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least one parameter associated with the at least one light fixture component. The light fixture can further include a prognostic and
health inonltoring (PHM) system coupled to the at least one sensor, where the PHM system analyzes at least one measurement,
made by the at least one sensor, to identify at least one factor that affects longevity of the at least one light fixture component.
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(57) Abstract: A light fixture can include at least one light fixture component. The light fixture can also include at least one sensor
that measures at least one parameter associated with the at least one light fixture component. The light fixture can further include a
prognostic and health inonltoring (PHM) system coupled to the at least one sensor, where the PHM system analyzes at least one
measurement, made by the at least one sensor, to identify at least one factor that aftects longevity of the at least one light fixture
component.
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PROGNOSTIC AND HEALTH MONITORING SYSTEMS FOR LIGHT FIXTURES

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] Not applicable.

TECHNICAL FIELD

[0002] The present disclosure relates generally to monitoring systems for light
fixtures, and more particularly to systems, methods, and devices for prognostic and health

monitoring systems for light fixtures.

BACKGROUND

[0003] Light fixtures are used in a variety of environments. Many of these light
fixtures use advanced technology with a number of components. As a result, these light
fixtures can have a number of failure points. In lighting applications, such as hazardous
environments, reliability of the lighting system is vital. Unfortunately, the characteristics
(e.g., humidity, extreme temperatures, corrosive gas) of these environments can cause the

failure of one or more components of a light fixture to be accelerated.

SUMMARY

[0004] In general, in one aspect, the disclosure relates to a light fixture. The light
fixture can include at least one light fixture component. The light fixture can also include at
least one sensor that measures at least one parameter associated with the at least one light
fixture component. The light fixture can further include a prognostic and health monitoring
(PHM) system coupled to the at least one sensor, where the PHM system analyzes at least one
measurement, made by the at least one sensor, to identify at least one factor that affects

longevity of the at least one light fixture component.

Date regue / Date received 2021-12-13
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{0005} in another aspect, the disclosure can generally relate to a prognostic and health

monitoring (PHM) sysiem for a Hght fivture. The PHM sys

thai receives at leas

st one measurement of at least one paramete

component, where the PHM engine analyzes the af least one measureme

one factor that affecis i«;mgevity of the hght fixture conponont.
{8061 These and other aspects, ohjects, foatures, and embodiments will be apparent

from the following desoription and the appended claims.

BRIEF DESCRIPTVION OF THE DRAWINGS

HIO 7Y The drawings lilustrate only example cmbodiments and are therefore not © be
constdered Bindting 10 scope, as the example embodiments may admdt to other squally
effective embodiments. The elements gnd features shown in the drawings are not necessarily
0 sca&; emphasis instead being placed upon clearly illustrating the principles of the example
emthodiments.  Additionally, ceriain dimensions or positionings may be exaggerated o help
visually convey such principies.  in the dmwings, reference numerals designate like or

corresponding, but not necessarily wdentical, eloments.

Ry

{8808 Figure | shows a system diagram of a Hghting svstem that includes a Hpht
fixinre in sccordance with certain example embodiments,
HH Pigure 2 shows a computing device in gccordance with certain example

erbodimens,

H318 Figure 3 shows a lght fixture in accordance with cerfain exaumple
& b hea

HUUR S Figae 4 shows g system diagram of a hight fixtore In accordance with certain
example snmbodiments
{H013] Figure 3 is a flowchart showing a method for prognostic and health monitoring
of a heht fixture 1 accordance with certain example embodiments.
DETAILED DESCRIPTHON
LS n general, example embodiments provide Aoes for
nectic and heaith montion ith
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but are not Haotited to, preventing abrupt fatlure of Bght fixtures in oritical a

useful e of Heht Oxtures, onable proventative malttenance practices, impmwd OOt Causs

& 53

diagnostics of Hght fixture failures, reduced operating costs, and complisnce witd

standards that apply o Hgit fixtures located in cortain environments.

B4} Por example, embodiments can gepernte estimates of the remaining

o

of a light fixtwwe or components thetee! based on actual, real<time data

embodiments can predict the fatlure of a Hght fxture {or components thereof) to improve the

=
#
-
44
4
T
-

safety of industrial environments o which the light fixture s dispose
bt

embodiments can alse belp ensure efficient allocation of maintenance resources within a

npie embediments can finther provide a user with options to prolong the useful

fixture or components thereof
8818y In some cases, the example embodiments discussed hersin can be
iype of hazardous envirenment, meluding but not Himited o an alrplane hangar, a ¢

A

{as for oil, gas, or water), a production rig {(as for oil or gas}, a refinery, a cheny

power plant, a mining operation, a wastewater treatment facility, and a stee! mill. A uver may

¢ any person that interacts with lght fixtures. Pxamples of a user may include, bt are not
hutled 1o, an enginger, an ¢lectrician, an instrumentation and controls techunician, & mechaniv

an aperator, a consulfant, an nventory management system, an Inveniony manager, & ﬁ(’a‘);‘@;}z‘m,

& labor scheduling system, a contractor, and a mamdhctorer’s representative,

2.

{8016} The example light fixtives having prognostic and health

{or components thereof, including controllers) described herein can be made of one or more of
a ynmber of suttable nmeterials to allow the hight fixture andfor other associated components of
& System 1o meet cortain standards and/or regulations while alse maintaining durability in Hgld
of the one or more conditions under which the Hght fintures andfor uther associated
components of the system can be exposed.  Examples of sach materials can include, but are

e YE pre
1O

ed to, ahuminom, stainless steel, fiberglass, glass, plastic, ceranic, and vubbey.

{817} Example Hght fixtures (or portions thereo!) §‘=a’vir}g proguostic and health

§,

monitoring sysiems described herein can be made from a single plece ta\ from 2 mold

mjection mold, die cast, or extrusion processy. In addition, or in the

fictures {or portions thereof) having prognostic and heslth monitoring svste
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from multiple pieces that are mechanically coupled to cach other. In such a case, §

pieces can be mechanically coupled to cach other using one or nwre of @ number of coupling

wethods, neluding but not Hmdited to cpoxy, welding, fastening devices, compression fiilings,

.

mating threads, and slotted Bitings. One or more pieces that ave mechanically coupled 1o each
other can be coupled to cach other in one or more of & number of ways, including but not

intited to Bxedly, hingedly, removeably, slidably, and threadably.

gy
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j»d
o
josct
4
&
o
o
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§7
g
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PN

{HOIH] In the foregoing figwes showing example embodiments of
health monitoring systems for Heht Gxtures, one or more of the components shown may he

omitted, repeaied, anddor substitited,  Accordingly, exampie embodiments of proguostic and

th monitoring systems for Hght fixtuees should not be considered Hnuted

ngements of componends shown inany of the figures, For example, foatures shown in ong

or more figures or described with respect to one ombodiment can be applied to another
embodiment assoeiated with g difforent Sgure or desoription.
I While example embodiments described herein are divected to U

progrostic and health monitoring systems can alse be applied i

components disposed within an electrical enclosuwre. As defined

M -
H

enclosyre 18 any F ovaafag 4 ey B oy " .» G o 3 o
CRIEGEULLYT Iy d A SSUALF LI AP ILD LIRS 4 AL &
rnclosure 1s any type of cabinet or housing inside of which is dispose

5

clectro-techanical, and/or electronic equipment.  Such cquipment can include, bud 3 nod
fmited o, a controller {also called a control wodale), o hardware processor, a power supply

{e.g., u battery, a driver, a ballast), a sensor module, a safety barrier, a sensor, sensor sirend

gy souree, slectrical cableg, and electrieal conduciors. B

xamples of an electrical &

1 &

can ineluade, but are not Hmited o, a hoosing for a light fixture, 2 housing for a sensor device,

g clectrical connector, a junction bex, g molor contrel center, & breaker box, an

housing, a conduil, a control panel, an indicating panel, and & contrel cabinet.

e 1o certain example embodiments, Hght fxtures having prognostic and health

monitoring systems are subject to miceting certaln standards andfor requirer

gxample, the Natlonal Blectric Code (NE(Q, the Nationsl Eleotrical Manud

Associgtion (NEMAY, the International Flectrotechnical Commission
N b

S

Commuonication Commisdon {(FCUO), the uminating Engincering Society (1E8), and the

Institute of Blootrical and Blectronivs Pngineers




CA 03008773 2018-06-26

WO 2017/116771 PCT/US2016/067310

3

enclosures, wiring, and electrical connections, Lise of example embodiments described herein
et {andfor allow a corresponding device (o meet) such standards when requived. In some
{e.g.. PV solar) applications, additional standards particular to that application may be met by
the electrical enclosures deseribed herein,

RGN Ha component of a figure is deseribed but not expressly shown or labeled In

o

that figure, the label used for a corresponding cornponent in ancther fgure

=
o~
(49
e
L3
kS :j'
2
’f\
P
/v

that componsnt,  Conversely, i a cmmpmaem i 4 fgure is labeled bl not

o

corvesponding  component 1 snother fimwe. The
components n the figures herein is such that cach component 18 g three dight number and

corresponding components i other fgures have the wdentical last two digis.

