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ENHANCED LOCATION TRACKING USING ULTRA-WIDEBAND

BACKGROUND

[8001] The location information of individuals and devices may be imoportant in a
variety of setiings. For example, a corapany or organization may wish to track their
employees and/or important assets. Tracking location information can be used for a variety of
purposes, for example, safety, security, efficiency, etc.

{0002} Although tracking has many uses, some illustrative embodiments discussed
herein are specifically directed toward tracking animals {e.g., pets, such as dogs). Most dogs,
especially larger breeds, may require a lot of physical activity {e.g , jogging, playing fetch,
etc.}. As the general population has become more urban and suburban, it has become
increasingly difficult to provide the necessary space for these larger pets {0 exercise.

[0083] Many suburban homeowners have turned o underground and/or wireless
invisible fence containment systems. In general, most currently available pet containment
systems work in much the same way. They create a containment boundary (g.g., via an
underground wire or determined wireless signal strength) and issue a corrective action if a pet
gets close to or crosses the containment boundary. Generally, a device is worn on a dog's
collar that emits an audio and/or physical {e.g., vibration, electrical, efc.) stimulus as the
corrective action. When combined with training, these stimuli help condition the dog (o
remain within the containment area.

[08084] Underground containment systems have been in existence since the early
197¢°s and remain the most prevalent solution. Today, underground solutions come in a
variety of packages, from professionally installed, including dog training, to do~-it-vourself
systems. Both underground and wireless svstems have their advantages and disadvantages as

discussed herein.
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SUMMARY

{8665] Disclosed herein are svstems and methods related to a wireless tracking
systemt: The wireless tracking system having a phurality of beacons, each of the phurality of
beacons having at least one antenna and at least one power source. When the at least one
antenna is supplied with power via the power source, a local ping is transmitted from the
beacon. A wireless tracking device then receives the ping via ifs own antenna. Once the
wireless tracking device has received a locational ping from at least two of the plurality of
beacons, it can then calculate a direct connection path between the at least {0 beacons. Based
on this known path, the wireless tracking device can then determine a distance between the
wireless fracking device and connection path. Based on the determined distance, the wireless
tracking device may then issue a corrective measure. The {oregoing is a summary and thus
may contain simplifications, generalizations, and onussions of detail; consequently, those
skilled in the art will appreciate that the summmary is dlustrative onlv and is not intended to be
in any way linuting.

{0006} For a better understanding of the embodiments, together with other and further
features and advantages thereof, reference is made to the following description, taken in
conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

{8007] For illustrating some embodiments of the disclosure, there is shown in the
drawings various embodiments, it being undersiood, however, that the disclosure is not
limited to the specific instrumentalities disclosed as thev are used for illustrative purposes
only. Included in the drawings are the following Figures:

{80668] FIG. 1 depicts an illustrative system for enhanced location tracking for pet

containment.
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[0089] FIG. 2 depicts an illustrative example of a beacon.

{80618] FIG. 3 depicts an illustrative example of a wireless remote tracking device.

[0011] FIG. 4 depicts an illustrative method of monitoring a location detection device
and taking correciion action if needed.

[0012] FIG. S depicts another illustrative method of generating a boundary for a
containment zone.

[8013] FIG. 6 depicts an illustrative embodiment of a system with overlapping
broadcast distance thus allowing triangulation (i.e., irilateration) of a tracking device.

[8014] FIG. 7 depicts an illustrative method of deternuning a precise pet location,

[8015] FIG. 8 depicts an illustrative computer system for creating and managing a pet
containment zone.

[08016] FIG. 9 depicts an illustrative method of implementing smaller boundaries
within a larger boundary {e.g., a swinmning pool within a yard.)

[98017] FIG. 10 depicts an illustrative embodiment of a beacon assembly.

[B018] FIG. 11, depicts an exploded view of the embodiment of a beacon assembly in
FiG. 10

[9019] FIG. 12 depicts an tllustrative embodiment of a system emploving a single
beacon using proximity detection.

[9028] FIG. 13 depicts an llustrative embodiment of a system emploving two
beacons 1o create a virtual gate.

[9021] FIG. 14 depicts an tllustrative embodiment of a system emploving three

beacons to create a proximity based containment.
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DETAILED DESCRIPTION

{80622] The present description and claims may make use of the terms “a,” “at least
one of,” and “one or more of,” with regard to particular features and elements of the
ihustrative embodiments. i should be appreciated that these terms and phrases are intended
to state that there is at least one of the particular feature or element present in the particular
tHustrative embodiment, but that more than one can also be present. That is, these
terms/phirases are not intended to limit the description or claims to a single feature/element
being present or require that a plorality of such features/elements be present. To the contrary,
these terms/phrases only require at least a single feature/element with the possibility of a
plurality of such features/elements being within the scope of the description and claims.

[8023] In addition, it should be appreciated that the following description uses a
plurality of examples for various elements of the tlustrative ernbodiments to further llustrate
example implernentations of the illustrative embodiments and to aid in the understanding of
the mechanisms of the illustrative embodiments. These examples are intended to be non-
hinuting and are not exhaustive of the various possibilities for iroplementing the mechanisms
of the ilustrative embodiments. 1t will be apparent to those of ordinary skill in the art in
view of the present description that there are many other alternative implementations for
these various elements that may be utilized in addition to, or in replacement of, the example
provided herein without departing from the spirit and scope of the present disclosure.

[0024] As discussed herein, current location tracking devices, e.g., pet containment
zones, are generally limited to underground svstems, wireless tracking svstems, and radio
frequency ID tracking. The majority of containment systems purchased today are
professionally installed and can be prohibitfively expensive. Not only is the upfront cost of an

underground system high, but they have additional maintenance costs, for example, the

e
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underground wires can be easily broken by landscapers, roots, wildlife, etc. Additionally,
underground systems and systems that require a farge number of sensors are generally
permanent and if vou own a second home or business, or relocate 10 a new home or business,
a new system instaliation would be required at the new/secondary location.

{0025 In addition to underground solutions, wireless systems are now on the market
and are less expensive than professionally installed underground systems. However, they
generally limit the containment or tracking zone to a circular shape of approximately three
guarters (%4} of an acre or less, as they rely on Wi-Fi signal strength. Addittonally, i the
specific instance where the systern 1s used for animal containment, it can be difficult to train a
pet when the containment zone changes based on environmental conditions and additional
signal mterference which may affect the signal strength, thus altering the boundary zone.
Furthermore, both underground and the wireless solutions fail to take any proactive measures
once the individual or object has breached the containrent area or leaves the range of
detection. Specifically, netther system has a method of tracking location information outside
of the boundary of the containment zone.

