable tag 102.

Predictive module 218 comprises a module containing hardware, software,
and/or appropriate logic to execute a predictive control algorithm for networked
devices 112 based on the personal motion vectors of one or more wearable devices
102. Predictive module 218 may contain logic for considering any number of

appropriate factors in conjunction with personal motion vectors to predictively control
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the elements of system 10. For example, predictive module 218 may access user
profile 224 of wearable tag 102 in response to detecting the personal motion vector of
wearable tag 102. If the personal motion vector is associated with a predicted or
desired activity of the user with respect to a particular networked device 112 (such as
turning on the lights in the room to which wearable tag 102 is headed), and the
circumstances are present under which that activity and personal motion vector are
correlated, then predictive module 218 may instruct device control module 218 to
transmit an appropriate instruction to effect that activity on the networked device 112.
As learning module 216 continues to update user profiles 224, predictive module 218
may more accurately predict appropriate activities of networked devices 112 in
response to personal motion vectors of wearable tags 102.

Interface module 220 comprises a module containing hardware, software, and
appropriate logic to interact with a remote application operating on UE 108. This
interface can be used such that a user of UE 108 may interact with a graphical user
interface application, such as a smart phone app, to control networked devices 112.
For example, in response to a control instruction from UE 108 to operate a particular
device 112, interface module 220 may relay that instruction to device control module
214. Interface module 220 may also include logic for displaying the status 230 of
devices 226 to UE 108. For example, the UE 108 may access and control settings on
a networked thermostat or may view and control a camera device within system 10
via an interface residing on UE 108. Interface module 220 may be utilized to assist in
providing the location of various networked devices 112 within the indoor space
and/or may be used to assist in generating a virtual map of the indoor space using map
building tools on the interface application of UE 108. Interface module 220 may also
be configured to receive an initial set of user preferences for the operation of devices
112 from UE 108.

In operation, intelligent control hub 204 and its various control algorithms 204
operate the various networked devices 112 in response to personal motion vectors of
wearable tags 102 calculated by vector calculation module 208. When system 10 is
initialized or from time to time during the system’s operation, a user of UE 108 may
set up an initial user profile via interface module 220. This may include setting up
user preferences for networked devices 112 operation in response to personal motion
vectors and other circumstances associated with that activity in the indoor space. The

devices configured to be utilized in system 10 may be stored in devices 226.
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Intelligent control hub 204 may execute learning module 216 to learn the
preferences of the user of wearable tag 102 as the various devices are operated within
system 10. Alternatively or additionally, interface module 220 may receive an initial
set of preferences and/or updated preferences from UE 108. Those preferences may
be stored in user profiles 224. As the status of devices 230 changes, learning module
216 may associate personal motion vectors with the status changes and the
circumstances of those changes. Based on particular circumstances of the device
changes, learning module 216 may update the user profile, such that predictive
module 218 may utilize that information to predictively operate devices 112 based on
the detection of the personal motion vectors associated with those status changes.

Vector analysis module 210 may detect a set of personal motion vectors
associated with wearable tag 102 and determine that the set of personal motion
vectors comprises a gesture. Vector analysis module 210 may store incoming
personal motion vectors calculated by vector calculation module 208 and analyze the
personal motion vectors to look for a correlation with known sets of personal motion
vectors that are associated with gestures of wearable tag 102. Additional detail
including example embodiments for how this may be accomplished is described
below with respect to FIGURE 4.

The gestures detected by vector analysis module 210 may be associated with
various control operations of intelligent controller 104. For example, a particular
gesture may be interpreted as a control instruction turn on the light or to raise or lower
the temperature. As learning module 216 updates user profile 224 based on these
gestures, predictive module 218 may utilize the prior gesture-based control to
determine when to perform a particular control activity of networked devices 112.

Several scenarios enabled by the teachings of the present disclosure are now
discussed. In an example embodiment of operation, a user of wearable tag 102 may
enter a room and the lights may be activated by device control module 102. Because
vector calculation module 208 continues to track the location of wearable tag 102,
predictive module 218 leaves the lights activated while the user remains in the room
according to user profile 224. User of wearable tag 102 may wish to dim the lights
when a television is turned on in the room. A gesture detected by vector analysis
module 210 may be used to instruct intelligent controller 104 to dim the lights.
Learning module 216 stores the circumstances of the interaction with intelligent

controller 104 in user profile 224, including that the device status of television
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changed at a time at or near the instruction to dim the lights. The next time that user
of wearable tag 104 turns on the television within the room, predictive module 218
may, based on the updated information in user profile 224, detect that the television is
turned on and that user of wearable tag 104 previously dimmed the lights under that
circumstance. Predictive module 218 may, in response to detecting the updated user
preference and personal motion vector of wearable tag 102, determine to dim the
lights by sending an appropriate instruction via device control module 214.

