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LUMINAIRE ASSOCIATE
F00017 This application is a non-provisional of and claims the benefit of U.S. Provisional
Patent Applications Sexial Nos. 61/907,069, 61/907,078, 61/907,090, 61/907,114, 61/907.133,
61/907,150, 61/907,168, 61/907 188 and 61/907,210 filed on November 21, 2013, the entire

contents of which are incorporated herein by reference.

BACKGROUND

FO002] Area and street lighting 1s one of the most important elements of a city's
infrastructure. For such extensive lighting installations it is desirable to know the locations of
individual luminatres for maintenance and other purposes involving planning and billing. In
many stasces, maintenance and mstallation crews installing lunmnaires record the luminaire
iocations by their GPS coordinates, The GPS coordinates are often provided by GPS recetvers
carried by the installation crews as part of a crew’s personal data assistant, It occasionally
happens that luminaires are moved and their new location coordinates are not recorded. This
introduces bookkeeping errors and mncreases the city’s overhead in maintaining the highting
infrastructure. It may also result in incorrectly locating and therefore misinterpreting data
provided by non-illumination functions that are associated with, and physically proximate to, the
huminaire.

[0003] It 1 also desirable for infrastructure managers to know if and when a luminaire has
recetved a substantial physical shock so that the luminaire may be examined for damage and also
to have a record of the time and characterization of the event for summarizing the facts of the
incident causing the physical shock.

{0004] A need therefore exists for a luminaire associate that will report and record physical

shocks and their characteristics and also alert infrastructure management to s relocation.

SUMMARY
fO005] A device, method, and system for a street lighting fixture to assess an acceleration

event impacting the street Hghting {ixture and further to determine if there has been a relocation

of the street lighting fixture.
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BRIEF DESCRIPTION OF THE DRAWINGS

[3006] One or wore exeruplary emabodiveents are set forth in the following detaled

description and the drawings, in which:

FO0G7] FIG, 118 a systemn diagram illustrating an exemplary outdoor lighting system

according to one embodiment.

FO008] FIG. 2 1s a partial sectional side clevation view illustrating an exemplary dimmable

outdoor lighting fixture apparatus with a controller module according to one embodiment. [0009]
FIG. 3 is a schematic diagram illustrating further detatls of the controller module in

the outdoor lighting fixtare apparatus of FIG. 2.

FO010] FIG. 4 1s another system diagram showing an exemplary outdoor lighting system with

rultiple a mesh network portions interconnected by a repeater with one portion bridged to a

general purpose network system according to one embodiment.

[0011] FIG, SA 1s a partial systerm drawings illustrating use of motion/occupancy sensor(s)

with reporting of sensed conditions between outdoor lighting fixtures via a lighting system

network for intelligent lighting control according to one embodiment.;

100121 FI(G.58 1s another partial system drawings dustrating use of motion/occupancy

sensor{s} with reporting of sensed conditions between outdoor lighting fixtures via a lighting

systera network for intelligent highting control according to one embodiment.;

FO013] FIG. 6 1s a system diagram illustrating an exemplary outdoor lighting system

inclading Power Line Carnier (PLC)~enabled outdoor lighting fixtures according to one

embodiment.[0014]  FIG. 7 is an llustration identifving the segments of a lighting fixture

according to one embodiment.

00151 FIG. 8 is an illustration of a physical shock to a lighting fixture that caused an

acceleration cvent according to one crabodiment.

[0016] FIG. 918 a graph representing the magnitude of horizontal acceleration plotied against

time for an acceleration event according to one embodiment.

F0017] FIG. 18 1s an illustration of a teraplate it to the magnitude of horizontal acceleration

in the acceleration event depicted in FIG. 9
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FO018] FIG. 11 illustrates the connection of components comprised in the laminaire associate
according to one emabodiment.
{0019] FEG. 12 illustrates a communications session between a luminatre associate and a

maintenance crew according to one embodiment.

DETAILED DESCRIPTION
[0020] Referring now to the drawings, like reference numerals are used in the figures to refer

to like eleruents throughout, and the various features are not necessarily drawn to scale. The
present disclosure relates to outdoor lighting systems and methods in which RF and/or PLC-
cuabled cutdoor highting fixtures formm one or more networks for control and/or monttoring by a
lighting control system of a general purpose network, with the control systens able to obtain data
from one or more utility meters by conununications through a general purpose network and the
lighting system network. The disclosed embodiments may be advantageously employed to
facilitate utility meter reading without requiring manual reading of residential or
commercial/industrial meters or localized wireless readings obtained from vehicles traversing
local streets, Instead, utilities and other meter data consumers can obtain meter information via
lighting control systems that control and/or monttor outdoor Highting fixtures via RF mesh
networks and/or PLC-based local networks, with the lighting control system obtaining the meter
data by communications through the general purpose network and the highting system network.
This usage of the outdoor lighting infrastructure as a conduit for utility meter information may
thus save vast resources of utility companics in staffing manual meter reading operations and/or
the expense of constructing and maintaining dedicated network infrastructures.