[08026] Somewhat recently, solutions has become available on the market that
incorporates a Global Positioning Svstem (GPS) device. Unfortunately, tvpical GPS svstems

equire professional installation in a roof or attic area of a structure to ensure they get the best
possible GPS signal. These systems are therefore are not easily relocated to additional or new
locations. Moreover, the systems are highly inaccurate and thus require the owner to have a
targer than average property (e.g.. 3+ acres) in order to operate the system optimally.
However, even with the larger property, the inaccurate location information can make

determining a location and boundary difficult.
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[08027] Because of these limitations, a sofuiion is needed that has the ease of use of
the wireless or GPS based svstems, with the accuracy and trainability of the underground
system. Thus, an embodiment provides a system that does not require the underground wire,
does not require professional installation, is truly portable, and can be used for multiple
locations with mimimal effort {e.g., relocating three or more beacons and a remote tracking
device}. Some embodiments ulilize one or more rechargeable devices {e.g., a rechargeable
dog collar), three or more beacon transmitters, and a smart phone application to create and
manage a containment zone {e.g., pet containment zone),

[8028] In some embodiments, a contaimment boundary may be created when a user,
using a first location sensor (e.g., mobile tracking device, rechargeable collar-mounted
device, smart phone, etc.) stores location information. The location information is then
recorded as one of a plurality of boundary points. Once a user has recorded each boundary
point they wish to have included, they may nitiate a boundary creation process {e.g., via
smoart phone, mobile tracking device, or beacon). The application may then generate a
complete boundary area based on the sequential entry of the plurality of data pomts.

[8029] In a further embodiment, a tracking device {e g., pet collar} integrates
tocation-tracking and containment capabilities. Instead of having to install and maintain an
underground system to establish the boundary of the containment zone, the tracking device
interacts with ultra-wideband (UWB) beacons (i.e., anchors) to track the location of
ndividuals (e.g., pets) and/or obiects within a containment zone. In some embodiments, each
anchor will generate a UWB signal which is then detected by the UWB chip installed on the
tracking device. In a further embodiment, such as where the system is being used ouidoors,

the beacons will not actively communicate with each other except during the nitial set-up of
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the containment zone. Additionally or alternatively, in some embodiments, where the system
is being used indoors, the beacons may actively commumicate with each other.

[0038] In some embodiments, three UWB beacons will be utilized. Other
embodiments may be optinuzed with four or more UWB beacons. The beacons may have a
range of about 10 to about 150 meters. The beacons mav be of various sizes and shapes. It
should be undersiood, that the shape and structure of the beacons may be changed based on
the design requirements. For example, some beacons may be designed to be wall mounted,
while others may imitate a bollard or pathway light. In a further embodiment, the beacons
may be designed to look like vegetation or shrubbery,

18631] In other embodiments, the UWEB signal from the beacons will be received by
the tracking device, and the location of the tracking device will be tracked as X-Y-Z
coordinates relative to the location of the three or more UWB beacons. In the event thata
person or pet ignores the containment stirouli, or an alarm goes wnnoticed, the UWB chip on
the tracking device roay enter a low power mode, and the tracking device may automatically
switch on an integrated LTE and GPS technology, as discussed herein

[0032] The inttial set-up of the system may be governed by a smartphone application
that assists in the design of the containment zone. The tracking device may have an integrated
Bluetooth chip with which 1t can receive signals from Bluetooth-enabled smart phones for the
mnitial set-up and configuration and future software updates. As noted above, except for the
initial configuration of the containment zone, the UWB beacons may not commumicate with
each other. Moreover, in some embodiments, the UWB beacons may not communicate with
other devices and/or may not be connected to a wireless communications network or to the

internet.
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{0833] In some embodiments, the UWB chip may operate at a frequency range of
about 3.1 GHz to about 10.6 GHz. The transmussion power of the tracking device and beacon
may be about -41.3 dBm, which complies with the maximum EIRP levels established in the
FCC’s rules for several UWB applications. In a further embodiment, when the remote
tracking device determines a very precise location, it may determine if the location is within a
specified distance from the boundary. Based on this determunation, the remote tracking
device may then take one or more actions {(e.g., playing one or more audible tone(s),
vibrating, 1ssuing an electrical shock, etc.).

[8034] Some embodiments may also comprise a mobile application for managing
gither the creation of the containment boundary or the monitoring of the pet with respect (o
the boundary. The mobile application may be executed on a mobile information handling
device, such as, a smart phone, tablet, laptop, etc. The mobile application may display on a
display device (e.g., built into the mobile information handling device), a graphical user
mterface (GUI) related to the containment system. As will be discussed further herein, the
GUI may contain status information about the containment zone or the tracking device. In
addition to status/monitoring information, the GUI may also allow one or more users o
interact with the containment system via one or more hardware and/or software devices {e.g.,
buttons, sliders, switches, etc.). In a further embodiment, the information displayed on the
GUI regarding the containment system may be transmitted via Wi-Fi, as discussed herein.

[8035] Thus, the embodiments described herein present a technological improvement
over the art that amounts to a significant improvement over conventional systems (e g.,
underground, wireless, low precision GPS, etc.). As will be discussed further herein, this
reults from a variety of factors, such as, ease of implementation, mobility, flexibility, and

tracking capability.
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[0036] The present disclosure provides sysiems, methods, and/or computer program
products. The computer program product may include a computer readable siorage medium
{or media) having computer readable program mstructions thereon for causing a processor (o
carry out aspecis of the present disclosure.

[8037] The computer readable storage medium can be a non-transitory tangible
device that can retain and store mstructions for use by an instruction execution device (e.g.,
one or more processors). The computer readable storage medium may be, {for example, but is
not limited to, an electronic, magnetic, optical, eleciromagnetic, semiconductor storage
device, or any suitable combination of the {oregoing. A non-exhaustive st of more specific
examples of the compulier readable storage medium includes the following: a poriable
computer diskette, a head disk, randorn access memory (RAM), read-only memory (ROM),
erasable programamable read-only memory (EPROM or Flash memory), static random access
memory {SRAM), a compact disc read~only memory {CD-ROM), a digital versatile disk
(DVD), a memory stick, a tloppy disk, a mechanically encoded device such as punch-card(s)
or raised structures in a groove having mstructions recorded thereon, and/or any suitable
combination of the foregoing.

[8038] A computer readable storage medium, as used herein, is not to be construed as
one or more transitory signals per se, such as radio waves or other freely propagating
electromagnetic waves, electromagnetic waves propagating through a waveguide or other
transnussion media {(e.g., light pulses passing through a fiber-optic cable), or elecirical signals
transmitted through a wire.

{0839] Computer readable program instructions described herein may be downloaded
to respective computing/processing devices from a compuier readable storage madium, or to

an external computer, or external storage device via a network, for example, the Internet, a
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local area network (LAN), a wide area network (WAN and/or a wireless network. The
network mayv comprise conductive transmission cables (e.g., copper cables), optical
transmission fibers, wireless transmission, routers, firewalls, switches, gatewav computers,
and/or edge servers. A network adapter card or network interface in each
computing/processing device receives computer readable program instructions from the
network and forwards the compuler readable program instructions, for storage in a computer
readable storage medium, within the respective computing/processing device,

[8048] The illustrated example embodiments will be best undersicod by reference to
the figures. The following description is intended only by way of example, and simply
tHustrates certain example embodiments.