{/’/

{3 In addition, a statement that a partivular emabodiment (0.g., as shown i a fig

X

herein} does not have a partioular feature or component does not mean, waless expressly

stated, that such embodiment s not capable of having such festure or component.  For

If/)

sent ¢ future claims herein, a feature or cowponent that i

3

as not being inchuded 1 an example embodiment shown 1n one or more partioular

drawings is capable of being included in one or more claims that ¢orrespond to such one or

wmore particular drawings herein

{B8331 Example embodiments of prognostic and health monitoring systems for Hgh

fixtures will be described move fully hereinafter with reference to the accompanying
wings, in which example smbodiments of prognostic and health monitoring systems for

o~ “ g o=

W fikiures are shown  Prognostic and health moniioring systerns for lght Sxfures may

4

however, be embodisd 1o many different forms and should not be construed as Hmited to the
example embodiments set forth herein. Rather, these example embodiments are provided so
that this disclosure will be thorough and complete, and will ifizﬁiy convey the seo

progriostic and health monitoring systems for light fixtores fo those of ordinary skill fn the art.

Like, but not secessarily the same, cloments {also somctimes called componends) in the

various fgures are denoted by Bike reference munerals for consisiency

L

{08241 Terms such a8 “first”, “second”, and “within” are

one component {or part of & component or §t
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are not meant to dencie a preférence or a particular ortentation, and are not meant o limit

smbodiments of prognostic and health montioring svstems for Light fixtures

detatied description of the example embodiments, wimerous specific details are sot forth in
order ®© provide a more thorough understanding of the twvention.  However, i will be

apparent to one of ordinary skill 1n the art that the invention may be practiced widd

speeific details, In other instances, well-knewn foatyres have not been deseribed in detad

avord unnocessartly complicating the deseription,

LR Figure 1 shows a systom diagram of a hghting systern 108 that inchudes s

progrostic and health moatioring CPHMT) system 104 of & light fixture 102 in accordance

red

with certain example embodiments. The Behting svstem 100 can include one
P60 {also sometimes called sensor modules 16U), a user 130, g network manager 180, and &t
feast one light fixtwre 102, In addition to the PHM system 104, the light fixtre 102 can
include at least one optional safety barnter 136, at least one power supply 144, and gt least one

it soures 142, The PHM systom 104 can include one or more of a number of vomponents,

wit in Figore 1, such components can nelude, but are not limited to, a PHM engine

16, & commumeatton module 108] a resltime clock 110, an cnergy mctering module 111, &

Uy
wx

power madule 112, a storage repository 138, & hardware processor 120, a memory 122, a

oA
bl

- 124, an application mterface 126, and, optionally, a security module 128, The

P
e
st
=
3
[
&
p31
e
70
.
ks

components shown in Figure 1 are not exbaustive, and in some embodiments, one or niare of

the components shown o Figore 1 may not be ncladed in an example Light Oxtwre. Any
compone of the example light fixtwe 102 can be discrete or combined with one or more

other components of the Hght fixtuee 102,
{026} The aser 150 i3 the same as a user defined above, The wse
ystem {not shown}, which may include a display {e.g, a GUD. The user 15

{e.g¢, sends data to, recotves data from) the PHM system 104 of the light §

29
o
L
o
g
47
o
»'!
o
o
7
oy
N
e
oh
o
&

application interface 126 (deseribed below). The use

manager 180 and/or one or more of the sensors 164, Interaction hetween |

102, the network manager 180, and the sensors 160 i conducted using

communication hnks 185 Hach communication ok 18 can include wived {en, Clas

H

clectrical cables, Class 2 electrical cables, clectrical connectors, power line
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RE485 andfor wireless {e.g, WiFL vistble hght commmnication, cellular networking,

peg

Blngtooth, WirclessHART, ISA ) technelogy, For example, a8 commuic

he {or include} one or more clectrical conductors that are vourkd to the housi

mHTncatios

and {0 a sensar 160, The

nwer signals, commumication signals, control signals, data) between the Hight 1%

the wsor 150, the network manager 180, and/or one or more of the sensors 168
{27y The network mangger 180 is a device or component that contrels all or a

pottion of a communieation network that includes the PHM system 104 of the ligly fixtwe
02, additional hight Bxtures, and the sensors 160 that ave communicably coupled to

v

systern 104, The network manager 180 can be substantially similar to the PHM system
Alternatively, the network manager 180 can inclade one or more of & number of fontures in
addition to, or altered from, the featares of the PHM system 104 described below.  As

deseribed herein, commumication with the setwork mianager IR0 can tnclude ¢

'u”
e
"
o
=
e
[}
b
e
,i/

with one or more other components {e.g., another Tight Bxture) of the system 160

o

k manager 180 can facilitate such communication,
The one or more sensors 160 can be any type of sensing device that measie

1w parameters. Examples of types of sensors 160 can inchude, but ave not Himited to,

jufraved sensor, a photocedl] & pressure sensor, an air flow monfier, a gag detector,

arul & resistance tenperature detector. A parameter that can be measured by & sensor 16

nchude, but is not limited to, molion, an amount of ambient light, temperature within the

housing 103 of the Hght fodare 102, humidity within the housing 103 of the {ight fixture 102,

3

air guality within the housing 103 of the i

ght fixture 102, vibys

preseure, ar How, smoeke {as from a fire, temperature {0.g., oxcossive heat, excossive cold, an
ambicnt temperature, anbient Hght fovel} outside the housing 165 of the light fixture 102, In

some cases, the parameter or parameters measured by a sensor 160 can be wsed to operate one
or more light sources 142 of the bght fixture 102, Each sensor 160 can use one or more of a

number of communication protocols. A sensor 160 can be associated with

H¥2 or another ilg 1t fixture i the systern 1000 A sensor 160 can be located s
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108291 I certain example ombodirents, a sensor 160 can nclude o batlery that i

3

art, 10 some or all of the rest of the sensor 160, Whan the

o provide power, af least in

<

aystem 100 {or at least & sonsor 160 is located in a hazardous enviremment, the seasor 160
can be intrinsieally safe. As used heroin, the torm “intrinsically safe” refers to a device {e.g.,

e

oot

& sensor desoribed hereind that 18 placed 19 2 hazardons cuvironment.
{he deviee uses a lvaited amount of eloctrical energy so that sparks cannot occwr from a short

civeuit or failures that can canse an explosive atmosphere found in hazardous environments {o

ignite. A safety barrier 1536 1 commonly used with an intrinsically safe device, where the

» barrier 136 limits the amount of power defiversd o the sensor or other device o reduce
the riak of explosion, fire, or other adverse condition that can be caused by high amouais of
power in the hazardous environment.  An adverse condiion can alse be an abnormal

condition that is not potentially catastrophic in nature,

10038 The optioval safety barier 136 can provide protection (o

. overeurrent protection) for one or more components of the lght fixtuee 102 when

e 12 15 located tn a hazardous environment. For example, the safty barsier

t the amowtt of power delivered to the power module 112 of the controller 104 o
reduce the sk of explosion, fire, ot other adverse conditien that ¢an be caused by high

136 can be g FOQUIrea

amownts of power i the hazardous environment. The safety basrler
corpponent when the light Axtare 102 15 located in a bavardous envivonment.  For exsmple,
IEC 6007911 requires that power must be less than 1.3W during & faclt condition.  The

