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SERIALLY -CONRECTED BLUETGTH Low ENEray Nopes

BACKGROUND
{6601} Bhlietooth Low Energy (BLE) nodes are becomning an industry wide phenomenon
for applications including locationing and ssset tracking. For examiple, BLE nodes at
mapped locations can transmit BLE beacons as part of an overall locationing sysiem,
which can be used for deiccting a mobile device’s presonce, 1is zong, or is actual position.
For example, if a mobile device detecis a certam node’s beacon at a certain location,
then it can be assumed that the mobile device 1s also at that certain location. BLE
nodes that are currently on the market are hattery operated devices which transnit
periodic beacons. These nodes use Over-The-Ar ({OTA) programnung technigues from a
wireless server to sot pararneters such as bhink rates (Lc. the rate at which beacons are
sent} and ansmit power lovels. However, the node fismware is loaded tto the node
during the manufacturing process and sl expected to be changed once 1t s release o the
field.
{88021 Battery operated BLE nodes, such as these used fow only transmuiting beucons,
have a number of Hinitationg including batiery it and nods management.  In general
the use of batleries creates mumerous operational tssues. Balteries, of course, add cost to
the product, and must be weplaced over time. Also, battery management owst be
implemented to alert the customer to service the podes when the battonies are near thewr
end-ofelife to prevent system downtime. In some applications, where highly accnrae
lacationmnyg is requived, thousands of batteries can be deploved w a single store, creating a
logistical nighimare servicing nodes and disposing of batieries. Adding battery
replacement capability (o the node also increases its mechanical complexity and cost.
{8603} For BLE nodes the Tifeume of the bafteries is most dircetly related io the {beacon)
chirp rate, but for most locationing algorithms ligher chirp rates are desirable. Today
chirp rtes of ten per seeond are the standard, but even faster rates may be pecessary.
Markst stadies show that a one vear Lifctime &5 8 munimalby acceptabie battery life for
custorers.  However, at a ton per second chirp rate o standard CR2450, 620maH batery
will lose ils charge in about four months, Therefore, longer battery lifetimes are highly

desirable.
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{0004} Regarding node management, beomuse BLE nodes ave 100% wireless, node
management mast be done Over-The-Alr {QTA)Y. Node provisioning includes sctting
chirp rate and power Jevel and is done OTA - one node at a time, usually at installation, I
it 1 detcrmined during opergtion that the original settings are not correet or need o be
optnuzed, cach tag, one at & Ume, neads fo be reprogrammed. For a store with thousands
of tags this will be very ime consuming and may be a barrier to markel acceptability by
customers, Another, even worse scetrario, wondd be the need to re-download the soflware
i the tag. This could happon due to g bug discovered after installation or for a feature
enhancement. Downloading a typical software image may take ap (o twenty seconds per
node, and since the BLE node is in a connect state daring this ume, can drain away a
sigmficant portion of the batlery hfe.

{8005} Accordingly, there is g need for g BLE node that can be manufactured and
utilized i a way that overcomes the aforementioned initations. It would be
heneficial to provide this overhead system in an easily mstalled arrangement that can

be provided and reconfigured at & low cost.

BRIEF DESCRIPTION OF THE FIGHIRES
{8006} The accompanying figures, where like reference namerals refer to identical or
functionally similar elements throughout the separats views, together with the datailed
description below, are incorporated in and form part of the specification, and serve (o
forther illustrate embodiments of concepts that inclode the claimed invention, and
explain various principles and advantages of those embodiments.
10007} FIG, 1 15 a simplified block diagram of a BLE node apparatus, in accordance
with one embodunent of the present invention.
{0008} F1G. 2 is a simplified block diagram of o BLE node apparates, n accordance
with ancther embodiment of the present mveniion,
{6609} FIG. 3 1s a simptified block diagram of a BLE node apparatus, in accordance
with vet another embodiment of the present invention.
{6010} FIG. 4 is a flow chart of a method, in accordance with some embodiments of

the present invention,
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{811} Skilled arisans will appreciate that elements in the fgures are dHlustrated for
simplicity and clarity and have not pecessarily been drawn to scale. For example, the
dimensions of some of the elements in the figures way be exaggerated relative to
other elements to help to improve understanding of embodiments of the present
invention

{6612} The apparans and method components have been represenied where
appropriate by conventional symbols in the drawings, showing only those specific
details that are pertinent to waderstanding the embodinents of the present invention so
as not to obscure the disclosure with details that will be readdly apparent to those of

ordinary skill in the art having the benelit of the description heremn.