[8041] Referring now 1o FIG. 1, an embodiment of an example system is shown 100,
The example system comprises various devices such as: a wireless tracking device 101 (e,
remote tracking device), such as a collar-mounted device, one or more beacons 102, a mobile
application 103, and various global navigation satellite system (GNSS) satellites 104, It
should be understood, that any form of navigation satellite may be used in the embodimenis
discussed herein. For example, embodiments may utilize global positioning system (GPS)
satellites, global navigation sputnik system (GLONNASS) satellites, Galileo system
satellites, BeiDou system satellites, Indian Regional Mavigation Satellite System
(IRINSS/NAVIC) satellites, or any other current or future satellite navigation system.

[0042] For simplicity, the remainder of the document may simply refer to a GNSS
system as GPS or a navigation satellite, however, any of the above terms may be used
interchangeably for the purposes of this disclosure. Additionally, throughout this document,

GNES will be referenced with regard {o location information. However, it should be

~10-
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understood that location information includes both latitude/longitude focation information as
well as altitude focation information with regard to the disclosed embodiments.

[0043] In some embodiments, as shown in FIG. 2 a beacon 200 may comprise various
components. For example, the beacon 200, may have a power source {e.g., power cord,
underground electrical feed, solar power, a batterv pack, etc.) 201 to power the beacon. In a
further embodiment, the beacon 200 may have a memory and processor (CPU) operatively
connected to perform various actions based on software code 202. In a further embodiment,
the processor or CPU may be a chip on board {COB) 202, The beacon 200 may also comprise
a network connection device that may connect to a network using, for example, a cable
connection {e.g., Ethemet) and/or a wireless comnection (e.g., Wi-Fi, Bluetooth, elc.).
BLUETOOTH" is a registered trademark of Bluetooth Sig, Inc. in the United States of
Arnerica and other countries.

{0044} In some embodiments, the beacon 200 may also comprise a ultra-wideband
(UWB) connection 205, Although specific esxamples of radio frequencies are discussed and
itiustrated herein, it should be undersiood that any operable means of wireless
communication may be utilized, for example, any frequency bands labeled under the
International Telecommunication Umion (1TU) format including, but not himited fo:
Extremely Low Frequency (ELF), Super Low Frequency (SLF}, Ultra Low Frequency (ULF},
Very Low Frequency (VLF}, Low Frequency (LF}, Medium Frequency (MF}, High
Frequency (HF}, Very High Frequency (VHF), Ultra High Frequency (UHF). Super High
Frequency (SHF), Extremely High Frequency (EHF), Tremendously High Frequency (THF).

[0048] Although generally referred to herein as mostly stationary, it should be
understood that the beacon may be somewhat mobile. For example, the beacon may derive

power from a batterv pack, or a car power port. Thus, the beacon, or beacons, int one

-11-
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embodiment may move along with the collar {e.g.. to the park, or when trving to locate the
dog after containment breach). The accuracy may go down, specifically if less than three
beacons are being used.

{8046] As discussed above and illustrated in FIG. 3, some embodiments may also
comprise a wireless tracking device 300. For simplicity purposes, the wireless tracking device
300, as discussed herein, may be a collar-mounted electronic tracking device. However, i
should be understood, that any tracking device, such as a hamess-mounied device, magnetic
device, adhesive, wearable device, elc. may be utilized to track an object, individual, amimal,
or any valuable asset. The wireless tracking device 300 may comprise a power source {e.g.. a
DC power source such as a battery, solar panel, kinetic generator, etc.} 301 in order {0 power
the onboard electronics. Additionally, in some embodiments, the wireless tracking device 300
may Comprise one or more various power conditioners or power converters,

[8047] In embodiments in which the power source is a power storage device (e.g., a
battery}, the wireless tracking device 300 may comprise a power level indicator (e.g. a battery
voltage level indicator). Similar {o the previcusly discussed base station, the wireless tracking
ievice 300 may also comprise a global navigation satellite system (GNSS8) sensor 304 and a
device for ultra-wideband commmunication device 305.

{0048 In some embodiments, the wireless tracking device 300, may have a motion
sensor {e.g., accelerometer, gvroscope, or the like) 306 to detect when the wireless tracking
device is in motion or undergoing a transition from stationary 1o motion, or motion to
stationary. Some embodimenis may also comprise at least one processor 302 to receive and
process the input from the various sensors discussed herein. In some embodiments, the
wireless tracking device 300 may contain one or more motion , which may be used to

estimate iracking data when the signal from an adequate number of beacons is unavailable.

13-
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Thus, if a pet, for example, entered an area of the containment zone where a usable signal
from the required number of beacons {e.g., 1. 2, 3, 4, etc.) is obstructed the inertial tracking
system may be used until the signal can be reacquired.

{804%] In additional embodiments, the wireless tracking device may have one or more
wireless communication devices 303, such as a Long Term Evolution {LTE) antenna and/or a
Bluetooth antenna. In allermnative embodiments, GNSS sensors and/or an LTE anienna may be
part of a secondary device, which may be attached (e.g., clipped, threaded, magnetized, etc.)
to the wireless tracking device. In some embodiments, the secondary device may conmect
and/or communicate with the wireless tracking device via a hardwired connection. In an
alternative embodiment, the secondary device may connecied 1o the wireless tracking device
using a wireless commumication protocol, such as those discussed herein.

[8056] In some embodiments, the secondary device may have an mieral power
source (e.g., a battery, charging sysiem, power connection, etc.). In a further embodiment, the
secondary device may obtain its power source from the wireless tracking device. Thus, in
some embodiments, the secondary device may be electronically coupled or attached to the
wireless tracking device This connection mayv be, for example, a hardwired connection, an
wireless power connection, an induction power conmection, or any method of power
transnussion known know or inn the future,

[8051] In addition to tracking and motion detection, some embodiments may
comprise additional components that allow for corrective stimulus to be applied or an alarm
system to sound. For example, an audio device or audio circuit may play a tone or series of
tones to inform of incorrect behavior, or 1o warn that if the incorrect behavior continues an
alternative corrective measure may be employed {e.g.. electrical shock), calling the

authorities, etc. In some embodiments, a lighi (e.g

pdid

LED) may flash or ithuminate indicate
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incorrect behavior. Additionally or alternatively, a vibration may be provided via a vibration
mechanism (not pictured).

[0052] Generally, these auditory, visual, and haptic stimuli are used as an early or
gentle corrective tool when used as a pet tool. However, if a more direct corrective measure is
required, some embodiments may issue an electrical shock (e.g., to the pet via two or more
glectrodes) or trigger an alarm or messaging system. In some embodiments, the
shocking/alarm circutt may have varying levels of intensity, and thus may require a complex
circuit to manage. For example, various regulators, as shown, may be implemented to enable
the wireless tracking device 300 1o issue the corrective action {e.g., electrical shock) at one or
more tensity levels,

[8053] Referring now 1o FIG. 4, a representative method 1s shown for tracking a
specific device within a containment boundary. In some embodiments, beacons {e.g., two or
more beacons), as discussed herein, may obtain location information related to the remote
tracking device 401, As discussed herein. the remote tracking device may also comprise a
ultra~-wideband communication device. The ultra-wideband communication device may be
used to determine the relative location of the remote tracking device 401 {e.g., X, Y, and Z
coordinates) based on the known location of the beacons (e g., two or more beacons} as
discussed herein. Once the remote tracking device 300 has determined its approximate
location based on the relative location of the beacons 200, the determined location
information may be fine-tuned and the accuracy increased.

