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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.



WO 2017/116771 A1 IIWANT 000 00 T

Published:
—  with international search report (Art. 21(3))



WO 2017/116771 PCT/US2016/067310

PROGNOSTIC AND HEALTH MONITORING SYSTEMX FOR LIGHT FIXTURESR

CROSK-REFERENCE TO RELATED APPLICATIONS

{8011 This gpplication claims priovity under 35 R0 §11%  United States
Provisional Patent Application Nerial Number 62/271.762, tided “Prognosiic and Health
Monitoring Systems For Light Fixtures™ and filed on Decomber 28, 2013, the entive contents
of which are hereby meorporated herein by reference.
TECHNICAL FIELD

{o002] The prosent disclosure relates generally to monitoring systems for light
fixtures, and more pavticularly o systems, methods, and devices for prognostic and health
monitoring systems for Hght fxiures.

BACKGROUND

{88834 Light fixtures are used o 8 vaviety of environments.  Many of these Hght

¥

use advanced technology with a number of components.  As a result, these light

£
I

ixtures can have a namber of faihwe poinis.  In lUghling applications, such as havardous

environrnents, reliability of the lighiing system is vital, Unfortunately, the characteristics

v

1

{e.g.. humidity, extrome femperatures, corrosive gas) of these environments can cause the

fathure of oue of wove components of a light fixture to be accelerated.

SUMMARY

{8084 inn general, n one aspect, the disclosure relates to g lght fxiure. The Hght
viture can include &l least ene lght Oxtnre component, The Heht fixture can also nclude ai
least one sensor that measures at least one parameter associaled with the at least one gl
fixtwre coroponent.  The light {ixture can further include a prognostic and health mondtoring
HM} systent coupled to the at least one sensor, where the PHM system analvzes at least one

measurement, made by the at least one sens

v

to wdemify at least one factor 4

lengevity of the at least one light fixtues component.
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HUE S in another aspect, the disclosure can generally relate to a prognostic and health

rminr;

snonitoring {PHM) system for a Heht fivtwe, The PHM system can include a PHM engine
that recetves at least one measurement of at least one parameter associated with a Heght fixture
component, where the PHM engine analyzes the ot least one measwement to identify of least

one factor that affects longevity of the Heht fixture component.

{36861 These and other aspects, objects, features, and embodiments will be apparent

from the following description and the appended claima,

BRIEF DESCRIPTION OF THE DRAWINGS

687 The deawings tilustrate only example embodiments and &
constdered Bmdting In scope, as the example embodiments may admt

s

eifective embodiments. The elements gnd features shown in the drawings are

to seade, emphasis instead being placed upon clearly iHustrating the principl
embodiments.  Additionally, ceriain diroensions or posifionings may be exaggerated o help

visually convey such principles.  In the drawings, reference numerals designate ke or

corresponding, but not vecessarily identical, elements,

18008} Figure 1 shows & systom diagram of a lighting system that includes a light

fixture 1o accordance with certain example emnbodiments.
{0 Figure 2 shows a computing device in accordance with certain example

embodiments.

R Figure 3 shows a light fixture in accordance with ceoriain oxample

s \i\ i anta

Lu}'lx.-(‘}iﬁgl;:\;:}it\,,

{8811} Figure 4 shows g system diagram of a hght fixture in accordance with certain
PO, S S

exaniple smbodiments

{0121 Figure § is a flowchart showing a methoed for prognostic and health monitoring

of a ight fixture in accordance with certain example embodiments.

DETAILED DESCRIPTION

{8013} In genersl, example embodiments provide systems, methods, and devices for

prognostic and health monttoring systems for Lght fixtures. Example pr

moniioring systems for gl fixtures provide a munber of benefits, Such benefits can include,
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but are not limtted to, preventing abrupt fatlure of Hght fixtures in eritical appHeations, fonger
usefud fife of Heht fHxdures, enable proventative malutenance practices, improved rood cause

diagnostics of light fixtore failures, reduced operating costs, and coraplisnce with industry

standards that apply to Hght Sxtures located inn certain enviromments.

{30141 For example, embodiments can generate estimates of the remaining usefyd Hfe
of a light fixtwe or components theree!f based on actual, realtime data.  Hrample

embodiments can predict the fathwe of 2 Hght Bxture {or components thereof) to Improve the

industrial environments in which the ‘Eg}n fixtore i3 disposed

facility. Hxample embodiments can further provide a user with options t

iife of a Hght fixture or componerts thereot,
EEERY In some cases, the example embodiments discussed herein can be used In any

iype of hazardous environment, mcluding but not Hited to an airplane hangar, a 4

A

{as for oil, gas, or water}, a production rig {as for oil or gas), a refinery, a chemieal plant, &

power plant, @ miing opergtion, a wastewater treatment facility, and a stee! mill, A aser may

X

e any person that interacts with Hght Rxtures. Examples of a user may include, but are not

Hwmtled 1o, an engineer, an elocivician, an instrumentation and controls technician, &8 mechanic,

an operator, a consuliant, an nventory management system, an nventory manager, a foreman,

Y

a labor scheduling system, @ contractor, and 2 mamdacturer’s representative.