FO021] Referring initially to FIGS. 1-4, FIG. 1 depicts an exemplary outdoor lighting system
2 with RF-cuabled outdoor highting fixtures 100 formuing an RF mesh vetwork 10 for
commmunication between some or all fixtures 100 proximate a roadway or street 20, where the
mesh network 10 1s formed via ove or move individual RF comumunications connections or links
102 between fixtures 100 that are within range of one anocther. The Hnks 102 may be continuous
or discontinuous, with the network 10 being an ad-hoc selt-healing network. The fixtures 100 in
certain embodiments are individually addressable, such that each is capable of identifving a

message and relaying recetved messages to other fixtures within the network 10, whereby two
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fixtures 100 can comnmnication with one another through one or more intervening fixtures 100,
even though they are vot directly within RF range of each other. As shown in FIG. 4, morcover,
the RF-enabled outdoor lighting fixtures 100 may establish RF mesh network connections 102 to
form nwltiple mesh network portions with repeaters 400 bridging the portions. For example,
FIG. 4 shows a first RF mesh network 10a and a second RF mesh network 10b, with a repeater
400 providing communications mnierfacing between the networks 10a, 10b, Moreover, one or
rore of the RF-cuabled outdoor lighting fixtures 100 is operative to communicate by RF
signaling with at least one RF-enabled utility meter 30, such as RF-enabled gas meters 30, water
meters 30, electric power meters 30, for example,

FO022] The RF mesh network 10 is bridged with a lighting control system 202 of a general
purpose network systern 200 using any suitable bridging apparatus. In the examples of FIGS. 1-
4, a bridging component 215 provides communications interfacing between the RF mesh
network 10 and a general purpose network 210 of a network system 200, In certain
embodimeuts, the bridging component is a modem, such as a pole~-mounted Central Data
Collection Point ({CDCP) modem 215a operatively coupled to one of the fixtures 100 of the RF
resh vetwork 10 to provide communications interfacing between the RF mesh network 10 and
the general purpose network 210. In other embodiments, a pole-mounted Internet connection
bridging component 215b provides an Internet connection to one of the RF-enabled cutdoor
lighting fixtures 100 of the RF mesh network 10 and interfaces communications between the
networks 10 and 210,

{0023] The control system 2072 is operative to obtain meter data 252 from one or more RF-
enabled uitlity meters 30 by communications through the general purpose network 210 and the
lighting system RF network 10. The control system 202 can then provide the meter data 252 to
one or more meter data consumers 250, such as utility companies, municipalitics, companies, otc.
In operation, the lighting control system 202 1 operatively coupled with the general purpose
network 210 by any suitable network mterconnections, direct and/or indirect, including wired
and/or wireless faterconnections for transferring signaling and/or messaging. The system 202
further operates to control or mounitor at least one of the RF-enabled outdoor lighting fixtures
160, in addition to obtaining data {rom the RF-enabled utility meter(s) 30 via communications
through the general purpose network 210, the bridging comiponent 2135, and the RF mesh

network 10,
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100247 In certain embodiments, the RF mesh network 10 uses a ZigBee wireless protocol,
although other suitable communications protocols can be used. Moreover, the fixtures 100 may
be operative according to different protocols, for example, using a first protocol {e.g., ZigBee) to
communicate with other fixtures in the mesh network 10, and may also employ a second protocol
to communicate with utility meters 30 In certain embodiments, the lighting control system 202
can instruct onc or more of the lighting fixtures 100 to switch to a second protocol for contacting
one or more meters 30 to obtain readings or other data therefroru, after which the fixture 100 will
revert 1o the first protocol to relay the obtained meter data 252 hack to the controlier 202 via the
RF mesh network 10, any interveming router(s) 400, the bridging comaponent 2135, and the general
purpose network 210,

100251 The wireless interface of the individual fixtures 160 may act as a router and
retransmit received messages that are not destined for that particular fixture 100, thereby
facilitating establishinent and operation of the mesh network 10, Additionally, if a message is
destined for the ballast control unit, the message may be relayed to the control module and the
command therein used to control the dimmabie ballasts and/or the light outputs. Other devices
riay be coupled with the raesh vetwork 10 beyoud the lusirated outdoor lighting {ixtures 100,
meters 30, repeaters 400, and bridging components 215, for example, external RF-enabled
occupancy/raotion sensors 140, external RF transmitters and/or recetvers 130, and other like
devices. For example, the mesh network 10 in certain embodiments may inchade a coordinator
unit, such as a single coordinator per mesh network 10 (¢.g., 1 for network portion 10a and
another for portion 10b in FIG. 4). Upon initiating any network device, the fixtare 100 registers
with the coordinator unit using a umique id. In the case of the outdoor fixtures 100, registration
may include messages notifving the coordinator unit of the capabtlities of the fixture, for
example, how many dimmable driver/ballasts 116 and light sources 114 and other fixture
parameters, such as current dimming prograrus, profiles, or their control parameters, and/or
diagnostic information.