¢ barrier 136 can include one or more of a number of single

components  {g.g,  capaciior, indoctor, transistor, diode, resistor,

RUIREE The uger 150, the network manager 180, and/or the sensors 160 can interact

with the PHM system 104 of the light fixture 102 using the application interface 126 in
aecordance with one or more example ambodiments,  Specifically, the application i

ormation, communications, instruc

126 of the PHM aystem 104 recoives data {e g, &
updates to Arnvware) from and sends data {e g, informadion, convmunicaiions, nstructions) to

the user 130, the network manager 18, and/or each sensor 1800 The user 1588, the netwenk

1RO, anddor cach sensor 160 can include an int
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data to the FHM systorn 104 o cortam oxample snabodiments. Examples of such an imterface

(U N l"{‘lil‘}&: bt are not hmited o, 8 \’i&i‘}\}\ al user mterface, a touchsore SOR, 8n .,,E“E'igiﬁvﬁii(ﬁ‘:

programming ferface, a kevboard, a monitor. a mouse, a web service, & dalg protocol

adapter, seme other hardware and/or software, ov any suiiable combination

032 The PHM gystem 164, the wser 15, the network manager 188, andior the
] i ; g ;
sensors 160 can use their own system or share & system in certain example embodiments,

Such a system can be, or contain a form of) an Infemet-based or an nranet-based computer

system that is capable of communicating with various software. A computer system inciu
any type of computing device and/or commumication device, including but not Emited to the
PEIX /'i Fote 1{:}4 i::' x '\i. < '\Q \ifi 9 SUShai oar {x ;\ -%-; I toayve ; 3; el ¥¢ < :ic:w-'ﬁ”\\
PHM system 104, Examples of such a system can inelude, but are not limited to, a desktop
comnputer with LAN, WAN, Internel oy fntvanet access, a laptop computer with LAN, WAN,

Internet or intranet gooess, a smart phone, a server, a server farm, an androdd device {or

#

I

equivalent), a tablet, smartphones, and & personal digital assistant {:?DA}A

correspond to a computer systow as described below with regard to Figure
833 Further, as discussed above, such a system can have corresponding softwarg
{e.g., user software, sensor software, condroller sofbware, network manager software), The

software ean execuie on the same or a separade device {e.g. a server, mainframe, deskiop

-,

personal compider (PO, laptop, PO, television, cable box, satellite box, kiosk

mwbile phone, or other computing devices) and can be coupled by

setwork (eg, Internet, Intranet, Extranet, Local Avea Network {LAN), Wide Area Network
{WANL, or other network communication methods) and/or commuimication changels, with

wire andd/or wireless segments according to some sxample embodiments.

systern ean be a part ofl or operate separately but in conjunction with, the s

systom within the system 10

186348 The Hght fixvture 102 can include a housing 103, The
at least one wall that forms a cavity 101 In some cases, the I

comply with any applicable standards so that the light fixture

particudar envivonment {e g, & hazardons environment). For example,

is located inan explosive environment, the housing 103 can be explosions
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“ T

3
appiean

ble industry standards, an explosion-proet enclosure is an encloswre that is configured
to contain an sxplosion that onginates nside, or can propagate through, the enclosure.
{035 Continuing with this example, the explosicnproof enclosare, as a Division 1

nclosure, 18 configured to allow gases from Inside the enclosure to ¢

-

enclosure and conl as the gases extt the explosion-proot enclosure. The joints are also known

as flame paths and exist where two surfaces meet and provide a path, fom fnside the

sroof enclosure o ouiside the explosion-proot enclesure, along which one or move

gases may travel. A joind may be a mating of any two or more surfaces. Fach surface may be

i

tvpe of surface, meloding bul sot lmited 1o a flat swrface, a threaded swiace, and a

3 o

servated surfzce.  Alternatively, if the explosion-proot enclosure is a Division 2 enclosure,

then i can be gasketed o ps‘s’;hibii‘f're:dz.wc the likelthood of mngress of hazardous gas to the

&

erclon Y, bt would not have fakaks “Hame i'{}'is

ﬂ‘

should the gas get in and beeome ig

EHERIY: The housing 103 of the lighl fixture 102 can be used 1o house one or more

components of the lght fixtwre 102, including one or more components of the |

104, For example, as shown in Figure 1, the PHM gystern 104 {which in thi

@

the FHM engine 106, the conwnunication module 108, the realtime cloc

metering module 111, the power module 112, the storage repository

precessor 1240, the memory 123, the transceiver 124, the applcation intorface

optional securily module 128}, the power supply 140, and the Hght source

in the cavily 101 formed by the housing 103, In alternative embodiments,

these or other componenis of the light fixture 12 can be disposed on the housing 103
remotely fom the housing 103,

deviee {or set of devices)

that stores software and data used to assist the PHM systern 104 in communicating with the
user 130, the network mamager 180, and one or more sensors 160 within the system 100, In

one or more example embodiments, the siorage repository 130 stores one or more

communication protocols 132, algorithms 133, and siored data 134,

profoceds 132 can be any of a manber of protocols that are used o send andfor receive data
between the PHM system 104 and the user 150, the network manager 180, and one v mwore

-

sensors 160, One or more of the communication prmtocols 132 can be a
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highway addressable remote transdocer (HARTY profocnl, a wirelessHART protocel, and an

Intemnational Society of Awomation (8A) 100 protocel.  In this way, one or more of the

communication protocols 132 can provide a layer of security to the data trans

B3R The algorithms 133 can be any procedures (€., a series of method sieps, sueh

5

as those shown and described below with respeet to Figure 3 formulas, logic stops

wmtical models, forecasts, simmdations, and/or other similar opergtional procedures that
the PHM engine 106 of the PHM system 14 follows based on certain conditions at & point in

storing {u.\ g the stored data 134 in the storage vepository 134), and evaluating the cuwrent

foc

ivered 1o and delivered by the power supply 140 over time.

fO03% Alporithms 133 can be focused on certain components of the &

housing 107 of the {ight fixture 102, Une such example of an algorithm 133 13 predicting the
T A N PO } < \g . 7 1 5 > i ‘i s fevineires TIVEY o F the
Hfe of g gasket {disposed, for example, between a cover and 2 body of the housing 103 ot the

At fixture 132 based on the temperature within the cavity 101 {as measured by a sensor 160

as stored data 1343 and the charscteristics of the gasket matenal (slored as stored

7

e
22

] Another such exavaple of an algorithm 133 i predi

he light fixture 102 by measuring air guality {(nsing a

03 proximate to the gasket over fime, and determuning that the

falls omiside a range of normal values stored as stored data 134 {eg

exceads a threshold valoe) St

<X

il another such example of an algorithm 13

red by a sensor 160 and stored as stored dats

housing 103 over time and notifying the user thet there 38 a leak in the

muoisture lovels exceed a threshold value (stored as stoved data 134

LS B As vet another example, i a sensor 160 18 an
measwring volatife organic componnds (VOUs) or dust particle concentration over time, one

or nrore algorithms 133 can be used to determine a fatlore of 8 sealing member deg,
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of the i.ig af fixture 102, As another example, 11 a sensor 166 18 a gas sensor placed within the

o
v«)
e
&
"))
/_J
e
<
e
¥
oo,
[
]

¢., ina volume of space defined by a lens proximaie  the light sources 142}
of the light fixture 102, and if the scosor 160 can measure explosive gas concentrations {8.8.,

3

more algorithms 133 can be used to determing i an explosive pas

conceniration exceeds a threshold value, ereating a hazardous situation.
42 One or more algorithms 133 used i example embodirnents can also be wsed to
detect, in real time, instantaneous fatlures of ene or more components of the Light fixture 142,

For example, if a power spike {o.g., 2 fanlt) &t the power supply 140 % measored by the

”,

SROTEY
2

52

v metering modude 111, the PHM engine 106 can use one or more &ig;