As another example embodiment of operation, leaming module 216 may
detect that wearable tag 102 typically dims the lights at a particular time of day based
on the presence of wearable tag 102 at the light switch and obtaining an updated
device status at or near that time. Learning module may then update user profile 224
accordingly. Predictive module 218 may responsively begin lowering the lights based
on the time of day.

As another example, the presence of more than one wearable tag 102 may
influence the operation of intelligent controller 104. For example, predictive module
104 may utilize user profile 224a of wearable tag 102a to turn off the lights
immediately when that wearable tag 102a leaves the room. If, however, wearable tag
102b remains in the room, predictive module 104 will not turn off the lights when
wearable tag 102a leaves the room. As another example, intelligent control module
104 may detect that wearable tag 102a is moving towards the bathroom in the middle
of the night, and that wearable tag 102b remains in bed. Under those circumstances
intelligent controller 104 may activate a night light or path light and not the main light
in the room. As another example, intelligent controller 104 may be capable of storing
joint preferences between users of multiple wearable tags 102, such as wearable tags
102a and 102b. For example, if wearable tag 102a is alone in the home, a temperature
setting preference may be 68 degrees, while if wearable tag 102b is alone in the home,
the temperature setting preference may be 72 degrees. If both wearable tag 102a and
wearable tag 102b are together, however, the joint temperature preference might be 70
degrees. In another example where the wearer of tag 102 may be a household pet,
intelligent controller 104 may activate an outdoor light in response to detecting that
the pet is moving through the doggy door.

Using the improved home automation technology of the present disclosure,
additional, previously unavailable use cases may also be created. For example, the

garage door may automatically lower when the wearer of wearable tag 102 leaves the
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garage and enters the kitchen. Intelligent controller 104 may trigger energy saver
modes in real-time as occupants move throughout the home. Intelligent control hub
may activate the home alarm system upon detecting that all users of wearable tags 102
have left the home. It should be understood that the present disclosure is not limited
to these examples, but are merely provided to illustrate use cases of the improved
feedback and control mechanisms provided by the present disclosure.

FIGURE 3 is a block diagram illustrating an example embodiment of a control
operation in a system 10 for home automation in accordance with the teachings of the
present disclosure. As mentioned above, intelligent controller 104, when enabled
with the personal motion vectors of wearable tags 102, may now take into account not
only the location of wearable tag 102, but also take into account the direction and
velocity of wearable tag 102. Intelligent control hub may obtain position data of
wearable tag 102 in the manner discussed above with respect to Figures 1 and 2 and
use it to calculate personal motion vector a of wearable tag 102. Based on user
profile 224, personal motion vector &, and the time of day, intelligent controller 104
may determine that based on a time of day being night time and past activities of
wearable tag 102, that the user of wearable tag 102a does not want light 302a to be
activated while traveling through Room A. However, intelligent controller 104 may
predict that wearable tag does want light 302b to be activated in Room B. Intelligent
controller 104 may predictively activate light 302b at a time at or before wearable tag
102b is expected to arrive at Room B based on the personal motion vector a. This
activity of intelligent controller 104 may be leamed based off the previously-detected
gestures of wearable tag 102a in similar circumstances. For example, if wearable tag
102 goes to the kitchen from the bedroom at night, wearable tag might “wave off”
turning on the lights in between the bedroom and the kitchen, but “wave on” turning
on the lights in the kitchen. It should be understood that while FIGURE 3 is intended
to demonstrate one advantageous embodiment of operation of intelligent controller
104, it is not intended to limit the scope of the present disclosure in any way.

FIGURES 4A and 4B are perspective drawings illustrating example gestures
for home automation control in accordance with the teachings of the present

disclosure. FIGURE 4A illustrates how a gesture G1 may be detected from a set of

—-

personal motion vectors b, . . . 56. In particular, as the wearer of wearable tag 102

rotates his or her hand according to gesture Gi, anchors 100 may transmit position
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data comprising the three-dimensional coordinates of wearable tag 102 to intelligent

controller 104. Vector calculation module 208 may resolve these coordinates into a
series of personal motion vectors 51 ... b,and pass them to vector analysis module
210 for further analysis. Vector analysis module 210 may then examine the vectors
b ... b, as they are received in order to correlate them to known patterns of vectors
comprising various gestures configured for use in controlling various aspects of
system 10. Based on correlating vectors 51 C 56 to a set of known vectors

associated with gesture G1, vector analysis module 210 may determine that the user of
wearable tag 102 is making gesture Gi. It should be noted that vector analysis module

210 may be configured to examine personal motion vectors in real-time in order to
identify the subset of vectors 51 o 56 comprising gesture from the overall sequence

of vectors being generated by vector calculation module 208 corresponding to the
movements of wearable tag 102. For example, personal motion vectors may be stored
in a FIFO buffer or other suitable data structure that is analyzed for matching gestures
each time a new personal motion vector is added to the buffer and an old personal
motion vector is removed.