[90584] Accordingly, some embodiments may utilize a sensor within the beacon, as
discussed herein, to determine the location of the beacon with a high level of accuracy 402. In
some embodiments, the beacon may be a stationary device that a user may place in and/or

around their home or business, which utilizes ultra-wideband technology to gather
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information or focation information. Because the one or more beacons 200 generally do not
move and their location is known, the remote tracking device’s 300 location 1s determinable
based on its location relative to the three or more beacons. In some embodiments, the one or
more beacons 200 may regularly send out a pulse or chirp, which can be received at the
remote tracking device 300. Because the frequency and/or regularity of the pulses is known,
the remote tracking device 300 can determine s relative distance from each beacon 200
within a range. Based on the timing with which each pulse is received, the remote tracking
device 300 can deternmune its location in an X, Y, and £ coordinate system within the

contatnment zone.

{0056} Based on the received location information from a plurality {(e.g., two or more)
beacons, the tracking device may determune an accurate location. Accordingly, in some
emnbodiments, the remote tracking device 300 may evaluate the location data using an X, Y,
and Z coordinate systern 403, Once a location of the remote tracking device 1s determined, an
embodiment may use this information, as discussed herein, to deternune a relative location of
the tracking device relative to the created boundary as discussed herein 404,

[8057] Thus, in some embodiments, as discussed with regard to obtaining the location
information for the tracking device 401, a user may take a device {e.g., the tracking device,
smartphone, or other location-sensing tool} to varicus places to record a highly accurate
location. For example, referring to FIG. 5, a user may walk in a path around an area for which
they wish to create a boundary zone. As shown in FiG. 5, as a user is walking around the
perimeter of their vard, they may stop occasionally o record their location using methods

discussed herein 501.
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[0058] Fach of the circles 501 represents a location at which the user recorded their
focation. In some embodiments, a user may record their location via a user activity such as
pressing a button on their smart phone or pressing a button and/or switch on the remote
tracking device. In some embodiments, the location may be recorded based on a user’s
movement. For example, as discussed herein, the mobile tracking device comprises a motion
sensor {e.g., acceleromeler), and thus can determine if a user is walking or standing still. If
the user pauses to stand still for a certain period of time, some embodiments may, determineg
that the user intended to record their current location for the purposes of creating the
containment zone boundary. Allematively, a user may shake the remote tracking device to
mndicate their intent to record the location as one of the plurality of points 501,

[8059] Referring back to FIG. 4, some embodiments may then take sach of the
maodified points of location mformation recorded by the user, o create the containment zone
houndary and perform a corrective action based on the location of the tracking device
relative to the containment boundary 405, This may be carried out by drawing a connecting
line between two consecutively received location points or two points that most closely
posttioned to each other. Thus, the plurality of modified location points are stitched together
based on the order in which they were received or proximity to create the pet containment
boundary.

[8060] In some embodiments, a specific characteristic may be assigned to one or
more of the created sections. For example, referring briefly to FIG. 5, a user may wish to be
able to pause or disable the corrective action of the remote tracking device, such as, for
exampie to take their dog for a walk, without running the risk of the dog being corrective
measure when exiting the boundary. Thus, a user may wish to deactivate the boundary and/or

pause the corrective measure of the remote tracking device so they can traverse the edge of
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their driveway S02, in order to allow their pet to exit the containment zone safely without
corrective action.

[9061] Thus, some embodiments may further aliow for certain portions of the
boundary to have various characteristics. These characteristics may include modifiers to the
issuance of a corrective action. For example, a user could set a lower intensity shock value
for a pet in the back vard and a higher value m the front vard to further reduce the chance of
the pet going into the road and/or traffic. Additionally, the characteristics ay be modified
regarding the type of corrective action, such that one portion of the boundary may 1ssue an
audio correction, one may issue a vibration correction, elc.

18062] Some embodiments, similar to the example in FIG. 5, may allow for portions
of the boundary 1o be modified based on various user actions or time-based events. In some
embodiments, the change in characteristic may not be tied to the boundary, but instead may
be associated with the wireless tracking device. Thus, 1t a user has multiple pets, a user can
simplv pause the corrective action for one pet, to allow them to exit the containment zone
safelv, while maintaining the zone for other pets.

[08063] 1t should also be understood that in some embodiments, multiple containment
zones might be created in the same area. Thus, for example, a user may have a front yard
containment area and a backyard containment area. The areas may be adjacent (e.g.,
touching), or separated by property without a containment zone. Moreover, some
embodiments may have containment zones within other containment zones. For example, if a
user has a pond or flowerbed they wish o keep their pets out of, they may create a
containment zone around the perimeter of their property as well as around an area within
their property. This would create a boundary within a boundary, thus creating a donut-like

effect.
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{0064] Referring again to FIG. 5, in some embodiments, three or more beacons 501
may be placed around a determined containment zone. In some embodiments, the beacons
may be placed up to approximately 50 meters from one another. In an embodiment, the a
beacon may create an invisible boundary line between iiself and one or more additional
beacons. Thus, if two beacons are within range of each other, and 1n some cases, have a clear
line of sight, a boundary vector is created directly between the two beacons. Thus, in some
embodiments, such as that shown in FIG. §, a beacon 501 A may create a vector boundary
between itself and beacon 501 B. Beacon S01B may also create/form a boundary vector with
beacon 501C. Thus, as indicated by the dashed lines, an invisible boundary vector may exist
between each of the beacons 501,

[8068] In some embodiments, the wireless tracking device (e.g., collar) can determine
the one or more vector boundanies between two or more beacons. Moreover, because the
systerm can deternune the location of the vector bounder, it can also determine the wireless
tracking device’s approximate location relative the vector boundary. Moreover, in some
emnbodiments, the location of the wireless tracking device mav be determined only as the
collar approaches the boundary {e g., vector boundary). Thus, in some embodiments, the
coliar can be placed in a lower power or non-tracking mode while it is within the boundary,
but far enough away tfrom any vector boundary be detected. This allows for power
conservation as well as reduced the number of beacons a user may need. For example, on an
extremely large property, the tracking feature may be in low power most of or all of the time
because the collar never approaches the boundary.

