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There are two categories of HID ballast: magnetic and electronic.
Magnetic ballasts, also called “core and coil” ballasts, dominate the HID market.
Although inexpensive, magnetic ballasts flicker, are noisy and weigh as much
as 86 lbs. Ballast manufacturers have redesigned their products to reduce
electronic interference and noise, and lamp manufacturers have introduced
pulse-start lamps to shorten the slow start times. Despite these improvements,
magnetic ballasts are still energy-inefficient. Regulatory actions and fines
threatens the long-term outlook for magnetic ballasts and, as they fail, many

are being replaced with electronic ballasts.
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Fig. 1 shows a single housing or enclosure of an example, single output

lighting ballast.

Fig. 2 is a block diagram of example electronics that may be integrated

into the lighting ballast enclosure.
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DETAILED DESCRIPTION

An embodiment of the invention is a ballast or Lighting Control System
(LCS) that represents a one-to-many solution. The ballast in some
embodiments of the invention replaces several unique HID electronic ballasts,
timers, dimmers, on/off switches, photo sensors, control wires, and controls
by a single unit. This single unit incorporates a variety of functions internally,
eliminating the need to employ several external, or add-on components. For
example, the auxiliary components mentioned above in the Background
section need not be provided separately, because they have been integrated

into a single housing. In another embodiment, the ballast is a universal
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or manual selection.

Beginning with Fig. 1, a single housing of a single output lighting ballast

102 is shown. In this embodiment, there is a single lamp output 104 to drive a
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Referring now to Fig. 2, a block diagram of example electronics that
may be integrated into the enclosure of Fig. 1is shown. Power from the lamp
input of the ballast is fed, in this example, through an electromagnetic B
interference (EMI) filter 226. The EMI filter helps decrease unwanted noise that
originates from the ballast and may otherwise be injected into the mains. This
noise level may be decreased down to a level that is required by a government
agency for conductive EMI in the, for example, 450KHz — 30MHz range. As an
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where this duty cycle is controlled in an automatic feedback loop to maintain

the output at the predefined constant DC voltage. A block diagram of the
boost converter 204 that may be implemented using such a power factor
corrector circuit is shown in Fig. 5. Other topologies for obtaining a conversion

from AC mains to regulated DC output are possible.

Referring back to Fig. 2, the control electronics including, in this case, the

programmable microprocessor control circuitry 210 will need a power supply
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in response provide j ustabl e, regulated DC voltage
aNs/iNsn@Q(tl?fu%mﬁoa%/éﬁg l e, the buck converter 206 nmay
be designed to receive 425VDC and provide an

adj ustakd su@HtRIfttheboddQdRGetter 200 isvied. toASbudiiconverter 206
exanpl e, thé buck converter may use a pulse width

rishoselpasimtapolegy iscdamietsiia Figf ehhalasier & e examplR offg

i REBRE PRSI SYERAM MR MBI @A that is to be used to receive a
regulated DC voltage and in response provide adjustable, regulated DC
voltage at its output. For example, the buck converter 206 may be designed to
receive 425VDC and provide an adjustable output of 180VDC to 400 VDC. As
an example, the buck converter may use a pulse width modulation (PWM)
controller integrated circuit having reference number LM3524DMX by National
Semiconductor, together with an appropriate power stage. Such a controller

continuously compares the output voltage to a reference DC voltage, and
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Sem conductor, together wth an appropriate power
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féfrﬁﬂb.lﬁﬂlﬂoﬁf dthetwotk.viihe [55989 STRe ddimﬂﬂler ¢t of the inverter
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nl%gm 1*@)? tHe ﬁglftﬁldg@%gwlepg\@lge Otﬂ@lébn%!lléﬁ Allow&R€hange to the
ulation.l evel i nput of the L659
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f
oBEg B Bhe S RE Pe g 6 Siep 188 aco sty Rgitameg: As to the
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waveform. Other types of power stages are also possible.