DETAILED DESCRIVHION
160131 The present invention provides an improved Blaciooth Low Encrgy (BLE) node
deployment with the abifity to improve node management and mitluate battery life
wssues wath a low mstatlation cost. In particular, the present invention senally-
connects a set of low-cost consumer-grade BLE nodes along wires in a single cable.
The cable can carry both power and compuancations connectivity for all the senially-
connected BLE nodes along the cable. As a result, simply stringing the cable within
an establishment will provide not only a low-cost BLE node network, but also a
locationing network with minimal mstallation cost. 1t is envisioned that the present
invention can be deploved in numerous different enviromments moludes a vetail store,
warehouse, hospitality areas, businesses, i, enviromments including retail stores,
warehouses, hotels, businesses, aic.
{0014} Advantageously, the present invention avouds the need te change batteries i
mdividual BLE nodes and stmplifies any reconfigucing of BLE nodes in the field In
addition. the present invention takes advaniage of the fact that BLE nodes can also
receive signals. The present invention crestes a complete wacking and asset
management svstem, In prier art BLE nodes, the reectve functionality 1s only used for
OTA provisioning and software uparades. During novmal operation the node is in a degp
slecp, baitery saving mode until # needs to beacon. However, in the present invention

the BLE node also functions, when not beaconing, as a full-aime receiver. Givena
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convmpucations path back 1o a locatiomng sorver, the presentt mvention also scts as an
asset tracking svstem by recevwving BLE beacons from assets, ¢.g. shopping carts, lugpage
carts, employees with BLE devices, etc. Where the BLE nodes are deploved in known,
fixed locations any node thal recetves a beacon from ap asset can relay this miormation to
the locationing server along with s identification, thereby by associating a location of the
asset with the known BLE node location.

[8615] FIG. 1 is a block diagram of one smbodiment of serially-connected Bluetooth
Low Energy nodes 16, A cable 14 includes two continuous divect cutrent power
wires. A plurality of battery-less Bluetooth Low Euerpy nodes 14 are connected in
series with the power wires along » length of the cable. For example, the nodes can
be deployed as strings of up to 64 nodes over 100 meters of two-conductor cable. Itis
envisioned that the nodes can be connectad to the two power wires using known
insulation displacement eonnection techniguey where the node power connection can
simply be crimped onto the power wires, The nodes can be placed aaywhere along
the cable. For example, i one moter locationing accuracy ts desired along some distance,
aodes can be placed cvery one meter over that length of cable. 1 fess accuracy is neoded
i a different ares, lags can be spaced further apant or at points of interest. For example,
10 & hotel hallway it may b desirable to place tags al guest’s door, clevators, starrwells,
ete.

{8816} Becanse the present syverdion chnunmtes muy power concer, chivp rates can be
set to aptimize locationing convergence, increasing the speed with which accurate
locationing is achieved. I this embodiment, the nodes can be configured in fransmit-
only mode, 1o periodically broadeast identifving beacons 18, where o mobile device 16
moving within the envivonment will be able to read a bescon 18 from a nearby node and
wirelessly report the beacon infornraton to the locationing server, using a cellular
commumication or local arca wireless network.. The ability of the nodes to transnit
beacons o a mohile devicoto report o the locationing scrver opons up focatoning
services which can be offored to the customer. Any mobile device reporting node
heacons can be easily located and tracked by the server stnce the BLE nodes are deployed
iy known, fixed location. For example, any mobile device that receives a beacon from a
node can relay the node identity mformation to the locatoning server, therehy assotiating

a location of the mobile devive with the known BLE node location.
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{8017} In FIG. 1, a power source 12 Is conneried at oue point alony the cable 14 and
operable o provide power to the plurality of nodes along the power wires. In this
way only one power sowrce powers all the nodes and can be scaled 1o provide a
suitable amount of power to last a desired ammnt of time. The power sorrce can be
located anywhere along the cable. The power sowrce can be a simple DC
rechargeable battery pack, an AC/DC conversion transformer that can be phigged o
a standard wall outlet, or a Power-over-Ethemet connection,