[0026] The coordinator may coordinate the fixtures 100 with any other network devices and
with one another. For example, the coordinator may send messages to the fixture 100 containing
commands operative to control dirmmable ballasts 116 and the light outputs thereof. The
coordinator unit may act based upon internal stimuli, such as an internal clock or timer, or

external stimult, such as an event triggered by a network device or a user, for instance, based on
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commands received from the lighting control system 202, For example, a coordinator unit may
iustruct the fixture 100 to power on light outputs at a certain time ot to power on hight cutputs i
response to motion sensed by a motion sensor device 140, The coordinator may be a dedicated
network device or can be mtegrated with another network device having additional functions,
For example, a light fixture 100 or a bridging device 215, or a motion sensor 140 may act as the
coordinator unit in addition to its above described functionality. Additionally, not every network
device within the mesh network 10 need necessarily act as a router,

(00271 As shown in FIG. |, the general purpose network systemn 200 may be a single or
multiple network archiiecture providing a processing environment in which one or more aspects
of the present disclosure may be practiced. The system 200 may include one or more processor-
based lighting control systems 202 implemented in a networked computing environment. In the
example of FIG. 1, a desktop computer 202a and a portable computer 202b are communicatively
coupled with a network 2190, each of which ncludes a graphical display 204 and one or more
input devices, such as a keyboard 206, a mouse or other pointing device 208, microphones for
speech commands, or other user input devices (not shown), where the portable computer 202b is
coupled with the network 210 via a wireless transceiver 211, The network 210, 1o tam, may be
commmunicatively connected with other networks, such as internet 216 providing operative access
between the corputers 202 and one or more of a network server 212, a network database 214,
and/or an internet data store 218 and a further server 213, In this regard, one or both of the data
stores 214, 218, and/or the servers 212, 213 or the compuiers 202 may store meter data 252
desired by a meter data consumer 250 to provide a unitary or distributed secure database, where
such storage may also be used for ighting control data or other mtformation related to outdoor
lighting systems being operated and monitored by the lighting control system 202.

FO028] The presently disclosed systems and methods may be implemented in certain
embodiments using one or more software program components operating or otherwise executed
by a microprocessor or other processing element (e.g. nucroprocessor 220 in the processor-based
systern 202, mmicrocontroller 125 in the lighting fixture control modules 120 as shown n FIG. 3,
etc.}. As best shown in FIG. 1, the processor-based lighting control system 202 can be
implemented in whole or 1n part 1n a network server 212, in one or both of the computers 202,
and/or in combination thereof. The control system 202 may include a microprocessor or other

processing element 220, a communication interface 221 that operatively interconnects the
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processor-based system 202 with the network 210, as well as a memory 224, a graphical user
interface 222 providing a graphic display 204 and one or more mput devices such as the
iltustrated computer keyboard and/or mouse 206, 208. The memory 224 in this example may
include data 229 and computer readable program code 225 with instructions executable by the
processor 220 to implement the functionality deseribed herein, where the system 202 may
operate on a unitary data set, and/or the data may be implemented in distributed storage {ashion
with storage of portions i the processor-based systern 202, the network server 212, and/or in one
or more interne based data stores 213, 214, 218,

100291 The system 202 may be operatively jnterconnected (¢.g., via the network 210) with
ong or more bridging components 215, such as a wireless network via a Cellular CDPD modem
or other wireless intertace 215a or an internet connection 215b providing data exchange and
other communication by and between one or more devices of the mesh network system 10 such
as the light fixtures 100, and/or the meters 30 such that the processor-based highting control
system 202 recetves data from and/or provides data to the devices 140, 100, 30, The processing
clement 220 in these embodiments may execute a program to implement a data and control
center system to allow gathering of meter data 252 from one or more of the meters 30 that are
commmunicatively coupled {continucusly or intermittently) with the mesh network 10. A given
meter 30 may be read using an RF connection between with one of the RF-enabled lighting
fixtures 100 of the mesh network 10 as shown in FIG. 1 and/or using a powerline connection 604
{(PLC-based) with one or more PLC-enabled fixtures 100 of an outdoor Highting network,