[0066] Referring briefly to FIG. 9, an illustraiive example method for processing the
functionality of the wireless tracker is depicted according to an embodiment. In this

embodiment a tracking device (e.g., a pet’s collar) may be initialized 901. Once the tracking
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device is initialized 901 it can be tracked through various zones {e.g., inside the boundary, a
buffer zone near the containment zone {e.g., a zone where an alarm may sound}, a
containment zone {e.g., where the pet is corrected}, and a zone outside the containment area
{e.g., where a GPS tracking system may be enabled). In a further embodiment, once the color
is imnitialized 901, the color may be synchronized and/or calibrated in a manner that indicates
its focation relative to the one or more zones, such as, for example, setting the collar as being
mside the boundary 902,

18067] As discussed herein, the wireless tracking device may operate differently
and/or have different features/capabilities, depending on the ocation of the device relative 1o
gach of the known zones {e.g., safe zone, buffer zone, shock zone, GPS rzone, etc.). In one
embodiment, and as shown in FIG. 9, while the color is mside the boundary and m the safe
zone, it may determine the collar’s relative distance to the range of the boundary 903, If it i3
deterroined that the collar 1s within a detectable range of the collar, the system (e.g., the collar
or wireless tracking device) may determine if the collar 1s mside the buffer zone 904, As
discussed herein, the buffer zone may be, in some embodiments, a zone in close proxinity to
the boundary. Thus, if the wireless collar gets too close to the boundary and/or 15 at potential
risk for crossing the boundary a preliminary correction measure may be implemented (e.g., a
buzzer or vibration maybe turned on 903,

[9068] In some embodiments, the preliminary correction measure is a measure o
allow the animal, pet, or person make voluntary correction prior to issuing a full corraction
method (2.g., ashock}. Thus, in some embodiments, once the burzzer is activated 903, the
system may continually check to determine of the collar is still within the buffer zone 906, If
the collar is determined to have returned to the safe zone (e.g., is no longer in the buffer zone)

907 the system may turn the preliminary correction {e.g., buzzer) off 908. However, if it is

&
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deternmuned that the collar 1s outside of the boundary all together, the system may then turn
the preliminary correction method off 909 and activate the full correction method (e.g., issue
a shock} 910 and initiate GPS tracking 911

{806%] In a further embodiment, the system mav continually monitor the location of
the collar such that f can determune if the collar has reentered the boundary 911, If the
system determunes that the collar has reentered the boundary 911, 1t then determines if the
collar s within the buffer zone 912, If the collar has retumed and is inside the bufler zone,
the system may disable the full correction method (e.g., shock) and/or disable the GPS
tracking 914. Tt should be understood, that any combination of multiple boundaries s
possible, and that the number of containment zounes is virtually limntless {i.e., restnicted only
by the power of the processing devices and the capacity of the memory, as discussed heren).

[8076] In some embodiments, beacons may be able fo automatically, or be manually
configurable to, create additional types of boundaries. Referring to FIG. 12, a single beacon
can function as a more traditional proxinuty tracking system 1200. Thus, in sorme
emnbodiments, the singular beacon may create a circular boundary 1204 that can be used as a
containment zone, with the beacon 1203 at its center. This allows a user to have a practical
solution for when thev need to set up a temporary pet containment zone, and/or when they are
raveling and unable to setup the full system. Additionallv some embodiments may allow
beacons to act as wirgless fence posts with the boundary configured to connect between
adjacent beacons. Referring to FIG. 13, two beacons have been deploved to create a virtual
gate which may act as a boundary or simply track the pet as they come and go.

[9071] In a further embodiment, two or more beacons may be used 1o expand the
relative size of the proxumity boundary. For example, as shown in FIG. 14 a user may place

two or more beacons {(g.g., 1401, 1402, 1403, etc.) in a line or shape thereby expanding the
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range and size of the containment area. Thus, because the system is location based, and
determined in real time, the wireless tracking device {e.g., collar} is able to easily modify the
proximity containment area based on the number of beacons and their relative location(s) to
each other.

[9072] Not only can multiple boundaries be created for a single geographic location
{e.g., a house), but multiple boundaries at, multiple locations, may also be created. For
example, if a user has a beach or vacation house, they can create a customized boundary of
the property, save the boundary, and associate it with the specific property {e.g.. a property
profile). Thus, a user may have multiple property profiles associated with various locations.
Reducing the need fo reestablish the contaimment boundary every time the system is set up
iraproves the portability and ease of use of the system.

{0073} Accordingly, some embodiments may include mounting bardware or a
foundational structure such that the beacon can easily be placed in exactly the same location
after removal. By way of non-limating example, if the beacon system involved a bollard like
device, a permanent structure roay be recessed into the ground to allow for easy removal and
reinstaliation of the beacon hollard. Additionally or altematively, the beacon device may be
shaped like an orb, cube, disc, cylinder, or the like. Thus, some embodiments mav have
mounting hardware that allows the beacon to be clipped, magnetized, or otherwise fastened fo
the mounting hardware. Thus, in various embodiments, the mobility of the beacons may be
enhanced using various mounting tools and/or hardware.

[98074] FIG. 10 provides an exemplary iHustrative embodiment of a beacon assembly
1000. The beacon 1001 is mounted on a post 1002 which improves signal across the user’s
property by raising the device above ground level obstacles. The assembly 1000 is kept in

place a stake 1003 inserted into the ground. Referring to FIG. 11, the same assembly 1000 1s
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depicted in an exploded view. By removing the beacon 1001 from the post 1102, the internal
batteries 1104 may be replaced. Multiple posts 1102 may be joined via conneciors 1105 to
achieve an optimal height to avoid signal obstruction across the containment zone.

{8675] Once the containment zone boundary is created using the various techniques
discussed herein, some embodiments may monitor one or more pets o determine if they
attempt to breach the established boundary. Thus, in some embodiments, location information
of the wireless tracking device (i.e., remote tracking device) may be obtained. By way of
Hlustrative example, this location information may relate to the approximate location of a
person, pet, or object, such as, a dog, person, object, or asset within in the containment zone,
In some embodiments, the wireless tracking device may capture location imformation in real
time (1.e., the actual time during which the tracking device 1s moving in space).

[8076] Referring to FIG. 6, the beacons 603 mav broadcast {e.g., transmuit a
pulse/ping) across a known radius 604. As shown, at least three radu 604 overlap the desired
boundary zone created by the detected points 601, As discussed herein, the location of the
remote tracking device is determined based on three or more beacon locations 603 based on
the time delay of receiving the pulse/pings of each beacon. Because the three or more
beacons 603 provide a complete coverage of the created boundary zone using the (ie, the
radius zone 604 of each beacon 603 covers the entire boundary area).

{9077] Referring briefly to FIG. 7, an illustrated example of the containment system
is shown. As discussed at length herein, the svstem may comprise a wireless/remote tracking
device 701 and one or more beacons 702. In some embodiments, as discussed herein, the
remote tracking device 701 may transfer data via a wireless network connection 703 (e.g.,
LTE, WiFi, etc.). The data may, in some embodiments, be transmitied to a server 704 for

storage and/or analysis.
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[0078] Additionally or alternatively, in some embodiments, a corrective action may
comprise sending a communication to one or more user devices. For example, as discussed
herein, the remote tracking device may be connected to a computer network using the
network connection device {(e.g., a LTE connection device), and may thus send a
notification, via the computer network, o a user device (e.g., smartphone}, notifying them of
a pet’s current focation, for example, if the pet breached the containment zone, was detected
within a predetermined distance from the contamment zone, etc.