8016} The example light fixtures having prognostic and health monftoring syas
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sonents thereof, including controllers) described hereln can be made of one or

a yapnber of suitable materials to allow the light fixnwe andfor other associated comporents of

& system 1o meet cerlatn standards and/or regulations while alse maintaining durability in Bl

Cthe one or more conditions under which
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{EE Efixampie iighﬁi fixtures {or portions thereo®) having prognostic and health

wonitoring systems deseribed heredn can be made from a single plece {as from 2 mold

infection mold, die cast, or extrusion process). o addition, or in the alternative, example Hght

fixtures {or portions thereof) having prognostic and heslth monitoring svstems can be made
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: nmitipie pieces that are mechm}ica}iy c(mp}ed to each other. In such a case

methods, including but oot Hmited to cpoxy, W@idiﬁg, {astening devices, compression iftings,
mating threads, and slotted Hitings., One or more pieces that ave mechanically coupled to each
other can be coupled to each other in one or mwore of & nuntber of ways, including but net
Hmited to fixedby, hingedly, removeably, slidably, and threadably.

IR} In the foregoing figures showing example embodiments of prognostic and
health monitoring systerns for light Gxtyres, one or more of the componenis shown may he

omittad, repeated, and/or substituted.  Accordingly, exampie embodiments of prognostic and

fiealth monttoring systemy for lght fixtures should not be considered lnuted o the specific
arvangements of componends shown in any of the figures. For example, features shown in one
or more figures or described with respect to oue embodiment can be applied to another
embodiment associated with a differem figure or description.

{8019} While example embodiments deseribed herein ave divected to Hght fixtures,

prognostic and health montloring systems can alse be applied o any deviess andior

components disposed within an electrival enclosuwre.  As defined hereln, an elecivical

f‘)nf"{\" s e any i (’. 5 1ot ¢ ¥ inaiiie ‘§ E d N i ctoeimeal machanieal
CRCIOBUTE 18 any wype SOINet o Tﬂu\iﬁ}\ HIBHAE O V‘( 1 ig« ISPOSCH CIOCATICAL, Wl nanical,

cleetro-tmechanical, and/or electronic equipment.  Such equipmery can nclude, bal s not
b P4 " N 7. 2 " ¥
Hmuted to, a controller {also called a control module), g hardware processor, a power supply
{2.g., & battery, a driver, a ballast), g sensor module, a safety barvier, & sensor, sensoy vircuitry
a light souree, electrical cables, and electrical conduciors, Examples of an electrical enclosure

'y 1 ~

can melade, but are not limtted o, & housing for g light fixture, 2 housing for a sensor devige,

ann electrical connector, a junction box, a motor control center, & breaker box, an elecirical
housing, a condudl, a control panel, an indicating panel, and a control cabinet.

028 fn certain example embodiments, hght fixtures having prognostic and health
moniforing systems are su‘h;:cv to weeting cortain standards andfor requirements,  For

zl’

example, the Nan Electric Cade (7

Associgtion {NEI

ECY, the National Hlectrical  Manufacturers

the International Hlectrotechnical Commi

Communteation Commission (FOO), the Hluminating Engineering Souiety (1B8), and

Institute of Hlootrical and Electromnivs Bnglneers
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wlosures, wiring, and electrical connections, Lise of example embodinents deseribed herein
neet {andfor allow a corresponding device to meet) such standards when regquived. In some
{e.g.. PV solar} applications, additional standards particnlar to that application may be met by
the electrical enclosures desceribed herein,

{21 I a component of a figure is described but not expressly shown ar labeled in

S

> tabel used for a corresponding component in ancther Hgure can be infared ©

that component.  Conversely, i a component in a figure is labeled but not desertbed, the

1 4
b3

description for such component can be substantially the same as the description {or the
corresponding  component wm another fimwe.  The numbering scheme for the various
componends i the figures herein 18 such that each component 18 g three digit vumber and
corresponding components in other figares have the dentical last two digits.

{2 In addition, a statement that a particular embodiment {e.g., as shown i a figure

X

herein) doeg not have a particular featwre or component does not mean, unless exprassly

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

example, for parposes of present or future claims herein, a feature or component that s
deseribed as not being included in an example embodiment shown in one or more particular
drawings 1s capable of being included in one or more claims that correspond to such one or
more particular drawings herein.

{8331 Example embadiments of prognostic and health «

fixtures will be described more fully hereinafter with reference to the z»:,cc,mmm'i:-'im;

drawings, u which example embodiments of prognostic and health monitoring systems for
light fixtores are shown. Prognostie and health monitoring systerns for lght Sxtures may,

Fa

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 ave provided so
that this disclosure will be thorough and complete, and will fully convey the scope of

prognostic and health monitoring systerns for light fixtores o those of imary skill in the ari

Like, byt not secessarily the same. clements {alse sometimes called components) in the
various figures are denoted by like reference munsrals for consisiency.
{8624} Terms such as “first”, “second”, and “within” are used merely to distinguish

one component {or part of 4 component or stale of a component) from another. Such forms
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RE485) and/or wirsless {eg, Wi-Fi, visthle Hght communication, collular networking,
Binetooth, WirelessHART, ISA 100} technelogy. For example, & communication Huk 108 can
be {or include} one or more eloctrical conductors that are coupled to the housing 183 of

fight fixture 102 and {o a sensor 160, The communication lnk 105 can transmit signals

piwer \}Qﬂi}’s communication signals, control signals, data) between the lig
the usar 150, the network manager 180, and/or one o more of the sensors 168
27 The network manager 180 18 a device or component that conirols all or a

portion of a commundeation network that inchudes the FHM system 104 of the light fxtue
2, additional hight fxtures, and the sensors 160 that are commumieably coupled o the PHM
systemn 104, The network manager 180G can be substantially similar to the PHM system 104,

N

Alternatively, the network manager 180 can inclade one or more of a number of festures in

addition o, or altered from, the features of the PHM systom 104 described bhelow.,  As
deseribed heretn, commumnication with the network wanager 180 can include commmpneatin

with one or more other components {e.g., another light fxture) of the system 100, Insuch a

]

vase, the network manager 180 can faciiitate such communication.