{0018} For example, the power source can be located anywhere atong the power wires
and simply snapped on the cable 1o make the power connection, again wsing an insulation
displacement comnector. Even with sixty-four tags iv recetve mode, power draw will be
low, siv the power sowree can be very small. Because the individuat nodes do not have
their own batiery they can be made smaller than in the prior art 1o be extremely smali,
lightweight, and inconspicuous, and can be-easily clamped onto the power wires wsing
insulation displacerment techniques, The small pavge of the reguired wires and the small
footprivt of the nodes makes installation vptions simyple, numerous wsd straightforward.
[8019] The power source also provides a means to reset the operating state of alf wodes
on the cable by mterrupting e supply of power to all nodes simaltancously. This mught
be necessary following an electrival disruption such as o Hghining stnike, a software
fathure, or to ivitiate a software upgrade. A systeny roset nuight be lrigpered by a push
hutton on the power source, a mesaage from the headend interface, or when a sufficiently
fong mnterval of conumunications inactivity is observed.

{00201 FIG. 2 15 a block diagram depiction of another embodiment of the present
invention. In this embodiment, the cable 14 also includes communication wires for
communicating with the plurality of nodes 10. A headend interface 20 couples the
conumupication wires to a remote device, such as a wireless access poit 22 connected
o & locationing server 24, The headend interfacs can be clamped onto the cable using
msulation displacement techniques, Preferably, the headend mierface 28 1s connected
to one end of the cable 14 and 8 suntable termination 26 s clamped onto the other end
of the cable. 1n this case, a power source 12 could be provided as before, although the

headend interface can include a power distribution module to act as the powsr sourge

s
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for the nodes. Ta this case, the power distribution module can melude a ransfonmer
and a converter to convert standard AC mains power to DO power for the nodes.
{8021} The headend interface communicates with a headend device, which does not
need 1o be physically coupled to the cable. The headend device is g controller or
processor which is the master node in the communications protovol (o the BLE nodes
and the interface to the location server vis an embedded Wi-Fi client radio or o wired
Ethernet interface. The headend device terminates the protocol and passes the
infornmation, Le. bocation data, provisioning data, ete between the BLE nodes and the
focation server. The location server is the master controller of the systems. The
tocation server may control muny of these strings of BLE nodes. The location server
could be local 1o the BLE sirings or could be m the cloud.

{8622} Although, the povwer wives and communication wires can be separate {in a
four-wive cable), it Is envisioned that the power wires and the network communication
wires can be the same two wirgs. In particular, a two-wire cable can support a bi-
directionsl, pomnt-te-multipoint 1Mbisec protocol. This protocol will use spectrum above
baseband, allowing 1t to coexist with the DU power on the same wires. The
comnmnication protocol will ternunate at the headend mibcrface 20 which wall provide an
TEEE 802,11 wirgless interface (o conneet the nodes to oxisting wirclesy infrastructure
{¢.g. access point 22) of the building and to the remote server {e.g. locationing server 243,
{8023} The wiveloss infrastructure can comprise loeal and wide-avey networks, or other
[EEE 802,11 communication systems. However, it should be recognized that the
prasent invention is also applicable to other wired or wireless conununication systems.
For example, the desctiption hergm can apply (0 one o more conunanication
nebworks that ave IEEE 862 xx-based, emploving techoologios such as 1TEEEs 802,11,
802.16, or 802.20, modified to implement embodiments of the present invention.
{8024} Those skilled n the ant will recognize that FIG. 2 does not depict all of the
equipment necessary for system to operate but only those system components and
logical entities particularhy relevant 1o the description of embodiments berein, For
exampde, servers, routers, switches, and aceess poinls can all includes separate
provessers, conmanication mterfaces, fransceivers, memories, ete. by peneral,

components such as processors, transceivers, memoties, and interfaces are well-
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koown, For example, processing anits are known (o comprise basic components such
as, but not Himited to, microprocessors, microcontrellers, memory cache, application-
specific integrated circuits, field progranvmable gate arrays, andfor logic circuitry.
Such components are typically adapted to implement algorithms andior protocols that
have been expressed using high-level design languapes or descriptions, expressed
nging computer instructions, expressed aging messaging logie flow diagrams.