A ?Qdd“’l\" Wi

instandancously, in real time, compare the excessively high vel

3
&

valne, determine that the voltage measurement represents a faolt, and takes immediate sction

o
fey;
0
&
oy
2
o
e
=
w2
i
=
o

{e.g., opens a switch 1o stop receiving power from the source of the fanlt, uses

X,
i

source of power to maintain the operation of the hight fixture 102} 1o minunize daw

components of the hght fxture 102 that can be caosed by the faull and wan

oo

operating envirenment {o.g., allow the light sources 142 to conlinue W receive power

tj 0]

continue emtiting hght) in the area of the Light ficture 182,

e

1B043] Further, one or more algorithms 133 can track under-veltage conditions that

are ouiside the design Hmits (e.g.. threshold values) io assess damage o one or more of the

componerds (e, PHM system 104, power supply 148} of the Hight fixture 102 due to over

heating caused Eﬁy the under-veltage conditions. O or wote alporithms 133 can also track

wanstent voltage and corrent fluchastions that do not cause any severe damage 1o one of Mo

LI Y ot evh s Tierhvd Fardrres FIVE 6 o x> e 3 ~ iy NPT IO Ry A gYas e
components of the light fixture 102 in the short-torm, i that can cause severe damage fo

those components when acctmulated over g poriod of tme. This dats would tmprove

2o ¥ e FIGE i owrabems ol e £ e o e
infelligence on factlily power system and load fo more vebust design of one or maove
components {o.g., eledironies)y of the hght fixture 102,

A One or more alporitions 133 can be based on a “canary<nea-coabving”

principal, where a redundant coraponent 1§ added to the Hght fixture 102 and 15 designed ¢

3

fail prior 1o the other components serving the same funciion. When the redundant component

*x the other componenis serving the same fwmction may be approaching ¥l

an example, with the hght sowrces 142 wse LED techoology, a strip of LEY

0
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that opsrate at a higher temperature relative to the rest of the LEDs (ight sources 1472 can be

B =

monitored (using one or more sensors 160} over time. When the “canary”™ lght sources 147

begin to fail, an algorithm 133 can determine how far behind the other hight sonrce are

LIRS Other algorithms 133 can be divected to the light sources 147 of the Halt

focture T2, For example, lumen depreciation data collecied wnder the LM-80 standard,
developed by the IES, and published by LED package ranufacturers can be stozed as stored

date 134 and compared with temperatares {as measured by one or more sensors 160 and
stored as stored data 134) of Hght sowces 142 of the lpght fixture 102 1o ses i a comelation
oveloped.  As apother example, when one or wore Hght sowrces 142 of the lght

fixture 12 are determined to begin failing, the algorithm 133 can divect the PHM er

0 generaie ag alamm for predictive maintenance

sG] As example, an algorithm 133 can be o comtinucusly menitor the current {(as

d by the energy metering modude 111 and stored as stored data 1343 output by the
power supply 148 and the reference current. In addition (o the dimrter setiing, the algorithm
3 3 w P Lot

can detect variations of the oulput current of the power supply 140 &

E:
&
P
(o
ot
,VF;..,.
47
o
5%
g

for & given dimmmer setting and predict fatlure of the power supply 140, In such a case, the
direetion of the variation can dictale whether there is a short clrowit of an open cireuit
mvolved,

g

08471 Another example algorithm 133 can be to measure and mnalvze the currem

output and current ripple of the power supply 140 over time. I the curre

]
P
o
foud
=S
£
o
3
h
7
-
[y
i
z
o
o
&
o
k47
o
=

the current output exceeds a threshold value, thes the power supply 140 can be classified as

~

fadled. Yot another example algorithm 133 can be to monitor a temperature of a oritical

component {e.g., é.eiimt‘iraiytix: capacitors, Condroller 1€, Blocking diede, TVS) of

3

it x»\)‘/\v or

pply 1480 over time. The estimated remaining 1ide of the power supply 140 can be based on

3

degradativn curves of those components and  threshold  values estab

{H84%] st another example algorithey 133 can be to measwre and anslyze the
cguivalent series resistance of the owtput electrolytic capacitors of the power supply 140 over

tome. An alarm can be generated by the PHM engine 106 when the resistance exceeds @
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hreshiold value, indicating fatlure of the power supply 140, Yet another &\:wpi\, algorithin

s

n be 1o meavre and snobvie the magnitude and number of surges {ringing waves) that

the power supply 144 1¢ subjected to over ime. The algonthm 133 can predict the expected
the power supply 140 baswed on a thresheld value.  Sdll anvther example

133 can be to measure gnd analyze the efficiency of the power supply 148 over

time, An alarm can be geperated by the PHM engine 106 when the efficiency of the power

helow g threshold value, indicating failure of i
K o>

13649 An algorithm 133 can be based on stress models. For example, an aigorithm
133 can develep a siress versus life relationship using accelemted ife testing for the light

¢ TO2 or o componend thereof.  OUne instance wonld be an actual Rietime temperativs of
ihe power supply 140 versus a wodeled or estimated temperature profile of the power wipply

148, Another instance would be using LM-80 test data developed for the light sources 142,

{058} As another example, an algorithm 133 can measure and analyze real-iime
application stress conditions of the lght fixture 102 or components thereof over time and use

4

feveloped models to estimate the hfe of the lght fxture or components thereofl In such s

Q

case, mathemuatical models can be developed using one or more mathematical theonie

Arrhenius theory, Palmgran-Miner Rules) to predict weeful Hie of the hight 6

omponents thereol imder real sivess conditions.  As vet another exampie,

can use predicted values and actual data to estirnate the remaining fife of the Hg

or components thereof.

5] Stored data 134 can be any date associated with the Hght fixture 102 (neluding
other Hght fixtures andfor any components thereo), any measuroments taken by the sensors
160, measareroents token by the energy metering modude 11, threshold values, results of
previously run or caleulated algoriihms, andfor any other suitable data. Such data can be any

kS

of data, including but not Umited o historical data for the lght fxture 102, historics!

for other hght fixtures, calenlations, measurements taken by the energy mstering modnle
111, and measurements taken by one or more sensors 160, The dored data 134 can be
associated with some measurement of time derived, for example, from the real-time clock
1iG
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LAY

eeemes
[243
Samans

stovage repository 130 can include, but e
database {or a number of databases), a file system, a hard drive, Hash memory, some other
iy v *‘\Y" e e {3 Sloracs. or anv < + §,\ - i; st
form of solid siate dafa storage, or any suilable com ion thereof.
130 can be located on multiple physical machines, each storing all ot a pem’m; of the
communication protocols 132, the algorithms 133, andfor the stored data 134 gecording o
somne example emwbodients. Bach storage anit or device can be phvsically located 1w the

same or in g different peographic losation.

o

HH53Y The storage reposttory 130 can be operatively connected to the PHM
106, In oue or more example embodiments, the PHM engine 108 ncludes functionality to

commnmicale with the user 150, the network manager 180, and the sensorg 160 in the systom

1 More specifically, the PHM eéngine 106 sends information o snd/or receives

1

nation from the storage repostiory 130 in order {o commumicate with the

aetwork roanager 180, and the sensors 1600 As disenssed below, the storage repository 130
can also be operatively conneeted to the communication medule 108 in certain example
enrhodiments,

168341 s certain example embodinents, the PHM engine 106 of the PHM system 14

airels the operation of one or more components {e.g, the communication madule 108, the

110, the tanscetver 124} of the FHM system 1040 For &

sie 100 can activals the comununication module 108 when the communication medule TO8

2T
s

an 3 3

s Usleep” mode and when the communication module 108 iy peeded to send data reveiveg

from another component (e g, a sensor 160, the user 150} in the system 100,

As another exaraple, the PHM engine 106 can acquire the current

the real-time clock 11 The real time clock 110 can enable the PHM system 104 o

the light fixture 102 even when the PHM

rstem 104 has no communication with the

L5

~

manager 180, As yet another exanple, the PHM engine 106 can divect

modinle 1 o measure and send power consunuption information of the | 2w
the network manager 1800 In some cases, the PHM engine 106 of the PHM system 104 can
genevate and send a dimmming signal {eg., 0-10 V BC) to the power supply 140, which causes

the power supply 140 to adpast the Hght owtput of the light sources 142

u
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{80561 The PHM ongine 106 can be configured o perforn 2 number of functions that
help prognosticate and mondtor the health of the Hght forture 102 {or components thersad),
sither continually or on a periodic basis, In other words, the PHM engine 106 analvees owe or
more factors that can affect the longovity {e.g., the performance, rellability) of oue or more

componenis of the Bght fixture 102, For example, the PHM sngine 106 can execute any of

hoe algorithms 133 stored in the stovage repostiory 130, As a specific example, the PHM