{84281 The one or more sensors 160 can be any type of sensing device thal measurs

&

ot ser

2

one of more parameters. Examples of types

’;')

sors 160 can inchude, but are not luntied to.

,..,>

a passive jufraved sensor, a photocell, a prossure sensor, an air flow mondior, a gag deteior,
and a resistance temperatore detector. A parameter that can be measured by a sensor 160 can
i3 not limited to, motion, an amount of ambient Bght, tomperatore within the
wousing 103 of the Hght fixture 102, humidity within the housing 103 of the light fixture 102,

ity within the housing 103 of the Hght fixture 102, vibration, occupaney of @ space,
pressure, arr How, smoke {as trow a fire}, temperatore {e.g., excessive heat, excessive vold, an
ambisnt emperaturs, anbient light level} outside the housing 103 of the lght fixture 102, In
some casey, the parameter or parameters measured by a sensor 160 can be used to opevate one
ot more light sources 142 of the light fixtuwe 102, Each sensor 160 can use one or more of a

number of communicgtion pratocels.

canother Hght fixture in the system 100, A sensor 160 can be located within the housing
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{60291 In certain example eombodiments, a sensor 160 can include a battery that i
usad o provide power, at least in part, 1o some or all of the rest of the sensor 160, Wh
aystem 100 {or at least g sonsor 160} is located 1o a harardous enviromment, the sonsor 160

\

can be intrinsically safe, As used herein, the term “intrinsically safe” refers 1o a device {e.g.,

rer

he deviee uses a lmited amount of eloctrical energy so that sparks cannot oocur from a short

cirputt or failures that can cause an explosive atmosphere found in hazardous environments {o

ignite. A safety barrer 136 18 commonly used with an intrinsically safe device, where th

(3

safety barrier 136 Houts the anmwunt of powser delivered 1o the sensor or other device 1o reducs
the nisk of exploston, five, or other adverse condition thal can be caused by high amonnis of
power in the harardous environment. An adverse condiion can alse be an abnommal
condition that is not potentially catastrophic in nature.
10038 The optional safety barrier 136 can provide protection {o.g., overvoltags
pretection, overeurrent protection) for one or meore components of the light fixtee 182 when
the ght fixture 102 15 located n g havardous environment. For example, the safety
136 can Hmit the amount of power delivered to the power modude 112 of the controfler 184 to
reduce the risk of explosion, five, or other adverse condition that can be caused by high
amouts of power i the hazardous environment. The safety barrier 136 can be a reguired
component when the Eigh&' fixture 102 is located I a bazardous environment.  For example,
0 G071 reguires that power must be less than 13W dwing & fagl condiion. The

safety bamrier 136 can include one or more of a number of single or multiple discrets

P

components  {g.g., capacior, indoctor, transstor, diede, vosistor, fusen anddor g

;-‘

{831 The user 150, the network manager 180, and/or the seusors 160 can interact

with the PHM system 104 of the Hght fixtre 102 using the application interface 126 in

aecordance with one or more example embodiments.  Specifically, the application interface
126 of the PHM aystom 104 receives data (e g, Information, communications, nstructions.
opdates to Hrorware) from and sends data {e g, information, convrmmications, nstructions) to

the user 154, the network manager 188, andfor each sensor 180, The user 138, the netwark

AR TN v d Fonan N v~ N S N w,‘f oty Froym and oot
manager 188, anddor cach sensor 1660 can inchude an interface 1o receive data from and send
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data to the FHM system 104 in cortain example smbodirnents. Examples of such an imierface

can include, but are not limited 0, a grephical user interface, a3 touchscreen, an

,.
o
o
s
oy
e
or
]
&n
L.
o
s
oy
]
fout
5

nrng interface, & kevboard, a monitor, a mouse, & web service, a dalg protocol

adapter, some other hardware andfor sofbware, or any suttable combination thereofl
16032 The PHM system 164, the user 15, the network manager 180, andior the

H
i

N ¥ 7 3 3y o
sensors 160 can use their own system or share o system in certain exanple embodiments.

Such a system can be, or contain & form of, an Inlemet-based or an intranet-based computer

system that is capable of communicating with vartous software. A computer system inciudes

any type of computing device and/or communication device, including but not lmited to the