{231 Thus, piven an algorithm, a logic flow, a messagingfsgnaling fow, andior a
protocol specification, those skilled in the ag ave aware of the many design and
development techniques available to implement a processor that performs the given
togic. Therefore, the entities shown represent & system that has been adapted, in
accordance with the descrption herein, to tmplement vanious entbodimenis of the
present nvention. Furthermore, those skilled in the art will recognize that aspects of
the present invention may be implemented in and across various physical components
and none are necessarily limited to single platform moplementations.

{8126} Referring back to FEG. 2, each BLE node s assigned #ts own Media Access
Control {MAC) address during manufacture. Accordingly, the headend interface 20
can operate to mdividually address and communicate with each node 10 along the two
wires by digitally moduolating signals at a frequency above baseband to allow the
nodes 1o have simultaneous communication and delivery of power. Since the BLE
nodes are attached 1o a physical wire pair {which can be 4 twisted pair or straight}, the
nodes can be reconfigured and can get soflware updates over the wirg pair. In
addition, since all the nodes are on the same wive, it will also be possible for the
headend interface to group address ali the nodes at the same time 1o listen for
instructions from the headend iterface. In particular, the headend interface can
provide instraction {0 individoal or all the nodes on the cable to reconfigure operating
parameters of particalar addressed nodes. For example, reconfiguring the node
operating parsimeters can include any one or more of) software upgrades, provisioning
the node, changing power levels, transout beacon duty eycle {chirp rate), and
transnmifrecetve mode. Al node management functions, mcluding provisioning,

software upgrades, and the ke, will take place over the headend interface 28 botwoon the
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nodes and gocess point 22, The beadend mierface will conumuucate with the locaiton
server 24 over wireless infrastructure.

{8027} The ability to casily upgrade software coudd add asset racking and location
featuves, in secordance with the present invention. In particelar, the BLE nodes can
&ct as both a BLE beacon systern {using the locationing embodiment as in FIG. Y and a
BLE receiving systorn. For oxample, the nodes can be configured by the headend
imerface to perforntas g BLE beacon with js provisioned chirp rate and power fovel as in
the baltery operated node. However, borause the prosent invention eliminates any power
concern, chip raies can be set {o optimize locationing convergence, increasing the speed
with which accurate locationing is achieved. When not beaconing, the node canbe ina
receive mode, allowing ¥ (o report on the reception of any BLE enabled assets in the arca.
These received beacons 28 will be reported to the locationing server along with the
reporting aode dentity via the wired headend interface and wireless access point, wherein
the reporting node identity 1s assoctated with the mobile deviee location. The abibity of
the nodes to receive boacons and report these to the locationing scrver opens up entircly
new set of services which can be offered to the customer. Any asset equipped with a
beaconing tag can be casily located and tracked. This has munerous applications
throughowt rotail, hospiabity, and healtheare services.

{8028} FIG, 3 18 a block diagram depiction of vel another embodiment of the present
nvention. I this embodiment, the cable 14 also inchudes communication wires for
communicating with the plurality of nodes 18, The headend interface 21 terminates
the commmgnication protocol running on the BLE node side of the headend and
interfaces to a remote Ethernet device 32 with an Ethernet connection to the
locationing server 24, The headend interface can be clamped onto the cable using
wsulation displacement techiiques. Preferably, the headend wterface 28 15 connected
to one end of the cable 14 and a suitable termination 26 is clamped onto the other end
of the cable. In this case, a power source 12 could be provided as before, although the
headend interface can be supplied with & Power-over-Ethernet (FoE} conngction 34 1o
act as the power source for the nodes, In this case, the headend interface 28 can
supplies both power and a standard interface to & wired Ethemnet device 32, which can