FIGURE 4B illustrates how a gesture G2 may be detected from a set of
personal motion vectors 57 and 58. In particular, as the wearer of wearable tag 102

moves his or her hand up and down according to gesture Gz, intelligent controller 104
may detect gesture G2 in a similar manner as discussed above with respect to G1 in

FIGURE 4A. An example embodiment of the use of a FIFO buffer 400 to examine
sets of personal motion vectors 50 - 58 for gestures such as gestures G or Gz is

illustrated in FIGURE 4C. It should be noted, however, that FIGURES 4A to 4C are
only intended as examples and that the teachings of the present disclosure are
intended to encompass any number and types of gestures that may be made with
wearable tag 102 and detected by intelligent controller 104,

FIGURE 5 is a flowchart illustrating an example embodiment of a method 500
for home automation in accordance with the teachings of the present disclosure. At
steps 502 and 504, intelligent controller 104 receives first and second position data
from anchors 100. Steps 502 and 504 may comprise part of a continuous or semi-
persistent stream of position data that updates the position data of wearable tag 102 in

real-time. This may include sub-second sampling of the location of wearable tag 102
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by anchors 100 where the position data of wearable tag 102 is updated on a 100
millisecond (ms) basis. In some embodiments, the position data of wearable tag 102
may be updated every 100 to 500 ms. It should be noted however, that the update
period may be lengthened, such as to updating once every 1000 ms to 2000 ms, to the
extent that the wearable tag 102 enters a DRX mode based on a detection that
wearable tag 102 is stationary and/or has consistent position coordinates. At step 506,
intelligent controller 104 calculates a personal motion vector associated with wearable
tag 102. This calculation may also be performed continuously or semi-persistently at
the same or different rate of repetition of the receipt of position data in steps 502 and
504. Steps 502 through 506 may be performed in parallel with any other wearable
tags 102 in the indoor space.

At step 508, intelligent controller 104 updates the state of system 10, including
updating the location of wearable tags 102 in the indoor space. Step 508 may include
receiving any status updates from networked devices 112 (such as indoor or outdoor
temperature, status of any window or door sensors, and any status changes of door
lock or lights). At step 510, intelligent controller 104 determines if any status changes
are required based on the personal motion vector of wearable tag 102. This decision
may include selecting any devices for which state changes are desired based on
personal motion vector of wearable tag 102 and other information associated with the
state of system 10. For example, in selecting a device 112 to control, intelligent
controller 104 may take into account factors such as time of day, time of year, indoor
or outdoor temperature along with the personal preferences of the user of wearable tag
102. The selection may be based on a prediction of the personal preference of the
user of wearable tag 102 based on a user profile and/or observation of past activities
of wearable tag 102 within system 10. For example, the selection may be made by
predictive module 218 based on information obtained by learning module 216 as
described above with respect to FIGURE 2.

At step 514, intelligent controller 104 may be configured to detect whether a
recent sequence of personal motion vectors associated with wearable tag 102 contain
any known sequence that corresponds to a gesture. If that is the case, the method next
determines at step 514 whether the gesture corresponds to a state change request to
system 10. For example, if intelligent controller 104 has recently made a change to
system 10 based on the personal motion vector of wearable tag 102, such as is

described above with respect to step 510, a gesture may be detected shortly after that
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comprises an instruction that a different operation of networked device 112 is desired
by user of wearable tag 102. For example, the gesture may comprise an instruction to
turn the lights back on, or to change the dimmer settings on the lights in the room.
Additionally or alternatively, the gesture may be an instruction to perform a control
operation without respect to the prior activity of intelligent controller 104. For
example, a particular gesture could be used by intelligent controller 104 as an
instruction to change temperature settings, set the alarm system, or lock the doors or
windows.

After any selected network devices 112 receive their appropriate control
instructions at step 516, intelligent controller 104 updates the state of system 10
accordingly. This step may include updating the status of the networked devices 112
within system 10, and may include updating the user profile of wearable tag 102 to
reflect any additional preferences learned by the recent activities of wearable tag 102
with respect to system 10. For example, leaming module 216 may record
circumstances regarding the change of state to system 10 as described above with
respect to FIGURE 2.

Modifications, additions, or omissions may be made to method 500 illustrated
in the flowchart of FIGURE 5. For example, method 500 may include any of the
functionality as described above with respect to FIGURES 1 through 4 or below with
respect to FIGURE 6. Accordingly, the steps of FIGURE 5 may be performed in
parallel or in any suitable order.

FIGURE 6 is a flowchart illustrating an example embodiment of a method for
configuring a home automation system 10 with an adaptive learning module (such as
learning module 216). At step 602, one or more networked devices 112 are
configured to be used within system 10. This may include performing any device
setup, installation, and configuration necessary to set up a connection between
intelligent control hub and networked devices 112. The location of the devices 112
may be manually provided to intelligent controller 104 within a virtual map, or may
be learned by intelligent controller 104 by observing the activities and personal
motion vectors of the various wearable tags 102 in system 10. If, at step 604, the
location of the one or more configured network devices 112 is known to intelligent
controller 104, the method 600 proceeds to step 622.