[80678] In some embodiments, the pet’s real-time location may be transmitied to a
user device. For example, if the pet breached the containment zone boundary, a user may
receive anotification that the pet is no longer contained, while also being provided location
imformation. The range and accuracy of the pet’s location information ray be based on the
wireless cormmmunication method selected for use between the tracking device an d a remote
computer system {(e.g., server 704). As should be understood by one skilled n the art,
different frequencies have different ranges, and thus may influence how far away the pet can
he before location information is no longer accessible.

[0080] In some further embodiments, when a pet or asset breaks out of the
containment area, the remote tracking device may switch tracking methods to allow for a user
to track their pet outside of the containment zone. For example, in some embodiments, when
a pet or asset is determuned to be outside of the containment zone and/or beyond the range of
the one or more beacon pings the remote tracking device may turn off the ultra-wide-band
communication and enable or rely solely on the use of a GNSS device. Thus, if a pet or asset
is beyond the range of the beacons, a user may be able to actively track their pet via a GPS
system or the like. As discussed herein, the remote fracking device may then use the buili-in

LTE connection device to transmut its location to a remote server. Accordingly, a user may
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have real-time access to their pet or asset’s location anywhere a LTE or similar
communication sysiem is available.

[0081] As discussed herein, the wireless tracking device may have a motion sensor
{e.g., an accelerometer) built into its housing. Thus, in some embodiments, the motion sensor
may detect the current and historical motion of the pet. Based on this determination, it may be
determined that the pet has been motionless or stationary for a period of time {e.g., 1-60
minuies). In order to save baltery power, some embodiments may allow certain components
to be tumed off or enler a low power state. For example, the remote tracking device may tum
off all conmmunicaiion other than the ulira-wide band device, In some embodiments, even the
wltra-wide band device may be put into a slesp mode. However, once the pet begins 1o move
again, the motion sensor may detect the roovernent, and all of the components of the remote
tracking device may be activated again. In sorse embodiment, radio modulation may be usec
for power saving. The wireless tracking device may perform any type of radio modulation to
achieve a lower powered signal which still meets system requirements.

[6082] It should be understood that although only one wireless tracking device 1s
discussed herein, i1 is for simplicity only. Multiple wireless tracking devices may be utilized
with any of the disclosed embodiments. Stated differently, a user may have multiple pets and
multiple tracking devices in one or more containment zones.

[8083] Additionally, some embodiments may allow the remote tracking device and/or
beacon to communicate with one or more smart devices/objects (e g., the Intemet of Things).
Some non-limiting examples of smart devices/objects may include a dog door with a locking
mechanism that can be activated or deactivated based on the location of the pet and a feeding

system that may be activated based on the location of the pet. It should be understood that
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any implementation of a smart object relative {o the pet’s location may be implemented in the
vartous embodiments discussed herein.

[0084] As discussed herein, the altitude of a pet may be determined using the GINSS
and/or the ulira-wide-band communication modules in the tracking device. Thus, the
corrective action, or the smart object interaction, may also be iriggered based on the
determined height of the petl’s location.

[8083] In some embodiments, a computer program product for managing a pet
containment system may be utilized by a user on one or more user devices {e.g., smariphone,
computer, ete.}). For example, a user may create a profile or login that may then be shared
with famly members (o access the containment system via one or more mobile applications.
Additionally, an embodiment may allow roultiple profiles or login credentials to provide
different privileges to each user. For exaruple, a parent may have full access to modify the
containment system, whereas a child may only have the ability to suppress a corrective
action, as discussed at length herein, in order to take the dog for a walk.

{0086} As alreadv discussed herein, a user may utilize this application for determining
a plurality of boundary points when establishing the containment zone boundary.
Additionally, in some embodiments, the application mayv displav a graphical user interface
(GUD) related to the pet containment system on a screen of a user device. Using the GUL a
user may receive information, modify the containment system, or perform other actions.

[8087] For example, some embodiments may display information indicating that one
or more pets have crossed a predefined boundary point {(e.g., escaped the containment zone)
to a user. Additionally, some embodiments may mform the user if a pet 1s within a specific
range of a predefined boundary point. For example, if a pet has spent a great deal of time at

one particular portion of the boundary, there may be something of interest (e.g., another
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animal) in that area that the user may need to monitor. As discussed herein, the application
may also provide information regarding a location of a pet within the containment system and
mformation regarding a location of a pet outside of the contamnment system. Moreover, some
embodiments may go beyond location information. For example, some embodiments may
provide the user with a pet activity level. For example, the motion sensor in the remoie
tracking device may be able to moniior a pet’s activity level {e.g., step count) and report the
mformation {o the user.

{8088] In some embodiments, the application may enable modification of the
containment zone and/or the remote tracking device. For example, a user may wish {0 enable
or disable a section of a boundary zone, enable or disable the entirety of a boundary zone,
enable or disable the entire contaimnment system, enable or disable the corrective action
capabilities of the remote tracking device, and/or assign one or more rersote tracking devices
to one or more different containment zones. As discussed herein, the application may also be
used to enable or disable the corrective actions issued to a particular tracking device {e.g., 1o
allow one or more dogs to exit the containment zone with permission). Additionally, the user
may modity which corrective actions are carried out on each of the tracking devices (e.g.,
audio, vibration, shock, etc.).

[0089] Accordingly, as discussed herein, some embodimenis provide a system and
method for enhanced location tracking for pets within a containment zone. The svstems and
methods inchude a mechanism to establish a containment zone boundary, such as, identifying
a plurality of location points and connecting the points to form a continuous boundary around
a particular zone. Some embodiments provide sysiems and methods for enforcing the
determined containment zone via moniioring a pet’s precise location, using various methods

described herein, and issuing a corrective action if the pet meets some predetermuned criteria
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{e.g.. breaches contain}). Additionally, some embodiments provide for a software application,
which alfows a user to easily manage and monitor the containment zone. The application, as
further detailed herein, allows a user 1o monitor any and all activity in and out of the
containment zone as it relates to the pets being remotely tracked. Additionally, in some
embodiments, the application allows the user to modify the entire containment svstem {e.g.,
turning on and off particular sections).

[8098] Computer-readable program instructions for carrying out operations described
herein may be assembler instructions, mstruction-set-architecture (ISA} instructions, machine
mstructions, machine~-dependent instructions, microcode, firmware msiructions, state-setting
data, or either source code or object code writlen in any combination of one or more
programming languages, inchuding an object-oriented programming language such as Java,
Smalltalk, C++ or the like, and conventional procedural programming languages, such as the
“C” programming language or similar progranvming languages. The computer readable
program instructions may execuie entirely on the user’s computer, partly on the user’s
computer, as a stand-alone software package, partly on the user’s computer and partly on a
remote computer, or entirely on the remote computer or server. In the latter scenario, the
remote computer may be connected to the user’s computer through anv type of network,
including local area network (L AN} or wide area network (WAN), or the connection may be
made 1o an external computer {for example, through the Internet using an Internet Service
Provider).