inchude Ethernet 10G or nultiple 1G connections, for example, A headend processor,
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such as a field programmable gate array, provides a 10G or 1G physical laver
interface for the Fihemet connection. In this examgple, the Pol uuerface will act as the
communication backbone into the buildings network infrastractore as well as providing
power to the system. The headend interface, power disivibution module, and Ethernet
connections could be provided in a single physical module or in discreet modules.
{8029} As betore, the BLE nodes can set as both a BLE beacon systems and a BLE
recciving system. For example, the nodes can be configured by the headend interface to
perform as a BLE beacon (as shown in FHG. 1) with #s provisioned chirp rate and power
level as i the battery operated node. However, becaunse the present invention climinates
any power concern, chip rates can be set to optimive locationing convergence, mcreasing
the speed with which aceuorate locationing 1s achieved. When not beaconing, the node can
be 1 receive mode {as shown in Fi1Gs, 2-3), allewmg # 1o voport on the reception of any
BLE enabled assots in the area. These veceived beacons will be veported 1o the lovationing
server via the wired headend mierface and wired Ethernet device, Therefne, the
embodiments of FIGs, 2-3 can operate as in FIG. 1 when i ransmit mode and as shown
i FlGs, 2.3 when in recotve mode.

16030} Iastalling the system would be guite easy since the cable could be simply
strung in 8 building (e.g. in a straight line or weaved throughout a ceiling of the
building), where ong end of the cable would be attached 0 the headend terface. The
actual arrangement or placement of the cable combined with the number of nodes
installed per length determines the locationing accuracy. A cable strung in a straight
line would have fewer nodes per given area, while & cabled that is woven back and
forth would have more nodes per wiven area. The more cable installed in a given area,
the more locationing accnracy 1s avatlable. It s also envisioned that cables could be
coupled in series, as fong as g maximum length s not exceeded.

{80311 Because the power draw 15 very low for a siring of beacons, the cable type will
not need 1o be influenced by power capability but by mechanical issues and cost. For
example, simple lamp cord would be overkill for powsr requirements, but is cheap,
fexible and there are insulation displacement solutions available {or this. In another
case, a flat four-conducior ribbon cable, which may be usefuld for stringing under

carpeting, ete. will have enough current carrying capacity even at small gauges.

g
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180321 FIG, 4 shows a How chart of & method for serially-conpected Blustooth Low
Energy nodes, in accordance with the preseut invention, which includes a first step 49
of providing a cable including two wires, and a plurality of Bluetooth Low Energy
nodes connected in series with the wires along a length of the cable, the nodes withowt
individual batteries.

{8033} A next step 42 inclades powering the plorality of nodes by a power source
conneciad to the wires at one point along the cable.

{8034} Another step 44 inclades commanicating with the phurality of nodes over the
wires by o headend interface. This can be dove simultaneoushy with siep 42. For
example, conununicating 44 can include indwidually or group addressing and
communicating with each node along the two wives by digitally modulating signals at
a frequency above baseband to allow the nodes to have simultaneous communicating
and powering. The actual communication can include reconfiguring operating
parameters of addressed nodes.

{80351 A next step 46 inchudes transmitiing and/or receiving beacons by the nodes.
{0036} A next step 48 includes locationing of a mobile device using the transmitting
andfor recerving beacons. For example, the nodes can perform as a BLE beacon in
transmit mode {as shown n FIG, 1), When not beaconing, the node can be in recetve
maode {as shown 1o FIGs, 2-3). In transnut mode, a mobile dovice can receive the beacon,
including node identity information, frow a pearby node, and report this information and
its own identity o a locationing server, which will associale a known location of the
identified beacon with the rdentified mobile device. In recedve mode, a BLE node can
report ot the weeeption of any BLE bracon, including node identity and mobile device
identity, from a pearby mobile device, The report can be sent to the locationing server via
the wired headend trterface and wired Ethornot device, or the wired headend wieriace
and wireless aocess poins, wherein the locationing server will associate a known location
of the wentified beacon with the identified mobile device.

16637} Advantageously, the present invention can be deployed very simply. The
installation can be started by running the cable along the route where locationing or
asset tracking is desirable. The tags can be attached along the cable at specific

focations where locationing is desired, or at periodic lengths along the cable

it
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dependig on accauracy desired. Onge the cable is powered, the beacons can be
provisioned from the focalion sevver. Alternatively, the beacons can be pre-installed
at specific distances along the cable, or the beacons can be molded into the cable at
predetermined distances. In this case, the tags could be enabled based on the desired
lncation accaracy.