PHM system 104, Examples of such a system can welude. but are not limited to, a deskiop

atermnet or infranet geoess, a smart phone, a server, a server farmy, an android devics {or

frons

equivalent), a tablet, smatiphones, and & personal digital assistant (PIXAY, Such asysten can

correspond to a computer system as deseribed below with regard o Figure 2,

{8833 Further, as discussed above, such a system can bave corresponding

{e.g., user software, sensor software, controller software, netwark manager

&

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

personal computer (PO, laptop, PIA, television, cable box, satellite box,
mobile phone, or other computing dovises) and can be coupled by the commudostion

fnternel, Intrapel, Dxtranet, Local Avea Network {LAN), Wide Ares Network

her network communication methods) and/or communication channels, with

ireless segments according to some example embodiments. The software of one

wely but in conjunciion with, the software of another

whide a housing 103, The housing 103 can melude
at least one wall that forms a cavity 101, In some cases, the housing can be designed o
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that oporate at a higher temperature relative 1o the rest of the LEDs (icht sources
¥ g . {i1g

ras

monitored {using one or nyore sensors 160) over time. When the “canary” i

i1, an algorithee 133 can determine how far behind the other Light ¢

can be divected to the Hght sources 142 of the Ryl

reciation data collected wnder the LM-R0 standard,
developed by the IES, and published by LHED package manufacturers can be stored as stored
data 134 and compared with temperatures {(as measured by one or more sensors 160 and
stored as stored data 134 of lght sowees 1432 of the Haht fixture 102 1o ses i a correlation

can be Ce‘veii}ped As another example, when one or wore Heht sowrces 142 of the Hgiw

mined to begin fatling, the algorithim 133 can divect the PHM engine 106

0 generate ag alarm for predictive maintenance.

{461 As example, an algorithm 133 can be to continuously menitor the current {(as

z

4

v metering module 111 and stored as stored data 134 ounipat by the

1

power supply 1480 and the reference cwrent. In addition fo the dinwner setiing, the algorith

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

~

for a given dimuer setting and predict fatlure of the power supply 140, In such a case, the
divection of the vanation can dictale whether there is a short clrowit of an open cireuit
invoived.

108471 Ancther example algorithm 133 can be to measure and analvze the curremt
output and current ripple of the power supply 140 over time. If the current ripple relative to

<

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

<

Yet another example algorithm 133 can be to monitor a temperature of a criticd

Y

component {e.g., electrolytic vapacitors, Controller 1C, Blocking diode, TVSY of the power

supply 148 over time. The estimated remaining 1 of the power supply 149 can be based on
degradation curves of those components and  threshold values established those

{BO4E] Still ancther example algorithm 133 can be to measwve and
eguivalent series resistance of the output clectrolytic capacitors of the power supply 140 over

X bt Sl

T T ocyimpeNn e B ey enyd s F et oy I R e NS 2
tme. An alamm can be generated by the PHM engine 106 when the resistance excesds o
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166524 Examples of 8 storage vepostiory 130 can include, but are not hmited 1o, a
database {or a number of databases), a file system, a bard drive, Hash memeory, some other
form of solid state data storage, or any sutiable combination thereofl The storage veposiiory

130 can be located on multiple physieal machines, each storing all ot a portion of the
comununication protocols 132, the algonithms 133, and/or the stored data 134 gecording o

some example embodimuents. Hach storage unit or device can be physically located w8

same of in g different geographic lovation,

~
-
b3

[H8S3] The storage repostiory 130 can be operatively connected to the PHN

186, In oue or more example embodiments, the PHM engine 106 tncludes functionality to
commmunicate with the user 150, the network manager 180, and the sensors 1601

More specifically, the PHM eéngine 106 sends information to andfor recetves
information from the storage reposttory 130 in order {o commurtieate with the user 150, the

network ranager 180, and the sensors 160, As discnssed below, the storage

can alzo be operatively connected to the communication module 108

00841 fry certain example embodiments, the PHM engine 106 of the PHM system 134
controls the operation of one or more components {e.g., the communication module 108, the
real-iime clock 110, the wansceiver 124} of the PHM system 104, For example, the PHM
gngine 106 can activate the compmundcation module 108 when the communication module 108

is 1 Vsleep” mode and when the conmmunication module 108 18 needed to send data received

00,

P

fron another component {e.g., a sensor 160, the user 150} in the system
{8085] As another e:xampieﬁ the PHM engine 106 can acquire the current time using
the real-time clock 113 The real time clock 110 can enable the PHM system 104 o condrald
the light fivture 102 even when the PHM systems 104 has no communication with the network
manager 180, As yet sanother example, the PHM engine 106 can ¢

o

modale TH 1o measure and send power consumption infirmation

genevate and send a dimming signal {eg., 0410V I3C) to the power supply ,‘séf}-{?,} whicl causes
the power supply 140 to adjust the lght output of the Hght sources 142
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{00561 The PHM enpine 106 can be configured to perform a number of

belp progrosticate and monitor the health of the Hght forture

either continually or on a periodic basis. In other words, the PHY

more fctors that can affect the longevity {o.g., the perfovmance, v ‘iii&bihiy} of one or more
components of the Hight fixture 102, For example, the PHM engine 106 can execute any of
the algorithms 133 stored in the storage repostiory 130, As a specific example, the PHM
engine 106 can measwre {using the energy metering module 111, store {as stored data 134w
the storage repository 1300, and cvaluate, using an algorithm 133, the current and voltage
delivered o and delivered by the power supply 140 over time.