If, however, the location of the one or more networked devices 112 is not

known, then the method 600 proceeds to step 606. At step 606, intelligent control
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module 104 begins to observe the status changes of device settings associated with the
networked devices 112 in order to learn their location. At step 606, intelligent control
hub may detect a first state change of the one or more networked devices 112. For
example, the status indicating whether a light switch is activated or not may change
from an active state to an inactive state. This activity may cause device status
information to be updated within intelligent controller 104. Upon a detection of such
a state change, intelligent control hub may at step 608 calculate the location of the
wearable tags 102 based on the position data from anchors 100 and/or the personal
motion vectors of the various wearable tags 102 within system 10, on the assumption
that one of the wearable tags 102 is responsible for the state change and is located at
or near the networked device 112 whose state has changed. Based on the location of
the various wearable tags 102, intelligent controller 104 identifies candidate locations
for the one or more networked devices 112. If only one candidate location is
identified, the system may proceed to step 620, otherwise method 600 proceeds to
step 610.

If there are multiple candidate locations for the one or more networked devices
112, intelligent controller 104 may detect a second state change of the one or more
networked devices. Then, at step 612, intelligent controller 104 may determine the
locations of wearable tags 102 within system 10. For each user k=i to n within the
system, intelligent controller 104 determines if their wearable tags 102 are located at
or near one of the candidate locations determined at step 608. If no wearable tags 102
are located at one of the candidate locations after the second state change, that
candidate location is eliminated at step 614. If a wearable tag 102 is located at one of
the candidate locations, that location is maintained as a possible location of networked
device 112 at step 616. At step 618, if the number of candidate locations for the one
or more networked devices is still greater than one, method 600 may return to step
610 to detect another state change of the system and continue eliminating candidate
locations in steps 612 and 614 until the candidate locations is not greater than one.
Once the number of candidate locations falls to one, the method proceeds to step 620
and the location of the one or more networked devices 112 is added to a virtual map
of system 10.

The method may then proceed to step 622, where intelligent controller 104
may apply an adaptive learning algorithm to observations of system 10 operation by

users of wearable tags 102 and their associated personal motion vectors. For
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example, intelligent controller 104 may apply the functionality of learning module
216 as discussed above with respect to FIGURE 2. As intelligent control module 104
learns the behaviors of the users of system 10, intelligent control module 104 builds
user preference profiles at step 626. At step 628, intelligent control module 104 may
begin applying a predictive algorithm in response to detecting the personal motion
vectors of wearable tags 102, such as the functionality of predictive module 218 as
discussed above with respect to FIGURE 2. Intelligent controller 104 may apply the
predictive algorithm and information learned by learning module 216 as stored by the
user preference profiles to select network devices 112 and operations of those devices
in response to detecting particular personal motion vectors of wearable tags 102. For
example, if intelligent controller 104 repeatedly observes a particular activity of
wearable tag 102 at particular times of the day, or repeatedly observes different
activities when wearable tag 102 is in the presence of other wearable tags 102,
intelligent controller 104 may begin to predictively control the operation of networked
devices 112 involved in those activities upon a detection of a personal motion vector
and user profile preferences that match the circumstances of the prior observed
behavior.

After selecting an appropriate networked device 112 and control operation,
intelligent controller 104 may at step 630 send an appropriate control instruction to
the selected network device 112. At step 632, intelligent controller 104 may detect
whether any gesture-based feedback has been provided by the user of wearable tag
102. If so, intelligent controller 104 may return to step 630 to transmit any new or
corrective instructions to networked device 112. If no gesture-based feedback is
detected, the method continues to step 634 where the status of system 10 is updated
based on the recent activities of intelligent controller 104, devices 112, and wearable
tags 102

Modifications, additions, or omissions may be made to method 600 illustrated
in the flowchart of FIGURE 6. For example, method 600 may include any of the
functionality as described above with respect to FIGURES 1 through 5. For example,
a particular personal motion vector may cause intelligent controller 104 to control any
number and combination of networked devices 112 or to transmit multiple
instructions to a single networked device 112 (or some combination of the foregoing).
Accordingly, the steps of FIGURE 6 may be performed in parallel or in any suitable

order.
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Technical advantages of certain embodiments of the present invention include
an improved control system that can detect and take into account the personal motion
vectors of wearable tags when making control decisions. By improving the feedback
and control mechanisms of the home automation system 10 itself, including
improving the technology within intelligent controller 104, various other benefits can
be achieved. Although the present invention has been described with several
embodiments, a myriad of changes, variations, alterations, transformations, and
modifications may be suggested to one skilled in the art, and it is intended that the
present invention encompass such changes, variations, alterations, transformations,

and modifications as fall within the scope of the appended claims.