Still referring to Fig. 2, the lighting ballast may also include control
circuitry in the form of, in this example, programmable microprocessor control
circuitry 210 that can command a change in one or more operating parameters
of the buck converter 206 and the inverter 208. More generally, the control
circditry is provided to change one or more of the operating parameters, to
meet the electrical current, voltage, and/or power requirements of the lamp
load that is connected. For example, to ignite the lamp, the inverter is
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circuitry 210 that can conmand a change in one or nore
operating paraneters of the buck converter 206 and

w0 b@siossees t er 208. More general ly, the contr ol PCT/US2004/036217
circuitry is provided to change one or nore of the .
operating paraneters, to neet the electrical current,
mlrnrag:edecémigemerpm relatigelyriighitegusncy weaveippm thatig initially

- R el B feBhepr s aBRATh Gy o Be e R 2 s resonant

Genk @ﬁd@ﬁ n?] & befematebq the bmbvmit;orha)fgheﬂaﬁqurttyn LC circuit.
e that is initjall V los esonant

b0 She A has Pk GRbbEen e Jnd s e lapely R ads a

tr@mﬁv%l ﬁgﬁtre&%&@ sheh e thy tsﬁﬂ@af@ﬁﬂv’i‘l@ékﬁ%ﬂﬂiur@hﬁ

LC circuit. Wen the | anp has not “yet
begrpam]ged respnannel The outtpiel velfagecgsaneratied iyt theipwerigr power

ti [
Va%% & 18\{ﬁh%n{la{%ufrngec? %#1%%5‘ deel i’g%hcpg,;kgﬁeg%%galgﬁggfeﬂeﬁc&l ak a strike.
vol tage generated by the inverter power stage is thus
magni fAQ’dlealarrqs%—miree itsaresistarivesireps end the lahpdeats up
referred

st Shiel” o0 B Bt RaPe e st b S ottt poine

SBe tlﬂ@értéﬁlﬂa? %‘émmﬁl%ndfeﬁ e6sustagetid ﬁ’ltdzd/ od m&nnabdﬁve current
At t hat fp0| n i.nverter ma)i‘/g) nde
Spsciied fopghe a@réap * 1ABYR AhR THeR Vel YRIRES: g%wmﬂéﬁler of the

1ﬂ'§ze1tt%ﬁlﬁﬁﬂﬁ'tﬁﬂﬁ BE dleﬁ{gﬁ’iretdg&ltﬁ tHel Sgpfcﬁﬁlﬁafte ‘é@ﬂﬁlﬁg %lerf[&%s that

contr er of shoul be des
vaenhe,tfheexgmpptqa ougpet gunentrandeicsvslitage wieass the ﬂﬁy@p, $Qpsto.

exa algl hg%t ?I%FC’E ggfrel‘%{‘ﬁa}r %ﬂ?ﬁéﬁg\éﬁé toﬁ ta\%l?a%% EL&SSS the lamp.

rrectt curre
Cﬁﬁ@gﬂl bé ladueuéqb by at’qxhﬁt&geﬂamp@sstmg érelqaarpcy af[di y er daty cycle

%'E'wgtvfggneée et TR G PR DA KOt Patppppee 2 part

%Feﬁ%ﬁtbihdtf& foB@ba VIR 1@@;weomém@1,tc}amdwpow@f s@ply
automati c_feedback control loop.  Oher swtc

pmérrolswbpyls r%h@ @maﬁﬁelydz%uwy ’f%lP@@?H‘éfh‘@/gﬁ%ﬂfbﬂededﬂcal
Sgef % {llge desired el ectrical waveform at
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the lamp due to an over current condition.