B

engine 106 can wmeasire {using the enecgy metering module 111, store {as stored data 13414

the storage repository 1303, and ovaluate, using an algortthm 133, the current and voltage
delivered to and delivered by the power supply 149 over time

s As another spectfic oxample, the PHM engine 106 can use one or more

3 that focus on cortain components of the hght fixtare 102, For exanple, the

& 106 can use one or more algovithme 133 that focus on the nfegrity of the

%

f‘r;smsing 103 of the light fixture 102, As stated above, one such example of an algorithm 133

iy prodicting the life of o gasket {disposed, for example, between a cover and a body of the

sousing 103) of the Hght Axture 102 based on the tomperature within the cavity 181 {ss

easired by g sensor 160 and stoved ag gtoved data 134) and the charactorisiics of the

material {stored as stored data 134)  ln such & case, the PHM ongine 106 can controd the
or the measurements,

EHEY The PHM engine 106 can also predict the integrity of & pasket of the light

< ! 2 pody

fixture 12 by measuring aly guality {using a sensor 160) mnside the cavity 103 provimate o
the gasket over time, and detormining that the gasket needs to be replaced when the air quality

o nrvatde o ranse af b radiing f ey O oty o o I oy thrsahnla
falls outside a range of normal values {as stored as stored dats 1344 {e.g., oxceeds a threshold

{689 As yel another example, the PHM engine 106 can determune a fai

<

seating member {e.g., a gasket) of the light fixture 102, In such a case, a sensor 160 ¢

alr guality seusor egpable of megsuring volatile organie compounds {(VOUs) or dust particle

concentration over time, and the FHM engine 106 can use one or more algorithms 133, slong

P
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with the messuwrements made by one or more sensors 146, to determing {or predict the

fikelihood of) filure of the scaling member. As another example, the PHM engine 166 can

determing i an explosive gas concendration sxeeeds a treshold value, crgativ

stination. 1o such a cose, a sensor 160 can be a gas sensor placed within th

- a volume of space defined by a lons provmaie © the Hght sourges 14

fixture 102, and the PHM engine 106 can use messurcments of explosive gas concentrations

2., Mo, OH) made by the sensor 160, i conjunchion with one or more algorithms 133,

LEH S The PHM engine 106 can also detect, inreal time, instantaneous fatlures of one
or move eomponents of the light fixhwe W2, For example, i a power spike (e.g., a fault) ot
the power supply 140 is measured by the energy metering modude 111, the PHM enpine 106

can instatancously, n real fime, compare the excessively high voltage reading

Siim
ot
o]

[
b
=

i
oo
3
-
b

threshold value, determune that the voltage moassurement represents a faull, and takes

nediate action {e.g.. opens a swiich o stop recetving power from the source of the fwlt,
uses g secondary sowvee of power to mainiain the operation of the Hght 8xture 102) to
mininuze daraage b the components of the light Gxture 102 that can be caused by the fault

and maintain a sate operating environment {e.g., allow the hght sources 14374

reeive power 1o continue emitting highty in the arca of the light fixture 102,

8611 Further, the PHM engine 106 can track {using measurements fom one or more
sensors 168 and oue or wore algorithms 133) under-voltage conditions that are sutside of
design Hmits {e.g., thresheld v o assess damage to one or more of the components {o.¢.,
FHM systen 104, power supply 140) of the hght fodure 12 due 1o over-heating caused by
the under-voltage conditions. The PHM engine 106 can also track, using one or more sensors

160 and ore or more algorithms 133, fransient voltage and current fluctnations that do not

canse any severe damage to one or more components of the Heht {ixture 162 in the shortterm,
but that can cauge severe damege o those components when accunmulated ove

trne. In this way, the PHM engine 106 can proagtively improve intelligence on

be

systems and lead 0 more vobust design of one or more componenis {e.g., eleatr
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{662} The PHM engine 106 can use a "@amary-in~ﬁ~<:m.z§a:nine“ priveipal, where @
redundant component i3 added o the Bght fixture 102 and i3 designed to fail prior to the other
components serving the same function. When the redundant component fails, the other
componets serving the same funciion way be approaching failure, as well, As an example,

with the Heht sources 142 that use LEED technology, & strip of LED

operate at a higher tomperature relative to the rest of the LEDs {hight sources 142} can be

monitored (using one or more sensors 160} by the PHM engine 106 over time. When th

-.”D

“earary” Hoht sources 142 begin to fail, the PHM engine 106 can determune, usiy

Cb
ps
g
b
G5
[
e
%=,
>
bt

mnre alporithms 133, how far behind the other Hght sources 142 are from failing.

o
oo
ot
-
et
>,
L
o,
.
\»
o
=
[¢]

a3 The PHM engine 106 can also collect data, under the LME stand

4

ar more light sources 142, store the data as stored data 134, and compare this data with

temperatures {(as measured by one or more sensors 160 and stored as stored data 134} of ligin
sources 142 of the light fixture 102 fo see i a correlation can be developed, For

generated by a component manufacturer (... information about the light soure

the packaging for the light Hxture 102} using a velishility testing protocols {eg., IS |

pag

gan be used to generate stress versus e correlation models. Subsequently, those models

Ou
V
&

be stored in the storage repositary 130 as algorithms 133 by the PHM engine 106, The reals

stress information collected in the application environment using multiple sensors 164

w used by the PHM engine 100, along with stress-lite models stored in storage repositony
30, to predict the usefud Hie of the light fixture 102 and/or components thereall As another

cfui‘*ﬁ: ihe PHM engine 106 can determine whether one or more hght sotrees 142 o't

g
ey

{ight fixture 102 are failing and generate an alarm for predivtive roaintenance.

§'€}§}€és§§ As another sxample, the PHM engine 196 can be wsed to continmously muatoy

the current {as measured by the energy metering module 111 and stored as stow

x

output hy the power supply 148 and the reference owrent. The PHM engine I
determine the dimmer setting, and so detect variations of the oulput current of the power

supply 140 and the reference curvent for a given dirorner setting and preds

power sapply 1480, In such a case, the diveetion of the vartation can ¢

L clreuit oy an open cironit invalved.
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{06651 As yot another example, the PHM engine 106 can measare (using one oy ymove

pees
v,
N
-
s
4

sensors 160 and analyze the current output and current vipple of the power supply

it

time.  If the current vipple {e.g, peak-to-peak ripple current, KMS current} relative o the

current outpit excesds @ threshold value, then the PHM engine 106 cap « he power

supply 140 as failed.  As still another example, the PHM engine 106 can monitor a

tempersiure {using one or more sensors 160} of a crifieal component {e.g., clectolytic

cupacitors, Controller 10, Blocking dinde, TVS) of the power supply 140 over time. The

PHM engine 106 can estimate the remaining lfe of the power supply 144 based on
degradation cuwrves of those components and threshold valnes established for those
components

EES The PHM engine 106 can alse measure {using one of more sensors 166} and

salyze the equivalent serics resistanee of the output electrolytic capacitors of the power

supply 140 over thme. In such a case, the PHM engine 106 can generate an alarm when

ds a threshold value, indicating fathwe of the power supply 140, The PHM

ne 1 can further measure (using one or more sensors 160 and analyze the magnibade
urges {ringing waves) thal the power supply 140 15 subjected 1o over tame,

wn 133, the PHM engine 106 can prodict the expected useful Bie ot the power

i based on a threshold value, The PHM eongine 106 can also measure fusing one o
3ihy and analyze the efficiency of the power supply 140 over time.  An alarm
sted by the PHM engine 106 when the efficiency of the power supply 140 falls

reshold value, indicating faihwe of the power supply 144,

gy, 3

e PHM engine 106 can provide control, commumication, and/or other stmilar

!
¥

the user 150, the network manager 180, and one or more of the sensors I

he PHM ensine 106 can receive confrol, communoaton, and/or other similar

signaty from the nser 154, the network manager 188, and one or more of the sensors 166, The
PHM engine 106 can coutrol sach sensor 160 awtomatically (for example, based on one or

Hthims stored in the PHM engine 106) and/or based on control, comuny

¥

signals recetved from another device throngh a communication Hok Y

The PHM engine 106 may include a printed civewit board, gpon which the hardware processer

.