Embodiment 1. A system for indoor position and vector tracking, comprising:

a plurality of anchors positioned in an indoor space, the plurality of anchors
comprising a plurality of radio frequency transmitters each operable to transmit a
radio frequency (RF) waveform;

a wearable mobile radio frequency identification (RFID) tag responsive to the
RF waveform;

an intelligent controller connected to the plurality of anchors and at least one
networked device, the intelligent controller comprising control logic implemented in a
computer-readable medium and operable to:

receive, from at least one of the plurality of anchors, a first position
data corresponding to a first detection of the wearable mobile RFID tag;

receive, from at least one of the plurality of anchors, a second position
data corresponding to the second detection of the wearable mobile RFID tag;

calculate, from the first position data and the second position data, a
personal motion vector of the mobile RFID tag, the personal motion vector
representing at least one of (1) a location and direction of movement or (2) a gesture
of the mobile RFID tag;

associate the wearable RFID tag with a unique identity;

select an operation with respect to the at least one networked device
based at least on the personal motion vector and the unique identity; and

transmit a control instruction to the at least one networked device

operable to cause the selected operation on the at least one networked device.
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Embodiment 2. The system of embodiment 1, wherein the selection is further

based on preference profile associated with the unique identity.

Embodiment 3. The system of embodiment 1, wherein the selection is further
based on a prediction of a control activity of the at least one networked device by the

wearer of the wearable mobile RFID tag.

Embodiment 4. The system of embodiment 1, wherein the selection is further
based on obtaining a plurality of personal motion vectors associated with a plurality
of wearable mobile RFID tags and determining a selected operation based on an

identity of the plurality of wearable mobile RFID tags within the indoor space.

Embodiment 5. The system of embodiment 1, wherein the selection is further
based on determining a preference for the operation of the networked device, the
preference based on at least one of time of day, time of year, outside temperature, and

anumber and identity of wearable mobile RFID tags present in the indoor space.

Embodiment 6. The system of embodiment 1, wherein the selection is further
based on correlating the personal motion vector with a time of day and a preferred

operation of the networked device at the time of day.

Embodiment 7. The system of embodiment 1, wherein the personal motion
vector is one of a sequence of personal motion vectors corresponding to a gesture and
the selection is based on correlating the gesture with a selectable operation of the

networked device.

Embodiment 8. The system of embodiment 1, wherein the selection is further
based on correlating a plurality of preference profiles and calculating at least two

personal motion vectors within the indoor space.

Embodiment 9. A method for indoor position and vector tracking, comprising;
receiving, by an intelligent controller, a first position data from at least one of
a plurality of anchors positioned in an indoor space, wherein the plurality of anchors

comprise a plurality of radio frequency transmitters each operable to transmit an RF
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waveform and the first position data corresponds to a first detection of a wearable
mobile radio frequency identification (RFID) tag using the RF waveform;

receiving, by the intelligent controller, a second position data from at least one
of the plurality of anchors, wherein the second position data corresponds to the second
detection of the wearable mobile RFID tag;

calculating, from the first position data and the second position data, a
personal motion vector of the mobile RFID tag, the personal motion vector
representing at least one of (1) a location and direction of movement or (2) a gesture
of the mobile RFID tag;

associating the wearable RFID tag with a unique identity;

selecting an operation with respect to the at least one networked device based
at least on the personal motion vector and the unique identity; and

transmitting a control instruction to the at least one networked device operable

to cause the selected operation on the at least one networked device.

Embodiment 10. The method of embodiment 9, wherein the selection is further

based on preference profile associated with the unique identity.

Embodiment 11. The method of embodiment 9, wherein the selection is further
based on a prediction of a control activity of the at least one networked device by the

wearer of the wearable mobile RFID tag.

Embodiment 12. The method of embodiment 9, wherein the selection is further
based on obtaining a plurality of personal motion vectors associated with a plurality
of wearable mobile RFID tags and determining a selected operation based on an

identity of the plurality of wearable mobile RFID tags within the indoor space.

Embodiment 13. The method of embodiment 9, wherein the personal motion
vector is one of a sequence of personal motion vectors corresponding to a gesture and
the selection is based on correlating the gesture with a selectable operation of the

networked device.

Embodiment 14. An apparatus for indoor position and vector tracking,

comprising:

Date Recgue/Date Received 2021-07-09



10

15

20

25

30

31

a network interface controller (NIC) that is connectable to a plurality of
anchors, wherein the plurality of anchors comprise a plurality of radio frequency
transmitters each operable to transmit an RF waveform and detect a wearable mobile
radio frequency identification (RFID) tag using the RF waveform, the interface
operable to:

receive, from at least one of the plurality of anchors, a first position
data corresponding to a first detection of the wearable mobile RFID tag;

receive, from at least one of the plurality of anchors, a second position
data corresponding to the second detection of the wearable mobile RFID tag;

a vector calculation module operable to receive the first and second position
data from the NIC and calculate, from the first position data and the second position
data, a personal motion vector of the mobile RFID tag, the personal motion vector
representing at least one of (1) a location and direction of movement or (2) a gesture
of the mobile RFID tag;

a control module operable to:

associate the wearable RFID tag with a unique identity;

select an operation with respect to the at least one networked device
based at least on the personal motion vector and the unique identity; and

transmit, to the NIC, a control instruction for at least one networked
device, the NIC further operable to transmit the control instruction to the at least one
networked device and cause the selected operation on the at least one networked

device.