Integrated Lamp Functions

The control circuitry that is installed in a ballast enclosure may be based
on one or more microcontrollers that are executing firmware which allows one
or more of a number of lamp functions to be implemented. These functions
include timer and scheduling (turn on and turn off of the lamp output at certain

times of the day for certain durations), dimming, measurement of the



I ntegrated Lanp Functions The control circuitry that

is installed in a ballast enclosure nay be based on
wWor@s04398Dre m crocontrollers that are executiPgr/Us2004/036217
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Tﬁrc‘i‘ins%b WEL%&%ﬁcﬁ%tffﬂwa%Qﬁﬁilﬁﬁeﬂﬂ tte e bperation

a separate mcrocontroller, such as an
ATEGNGD dgmbedmb@gpat\@cﬁxamplg g,mplep;yemtﬁmgg afffhese functions, that

PRA SRR HIBh RIS BTRIBRELET 2T, on

of these functions, that have been integrat ed into
t he si T eoridadll eﬂi&ttroracset}m 1a‘ ipktadled .in Theendnsursl (e.g., the

te Ilﬂgcg’%hﬁ?lgf@i%rﬂlh}aﬂloﬁlﬁsgplagﬁ% cgaatrg:tlrtgg ?rgng }%{c%u&:?ecgtd control

ChleGH &ty arithyo f&eﬁ@wéﬁdcﬂ@ ebhanipload typej suv trdtehe satle lamp
torecelveaselei:lon of, Ian‘pload%ﬁi sothat t he
P U 57 alteinabiyelycdiva ptush REeSSEFS SQftPFLlemp pge a metal halide

g[rﬁ?f&?e%?ﬂ Wlﬁ{mlt%QQuﬁq 4 8épdiatd #®erte@Mhe fnfi)}ﬁrocon’croller

out reqw rrng a separ ate inverter.
mkwﬁa@ohpﬂmﬂhe@owewﬁ}@lt@f@ngrstﬁ$5t8ﬁé @U@@rsu@giptl%rnpr@lfput can

AR o AR HORRLDRASo] AR AR 08, 5
nadweasely taffeabbrighthess antl thalifeof ednhi lginmebsarmttiet embodiment,

f f each.lamp. |n angther enbodi nent t he, bal | ast . .
oy hsdleaE g e e iendhgo et (o FERCRE TPy R JRg. (L driven
q@;ﬂtﬁéesadﬁé Mﬁﬁmtbﬁclﬁﬂ@ aS@Bh Rude Sd)cﬂlﬁlhllﬂ idematdlitglide, and a
pressure sodium a netal "halide, and
mercury vapor lamp. The “mapping” between each type of lamp and the
commands needed to configure the switching power stages may be described
as follows. Responding to queries on the digital display located on the ballast
enclosure, the user selects, using the keypad buttons, between the alternatives
programmed into the firmware with a designation of lamp type, lamp wattage,
and lamp manufacturer. As an alternative, the user choices of lamp type, lamp
wattage, and lamp manufacturer may be indicated by setting DIP switches (not

shown) within the ballast enclosure.
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mercury vapor |anp. The "mappi ng" between each type of

| anp and the commands needed to configure the
waMosoosy power stages nmay be described as fBRCT/O82004/036217

Responding to queries on the digital display |ocated

on the ballast enclosure, the user selects usi ng the

key pad\ lﬁmp dngn oh groesshire h@ajébﬁ ap fallowes Upendavisingn of the

) PR s S5 10 @6

.5 ebyaéadﬂ I 4 heitds eettmlgcmmsnufseleaﬂbntﬂyaptehaﬂ lzeep made by the

wat t f b d d

St PaerIPRAILY T ErBe N Ve SOl B S Shiinage for the
é}%l?chlﬂ Woed YOSHLBED SHRETIhIBRRH0DT6A T is ﬁltiaé@,

urn on _proc ure é)be as fol | ows. Upon power, up

fakowedtyotheqravees taetpri qq»rrqﬁaoaébpas;tconffﬁ%telf 915@11&rar}d§ﬂ?§n the
tn‘?v{’ﬁ 1d§t5 nThI% if bbchusd ?ﬁ? qu}act@?c ectlﬂ%ne&?é\ﬁ't Hgayahave

or nenu selection t hat
tsbme dnﬁmuliay sthemng upayitlyowra loadotAefiygd onelectronivelly ad]ustable