{68038 In the foregoing specification, specific embodiments have been described.
However, one of ordinary skill in the art appreciates that saricus modifications and
changes can be made withowt departing from the scope of the fnvention as set forth in
the claims below. Accordingly, the specification snd fipures are to be regarded in an
ustrative rather than a restrictive sense, and all such modifications are intended to be
incloded within the scope of present teachings.

{8039] The benefils, advantages, solutions to problems, and any element(s) that may
cause any benefit, advantage, or solution to occur or become more pronounced are not
to be construed as a critical, required, or essential features or elements of any or all
the claims. The mvention i3 defined solely by the appended claims mciuding any
amendments made during the pendency of this apphication and all equivalents of those
clairus as issued.

{8040} Moreover in this document, relational terms such as first and second, top and
hottony, and the ke may be used solely 1o distingaish one entity or action from
another entity or action without necessarily requiring or implyving any actual such
relationship or order batween such entities or actions. The terms "comprises,”

0oy

“comprising,” “has”, “having,” “includes™, “including,” “contains™, “containing™ or
any other vanation thereof, are intended to cover g non-exclusive inclusion, such that
a process, method, article, or apparatus that comprises, has, includes, contains g Hst of
elements does not include only those elements but may inclade other elements not
expressly listed or inherent 1o such process, wethod, article, or apparvatus. An element
proceeded by “comprises ...a”, “has ..a”, “includes .27, “contains .87 does not,
without more constrainis, preclude the existence of additional identical elements m
the process, method, article, or apparatus that comprises, has, includes, containg the
element. The terms “8" and “an™ are defined as one or more unless exphicitly stated

MO

otherwise herein, The terms “substantially™, “essentially™, “approximately™, “about™

i
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or any other version thereofl, are defined as betng close 1o as undersiood by one of
ordinary skill in the art, and in one non-limiting embodiment the term is defined to be
within 10%, i another embodiment within 5%, in another embodiment within 1%
and in another embodiment within 0.3%. The term “coupled” as used heram is
defined as connecied, although not necessarily directly and not necessarily
niechanically. A device or structure that is “configared” in a certain way i
confligured in at least that way, but may also be configured 1n ways that are not listed.
jo041] B will be appreciated that some embodiments nway be comprised of one or
maore generic or specialized processors {or “processing devices™) such as
microprocessors, digital signal processors, custonsized processors and feld
programmable pate arravs (FPGAs) and unigue stored program nstructions {inciuding
both sofiware and firnyware) that control the one or more processors to implement, in
conjunction with certain non-processor cirenits, some, most, or all of the functions of
the method and/or apparatus described herein. Alternatively, some or all functions
could be implemented by a state machine that bas no stored program instructions, or
in gne or more apphcation specific integrated circwits {ASICs), m which cach function
or some combinations of certain of the functions are implemented as custom logie.

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

18642} Morveover, an embodiment can be implemented as a computer-readable storage
medium having computer readable code stored thereon for programniing a comyputer
{¢.g., comprising a processor) 1o perform a method as described and claimed hetwin.
Examples of such computer-readable storage meditgns include, bat are not Hmited to,
a hard disk, a CD-ROM, an optical storage device, a magnetic storage device, a ROM
(Read Only Memory), 8 PROM {Progranmimable Read Only Memory}, an EPROM
{Erasable Programmable Read Only Memory}, an EEPROM (Electrically Erasable
Programmable Read Only Memory) and a Flash wemory. Farther, it is expected that
one of ordinary skill, notwithstanding possibly significant efTort and many design
choices motivated by, for example, available time, current techoclogy, and economic
considerations, when guided by the concepts and principles disclosed herem will be
readily capable of generating such software instructions and programs and 1Cs with

prinimal experinentation.
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{8043} The Absiract of the Disclosare is provided to allow the reader fo quickly
ascertain the nature of the technical disclosure. 1t 1s submitted with the vaderstanding
that it will not be used to interpret or Hmaut the scope or meaning of the claims. In
addiiion, in the foregoing Detniled Description, 1t can be seen that varous featuwes are
grouped together in various embodiments for the purpose of streamlining the
disclosure. This method of disclosare is not (o be interpreted as reflecting an
indention that the claimed embodiments require more features than are exprassly
recited in each claim. Rather, as the following claims reflect, inventive subject matter
lies in less than all features of a single disclosed embodiment. Thaus the following
claims are hereby incorporated into the Detailed Description, with each claim

standing on #s own as a separately claimed subject matier.