Embodiment 15. The apparatus of embodiment 14, wherein the selection is

further based on preference profile associated with the unique identity.

Embodiment 16. The apparatus of embodiment 14, wherein the selection is
further based on obtaining a plurality of personal motion vectors associated with a
plurality of wearable mobile RFID tags and determining a selected operation based on

an identity of the plurality of wearable mobile RFID tags within the indoor space.

Embodiment 17. The apparatus of embodiment 14, wherein the personal motion

vector is one of a sequence of personal motion vectors corresponding to a gesture and
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the selection is based on correlating the gesture with a selectable operation of the

networked device.

Embodiment 18. The apparatus of embodiment 14, wherein the selection is
further based on correlating a plurality of preference profiles and calculating at least

two personal motion vectors within the indoor space.

Embodiment 19. The apparatus of embodiment 14, further comprising a
predictive control module operable to apply a predictive algorithm that selects the
operation with respect to the at least one networked device based on predicting an

activity of the wearer of mobile RFID tag based on the personal motion vector.

Embodiment 20. The apparatus of embodiment 14, wherein the selection is
further based on determining a preference for the operation of the networked device,
the preference based on at least one of time of day, time of year, outside temperature,

and a number and identity of wearable mobile RFID tags present in the indoor space.

Embodiment 21. A method for indoor position and vector tracking, comprising;

obtaining, from a wearable RFID tag, a plurality of first position data to
calculate a first personal motion vector associated with a unique identifier, the first
personal motion vector representing (1) a position and direction of movement or (2) a
movement state of the wearable RFID tag within an indoor space;

predicting a first operation of a networked device based on a first preference
data associated with the unique identifier and the first personal motion vector;

obtaining, from the wearable RFID tag, a plurality of second position data to
calculate a sequence of second personal motion vectors associated with the unique
identifier;

correlating a gesture of the wearable RFID tag with the sequence of second
personal motion vectors;

based on the gesture, updating the first preference data to a second preference
data; and

selecting a second operation of the networked device based on the second

preference data and the first personal motion vector.
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Embodiment 22. The method of embodiment 21, wherein the second plurality of
position data to calculate the sequence of second personal motion vectors is obtained

in response to causing the first operation to be performed on the networked device.

Embodiment 23. The method of embodiment 21, wherein the gesture comprises
a first gesture and the method further comprises:
entering, by an intelligent controller, a training mode;
while in the training mode:
providing an interface instruction to a user device that prompts a
requested operation with respect to the networked device;
obtaining a second gesture in response to the requested operation;
associating the second gesture and a third personal motion vector with
the requested operation; and
performing, by the intelligent controller at a time subsequent to the
associating, the requested operation on the networked device in response to detecting

the second gesture and the third personal motion vector.

Embodiment 24. The method of embodiment 21, further comprising:
building, by an intelligent controller, a virtual map of the indoor space based

on prompting a gesture at the location of each of a plurality of anchors.

Embodiment 25. The method of embodiment 24, further comprising:

determining that a location of the networked device is unknown within the
indoor space;

in response to determining that the networked device has a location that is
unknown, detecting a first state change of the networked device;

detecting a plurality of third personal motion vectors associated with the first
state change;

associating a plurality of candidate locations for the networked device within
the virtual map based on the plurality of third personal motion vectors;

detecting a second state change of the device; and

identifying the location of the networked device within the virtual map from
the plurality of candidate locations based on a plurality of fourth personal motion

vectors associated with the second state change.
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Embodiment 26. The method of embodiment 24, wherein building the virtual
map comprises identifying a plurality of rooms and each room is associated with a

particular preference profile for the unique identifier.

Embodiment 27. The method of embodiment 24, wherein building the virtual
map comprises adding a plurality of networked device to the virtual map by:
prompting a gesture at each of a plurality of networked devices;
calculating a location associated with each gesture; and
associating the location of each of the plurality of networked devices with a

location within the virtual map.

Embodiment 28. The method of embodiment 24, further comprising:

obtaining a third personal motion vector associated with the unique identifier;

using the virtual map to obtain a location and direction of the wearable RFID
tag within one of a plurality of rooms within the virtual map;

obtaining a first state of one or more networked devices within the indoor
space;

based at least on the third personal motion vector and the virtual map, perform
one or more operations on the one or more networked devices to convert the one or

more networked devices from the first to a second state.

Embodiment 29. The method of embodiment 28, wherein the location of the
wearable RFID tag is in a first room and the one or more networked devices

converted to a second state are in a second room different than the first room.