{0034 FEGS. 2 and 3 show further details of an exenmplary outdoor highting fixture apparatus
100 meluding a horizontal luminaire fixture assernbly 110 with a fixture housing structure 111
having an inlet conduit 113 for recetving power wiring. The fixture housing 111 may be mounted
to a building or to a pole or other support structure for a particular outdoor lighting application.
One or more hight sources 114 are supported i the fixture housing 111 via sockets 115, such as
incandescent lamps, fluorescent lamps, high intensity discharge (HID} lamps, LEDs or arrays
thereof, etc. The hight source(s) 114 is driven by a ballast or driver 116, also supported in the
housing 111, In certain embodiments a twist-lock receptacle 112 may be mounted to the top of
the fixture housing 111 for connection of 4 controller module 120, The controller module 120
may include a photo sensor 121 operative to sense ambient Hght near the fixture assembly 110

for controlling turn on and turn off timing 11 cortain embodiments. The twist-lock connector and
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the receptacle 112 provide electrical connection via wires 118a, 118b and 118¢, with two input
wires 119a and 119b routed into the housimg 111 via the conduit 113, which may optionally be
terminated at fuses 117. In one example, a first phase (linc} wire 118a connects the power line
from the first fuse 117 to g first receptacle terminal and a sccond phase wire 118b connects the
power neutral to the second terminal, with the neutral also being connected from the second fuse
117 to the driver or ballast 116 via wire 119b. The power line 1s selectively switched by the
controller module 120 and provided to the ballast or dviver 116 via a switched lime wire 118¢,
such that the ballast or driver 116 is selectively powered or unpowered by the operation of the
controller 120 which may include a load rated relay contact 126 (FIG, 3) operative according to a
switch control signal from the microcontroller 125 of the controller module 120 to sclectively
couple the mcoming line connection 1 18a with the switched power line 118¢. A dinuming control
signal may be introduced in certain embodiments from a dimming control/command component
122 to within the fixture housing 111 (FIG. 2} through a modification of the twist-lock socket
112, such as by including a fourth and/or fifth conductor to convey this signal to the dimming
ballast or driver 116 within the housing 111,

(00311 FIG. 3 illustrates a controller module 120 that meludes a divnming coraponent
{dimming command component} 122, The dimming component may be any suitable circuitry,
hardware, processor-execuied software or firmware, logic, etc., that operates to selectively
provide dimming control values or signals to the ballast or driver 116 through the twist-lock
receptacie 112 to cause the ballast or driver 116 to provide dimmable output from the light
source(s} 114. The dimming component 122 is communicatively coupled to the microcontroller
125 that includes a transceiver 123 with an antenna 1234 for RF communications according to
one or more protocols with other RE devices 130 {e.g., external RF control devices}, other R¥-
enabled fixtures 100, and/or with one or more RF-enabled utility meters 30. The microcontrolier
125 also includes a comrounications juterface 125a providing coramunications interfacing with
an internet connection bridging component 215b and/or with a CDPD modem bridging device
215a for ultimate connection with the highting coutrol system 202, o addition, the module 120
may include a Power Line Communication (PLCY transceiver 124 and a coupling capacitance
aliowing the microcontroller 125 to communicate with other fixtures 100, meters 30, and/or a
powerline bridge and router 615 via signaling conpections 634 on one or both of the line power

connections. Morcover, the module 120 may also include current and/or voltage measurement or
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sensing circuitry or components 128 and 129 for sensing input or switched power conditions for
intelhgent {e.g., feedback-type) divorning control.

(0032} The control module 120 in certain embodiments also inchades a photo sensor 121
which senses ambient Hight proximate the fixture assembly 110 and provides a sensed light signal
or value to the dimming component 122, The dimming component 122 selectively provides the
dimaming control value or values (c.g., 0-10V signal, messages, etc.} to the ballast or driver 116
in certain embodiments based at least 1u part on the sensed hight signal or value. For exaruple, the
dimming component 122 may be programmed or otherwise configured to provide dimmed light
via the dimming countrol value selection at dawn and/or dusk for reduced power consuraption and
for esthetic lighting, rather than the conventional full on/full off operation. In certain
embodiments, morgover, the dirmming component 122 may selectively dim the light output
during certain times for energy couservation. For example, dimming unused roadways to a safe
but efficient level in the middle of the night, with possible dimming control
modification/override according to signals or values received from an occupancy/motion sensor
140 operatively coupled with the microcontroller 125, In certain embodiments, moreover, the
dirnming control component 122 may be imiplemented as one or more software components
executed by the microcontroller 125,

F0033] o certain embodiments, the dimming coraponent 122 is operative to selectively
provide the dimming control value based at least in part on a received RF signal or value from an
external RF device 130, For instance, an RF command signal can be sent to the controller
module 120 wirelessly (and such signal can be sent to multiple controllers 120} for initiating
dimimed, full on, full off, flashing operation, or combinations thereo{ by a control device 130
having an RF transmitter, thus allowing security personnel to control outdoor lighting operation.
The dimming component 122 may thus provide the dimming control value(s} to control the light
output according to one or more criteria, some of which may be externally actuated (e.g., via the
PE sensor 121, motion sensor 140, and/or RF device 130 or combinations thereof) and some of
which may be preprogrammed i the controller module 120,

00341 Referring to FIGS. 2-38, the system 2 may also include one or more
occupancy/motion sensors 140 operatively coupled with one of the RF-enabled outdoor lighting
fixtures 100 or otherwise coupled with the network 10. For instance, the controller module 120

may be operatively coupled with a motion sensor 140 (FIG. 2) to receive a wired or wireless