[8091] The methods, systems, and computer program products are described herein
with reference to flowchart illustrations and/or block diagrams of methods, apparatuses
(systems), and computer program producis according to embodiments of the disclosure. Tt

will be undarstood that each block of the flowchart itustrations and/or block diagrams, and
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combinations of blocks in the flowchart illustrations and/or block diagrams, can be
implemented by computer readable program instructions.

[0092] These computer readable program insiructions may be provided io a processor
of a computer or other programmable data processing apparatus 1o produce a machine, such
that the instructions, which execute via the processor of the computer or other programmable
data processing apparatus, implement the functions/acts specified in the flowchart and/or
block diagram block or blocks. These computer-readable program instroctions may also be
stored in a computer-readable storage medium that can direct a compuier, a programmable
data processing apparatus, and/or other devices to function in a particular manner, such that
the computer-readable storage medium having instractions stored therein comprises an arficle
of manufacture including 1nstructions which implement aspects of the function/act specified
in the Howchart and/or block diagram block or blocks.

{0093} The computer-readable program instructions ray also be loaded onto a
computer, other prograromable data processing apparatus, or other device to cause a series of
operations to be performed on the computer, other progranumable apparatus, or other device
to produce a computer-tmplemented process, such that the instructions which execute on the
cormputer, other progranunable apparatus, or other device implement the functions/acts
specified in the flowchart and/or block diagram block or blocks.

[98094] The flowchart and block diagrams in the figures illustrate the architecture,
functionality, and operation of possible implementations of systems, methods, and computer
program products according to various embodiments of the present disclosure. In this regard,
each block in the flowchart or block diagrams may represent a module, segment, or portion of
instructions, which comprises one or more executable instructions for implementing the

specified logical functions. In some alternative implementations, the funciions noted in the
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block may occur out of the order noted in the figures. For example, two blocks shown in
succession may, in fact, be executed substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the fimctionality involved. I wall also be
noted that each block of the block diagrams and/or flowchart iltustration, and combinations of
blocks in the block diagrams and/or flowchart illustration, can be implemenied by special
purpose hardware-based systems that perform the specified functions or acts or carry out
combinations of special purpose hardware and computer insiructions.

18095] FIG. 815 a block diagram of an example data processing system 800 i which
aspects of the tHustrative embodiments are implemented. Data processing system 800 15 an
example of a computer, such as a server or chient, in which compuder usable code or
imstructions implementing the process for tllustrative embodiments of the present invention
are located. In some embodiments, FIG. 8 may represent a server computing device,

[8096] In the depicted example, data processing system 800 can employ a hub
architecture including a north bridge and memory controller hub (NB/MCH) 801 and south
bridge and input/output (I/0) controlier hub (SB/ICH) 802, Processing unit 803, main
memory 804, and graphics processor 805 can be connected to the NB/MCH 801. Graphics
processor 805 can be connected to the NB/MCH 801 through, for example, an accelerated
graphics port (AGP).

[9097] In the depicted example, a network adapter 806 connects to the SB/ICH 802,
An audio adapter 807, kevboard and mouse adapter 808, modem 809, read only memory
(ROM)} 810, hard disk drive (HD) 811, optical drive (e.g., CD or DV} 812, universal
seriad bus (USB) ports and other communication ports 813, and PCI/PCle devices 814 may
connect to the SB/ICH 802 through bus system 816. PCI/P(Cle devices 814 may include

Ethernet adapters, add-in cards, and PC cards for notebook computers. ROM 810 may be, for
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example, a flash basic input/output system (BIOS). The HDD 811 and optical drive 812 can
use an integrated drive electronics (IDE) or serial advanced technology attachment (SATA)
interface. A super VO {S10) device 815 can be connected to the SB/ICH 802,

{0698} An operating system can run on processing unit 803. The operating system
can coordinate and provide control of various components within the data processing system
800, As a client, the operating system can be a commercially available operating systemn. An
object-oriented programming system, such as the Java' ™ programming system, may run in
conjunciion with the operating system and provide calls to the operating system from the
object-oriented programs or applications execufing on the data processing system 800, Asa
server, the data processing system 800 can be an IBM® eServer™ System p® running the
Advanced Interactive Executive operating sysiem or the Linux operating system. The data
processing system 800 can be a synwnetric multiprocessor (SMP) system that can include a
plurality of processors in the processing unit 803. Alternatively, a single processor system
may be employed.

{00991 Instructions for the operating system, the object-oriented programnung
system, and applications or programs are iocated on storage devices, such as the HDID 811,
and are loaded into the main memory 804 for execution by the processing wit 803. The
processes for embodiments described herein can be performed by the processing unit 803
using computer usable program code, which can be located in 2 memory such as, for
example, main memory %04, ROM 810, or in one or more peripheral devices.

{90100} A bus svsiem #16 can be comprised of one or more busses. The bus system
816 can be implemented using any type of communication fabric or architecture that can

provide for a transfer of data between different components or devices attached to the fabric
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or architecture. A communication unit such as the modem 809 or the network adapter 806
can include one or more devices that can be used to transmut and receive data.

{00181} Those of ordinary skill in the art will appreciate that the hardware depicted in
F1G. 8 may vary depending on the implementation. Other intemal hardware or peripheral
devices, such as flash memory, equivalent non-volatile memory, or optical disk drives may be
used 1n addition to or i place of the hardware depicted. Moreover, the data processing
system 800 can take the form of any of a number of different data processing systems,
ncluding but not himited {o, client computing devices, server compulting devices, tablet
computers, laptop computers, telephone or other communication devices, personal digital
assistants, and the like. Essentially, data processing system 800 can be any known or later
developed data processing system without architectural limitation.

{80162} The system and processes of the figures are not exclusive. Other systems,
processes, and menus may be derived in accordance with the principles of embodiments
described herein to accomplish the same objectives. It 1s to be understood that the
embodiments and varniations shown and described herem are for illustration purposes only.
Modifications to the current design may be implemented by those skilled in the art, without
departing from the scope of the embodiments. As described herein, the various svstems,
subsystems, agents, managers, and processes can be implemented using hardware
components, software components, and/or combinations thereof. No claim element herein is
to be construed under the provisions of 35 U.S.C. 112{f} unless the element is expressly
recited using the phrase “means for.”

{00163} Although the disclosure has been described with reference to exemplary
embodiments, it is not limited therato. Those skilled in the art will appreciate that numerous

changes and modifications may be made to the embodiments described herein and that such
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changes and modifications may be made without departing from the true spirit of the
disclosure. It is therefore intended that the appended claims be consirued to cover all such

equivalent variations as fall within the true spirit and scope of the disclosure.
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CLAIMS
What is Claimed.