Embodiment 30. A system for indoor position and vector tracking, comprising:
an interface communicatively coupled to a plurality of anchors and operable to
receive position data associated with a wearable RFID tag;
a processor coupled with the interface and operable to:
obtain, from the wearable RFID tag and via the interface, a plurality of
first position data to calculate a first personal motion vector associated with a unique
identifier, the first personal motion vector representing (1) a position and direction of

movement or (2) a movement state of the wearable RFID tag within an indoor space;
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predict a first operation of a networked device based on a first
preference data associated with the unique identifier and the first personal motion
vector;

obtain, from the wearable RFID tag and via the interface, a plurality of
second position data to calculate a sequence of second personal motion vectors
associated with the unique identifier;

correlate a gesture from the wearable RFID tag with the sequence of
second personal motion vectors;

based on the gesture, update the first preference data to a second
preference data; and

select a second operation of the networked device based on the second

preference data and the first personal motion vector.

Embodiment 31. The system of embodiment 30, wherein the second plurality of
position data to calculate the sequence of second personal motion vectors is obtained

in response to causing the first operation to be performed on the networked device.

Embodiment 32. The system of embodiment 30, the processor further operable
to:
build a virtual map of the indoor space based on prompting a gesture at the

location of each of a plurality of anchors.

Embodiment 33. The system of embodiment 32, wherein building the virtual
map comprises identifying a plurality of rooms and each room is associated with a

particular preference profile for the unique identifier.

Embodiment 34. The system of embodiment 32, wherein building the virtual
map comprises adding a plurality of networked device to the virtual map by:
prompting a gesture at each of a plurality of networked devices;
calculating a location associated with each gesture; and
associating the location of each of the plurality of networked devices with a

location within the virtual map.
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Embodiment 35. A method comprising;

determining, by an intelligent controller, that a location of a networked device
is unknown within an indoor space;

in response to determining that the networked device has a location that is
unknown, detecting a first state change of the networked device;

receiving a plurality of position data associated with a plurality of wearable
RFID tags;

calculating a plurality of first personal motion vectors based on the plurality of
position data, wherein each of the plurality of first personal motion vectors is
associated with one of the plurality of wearable RFID tags;

associating the plurality of first personal motion vectors with the first state
change;

associating a plurality of candidate locations for the networked device within a
virtual map based on the plurality of first personal motion vectors;

detecting a second state change of the device; and

identifying the location of the networked device within the virtual map from
the plurality of candidate locations based on a plurality of second personal motion

vectors associated with the second state change.

Embodiment 36. The method of embodiment 35, further comprising:
building the virtual map of the indoor space wherein the virtual map includes
first locations of a plurality of anchors and second locations of a plurality of

networked devices.

Embodiment 37. The method of embodiment 35, further comprising:
prompting a gesture at each of a plurality of networked devices;
calculating a location associated with each of the gestures; and
associating the location of each of the plurality of networked devices within

the virtual map.

Embodiment 38. The method of embodiment 35, further comprising:
obtaining a third personal motion vector associated with the unique identifier;
using the virtual map to obtain a location and direction of the wearable RFID

tag within one of the rooms within the virtual map;
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obtaining the second state of the device within the indoor space;
based at least on the third personal motion vector and the virtual map, convert

the networked device from the second state to a third state.

5  Embodiment 39. The method of embodiment 38, wherein the location of the
wearable RFID tag is in a first room and the networked device converted to a third

state 1s 1n a second room different than the first room.

Embodiment 40. The method of embodiment 35, further comprising building the
10 virtual map by:
identifying a plurality of rooms; and

associating each room with a preference profile for the unique identifier.
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CLAIMS:

1. A method for indoor position and vector tracking, comprising;

prompting a gesture of a wearable mobile radio frequency identification
(RFID) tag at a first location of a wall anchor, the gesture comprising a first personal
motion vector representing (1) a position and direction of movement or (2) a
movement state of the wearable RFID tag within an indoor space;

detecting the gesture of the wearable RFID tag using a position data obtained
from the wall anchor;

building, by an intelligent controller, a virtual map of the indoor space based
on the detected gesture by adding the first location of the wall anchor to the virtual
map;

calculating a second personal motion vector;

learning, by the intelligent controller, a second location of a networked device
proximate to the wearable RFID tag using the second personal motion vector and the
first location of the wall anchor; and

adding, by the intelligent controller, the second location of the networked

device to the virtual map.

2. The method of Claim 1, wherein the intelligent controller learns the
second location of the networked device by:

in response to determining that the second location of the networked device is
unknown, detecting a state change of the networked device;

associating the state change with the second personal motion vector; and

selecting the second location from a plurality of candidate locations based on
the first location of the wall anchor and the association of the state change with the

second personal motion vector.

3. The method of Claim 1, further comprising:

calculating a third personal motion vector associated with the networked
device;

associating the third personal motion vector with the second location of the

networked device; and
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selecting an operation of the networked device based on the third personal

motion vector.