WO 2015/077297 PCT/US2014/066337

signal {e.g., via transceiver and antennal 123, 123a). The signal from the motion sensor 140 may
indicate motion or persow/vehicle occupancy near fixture 110, The dimmung component 122
may be operated to selectively provide the dimming control value based at least in parton a
seused motion light signal or value from the motion seusor 140, For example, the dinwning
component 122 may increase a dimmed power level {or go to full-on operation from a previously
dimmed setting) when motion 1s sensed and continue this modified operation for a predetermined
time or until a separate reset command 18 received at the controller 120, In other embodiments,
the dimming control signal can be varied for output light flashing operation based at least in part
on a received motion detection signal from the sensor 140,

FO035] In the example of FIGS. 5A and 5B, the outdoor lighting fixtures 100 may notify one
another of a sensed occupancy, motion signal or message received from the sensor 140 via the
RF mesh network 10, A remotely controlled fixture 100 may respond by bringing the luminaire
to full brightness despite a current dinung setting, which may be particularly advantageous in
securtty and safety critical applications in that it does not depend in any way on the health or
current connectivity of the control system 202, For example, a sensor 140 associated with a
given fixture 100 (or associated with a portion of a roadway 20 proximate a given fixture 100}
can alert the fixture that a vehicle is approaching during a period of time with low expected
traffic in which a divaming control scheme or profile is currently used. The notified fixture 100
can alert other fixtures 100 along the roadway for controlled overriding of the dimming control
{e.g., to bricfly turn their light outputs up to full highting) while the associated portions of the
roadway are occupied. As shown in the example of FIG. 5A, when a vehicle 500 approaches
{and is sensed by} a first of four fixtures 100, the first fixture goes from off/dimming operation to
an ON condition and notifies the next fixture 100 to do the same, while subsequent fixtures 160
remain in the off/dimmed condition. As the vehicle 500 continues down the roadway 20,
signahng {rom a subsequent sensor 140 is relayed/reported through the mesh network 10 o cause
a third fixture 100 to turn ON, while the first fixture 100 returns to the dimmed/off operation.
This system thus facilitates the conservation of electric power while providing timely lighting as
needed by intelligent usage of the sensors 140 and sharing of the sensed condition information
within the network 10. The sensed condition{s) may be relayed to the lighting control system 202
in certain embodiments. The lighting control systems 202 may be interconnected with security

systems and relay sensed occupancy/motion conditions for appropriate responsive or remedial

16
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action.

[3036] Referring also to FIG. 6, the outdoor lighting system 2 way also or alternatively
include Power Line Communication (PLC -enabled outdoor highting fixtures 100 forming a
Lighting systern network 610 that is bridged with the lighting control system 202 of the gencral
purpose network system 200, In this example, the lighting control systern 202 obtains data from
PLC-enabled utility meters 30 by cormmunications through the general purpose network 210 and
the lighting system network 610, The PLC-enabled outdoor lighting fixtures 100 are operative to
communicate by power line signaling with at least one PLC-enabled utility meter 30 via the PLC
outdoor lighting network 610, with one or more bridging corponents 215 and/or a powerline
bridge and router 615 providing comumunications interfacing between the lighting network 610
and the general purpose network 210, The lighting control system 202 ruay operate as described
above to control or monitor one or more of the PLC-enabled fixtures 100. The lighting control
systern 202 may also operate to obtain meter data 252 trom the PLC-cnabled utility meter(s) 30
by communications through the general purpose network 218, the bridging component 215, 615,
and the PLC outdoor lighting network 610. The outdoor lighting network 610 in certain
embodiments ncludes at least one RF communications connections 102 between at least two of
the outdoor lighting fixtures 100 as described above, and the RF-based and PLC-based
operations can be used separately or in combination in various embodiments,

FO037] In certain embodiments, a modem bridging component 215a is coupled with one or
more PLC-cnabled cutdoor highting fixture 100 to provide communications interfacing between
the lighting network 610 and the general purpose network 210, In certain emvbodiments, an
Internet bridging component 215b provides an Internet connection to the PLC-enabled {ixture
100 to interface comnumications between the PLC network 610 and the general purpose network
210, In certain embodiments, the bridging component is a powerline bridge and router 615 that
provides cormmumications interfacing between the PLC outdoor highting network 610 and the
general purpose network 210, Multiple bridging components can be used in the various
implementations, along with repeaters 400 {e.g., FIG. 4 above) to connect segments of a PLC/RF
network 610, 10, Moreover, the PLC-enabled devices 100, 140, 613, etc. may provide multiple
protocol support, for fnstance, with one protocol used for communicating with fixtures 100 and
another used for communicating with utility meters 38, The above described occupancy sensor

functionality and usage may be eruployed via one or more occupancy or motion scusors 140

11
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{e.g., RF, directly connected, and/or PLC-enabled) which are operatively coupled with one of the
PLC-enabled outdoor lighting fixtares 100, The lighting fixture 100 may operate to notify
another fixture 100 of a seused oceupancy or motion signal or message received from the sensor
140 via the PLC outdoor lighting network 610.