120 andfor one or more discrete componends of the PHM system 104 are posttioned.
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L The PHM engine 106 can be located in the physical wmemory 1

within the Hght fixture 12, on an application server, in cloud infrastructiwe, m
other suitable platform and/or location. In some cases, the PHM engine 106 car

somae of these platforms andfor locations sinmitaneousiy.,  In such instance:
complexity of analysis can be performed at these platforms «

duta Hweshold type ;—maﬁysis cars he performed at the Lght §

server or cloud database level

{B069] In vertain embodiments, the PHM ¢
communicate with one or more components of a system external to the sy
furtherance of prognostications and evalustions of the Hght Sxture 102

gan interact with an ven mory management system 3‘

Cone oF more componends thereot) to replace the Bght Sxture 102 {or one or w

components thereaf) that the PHM eagine 106 has determined to fil or be failing. As another

~

example, the PHM engine 106 can interact with a workforce scheduling system by schaduling

& maintenance crew to repair or replace the lght fxture 102 {or portion thereof) when the

PHNM engine 106 dolermines that the light fixtwe 102 or portion thereol requirs

fa—ry

maintonance or replacement. o this way, the PHM systern 104 is capable of perfonming a

namber of fonctions bevond what could reasonably be considered a voutine task.

e

e

BT Incertain e \ampk embodiments, the PHM engine 106 can include an

power
ight fixture 102, For exaruple, i the power supply 140 of

102 operates wmwder IEC Standard 62386, then the power supply 140 ear

X

communication interfice that will franster data {e.g., stored data 134) megsured |

¥

168, i such a case, the PHM engine 106 can also include a serial usterface to euable

conunuication with the power supply 140 within the beld fixtore 102, Such

r
s

perats in conjunction with, or fsdependently of] the commumication protoce
communicate between the PHM system 104 and the wser 150, the network mumager 180, and

e sensors 160,
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{71 The PHM engine 106 {or other components of the PHM system 14} can alse
nelude one or more hardware componoents andfor software eloments 1o perfors 18 functions.

wrsal  asynchronoeus

B

Such components can include, but ave not limited to, a und
receiverfransmitter {UART), a serial peripheral imlerface {SPL} a direct-attached capacity

(DAY storage devies, an analog-to-digits

pudse width modulator (PWM).
{73 The conummication module 108 of the PHM systern 104 defermuines and

nplerents the commmication protwcsl {e.g., from the communication protoceds 132 of the

storage reposttory 130) that is used when the PHM engine 106 communicates with {e.g, sends

signals to, receives signale fromy) the user 136, the network manager 188, and/or one or more

of the sensors 160, In some cases, the communication module 108 accesses the stoved data

1

134 1o determine which conununication protocol is used to communicate with the sensor 160

3

associated with the stored data 134, In addition, the conununication module 108 can interpret

the comroumication protoen! of 8 coramunication recetved by the PHM system
PHM engine 106 can interpret the communication.

{B673] The communication module 108 can send and receive data between the

by
I3

network manager 186, the sensors 168, and/or the users 150 and the PHM system 104, The
commanication modale 108 can send andior veceive data m a given format that follows a
particular communication protocot 132, The PHM ongine 136 can interpret the data packet

vecetved from the conmmmication module 108 using the communication protocel 132

mformation stored in the storage repository 138, The PHM engine 106 can also fhcllt
data transter botween one or more sensors 160 and the network manager 180 or & user

b

converting the dats tnie a format understnod by the communication module 108,

74 The corpmnication modide 10R can send data (e g, communication protocols
132, algoritivns 133, stored data 134, operational informetion, alaras) divectly to anddor

retrieve data dif"ﬁcﬂ_‘_y‘ from the storage repository 130, Alternatively, the PHM

£ date between the commmnieation module

stern 104 and deervption to daia that ts received by the PHM system 104,

a modnle T8 can alse provide ene or more of a number of other services
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with rospect fo data sent from and recetved by the PHM system 104, Sueh services can
trotude, but ave not lmdted to, deta packet routing information and prosedures o follow ny the
gvent of data inferruption.

O e T
HTYAIR

{75 The real-time clock 110 of the PHM system 104 can track clock time,

+ iy g denete TEAL fong
cal-time clock 118 can

of time, an amount of tithe, dod/or any othet measure of fime. The
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instrietion received from the user 150, based on an mstruction programamed in the sofbware

for the PHM system 104, based on some other condifion or from some other component, o

...z,A

vonr any combination thereot

H76] The realtime clock 110 can be confipured 1o frack time when ther

power delivered fo the PHM system 104 {;:':.g,, the power module 112 malfunctions) using, for

example, a super capaciior or a batlery ba . In such a case, when there is @ resumption of
power delivery to the PHM aystern 104, the reabtime clock 110 can communicate any aspect

of time 1© the PHM systent 104, Insuch g the real-timie clock 1190 can include one or

B

¢

more of a number of components {¢.g., a super capacifor, an integrated cirowt]

these functions.

{8877 The energy mictoring module 111 of the PHM systemn 104 meaares ang of

sore components of power {e.g., cluvent, volage, resistance, VARSs, walis) at o

points within the bght fixture 102, The energy mgtering modude 111 can nclude any of &

number of measuring devices and related devices, inchiding bt not hmited 1o a volimeter, an

amumeter, g power meter, an chimmeter, a cwrrent fransformer, a polential ransformer, and

cleetrical wiring,  The energy motering module 111 can measure a component of power

5
< £,

"

contingousty, pertodically, based on the occurrenve of an event, based on a conyunand

recetved from the control miodule 106, and/or based on some other factor.  For purposes

herein, the energy metering module 111 can be considered a type of sensor {e.g., sensor 160)
In this way, a component of power measured by ¢ wrpy metering module 111 can be

considered a parameter hergin,
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18878} The power module 112 of the PHM sy 134 provides power (0 one or mors
other components {e.g, real-time clock 116, PHM engine 106} of the PHM system 104, 1n
addition, m certain example embodiments, the power module 112 can provide power to the
power supply 140 of the Hght Sxture 102, The power module 112 can tnclude one or more of
a mumber of single or multiple discrete components (e g, transistor, diode, resistor

migropracessor. The power module 112 may inchude a printed cirmdt board, upon which the

microprocessor and/or ene or more discrete components are positioned.  In some cuses, the

wower module 112 can include one o more components that allow the power modude 112 0

measure one or more elements of power {e.g., voltage, current that is delivered o and/or sent
from the power module 112, Alternatively, the PHM system 104 can include & power
etering module (not shown) o measare one or more elements of power that flows into,
of, anwl/or within the PHM system 104, Such a power metering module can also by considered
& type of sensor {e.g., sensor 160} herein

7R The power module 112 can molude one or more componends {(pg, a

transformer, a diode bridge, an inverter, & converter) that veceives power (for exam

:t \:":7
fhrough an electrical cable} fromy a source external to the light fixture 102 and geversies

e.g, alternating currend, divect current) and level (e g,

can be used by the other componends of the PHM system 104 and/or by the powsr s

4. The power module 112 can use a closed control loop to mainiain & precont
voltage or current with g tight tolerance at the ontput. The power module

the rest of the electronics {g.g., hardware process

HY2 froms surges generated in the line,

3 o~

RG] In addition, or in the altornative, the powsr modole 112 can be a sowce of
power i itself to provide signals to the other componenis of the FHM system 104 and/or the

i 7 £

power supply 140, For example, the power modale 117 can be a battery.  As another

sample, the power module 112 can be a bocalized photovoltaic power system.

mrrhite 1T e ot ~ e samcrye ated o
medule 112 can also have sufficient iyelation in the associated componenis of the powe

Feeten YTy S . $ oo i st oy § PR N MO . S TR T
mahde 112 {e.g., transformers, opto-couplers, current und voltage Hmiting devices) so that

ihe power module 112 is certified te provide power to an inirinsically safe cireuit.
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00811 In certain example embodiments, the power module

104 can also provide power and/or control signals, directly or indirectly,

sensers 160, In such a case, the PHM engine 106 can divect the powsr generated

146 of the leht Gotore 102, In

k¥
v A A 3
W by

power module 112 to the sensors 168 and/or the power suppl
this way, power can be conserved by sending power fo the sensors 160 andfor the power

supply 140 of the Hght fizture 102 when those devices need power, as determined by the