4, The method of Claim 1, further comprising:

building a list of candidate locations for the networked device based on the
second personal motion vector; and

selecting the second location of the networked device from the list of
candidate locations based on detecting a state change of the networked device

associated with a third personal motion vector.

5. The method of Claim 1, wherein the position data comprises first
position data and second position data, and the method further comprises:

receiving, from the wall anchor, the first position data corresponding to a first
detection of the wearable RFID tag;

receiving, the wall anchor, the second position data corresponding to a second
detection of the wearable RFID tag;

calculating, from the first position data and the second position data, the first

personal motion vector.

6. The method of Claim 1, wherein the method further comprises:

correlating one or more first state changes of the networked device with a
unique identity associated with the wearable RFID tag and a third personal motion
vector;

predicting a second state change based on detecting the third personal motion
vector that corresponds to the unique identity and the correlated one or more first state
changes; and

selecting, by the intelligent controller, an operation to cause the second state
change of the networked device based on the unique identity and the third personal

motion vector.

7. The method of Claim 1, further comprising:
transmitting, by the intelligent controller, a control instruction to the

networked device, the control instruction selected based on a set of preference data
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obtained by correlating one or more status changes of the networked devices with a

unique identity of the wearable RFID tag and a third personal motion vector.

8. A system for indoor position and vector tracking, comprising:
a wall anchor configured to transmit a position data associated with a wearable
RFID tag;
a processor communicatively coupled to the wall anchor and operable to:
receive the position data associated with the wearable RFID tag;
calculate a first personal motion vector of the wearable RFID tag;
detect a gesture of the wearable RFID tag at a first location of the wall
anchor using the calculated first personal motion vector;

build a virtual map of the indoor space by adding the first location of
the wall anchor to the virtual map;

calculate a second personal motion vector;

learn a second location of a network device proximate to the wearable
RFID tag using the second personal motion vector and the first location of the wall
anchor; and

add the second location of the network device to the virtual map.

9. The system of Claim 8, wherein the processor is further operable to:
detect the gesture of the wearable RFID tag at the first location of the wall

anchor by prompting the gesture at the first location.

10. The system of Claim 8, wherein the processor is further operable to
learn the second location of the networked device by:

in response to determining that the second location of the networked device is

unknown, detect a state change of the networked device;

associate the state change with the second personal motion vector; and

select the second location from a plurality of candidate locations based on the
first location of the wall anchor and the association of the state change with the

second personal motion vector.

11. The system of Claim 8, the processor further operable to:

calculate a third personal motion vector associated with the networked device;

Date Regue/Date Received 2021-10-04



10

15

20

25

30

41

associate the third personal motion vector with the second location of the
networked device; and
select an operation of the networked device based on the third personal motion

vector.

12. The system of Claim 8, the processor further operable to:

build a list of candidate locations for the networked device based on the
second personal motion vector; and

select the second location of the networked device from the list of candidate
locations based on detecting a state change of the networked device associated with a

third personal motion vector.

13. The system of Claim 8, the processor further operable to:

transmit a control instruction to the networked device, the control instruction
selected based on a set of preference data obtained by correlating one or more status
changes of the networked devices with a unique identity of the wearable RFID tag and

a third personal motion vector.

14. A method comprising:

receiving, from a wall anchor at a first location, a position data associated with
a wearable RFID tag;

calculating a first personal motion vector of the wearable RFID tag associated
with the wall anchor;

building, by an intelligent controller, a virtual map of an indoor space by
adding the first location of the wall anchor to the virtual map;

calculating a second personal motion vector;

learning, by the intelligent controller, a second location of a network device
proximate to the wearable RFID tag using the second personal motion vector and the
first location of the wall anchor; and

adding, by the intelligent controller, the second location of the network device

to the virtual map.
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15. The method of Claim 14, further comprising;
prompting, by the intelligent controller, a gesture of the wearable RFID tag at

the first location.

16. The method of Claim 14, further comprising:
correlating one or more other personal motion vectors with one or more prior
operational states of the networked device to determine a future operation of the

networked device.

17. The method of Claim 14, further comprising;
determining a preference for an operation of the networked device by
correlating a selected operational state of the networked device with an environmental

factor.

18. The method of Claim 14, further comprising;

providing an interface instruction to a user device that prompts a requested
operation with respect to the networked device;

obtaining a gesture in response to the requested operation;

associating the gesture and a third personal motion vector with the requested
operation; and

performing, subsequent to the associating, the requested operation on the
networked device in response to detecting the gesture and the third personal motion

vector.

19. The method of Claim 14, wherein building the virtual map comprises:
detecting a gesture of the wearable RFID tag at the first location of the wall

anchor using the calculated first personal motion vector.

20. The method of Claim 14, further comprising;
building the virtual map by observing a plurality of personal motion vectors

within the indoor space.
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