00381 In one particular, embodiment, the lighting fixtures 100 are described by
segmentation mto parts as iHustrated in Fig. 7. The lighting fixture 100 comprises a lamp or
fumninaire 710, supported by a luminaire associate 720 that comprises the electronic components,
electrical circuitry, and mechanical couplings associated with the mounting and control of the
lumunaire 710, The luminaire associate 720 15 mounted atop a pole 730 that also provides a
conduit for the powerline 740 serving the luminaire associate 720 and the luminaire 710

100391 In this embodiment, the luminaire associate 720 will determine and record an
acceleration event resulting from a physical shock to the luminaire associate 720. An
acceleration event, as the term s used in this application, means acceleration mnduced by
movement of the luminatre associate 720 incurred by the lominaire associate 720 experiencing a
jerk or change in acceleration. Such acceleration events may include severe weather events such
as earthquakes, airborne debris impacting the pole supporting the luminaire associate, projectiles,
vandalism, explosions, or by a vehicle impacting the pole supporting the luminaire associate.
FIG. 8 i3 an tlustration of au errant vehicle 810 having run into pole 730 supporting lominaire
associate 720. The reference compass point diagram 820 in FIG. § shows that the vehicle 810
was traveling in a southwestern direction when 1t impacied the pole 730, A two-axis
accelerometer in the luminaire associate 720 are aligned such that the plane formed by the two
axes is cssentially parallel to the section of street below the luminaire associate. The two-axis
accelerometer will sense that the jerk causing the shock to the luminaire associate 720 had a
southwest direction.

13040 For example the illastration 1n FIG. 9 represents the magnitude of the horizontal
acceleration as periodically sampled by a computer and plotied against time. The sampling 18
doue of two avalog-to~digital electronic converters of two axes of a multi-axis accelerometer
where the two axes are orthogonal to each other and form a planc essentially paraliel to the
section of street below the luminaire associate device. For this example, the accelerations
reported by the two axes are denoted as 4, and 4., respectively denoting the acceleration from

the North direction and the acceleration from the East direction which in combination are
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referred herein as the horizontal acceleration. The magnitude of the horizontal acceleration is

= \:'AJ; + A; . A preset threshold

[accei @A[ s overlaid on the graph. If the magnitude of the

horizontal acceleration exceeds the preset threshold, the start of an acceleration event is declared.

When the horizontal acceleration drops below the preset threshold, the acceleration event is
declared to be over. The direction angle of the jerk causing the acceleration event, €, is

A

estimated by computing & = cos™ <% gt the time, 7, of maximum borizontal acceleration,

nax v

[accel .
[0041] The acceleration event may be summarized by detecting the beginning and ending of
the acceleration event and then deriving a template that may be fitied to approximate the
magnitude of the horzontal acceleration during the acceleration event. As an example, consider
the illustration 1 FIG. 10, The Eaccei[ of FIG, 9 18 plotted with a dashed linc 1020 and the
template includes of two joined solid line segments 10190, The leftmost of the two joined sohid

line segments begins at the two-dimensional point with coordinates (start,

8 AI 3 and terminates at

the two-dimensional point (¢

acced] ). The rightmost of the two joined solid line segments

max ?
begins at the two-dimensional point (7 ,lacced | )and terminates at the two-dimensional point
{end, & Al). The summary of the acceleration ovent is its start timge, its end time, and the defining

elements of the template used to approximate the magnitude of the horizontal acceleration during
the acceleration event.

00421 In another embodiment, the highting fixtures 100 are also described by segmentation
into parts as lustrated i Fig. 7, the luminaire associate 720 may determine if it has been
relocated. In this embodiment, an observation may be made upon installation of the luminaire
associates location. The location installed luminaire associate 720 may be recorded within a
lighting systern’s database to be at a reference geographical position, and this datum is also
stored in a non-volatile computer memory in the luminaire associate 720. There is concern that
for many large street lighting infrastructures, lominaire associates could be relocated by
installation and maintenance crews without updating their newly located positions in the lighting
systern’s database. The luminaire associate device may be designed to detect its spatial