REIRRE The hardware processor 120 of the PHM svitern 104 sveciies software,
i X 2 3

algorithms, and  frmoware iIn accordance with ene or more \:\ampiw emnbodiments,

other portion of the PHM systern 104, as well as software used by the user 130,

- 180, and/or one or move of the sensors 160, The hardwars processor

o
jio3
€3
e s
el
b
p
=
b
ok

it, & ceniral processing unit, a multi-core processing chdp, SoC, a multi-chip
module including multiple wulti-core processing chips, or other hardware processor in one oy
more example embodiments.  The hardware processsor 120 s kvown by other names,
inchuting bat not lmited fo 8 compuier processer, a mdcroprocessor, and 8 muli-cors

¥

In one oF more example embodienty, the hardware processor 120 executes

software lnstructions stored In memory 122, The memory 122 includes one or more cache

memories, main menwory, and/or any other suitable type of memory., The menmory 122 can

> and/or nonvolatile wenwry, The memeory 122 13 discretely located within the

104 relative fo the hardware processor 120 ace

[¥}
]
=t
o
oy
pracy
e
]
o
w2
o
]
2
fovd
1]
/
o
=

,J
’ T

3
i

i certain configurations, the memory 122 can be integrated with the hardware

processor 124,
{884} In certain exampie embodiments, the PHM avster 104 does not nelude s
hardware processor 120, In such a vase, the PHM svster 104 can tnclude, as an example, one

N

of more feld programmable gate arays (FPGA)Y, one oy more usulate

fransistors (JGBTS), one or more ntegrated circults (I0s), Using FPGAs, IOE Ty, 108, andior

TEC

other similar devices known in the art allows the PHM sy

3 . ) ~
zranymable and Ruction according to certain logie rules and thresholds without the we of
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a hardware provessar, Alternatively, FPGAg, IGBTs, I0s, and/or similar devices van be
i contunchion with one or mors hardware processors 120
{BO8SY The tansceiver 124 of the PHM system 104 o

andfor commumnication signals. Specifically, the transceiver 124 ca

between the PHM system 104 and the user 150, the network munager 180, andfor the sensory

he transcetver 124

(;
e
]
EN
P
£
pole
v

oy
[
joied
¢

oeed]
o

4oan use wired and/or wireless technology, The transceiver
be configured i such a way that the control and/or communication signals send andfov
received by the transceiver 124 can be received and/or sent by ancther transcetver that Is part
of the user 150, the network manager 188, and/or the sensors 160, The transceiver 124 oan
use any of a nuraber of signal types, including but not Hmited to radio signals,

{868s] When the transeetver 124 wsey wiveless techuology, any type of wireless

nology can be used by the transceiver 124 in sending and receiving signals.  Such
chnology van include, but is not louited to, WiFL, visible Hght conununication,

~

r networking, and Bleetooth, The transceiver 124 can use one or more of sy number

of suitable communication protoveds (e.g, ISATH0, HART) when sen

signals. Such communication protocols can be stored o the communication protocalds 132 of

storage repostory 130, Purther, any trapscetver information for the aser 5:50,,, the netw

wher the sensors 160 can be part of the stored data 134 {or sim

© ropository 134,

Optionally, in one or more example embodiments, the security module

secures interactions between the PHM system 104, the user 180, the network wamager 180,

the semsors 160, More specifically, the secwrity modale 128 authenticates
connnunication from software based on security keys verifving the identity of the source of
the communication.  For example, user software may be associated with a secusity
enabling the sofiware of the user 1530 1o interaet with the PHM svstem 194 andfor the sensors

16 Futher, the security module 128 can restrict receipt of information, reguests for

et n’??‘i andior acce

ss to nformation i seme example erabodiments.

).)

088 As mentioned above, sside from the PHM gvstem 104 and 5 components, the

Hght Gxture 107 can include 8 power supply 140 and one or more ligh The fight

¢ fixture 1O ave devices and/or components typically found In a Nyl
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fixture to atlow the light futture 102 to operate. The Heht fixture 102 can have on
any number and/ot type of Hght sources 142, Examples of sueh Hehi sources 142
but ave not fmited to, a local contrel module, a Helt source, a Light engine, a heat sink, an
slectrical conductor or electrical cable, g torminal block, & lens, a ditfuser, a reflector, an aiy
moving device, a baffle, a dinomer, and a circwdt board. A fiig'm source 143 can use any ype

cchnology, ncluding but not limited to LED, adescent, sodium vapor, and

The power supply 140 of the lght fixture 102 provides power 1o one or mose
142, The powsr sapply 148 can be called by any of g number of othey

names, inchading  but not limited to a driver, a LED driver, and 2 baliast.

140 can be substantially the same as, ¢r difforent than, the power module

stemn 104, The power supply 140 can include one or more of a number of s
diserete components {¢.g. transistor, diode, resistor), andfor a microprocessor. The power

supply 140 may include a printed cireuit board, upon which the microprocessor and/or one of

B

more diserete components are positioned, and/or a dimimer.
{80961 The power supply 140 can include one or more compone:

ransformer, a diode bridge, an inverter, & converter) that receives power :\

through an slectrical cable) from the power module 112 of the PHM system 104 a

power of a type {e.g., alternating current, direct corrent) and level fef;g 12V, 24V, 120V that

cant be used by the boht sources 147, In addition, or in the alte

&

can receive power from a source external to the hight fixture 102, In addition, or i the

atternative, the power supply 140 can be a sonrce of power in fself. For example, the power
pply 143 can be a hattery, a localized photovoliaic power system, or some other source of
wdependant power.

HHES S As stated above, the Hght Rxture 102 can be placed i any of & number «f

gavirommments, In such a case fixture 102 can be confipured to

comply with applicable standards for any of 2 number of environments.

W he rated as s Diviston 1 or a

Siumilarly, any of the sensors 160 or other devices commmunicably coupled o the Haht fixtwe

with applicable stondards for any of a mamber of
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! siandards.

REHORE Figure 2 illustrates one embodiment of & computing device

implements one or more of the various technigques described herein,
3

represemiative, W whele or in part, of the elewents described bereln pursuaat o certain

exemplary embediments, Compuling device 218 is one example of a computing device and i

not infended o suggest any lmitation as to scope of use or functionality of the compm

device andfor ity possibie architectures. Neither should computing device 218 be suterpreted

as having any dependency or reguirement relating to any one or combination of componenis
tustrated in the exarple computing device 218,

{80931 Computing devize 218 includes one or more processors or provessing

e components 215, one or more mpatoutput {VO) devices

&

the vartous componends and devices to communioate with one

another. Bus 217 represents one or wmove of any of several types of bus structures, ncluding g
menwry bus o memory controller, a peripheral bus, an accelerated graphics port, and a

processor or local bus using any of & variely of bus architectures, Bus 217 includes wired

%4 Memory/storags compouent 215 represents one or more computer siora

I

3

media.  Memory/storage compenent 215 includes volatte media {such as vandom accoss

zl

menory (RAMY}) andfor sonvolatile media (such a3 read only memory (ROM), flash memary

¥ L SE RISy Y,

opiical disks, magnetic disks, and so forth). Menwry/storage componemt 2153 includes fixad

media (e 2. RAM, ROM, a fixed hard drive, ete} as well as removable media (e, a Plash
memnoery drive, a removable havd drive, an optical disk, and so forthy

(30951 One o more VO devices 216 allow a costomer, utility, or other user to exnder

communds and nformation to computing device 218, and alse allow information © be

presented o the customwer,

atility, or other wser snd/or other components or devices

cwovboard, 8 gursor condrol devige

o

1 N .. Py & 3T e a e
3y \ TN INILT NN e
HES OF Uit Qovieas

k g. 4 1.10&561%}, a uncrophone, 2 touchsersen, and o scanner. Exam

o
[id
w
Lo
foss
e
5
-
.
pet
o
=
~
)
%
it
=
~
P-4

t imiled to, g display device {e.g. a moniior or projector),

R

outputs (0 a lighting netwerk {e.g, IIMX card), a printer, and a netwerk card.
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00961 Various techmigues are deseribed herein in the general context of seftware or
program modudes. Generally, software includes routines, programs, obiscts, components, data
siructures, and so forth that perform particular tasks or implement particular absiraet data
tvpes. An implomentation of these modudes and techniques are stored on or trapsmitied acvoss
some form of computer readable media.  Computer readable media i3 any available non-

fransttory mediwn or noretransitory media that 8 accessible by a computing devive, By way

of example, and not limitation, computer readable media includes Yeoraputer storage media”