L 0 o SRR Sl B R A b
\ 'PFG ibait@He sé@ldrowasdbycribed a;wmrprbatz:‘tesra 0Ok ¢ efﬁcueﬂﬁ and cost -

iqtf)fgg’g\tle %?ﬂ?ggqué% 8 glly[é sqthgg%m Eg?ﬂ{;%{}%edlctgv YAV t&]grpartlcular
CtHS@ W Ia Xthfs beeABR1dHdd, la€ s on$hal boRer !r'eﬁhr})% e Whaximum

fixed or electronically adjustable el oad
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i's being driven dinmer level s obtain

@@nﬁfﬁtﬂer a%tq rasiﬂcegtswtgut vplfage af Y eapﬁﬁﬁdy% S&Hmmer
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a[qqemsﬂmg@reqlmency}ﬁor e&d‘lt}a:@eoftlempae inverter. In the
enbodi nment dep| cted in Fig. 2, this is achieved by

¢ ommrfrj\ a 1%1 R tg A)crkas %oeﬂ\l Lfbe g@GchE %Bﬂgt? 4G %efeEf‘thVee ge of

out put™ Vo et o preé
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afht V&ﬂoﬁ@nﬁ%ﬁ@ﬁtuiéﬁ%@}éﬂﬁ: 18fps| GFRRrics hﬁat@dgééétanb))é driven by
given | anp out put, another enbodl ment of gh

the same lamp output. Thus, referring back to Fig. 2, the enclosure of the
single ballast 102 may include in addition, or as an alternative to, the lamp load
type selector 216, a lighting manufacturer selector 220, which provides a
selection by the user to the programmable microprocessor control circuitry
210. The programmable microprocessor may then access a predefined lookup
table, for example, for the particular combination of lamp load type and/or
lighting manufacturer, as well as rated lamp wattage selection (received from a

separate wattage selector 218) to determine which operating parameters of the
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It should be noted that with respect to the dimming function, many high
intensity discharge lamps are not actually designed to be dimmed, and are
typically only operated at their maximum rated brightness. In such cases, the
dimming function provided here may reduce the luminosity by no more than™
fifty percent or to another pre-determined level , in contrast to conventional
incandescent dimming capabilities which can reduce luminosity continuously

down to essentially zero percent.
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driving H D |lanps, the m croprocessor control
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PR o mie st ARG TR IRSAD Spihthe Sing control
hiret atehielentebitarake (eFigs.B-Ul described below).

Communications directed at a lighting ballast may include a command
or request to turn on/turn off an output, set output characteristics required by
a particular type, wattage, or manufacture of lamp , engage a dimming
function, set a timer to turn on or turn off an output after a given time interval
has elapsed, and implement daytime power savings by turning off an output
without the need for a photocell to be installed near the lamp or the lighting
ballast. '
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8b). The graphical user interface may be running in a
mast er control device that communicates with the

wo eovsiesosent ral machi ne 814; the nmaster contr oPCT/US0€E36217
may be a nobile handset, personal digital assistant
(PDA), not ebook conputer or a nore traditional
deskt dp adlition hathe cmmlmwmmmcwglom ghiteictegl atonlighting haldast, the

mr@{%gﬁ@ Y M éréﬁ (1}? P 0${aélhﬂagf%e%?{rf)§§$celg%r ﬁ%y actually

iR H468 cOnBAANB Y reqliest @8 Uesdirbetidruonthendential, reffotamachine
out put, set out ﬁut characteristics re&w red

&éﬂt iFouexpmpleydhe hatlagiguay sransarte serent of 8 qr%ﬁ%;tlon
IRy LA Bt B p s 28 eI irfdicdtifela RIGE or

an out pbt after a'given time interval
dahgEneing ﬂmhhre wf)ite mesprectiug lamp. Pbiscis avaxanydepya hghtmg ballast

bﬁé’t’n%]fgllf) ]'PB 'Zin(g{n%ﬁlv\%é Eré)glﬁcstlﬁg’ pgﬁ?nﬁﬁ[) eﬁto prov1de real-time

| digbhbdtirs thad ﬂna;‘rtbe skat W0a 2004 D35 P@Tpmawgmmy may

e eplaeadpialsiat adisb gt EhG! BReAeEt 10 Bytetisangrample o

 Ghe %ﬁﬁaﬁr%gﬁ%%&Ph@a BGIORIOAE @SSO wHERY adieH@bhfigures an output
initiate a mmand or reque 1|n the direction of th
%Silﬂp