{BOSTY As another specific example, the PHM engine 106 can use on
algorithms 133 that focus on certarn components of the hight fixtare 102
PHM engine 106 can use one o more algorithme 133 that focus on the integrity of the

fwusing 103 of the light foxture 102, As siated above, one such example of an algorithm 133

&

iz predicting the Hife of a gasket {disposed, for example, between a cover and a body of the
fousing 103} of the Hght fxture 102 based on the tomperature within the cavity 101 {as

e

weasured by a sensor 160 and stored as stored datg 154) and the characteristios of the gasket
material {stored as stored data 134 In such a case, the PHM enging 106 can control the
{058} The PHM engine 106 can also predict the mtegrity of a pasket of the light
v trire ”}) t' ¥ T T s v IR AN LTI oy o e vy s{'r\,,\) vt hace ey 13.. z{'\*. B P
fixture 132 by measwring alv quality {using a sensor 160} inside the cavity 103 proximats
e gasket over time, and determining that the gasket needs to be replaced when the air quality

falls outside a range of normal values {as stored as stored data 1344 {e.g., exceeds a threshold

¥

¥ b & k . O 3 g o 3 A rou 3 OO o
is & leak in the housing 103 when moisture levels exceed g threshold value (a8 stored as stored

{88391 As yet another example, the PHM engine 106 can detormine ¢

o

sealing member {e.g., a gasket) of the light fxture 102, In such a case, a sensor

air guality sepsor cgpable of megsuring volatile organic compounds {(VOUs) or dust paticle

conceniration over time, and the FHM engine 106 can use one or more glgorithms 133, slong
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with the measurements made by one or more semsors 186, to determine {or predict the
{ the sealing member. As anniher example, the PHM engine 106 can
ostve gas concoutration sxeeeds o threshold value, creating a
sitnation. o such a case, a sensor 160 can be a gas sensor placed within the optical cavity

{e.g., tua volume of space defined by a lens prodimate (o the hight sonrges 142) of the Hght

fixture 102, and the PHM engine 106 can use measurements of explosive gag concentrations

{e.g., Hh, CH) made by the sensor 160, in conjunclion with one or more algorithms 133, ©

ssive gas concentralion i high

o
F)]
P
[
o
o
s
poey
:3
[
P
=
£

s
e
A
3
pet®
oo

HHSH The PHM engine 106 can also detect, in real time, instantaneous fathures of one
or more components of the hight fixture 102, For example, i a power aptke (e, a ity o
the power supply 140 is measured by the enorgy metering modude 111, the PHM engine 106

can instantancously, in real time, compare the excessively high vollage reading with »

TR Y st paprv e Sl 3 oo Ty . N TN € oy acing der e TS £5 AT S
threshold vabue, determing that the voltage measurement represents g fauly, and takes

iate action {e.g.. opens a swiich o stop receiving powser from the source of the fauly,
uses g sccondary soures of power to maintain the operation of the Hght fixtwe W)
mininnize daveage o the components of the fight Gxture 102 that can be caused by the fault
tainy o safe operating envivonment {e.g., allow the hght sources 142 {6 continue o

receive power 1o continue emitting light}) in the arca of the light fixture 102,

061} Further, the PHM engine 106 can track {using measurements from one or more

o

e

sensors 164 and one or more alporithms 133} under-vollage conditions that are putside of

design Hmits {e.g., threshold values) to assess damage to one or more of the components {e.g..
PHM aystent 104, power supply 140} of the Hgly fixture 102 due o over-heating caused by

ithe under-voltage conditions. The PHM engine 106 can also track, using one or more sensors

160 and one or more algorithms 133, rsnsient voltage and cwrrent fluctnations that do net

cause any severe damage 1o one or more components of the Hght fixaure 102 in the shortterm,
but that can cause severe damage o those components when accumulated over a period of

tme. In this way, the PHM engine 106 ean proactively fmprove intelligence on facility power

systems and lead 1o more robust design of one or more components {e.g., electronies) of the
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[8G65] As vet another example, the PHM engine 106 can measore (using one or more

3
i
jod
v’
ol
fev
oo
s/
‘

nalyze the current output and cwerent ripple of the power supply 140 over
time.  If the cumrent vipple {e.g, peak-to-peak tipple current, RMS cwrrent} relative o the
current output excesds a threshold value, then the PHM engine 106 can classity the power

supply 140 as falled.  As still another example, the PHM engine 106 can mowtor 8

temperature {using one or more sensors 160} of a critieal component {e.g., slectrolytic
capacitors, Controfler 10, Blocking dlode, TVS) of the power supply 140 over time. The
PHM engine 106 can estimate the remaining life of the power supply 1440 based on

degradation curves of those components and threshold values establisbed for hose

HEHI The PHM engine 106 can also measwre {using one or more sensors 160) and

analyze the equivalent series resistance of the output clecirolytic capacitors of the power

o
per]
$5
s
)
Nt

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

o]

resistance exceeds a threshold value, indicating failure of the power supply 1440 The PHM
engine 106 can further measure {using one or more sensors 160} and analyze the magninde
and mumber of surges (ringing waves) that the power supply 140 15 subjected {0 over thme.
‘:\f‘g an algorithm 133, the PHM engine 106 can predict the expeet

v 140 baged on a threshold value, The PHM eogine 106 can also measure {z.ising ORne oY
more sensors 160) and analyze the efficiency of the power supply 140 over time. An alarm
can be generated by the PHM engine 106 when the efficiency of the power supply 140 falls

ciow a threshold value, indicating faithwe of the power supply 140,

%)

{867} The PHM engine 106 can provide control, communication, and/or other similar
signals to the user 150, the network manager 180, and one or more of the sensors 166
Similarly, the PHM engine 106 can recsive control, commigneation, andfor other similar

Forvgry £1 o~

signals from the user 159, the network manager 180, and one or move of the sensors 164, The

PHM engine 106 can control sach sensor 160 automatically (for example, based on one ov