186971 “Computer storage media” and “computer readable medium™ inchude volatile

and non-volutile, removable and von-removable media implemented I any

technology {or storage of information such as computer readable instructions, data struvtures,

program wmodules, or other data.  Compuier storage media include, but are not hanited o,

computer recordablc media such ag RAM, ROM, EEPROM, flash memory or other memery

technology, CD-RC

disks {(DVD) or other optical stovage, magnetic

cassetics, magnetic tape, maegnetic disk storsge or other magnelic storage devices, or any

ped

other medium which 18 wed o stove the desired information and
computer

J

HIIORY The computer device 218 i conmected o a network {not showr (e g, o logad

arca network (LANY & wide arca network {WAN) such as the intomet, cloud, or any other

N

lar type of network) via 8 netwerk tterface conneetion {vot shown) according o some

Those skilled n the art will appreciate that many different types of
computer systemms exiat {e.g., deskiop computer, a laptop computer, & personal media dovice, &
mobile device, such as a cell phone or personal digitad assistant, or any other compuling
system capable of executing computer readable instructions), and the sforementioned nput

awd ontput means take other forms, now kuown or later developed, in other exemplary

embodiments.  Generally speaking, the computer systermy 218 includes at leasi the minimal
processing, input, and/or output racans neccssary 1o practics one o more embodiments.

{66991 Further, those skilled in the art will appreciate that one or more eloments of the
atorementioned computer device 218 1s located at a remote location and connected tor the
other clements over a nefwork in certain exemplary embodiments,  Further, one or mors

cmbodiments 18 moaplomented on a distributed system having one or more nodes, where each
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example Heht fixture can be digposed within a housing of the hight fixture, Further, the FHM

systern of an exarople Hght fisture can send g communication 1o a user, where the

communication is assoctuted with resulty of analvzing the measurenwy
example PHM systern of a hight fixture van include a memory and a bardware processor,
where the memory can include a plumlity of wstructions, and where the hardware processoy

can execute the plurality of instructions stored i the memory, where the PHM engine uses
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plurality of instructions to analyze the at least one mwasurement,
{BU115] Although embodiments described herein are made with reforence to example

embodiments, it should be appreciated by those skilled

are wekl within the scope and spirit of thiy disclosure.

that the example emboditoents deseribed herein are pot limited {o any specifically discussed
application and that the smboediments deseribed herein are Hlustrative and not restrictive.
From the deseription of the example enbodiments, eguivalents of the elements shown therein

will suggest themselves to those slalled in the art, and
embodiments using the present disclosure will snggest thevnselves to practitioners of the art,

L84

Vheretore, the scope of the exanple embadiments is not Himited herein
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What is claimed is:

1. A light fixture comprising:

at least one light fixture component;

at least one first sensor that measures a current or a voltage associated with the at least
one light fixture component while the at least one light fixture component is operating;

at least one second sensor that measures at least one environmental parameter
associated with the at least one light fixture component while the at least one light fixture
component is operating; and

a prognostic and health monitoring (PHM) system coupled to the at least one first
sensor and the at least one second sensor, wherein the PHM system:

analyzes a first plurality of measurements of the current or the voltage, as measured by
the at least one first sensor while the at least one light fixture component is operating, in
relation to a second plurality of time-correlated measurements of the at least one
environmental parameter, as measured by the at least one second sensor while the at least one
light fixture component is operating;

establishes ranges of acceptable values of the current or the voltage based on
correlating the first plurality of measurements and the second plurality of time-correlated
measurements over a time;

compares a first actual measurement of the current or the voltage, as measured by the
at least one first sensor at a first subsequent time, to one of the ranges of acceptable values
that correlates to a first particular value of the at least one environmental parameter measured
by the at least one second sensor at the first subsequent time; and

predicts longevity of the at least one light fixture component based on comparing the

first actual measurement to the one of the ranges of acceptable values.
2. The light fixture of claim 1, wherein the at least one light fixture component comprises

at least one selected from a group consisting of a power supply, an additional sensor, a light

source, and a battery.
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3. The light fixture of claim 1, wherein the PHM system comprises a PHM engine to
analyze the first plurality of measurements and the second plurality of time-correlated

measurements.

4. The light fixture of claim 3, wherein the PHM engine uses at least one algorithm to
analyze the first plurality of measurements and the second plurality of time-correlated

measurements.

5. The light fixture of claim 1, wherein the first plurality of measurements and the second
plurality of time-correlated measurements are associated with at least one light fixture

component of other light fixtures.

6. The light fixture of claim 1, wherein the first actual measurement falls outside the one

of the ranges of acceptable values.
7. The light fixture of claim 1, wherein the PHM system sends a communication to a
user, wherein the communication is associated with results of predicting the longevity of the

at least one light fixture component.

8. The light fixture of claim 1 wherein the at least one second sensor is coupled to a

housing of the light fixture.

9. The light fixture of claim 8, wherein the at least one second sensor comprises a safety

barrier, thereby making the at least one second sensor intrinsically safe.

10.  The light fixture of claim 1, wherein the light fixture further comprises a housing

designed to comply with applicable standards for a hazardous environment.

11. The light fixture of claim 1, wherein the at least one light fixture component comprises

a plurality of light fixture components, wherein the plurality of light fixture components
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comprises a test component, wherein the test component is known to fail at a faster rate than a
remainder of the plurality of light fixture components, wherein the PHM system compares the
first actual measurement of the current or the voltage associated with the test component to

the one of the range of acceptable values.

12.  The light fixture of claim 11, wherein the PHM system determines a remaining useful
life of the remainder of the plurality of light fixture components based on analyzing the first

actual measurement associated with the test component.

13.  The light fixture of claim 1, wherein the at least one environmental parameter
comprises at least one selected from a group consisting of a temperature, a humidity level, and

a vibration amount.

14.  The light fixture of claim 1, wherein at a second subsequent time after the first
subsequent time the first actual measurement becomes part of the first plurality of
measurements and the first particular value becomes part of the second plurality of time-

correlated measurements.

15.  The light fixture of claim 14, wherein the ranges of acceptable values are re-

established at the second subsequent time.

16.  The light fixture of claim 15, wherein the PHM system further:

compares a second actual measurement of the current or the voltage, as measured by
the at least one first sensor at a third subsequent time, to another of the ranges of acceptable
values that correlates to a second particular value of the at least one environmental parameter
measured by the at least one second sensor at the third subsequent time; and

predicts the longevity of the at least one light fixture component based on comparing
the second actual measurement to the another of the ranges of acceptable values,

wherein the third subsequent time is after the second subsequent time.
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17. A prognostic and health monitoring (PHM) system for a light fixture, the system
comprising:

a PHM engine that is configured to:

receive a first plurality of measurements of a current or a voltage associated with a
light fixture component of the light fixture, as measured by at least one first sensor over time,
and a second plurality of time-correlated measurements of at least one environmental
parameter, as measured by at least one second sensor over the time, while the light fixture
component is operating;

establish ranges of acceptable values of the current or the voltage based on correlating
the first plurality of measurements and the second plurality of time-correlated measurements
over the time;

compare an actual measurement of the current or the voltage, as measured by the at
least one first sensor at a subsequent time, to one of the ranges of acceptable values that
correlates to a particular value of the at least one environmental parameter measured by the at
least one second sensor at the subsequent time; and

predict longevity of the light fixture component based on comparing the actual

measurement to the one of the ranges of acceptable values.

18.  The PHM system of claim 17, further comprising:
a storage repository coupled to the PHM engine, wherein the storage repository stores

the first plurality of measurements and the second plurality of time-correlated measurements.

19. The PHM system of claim 17, further comprising:
a communication module coupled to the PHM engine, wherein the communication
module allows the PHM engine to notify a user as to at least one factor that affects the

longevity of the light fixture component.

20. The PHM system of claim 17, further comprising:

a memory comprising a plurality of instructions;

Date regue / Date received 2021-12-13
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a hardware processor that executes the plurality of instructions stored in the memory,
wherein the PHM engine uses the plurality of instructions to predict the longevity of the light

fixture component.
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