1. A wireless tracking system comprising:

a plurality of beacons, each of the plurality of beacons comprising: at least one
antenna and at least one power source, wherein the at least one antenna is configured to
transmit a locational ping; and

a wireless tracking device comprising: a processor; at least one antenna, at least one
power source; and a non-transitory, processor-readable storage medium that stores
mstructions executable by the processor to:

receive, using the at least one antenma, a locational ping from at least two of the
plurality of beacous;

calculate, based on the locational ping from the at least two beacons, a direct
connection path between the at least to beacons;

deternune, based on the locational ping from the at least two beacons, a distance of
the wireless tracking device relative to the direction connection path; and

perform, based on the proxinuty distance to the connection path, a corrective measure.

2. 'The system of claim 1, wherein the wireless tracking device further comprises:

a motion sensor; and

wherein the instructions are further executable by the process to:

receive, from the motion sensor, mertial movement data; and

determine. based on the inertial movement data, one or more movement factors of the
wireless tracking device.

3. The system of claim 2, wherein the instructions are further executable by the

process to:
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determine, based on the inertial movement data, that the wireless tracking device is
within range of at least one beacon;

determineg, by the processor, that the wireless tracking device failed to receive a
focational ping from the at least one beacon, and

alert, by the processor, a user that the at least one beacon is in an error state.

4. The system of claim 2, wherewn the instructions are further executable by the
PIOCess to:

determine, based on the inertial movement data, that the wireless tracking device hag
been stationary for a period of time; and

deactivate certain components within the system to save power.

3. The system of claim 1, wherein one or more of the plurality of beacons are
designed to replicate at least one of a man-made and a natural object.

6. The system of clairm 1, wherein the locational ping is transmutted using ultra-wide
band.

7. The system of claito 1, wherein the system is imtialized using a mobile cormputing
device comprising: a processor; at least one antenna; and a non-transiiory, processor-readable
storage medium that siores instructions executable by the processor to

receive, using the at least one antenna, beacon data for each of the plurality of
beacons;

associate, based on the beacon data, each of the plurality of beacons with an
identifier; and

configure a mode of operation for the wireless tracking device.
8. The system of claim 1, wherein the wireless tracking device further comprises at

least one of a GNSS system, a GPS system, and cellular network interface.
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9. Thesystem of claim 1, wherein the instructions are further executable by the

transimit, using the at least one antenna, a signal to af least one of the plurality of
beacons requesting the beacon to modulate into a power save mode.

10. A method of wireless tracking comprising:

receiving, using at least one antenna, a locational ping from at least two of a plurality
of beacons at a wireless tracking device;

calculating, using a processor, a direct connection path between the at least {o beacons
based on the locational ping from each of the at least two beacons;

determining, based on the locational ping from the at least two beacons, a distance
hetween the wireless tracking device and the direct connection path; and

performing, based on the distance, a corrective measure.

11, The method of wireless tracking of claim 10 further comprising:

receiving, from a motion sensor, inertial movement data; and

determining, based on the inerfial movement data, one or more movement factors of
the wireless tracking device,

12. The method of wireless tracking of claim 11 further comprising:

determining, based on the inertial movement data, that the wireless tracking device is
within range of at least one beacon;

determining, by the processor, that the wireless tracking device failed to receive a
locational ping from the at least one beacon, and

alerting, by the processor, a user that the at least one beacon is in an error state.

13. The method of wireless tracking of claim 11 further comprising:



CA 03110645 2021-02-24

WO 2020/041795 PCT/US2019/048163

determining, based on the inertial movement data, that the wireless tracking device
has been stationary for a period of time; and

deactivating certain components within the system {0 save power.

14. The method of wireless tracking of claim 10, whearein one or more of the plurality
of beacons are designed to replicate at least one of a man-made and a natural object.

15. The method of wireless tracking of claim 10, wherein the locational ping is
transmitied using ulira-wide band.

16. The method of wireless fracking of claim 10, wherein the svstem is initialized
using a mobile computing device comprising;

receiving, using the at least one antenna, beacon data for each of the plurality of
beacons;

associating, based on the beacon data, each of the plurality of beacons with an
identifier; and

configuring a mode of operation for the wireless tracking device.

17, The method of wireless tracking of claim 10, wherein the wireless tracking device
further comprises at least one of a GINSS sysiem, a GPS system, and cellular network
interface.

18. The method of wireless tracking of claim 10, further comprising:

transmutting, using the at least one antenna, a signal to at least one of the plurality of
beacons requesting the beacon to modulate into a power save mode.

19. A wireless tracking system comprising;

at least one beacon, each beacon comprising: at least one antenna and at least one

power source, wherein the at least one antenna is configured (o transmit a locational ping; and
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a wireless tracking device comprising: a processor; at least one antenna; at least one
power source; and a non-transitory, processor-readable storage medivm that stores
mstructions executable by the processor to:

receive, using the at least one antenna, a locational ping from at least one beacon;

determineg, based on the locational ping from the at least one beacon, a nearest
distance of the wireless tracking device relative to a beacon; and
perform, based on the proximity distance to the nearest beacon, a corrective measure.

20. The system of claim 19, wherein one or more of the plurality of beacons are
designed to replicate at least one of a man-made and a natoral object.

21. The system of claim 19, wherein the locational ping is fransmitted using ultra-
wide band.

22. The system of claim 19, wherein the system is mitialized using a mobile
computing device comprising: a processor; at least one antenna; and a non-tfransitory,
processor-readable storage mediurm that stores instructions executable by the processor to:

receive, using the at least one antenna, beacon data for each of the plurality of
beacons;

associate, based on the beacon data, each of the plurality of beacons with an
identifier; and

configure a mode of operation for the wirelass tracking device.

23. The system of claim 19, wherein the wirgless tracking device further comprises at
least one of a GNSS system, a GPS system, and cellular network interface

24. The system of claim 19, wherein the wireless tracking device further comprises
instructions executable by the processor to signal at feast one of the available beacons to

radio modulaie to save power.
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18. The method of wireless tracking of claim 10, further comprising:

transmut, using the at least one antenna, a signal to at least one of the plurality of
beacons requesting the beacon io modulate inio a power save mode.

25. A method of wireless tracking comprising:

receiving, using the at least one antenna on a wireless tracking device, a locational
ping from at one beacon;

determining, based on the locational ping from the at feast one beacon, a nearest
distance of the wireless tracking device relative to a beacon; and

performing, based on the prosimity distance (o the nearest beacon, a corrective
measure.

26. The method of wireless tracking of claim 25, wherein one or more of the plurality
of heacons are designed to replicate at least one of a man-made and a natural object.

27. The method of wireless tracking of claim 25, wherein the locational ping is
transmutted using ultra-wide band.

28, The method of wireless tracking of claim 25, wherein the system 1s inttialized
using a mobtile computing device comprising:

receiving, using the at least one antenna, beacon data for each of the plurality of
beacons;

associating, based on the beacon data, each of the pluralitv of beacons with an
identifier; and

configuring a mode of operation for the wireless tracking device.

29. The method of wireless tracking of claim 25, wherem the wireless tracking device
further comprises at least one of a GNSS system, a GPS system, and cellular network

interface.
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30. The method of wireless tracking of claim 25, further comprising:
transmitiing, using the at least one antenna, a signal {0 at least one of the plurality of

beacons requesting the beacon io modulate inio a power save mode.
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