translation beyond a distance presct by an installer or operator. If there is a significant temporal
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and distance displacement of the luminaire associate 720 from its stored reference geographical
position, this would 1ndicate a physical relocation of the luminaire associate 720, Sach a physical
relocation may be detectable by electronically samipling and processing the multi-axis
accelerometer data by doubly integrating the measurcd accelerations to estimate the total
displacement distance of the luminaire associate from its stored reference geographical position.
The integration wnterval may be chosen according to exclude false indications of significant
distance displacement due to the wntegration of error drift signals 1u the accelerometer data.
Anocther detection method may periodically or aperiodically compare a calculated GPS position
against the reference geographical position stored within the luminaire associate, A further
method is to use techniques that are well known in the art to fuse accelerometer and other
available sensor data with GPS readings and make a determination that the luminaire associate
has likely been relocated.
[0043] Fusing GPS data with other sensor data may require an estimate of the accuracy of
the GPS data provided. Many of the luminaire associates may be located in urban canyons and
incapable of generally viewing a constellation of GPS satellites that will ensure low geometric
dilution of precision. For these cases it may be best to employ a GPS receiver that reports some
of the components of the geometric dilution of precision including the Horizontal Dilution of
Precision (HDOP) so that the data {usion algorithm will be able to properly weight the GPS data.
[00441 As an example of data fusion of GPS and accelerometer derived estimate, consider
the estimated horizontal displacement derived from the accelerometer data is o, and the
variance of the estimated horizontal displacement derived fram the accelerometer data is o .
The estirnated horizontal displacement derived from the GPS is ‘?g and that the variance of the
horizontal measurement accuracy using the GPS i 5;: before geometric dilution of precision.
—
The horizontal geometric dilution of precision, HDOP, is HDOP = /o] + 5, where o, and
o, are, respectively, the variances of the dilution of precision components in the orthogonal

North and East directions. The variance of the horizontal measurement estimate of the GPS, aé )

2

. ) bl ) . p . N N .
isthus o, = HDOF - Uz . An estimate of the true displacement’s variance, o, may be derived

Yo

by fusion through weighting the noise variances of the two estimators to produce
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o, =1/ + o). The fusion estimate of the horizontal displacement is then
D=olod, + 0'525},2,} . This method of fusion would essentially discount the GPS estimate

with respect to the accelerometer derived estimate if the GPS unit in the fuminaire associate 720
were determined to have limited visibility to a GPS satellite constellation as may occur when the
GPS unit is in an urban canyon.

(00451 Data fusion methods may also make use of data available from other sensors. Such
other sensors may comprise inchinometers that measure angle of tilt and gyrovucters (electronic
gyroscopes) that measure angular velocity (rate of rotation}. It 1s noted that electronic packages
are commercially available that house a plurality of multi-axis sensors and host software to
perform fusion upon the data from the plurality of housed sensors.

100461 If an estimation determines that the luminare associate has likely been relocated, then
a datum indicating this may be set in non-volatile memory contained within the luminaire
associate, For purposes of this application, the daturn that indicates the hikelihood that the
furninaire associate has been relocated is referved to as the luminaire associate relocation datum
or LARD.

100471 The luminaire associate 720 may comprise the components ilustrated and connected
as shown in FI1G. 11. The lnminaire associate powerline 740 is connected to a rechargeable
encrgy storage device 1110 and s associated recharging circuitry 1110, The rechargeable
energy device may be a rechargeable battery or uliracapacitor. A power supply switch 1120 is
connected to both the luminaire associate powerline 740 and the rechargeable energy storage
device 1110, The power supply switch 1120 may supply power to the power distribution circuit,
1130, The power supply switch 1120 may also inform the power distribution circuit, 1130, if the
fumninaire associate powerline 740 1s epcrgized. I the luminaire associate powerline 740 is
energized, then the power distribution circuit 1130 may distribute power to a GPS receiver 1140,
a multiple-axis accelerometer with electronic analog-to-digital converters 1158, and/or a
computer 1160, If the luminaire associate powerline 740 is not energized, then the power
distribution circutt 1130 does not distribute power to the GPS receiver 1140, the multiple-axis
accelerometer with electronic analog-to-digital converter 1158, and/or the computer 1160 unless
power is recetved from another source. In an embodiment, the power distribution circuit 1130,
comprises a tilt switch or fevel monitor switch that candetect if the luminaire associate 720 is
undergoing motion such as tilting or level changes which are likely to result from the luminaire
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associate’s removal from its support pole 730 and its subsequent relocation. In this case, the
power distribution circuit 1130 may supply power to the GPS receiver 1140, the multiple-axis
accelerometer with electronic analog-to-digital converter 1158, and/or the computer 1160 fora
duration preset by installation or maintenance personnel, The power distribution cireuit 1130
may inform the computer 1160 that a tilt or level change has been detected that meets or exceeds
preset amount and that it hikely results from the luminaire associate’s rernoval from s support
pole 730, Subsequent data provided by the GPS receiver 1140 and the multiple-axes
accelerometer may be fused, using sensor fusion techniques well known in the art, to provide an
estimate of whether the lumunatre associate 720 has been displaced beyond a distance preset by
an installer or operator and the LARD is set.