AFereriitime o N enaine TO&Y - : et conieal o SN R- S
more algorthms stored in the PHM engine 106} and/or based ¢n control, conumunication,

andfor other similar signals received from another device through a communication ok 105

The PHM engine 106 may include a printed cirewit board, upon which the hardware processer

120 and/or one or more discrele componends of the PHM system 104 are positioned
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{8068] The PHM engine 106 can be located in the physical memory 122

"

within the Hght Sxture 102, vu an application server, in cloud infrastroctuwe, and/or n any

po

er suitable platform andfor location. In some cases, the PHM engine 106 can exist inall or

some of these platforms andfor locations simuitaneously.  In such instances,

complexity of analvsis can be performed at these platforrus andfor locations. For sxample,
3

lata threshold type analvsis can be performed at the light fixture lovel, whereas trend oy

5 o

statistical analyvsis that requires significant data mining can be performed at the application
server or cloud database levell

{8069} In certain embodiments, the PHM engine 106 of the PHM system WM can
communicate with one or more components of a svstem external to the systemm 180

furtherance of prognostications and evaluntions of the Hght fxture 102, For example, the

PHM engine 106 can interact with an tnventory menagement system by ordering a light
fixture {or one or more companenis thereot) 1o repk the hHeht fxture 107 for one or more
TIXIUre {07 ONe O e s..(hui“}ﬁhx.fi S nere 0._) Q Ik,p ACE & 3‘ Sixiure sl O 000 Y MOre
components thereof) that the PHM engine 106 has determined to tail or be failing. As another

example, the PHM engine 106 can interact with a workdforee scheduling system by schaduling
& mattenance crew to repair or replace the Heht finture 102 {or portion thereof) when the
PHNM engine 106 delermines that the light fixture 102 or portion thereol regu

mainienance or replacement,  In thig way, the PHM svstern 104 16 capable of perfonming &
N nE 3 ¥

functions beyvond what could reasonably be considered a voutine task.

-
)
pos
o
s
Vs
joss
7
’v
e
.
St
e,
ity
e

supply 140y of the Hght fixture 102, For example, it the power ¢

102 operates under IBC Standard 62386, then the power supply 140 can have a serial
communication interface that will transier data {e.g., stored data 134) megsured by the sensors
168, In such a case, the PHM engine 106 can also wmclude a senal mderface to enable

commnunication with the power supply 140 within the lght fixture 102, Such an interface can

operate in conjunction with, or jndependently of, the commumication protocols 1332 ased to
communicate between the PHM gystem 104 and the user 156, the network manager 180, and
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{88711 The PHM engine 106 {or other components of the FHM svstem 104} can alse

Y]

inciude one or more hardware components andfor software elements to perforn 88 functions.
Such components can inclode, but we mot limited to, a untversal asynchronous

£ i

receiver/transmitter (UARTY, a seorial peripheral terface (8PIy, a direct

(DAY storage devics, an analog-to-digiial converter, an inter-integrated

Tk

oulse width modulator (PWM).

872 The commumication modude 108 of the PHM systern 104 determunes and
implements the conmmumnisation protocol {e.g., from the commundeation protocols 132 of the

storgge reposttory 130} that is used when the PHM engine 106 communicates with (e g, sends

signaly o, recetves signals fromy) the user 130, the network manager 188, and/or one or nwre
of the sensors 160, In some cases, the communication module 108 accesses the stoved data

134 1o detormine which commmunication proatocol is used o communicate with the sensor 160

assoctated with the stored data 134, In addition, the communication module

the communication protocel of a communication recetved by the PHM gystem

<

PHM engine 106 can interpret the communication.

16073} The communication module 108 can send and receive data
network manager 18, the sensors 164} andfor the users 150 and the PHM svetem 104, The
communication modale 108 can send andfor receive data tn & given format that follows a

particular communication protocol 1320 The PHM ongine 106 can interpret the da

recetved from the compmundcation modude 108 using the communication protoce! 132
iformation stored in the storage repository 130, The PHM enging 106 can also faciliate the
data transter between one or more sensors 160 and the network manager 180 or s user 1530 by
converting the data into & format understood by the communication module 108,

T4 The compnnedeation modude 10R can send data (e, communication protocols

d data 134, operational information, alorms) divectly to andior

retvieve data directly from the storage repository 130, Alternatively, the PHM engine 108 ca

facilitate the transfer of data between the comummunication modole 108 and the storage
repository 130, The communication modole 10R can also provide encryption to data that is
sextt by the PHM system 104 and decrvption to data that is received by the PHM systent 104,

he commumication module 108 can alse provide one or more of @ number of other services
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{0878} The power module 112 of the PHM system 104 provides power to one or more
other components {e.g., al-time clook 110, PHM engine 106} of the PHM system 104, In

addition, i certain example cimbodiments, the power module 112 can provide power {0 the

The power module 112 can include one ov more of

a munber of single or multiple disorete components (e g, trangistor, diode, resistor), andfor a

by

micropracessor. The power module 112 may include a printed cirouit board, upon which the
migroprocessor and/or ene or more discrete coraponents gre positioned.  In some cases, the
vower niodude 112 can include one or more comporents that allow the power modude 112 0
sure one or more elements of power {e.g., voltage, current} that is delivered to and/or sent
from the power module 112, Alternatively, the PHM sysiem 104 can inclade a power
tering modude (ot shown) o measare one or more clements of power that flows info, out
of, and/or within the PHM system 104, Such a power metering module can also be considered

sensor {e.g., sensor 160} heremn,

7Y The power module 12 can include one or more components a
transformer, a diode bridge, an inverier, & converer) that receives power {(for example,
through an electrical cable) from a source external to the lght fixture 102 awd

power of a type {e.g., alternating curvent, divect current) and level {e.g., 12V, 24V, 13¢

Gica

pos
~

[

can  be used by the other components of the PHM gystem 104 andfor by &

The power module 112 can use a closed control loop o maintain a
voltage or current with 8 tight tolerance at the outpat. The power madule 112 can also protect
the rest of the electronics (e.g., bardware processor 120, transceiver 124) in the light fixture
{rem surges generated in the line.