13
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CLANS

What 1s clasmed is;

1. An apparatus for serially-comnected Bloeiooth Low Energy nodes, comprising:

a cable including power wires;

a pharality of Bluetooth Low Energy nodes comnected in series with the power
wires alony a length of the cable; and

a pover source connectad at one point along the cable and operable 10 provide

power to the phurality of nodes along the power wires.

2. The apparatus of claim 1, wherein the cable also inchudes communication wires
for conmmunicating with the plurality of nodes, and further comprising a headend

interface coupling the communication wires to @ remote device,

3. The apparatas of claim 2, wherein the remote device 13 an access peoint, and

wherein the beadend interface conumunicates with the access point wirelessly.

4. The apparatus of claim 2, wherein the power wires and the conununication
wires are the same bwo wires, snd whergin the headend interface is operable w
individually address and comnnamicate with each node slong the two wires by
digitally modulating signals at a frequency sbove baseband to allow the nodes to have

simultaneous communication and delivery of power over the two wires,

5. The apparatus of claim 2, wherein the headend interfave is operable to
individually address and commumicate with each node along the communication wires

i order 1o reconfligure operating parameters of addressed nodes,
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&, The apparatus of clatm 2, wheremn reconfiguring the node operating parameters
includes at least one of the group of: software upgrades, provisioning the node,

changing power levels, transmii beacon duty cvele, transmitfreceive mode.

7. The apparatus of claim 2, wherein the remoie device is an Ethernet device and

the power source 1§ a Power over Ethernet conpection.

8. The apparatas of olaim 1, wherein the plarality of nodes bave knows, fixed

locations, are operable 1o ransmit beacons for use i locationing of s mobile device.

9. The apparatus of claim &, wherein the plurality of nodes are also operable to

receive beacons for use m locationing of a mobile device whan not transmitting
beacons.

10, The apparatus of claim 1, wherein the plurality of nodes have known, fixed

ocations, are operable 1o receive beacons for use in locatiomng of 4 mobile device.

11, A system for sertally-connected Blustooth Low Energy nndes, comprising;

a remote controller:

a cable including two wires for carrying power and communications;

a plurality of Blustooth Low Energy nodes connected in serigs with the two wires
along a length of the cable, the nodes operable to use beacons for locationing
of mobile devices by the remote controller;

a power source connected at one point along the cable and operable t provide
power to the plarality of nodes along the two wires; and

a headend interface coupling the two wires to the remote controller, wherein the
headend nterface is operable to individually address and communicaie with
each node along the two wives by digitally modulating signals al a frequency
above baseband {0 allow the nodes to have simultaneouns communication and

delivery of power over the two wires,
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12. A method for seriatly-connecied Bluetooth Low Energy nodes, comprising:

providing a cable including two wives, and a phurality of Bluetooth Low Energy
nodes connected in sertes with the two wires along a length of the cable; and

powering the plurality of nodes by a power source connecied o the fwo wires at

one point along the cable.

13, The method of claim 12, further comprising communicating with the plurality

of nodes over the two wires by a headend interface,

14, The method of claim 13, wherein commumicating includes individually
addressing and compmuuicating with sach node along the two wires by digitally
modiutating signals at a frequency above baseband to allow the nodes to have

simultanecus conununicating and powering.

15, The method of claim 14, whereln comnnamcating inchedes reconfiguning

operating parameters of addressed nodes.

16, The method of claim 12, further comprising:
transmitting beacons by the nodes, and

focating a mobile device using the transnuitted beacons.
17. The method of claim 12, finther comprising:

receiving beacons by the nodes, and

lacaning a mobile device using the recetved beacons.

16
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