100481 An embodiment 1s tllustrated in FIG, 12 for detecting if the LARD 15 set. The
luminaire associate 720 may turn on a low power wireless message transceiver and broadcast a
signal 1230 imdicating that the LARD 1s set. The low power wircless message fransceiver may be
fitted with an antenna whose pattern ts oriented to radiate mainly towards the strest below and
immediately around the lnminaire pole 730. As a maintenance crew in vehicle 1210 nears the
pole 730, a monitoring receiver carried by the maintenance crew may be employed to detect the
signal 1230 and respond to the luminaire associate 720 with signal 1220 informing the luminaire
associate 720 of its new reforence geographical location, The luminaire associate will then
replace the its former reference geographical location with the new reference geographical
iocation, reset the LARD, and cease broadcasting the signal 1230,

{0049] The above examples are merely illustrative of several possible embodiments of the
various aspects of the present disclosure, wherein equivalent alterations and/or modifications will
occur to others skilled in the art upon reading and understanding this specification and the
annexed drawings. In particular regard to the various functions performed by the above described
components {assemblies, devices, systems, circuits, and the like), the terms (including a
reference to a "means”) used to describe such components are intended to correspond, unless
otherwise indicated, to any component, such as hardware, software, or combinations thereof,
which performs the specified function of the described component (i.¢., that is functionally
equivalent), even though not structurally equivalent to the disclosed structure which performs the
function in the illustrated implementations of the disclosure. In addition, although a particular

feature of the disclosure may have been illustrated and/or described with respect to only one of
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several implementations, such feature may be combined with one or more other features of the
other imaplementations as may be desired and advantageous for any given or particular
application. Furthermore, references to singular components or items are intended, unless
otherwise specificd, to encompass two or more such components or items, Also, to the extent
that the terms "including”, "includes™, "having”, "has", "with", or variants thereof are used m the
detailed description and/or in the claims, such terms are intended to be inclusive in a manner
simailar to the term "comprising”. The tovention has been described with reference to the
preferred embodiments. Modifications and alterations will occur to others upon reading and
understanding the precedmg detailed description. It is intended that the invention be cousirued as

including all such modifications and alterations.
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1.

CLAIMS

A luminaire associate device for use with a luminaire in a street lighting system comprising:

a luminaire associate powerline that delivers power to the luminaire associate;

an energy storage device having a recharging circuitry operatively connected to the luminaire

associate powerling;

a power supply switch connected to the luminaire associate powerline and the energy storage

device;

a power distribution circuit connected to the power supply switch comprising a tilt switch or level

monitor switch;

a GPS receiver powered by the power supply switch;

a multiple-axis accelerometer with analog-to-digital electronic converters powered from the

power supply switch; and

a computer connected to the power supply switch, the GPS receiver, and the multiple-axis

accelerometer.

The device of claim 1 further comprising at least one item in a group comprising an electronic

gyroscope, a geomagnetic sensor, and an inclinometer.
The device of claim 1 wherein at least two of the axes of the multiple-axis accelerometer are

aligned in the luminaire associate so that the plane formed by the at least two of the axes is

essentially parallel to the section of street below the luminaire associate device.

The device of claim 1 further comprising a wireless message transceiver.

The device of claim 1 further comprising a powerline communication (PLC) transmitter.

The device of claim 5 where the PLC transmitter is a modified geometric harmonic modulation

transmitter coupled to the luminaire powerline through a transient protection device.
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A method for determining an acceleration event of a luminaire associate mounted on a street
light having a power source, a lamp pole, the street light, a GPS receiver and the luminaire

associate comprising the steps of:

sensing movement of the luminaire associate through a multiple-axis accelerometer within the
street light, wherein the multiple-axis accelerometer has two axes forming a plane essentially

parallel to a ground plane upon which the street light sits;

recording a time and a date for sensed movement if the sensed movement exceeds a

predetermined threshold;

calculating a magnitude of a horizontal acceleration from data reported by the sensing through

the multiple-axis accelerometer;

determining a start of the acceleration event as the time and the date the magnitude of the

horizontal acceleration if the magnitude exceeds the preset threshold;

determining an end of the acceleration event as the time and the date the magnitude of the

horizontal acceleration drops below the preset threshold;

recording the horizontal acceleration data reported by each of the multiple-axis accelerometer's
two axes at the time of the maximum value of the magnitude of the horizontal acceleration

during the sensed movement.

The method of claim 7 further comprising a step estimating the direction of the sensed
movement to the luminaire associate by electronically calculating the angle of the sensed
movement using the horizontal acceleration data recorded by each of the multiple-axis
accelerometer's two axes at the time of the maximum value of the magnitude of the horizontal

acceleration during the acceleration event.
The method of claim 8 further comprising a step of transmitting the maximum value of the

magnitude of the horizontal acceleration during the sensed movement and the direction of the

sensed movement received by the luminaire associate.
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10. The method of claim 7 further comprising the steps of:

fitting a template to approximate the magnitude of the horizontal acceleration during the sensed

movement; and

transmitting the defining elements of the template used to approximate the magnitude of the

horizontal acceleration during the sensed movement.

20