{BORE] in addition, or in the alternative, the power modole 112 can be a source of
power in itsell {o provide signals to the other components of the PHM systems 184 andior the

Sehav R s T AL S ey -y 177 s g A - .
power supply 140, For example, the power mwodule 112 can be a %\\ As another

he power module 112 can be a localived photovoligic power system,

333 T3 e PO < e . 3 s R Y
wodule 112 can also have sufficient isolation in the associasted componenis of the pows
dosdes 31 ~ g 511 M N 3
madme 12 {e.g., tansformers, opto-couplers, enrrent and voltage Hmiting devices) so tha
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{0811 in certain example embodiments, the power module 112 of the PHM system
104 can also provide power and/or control signals, directly or indirectly, 10 one or more of the

sensors 160, In such a ¢

®

this way, power can be conserved by sending power to the sensors 160 andfor the

of the light hixture 102 when those devices need power, as determined by the

The hardware processor 120 of the PHM systermn 104 execuntes software,

and firmware in accordance with one or more example embodiments.

v, the hardware processor 120 can exeoute software on the PHM sangine 106 or any

other portion of the PHM asystem 104, as well as software used by the wser 130, the network
manager 180, andfor one or move of the sensors 160, The hardware processor 120 can be an
mtegrated cirenit, a central processing unit, a multi-core processing chip, 8o, a multd-chip
modale ncluding mulliple rmulti-core processing chips, or other hardware processor in one oy

~
H

more example embodiments. The hardware processor kuown by other names,

> not hmited fo a compuier processer, @ microprocessor, and a multi-cors

¥

noone of more example embodinnents, the hardware processor 120 executes

Yaia
Yoo n

software lnstructions stored in memery 122, The memory 122 includes

memories, main memory, andlor any other suitable type of memory. The memory 122 can

3

clude volaiile and/or nonwvolatile menwry, The memory 122 s discretely located within the

PHM systern 104 relative to the hardware processor 120 according to some example

5

nbodiments. In certain configurations, the memory 122 can be integeated with the hardware

processor 120
{8541 In certain example embodiments, the PHM svstern 104 does not include s

<

hardware processor 120, 1o such a case, the PHM systemt 104 can tnclude, as

\J’ 1
&
o]
»/,
i)
s
3
o]
I

[¢s
i

P
=
>
por]
147

A

- - $ mnahle o T AN . o g batad orate W Fovpe
or more field programumable gate arravs (FPGA), one or more fnsulated-gate bipolar

- 2 o VIR I VOIS A Y YOy FEAAPR Tedrer R A YIWWIEMTS H o aviediens
trangistors {HGBTs), one or more integrated cireuits (I0s) Using FPGAs, IGHTs, Ws, andior

&

other similar devices known in the wt allows the PHM systemn 104 {or portions therest) to ke

progranmable and funclion according 1o certain logic rules and thresholds without the wee of
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a hardware processor. Alternatively, FPGAs, IGBTs, I0s, and/or stmilar devices van be aged
i conjunction with one or more hardware processors 120

{BU8S] The transceiver 124 of the PHM systen 104 can send and/or voceive control
andfor communication signals, Specifically, the tanscetver 124 can be used o wansfer data

between the PHM system 104 and the user 156, the notwork manager 180, and/or the sensors

160, The transceiver 124 can use wired and/or wireless tochnology. The transcetver 124 can
be configored in such a way that the control andfor communication sigrals serd andior
received by the transceiver 124 can be recetved andior sent by another transcstver that is part

of the user 150, the network mamager 180, and/or the sensors 160, The transceiver 10
use any of @ nuraber of signal types, including but not Hmited to radio signals,

{08s] When the transcetver 124 uses wireless techuology, any type of wireloss
“»'w\_='}"\, ¢ O ean e '.'>'*§ { ; ';‘z & 4 S 73 E'F\'_/‘ i Ty d' ) % Soagrend ;A o3 ::«1 cyeread Q'{\‘;\E’\
O .015:?(_\} CHI DO Usey jj\ WIC EOsSeeIvey L% sen H’lg Ad ToCLV ini & Yiw* [eR 8205

1

echnology can include, but is not limited to, Wi-Fi, visible ligh

cand Bloetooth, The transceiver 124 can uge one or more of any number

manager 180, and/or the sensors 160 can be part of the stored data 134 {or similar aveas) of
the storage reposttory 130
HBORTY Optionally, in one or wore example embodiments, the security module 128

secures nteractions between the PHM system 104, the user 150, the network mavager 180

the semsors 160, More specifically, the security modole 128 acthemticmtes
caununtcation from software based on security keyve verifving the identity of

the communication.  For example, user software may be associated

7~

enabling the software of the nser 150 1o nteract with the PHM svstem 1€

N T ity ex iy Gyt 31 D 2 TN RPN VPR NG A DN SRR P O e ] -
160, Further, the segurity module 128 cap restrict receipt of ilnformation, reguests fo

¢ example embodiments,

iy

18088} As mentioned above, aside from the PHM system 104 and s componeats, the

Hght ficture 102 can include o power supply 140 and one or more lght sources 142, The Hght

we devices and/or components typically found In a hglt




WO 2017/116771 PCT/US2016/067310
26

fixture to allow the light fixture 102 to operate. The Heht Hxture 102 can have ope oy more of

any number and/or type of light sources 142, Examples of such lght sources 142 can include,
but ave not lmited to, a local contrel modude, a lght source, a light enpine, a heat sink, an

. 5 .
¥

electrical conductor or electrical cable, o terminal block, & fens, a diffuser, & reflector, an aiy

moving device, a baffle, a dimmer, and a circuit board

i
feunsd
Py
Au\.,
foo;
~~
f
J
oot
o
et
-
'):-f
fos]
P
“
s
¢
f903
oo
e
s
<o
]
T3
3]

d
highting technology, including but pot Hindted to LED, i‘wanaﬁegcm‘t, soditwg vapos, and

Che power supply 140 of the Hght fixture 102 provides power to one oy more
§ i

m
s
leies
&
i
=
e
s
o
o=

T EE Yiosh NG YIS © Ay " v o K o 3 a wivmher ab by
of the light sources 142, The powsr supply 140 can be called by any of g nomber of othey

names, inclading but not limdted to a driver, a LED driver, and & ballast. The power supply
144 can be substantially the same as, or difforent than, the power modude 112 of the PHM

ern 104, The power supply 140 can inchude one or more of a number of single or multiple

diserete components {e.g., transistor, diode, resistor),

\.../

and/or a microprocessor.  The power

L7
oo}
%
,/
2,
s/‘
s
153
<2
foded
2
&
o
%
2
foor}
heit
o

O may melude a privded civenit board, upon which the microprocesso

more diserete componsnts are positioned, and/or a dimmer.

{80901 The power supply 140 can dnclude ome or more componemts {eg, a
transformer, g diode bridge, an inverter, a converter) that receives power {(for example
through an electrical cable) fron the power module 112 of the PHM svstem 104 and gonerates
power of g type {e.g., alternating cuvrent, divect current) and level e 12V, 24V, 120V) that
can be used by the A:b‘m sourees 142, In addition, or in the alternative, the power su sty L4
can receive power fromm a source external to the Heht fixture 102, Iun addition, or in the
alternative, the power supply 140 can be g source of power in itself, For example, the power

_=m§‘; 14 can be a battery, a localized photoveliaie power system, or some other sowrce of

HHES S As stated above, the lght Rature 102 can be placed n any of a number of
environments, In such a case, the housing 102 of the Hght fixtiwe 1072 can be configured to
comply with applicable standards for any of a nomber of epvironments. For example, the
fght fixture 102 can be rated as a Division 1 or 2 Division 2 enclosure under NEO standards.

oa e v

NS T, arverirn TEY me ovilres dem o o U tex des Fahd 5w .
sumilarly, any of the sensors 160 or other devices « comnunicably coupled to the light fixture

R

can be conlignred fo comply with applicable standards for any of a number of
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~ -

envirommenis. For example. a sensor 160 can

b . 3
1

be mated ag a Dividon | or a

enviosure under NEC standards.

R HUM Figure 2 illustrates one embodiment of & computing device ZIR that

wnplements one or wore of the various techniques described hereln, and
represeiative, fn whole or inv part, of the elements described herein pursuat fo certain
exemplary embodiments. Computing device 218 ts one example of a computing device and iy

not intended 1o suggest any lmitation a3 to scope of use or fimctionality of the

device andfor its possible architectures. Neither should computing device 218 be interpreted

as having any dependency or reguirernent relating to any one or combination of componenis

ilostrated in the example computing device 218,

{38931 Computing device 218 includes one or more processors or processing wts

ITi¢
! R

214, one or more memory/storage compeonents 215, one or more inpatfoutput (VO deviess

216, and a bug 217 that allows the various components and devices to commmunicate with one

another. Bua 217 represents one or move of any of several types of busg

memory bus or memory controller, a periphoral bus, an accelsrated

processor or local buy using any of & variety of bus architectures.

and/or wireless buses

{694 Memwory/storage componsnt 215 represents one or more computer storage

media.  Memory/storage component 215 includes volanle media ¢

B
~ 3

senory {(RAMY) andfor nonvolatile media (Such a3 read only memory {(ROM), flash memary

optical disks, magnetic disks, and so forth). Moemwry/storage component 215 includes fixed

madia {eg. RAM, ROM, a fixed bard drive, efe.) as well as removable media {ep, a Flash

e

remoery drive, a removable hard drive, an optical disk, and so forth)

3

e

30951 One or more VO devi

& allow a costomer, utility, or other uger to enter
commuands and information to computing device 218, and alse allow information o be

presented 1o the customer, utility, ov other user and/or other components or deviges.

aput devices tuclade, but are not Hmited to, @ kevboard, a cursor condrol device

{2.¢. 8 mouse}, a microphone, a touchscreen, and a scanner. Examples of output devices

mehude, bat ars not Himed to,

& {e.g. a montor or projector), speakers,

itputs (o a lighting network {e. g, IIMX eard}, a printer, and a netwerk card.
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