afrihe hhllagtasingthedotagrate aygrariekame k@yp@%earts*anheékﬁplay
| %‘} a”sse@'btto h WRI(B’I{I’EOEE? Iblun %Bﬁ'i?tth@ﬁnalrlghgﬁg |G éleClency

urn our u es as as In

fwhiclhrmayrbe oomm}amidnmdealrhmepnfcesaos coabpécti ve I anp.
Thi s is an exanple of a lighting ballast in whichits

i ntegr t,rol el ect [ ' ' | .

o oy does B SR sEieBfho G| SRl ATIBRL Srabica) user

glﬁfﬁrlféﬂe (gﬂfilf)lwlﬂ’lﬂ diaﬂbg bbg@@@?wmdows thhfem ! ayetye udeel to manage the
i spl aye oca at a di t hal | ast

g nem ok diedsalibice AP rolEb i MO ASA Gy S b
5L L bR S04 Bt D

k]élyopad)r Ronmt(hg., &ng,pﬂchyLamm ensstYu@e@nmgs B! state) may be

noni r t @yt f

R o] By I, 0 O 0 14 S .

FFlgs 8e)3 d—Iﬁfomdfupremtﬁgmrémna;tlm theert hews doeph epllecetﬁd abbet each
V\ﬁﬁ‘ghlcal er i rface %E%Jr#a wth di.alo oxes,84
G St In o BeSroii P is bbb A TRt R gviRdow (eg.
pk. The ballasts, also referred to here as
devi ces, may be displayed as grouped. under their

D gy b 3 A She e S e

ShAWOrkTB¥hSRn that uses network-ready ballast 102 to provide a flexible
lighting application. In this type of lighting network, which is also referred to
as a larger scale lighting data collection system or network, there may be three
items of software/hardware. There is a server 904, a Type 1 client 908, and a
Type 2 client 910. The server 904 may be a machine that is running an
application program that provides data collection services, and may provide
long term data storage such as in a hard disk drive. The server 904 may also
perform the following tasks. First, it may serve to connect and disconnect to a
client application (Type 1 or Type 2), via a network, such as the Internet. In
addition, the server may receive data from all Type 1 clients that are connected
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controlled fromthe GJ (individually, Fig. 8d; and/or

on a per zone basis, e.g. Fig. 8e). Hi storical
wop@sationy i nformation that has been col | ect edPEUS1004/036217

each device is stored in a database and may be vi ewed

via a separate window (e.qg.,. Fig. 8f). Turning.now to.

HPgt, and map peER iRy SkrHed: e s Hor exahileotn ?ﬂ@?ﬂhaﬁa i
 RRGE slcha gD O, K REABEIOLY BOUY oVt iRk, The

tsppeerdiOd inghalsogrenpond tk requsisthfrps Bype?2 chierisPdd. Such a

SBofb 95k 9 Hh R M g flistlen ystem o

sof tware/ hardware. There is a server 904, a Type 1
cl i entT9@8ng avd @ thEyype?l clidreard089this niblyebese rombirgdibn of an

RS TESILRS  05 3200 e R BB IR gpgrtion of

FRYmMBELYE BfllastPT®. U BlidFe $AhRDE MRArRY Ty p&I¢ ltliafitsi 9D8aAnRAE thetwork.
di sk drive. The server 904 ma§ al’'so’_ performthe

tlacholypeyl eliekd08max be aifixeqesliens pipsionde gorerapte ganiral machine
g%ﬁ?%bﬂﬁg s@%ﬂi %'agrﬂe &Rﬁlt%&ﬁ%épéhe( YRR ATl gg RB2, in
, Via n tmofk, such as the nternet. In aﬁsltlon,

tdiéfesartydacesmyer eelaivetianadé geogmiphicTsamgel clients
that are connected 14 WD 2005/ 043955 PCT/ US2004/ 036217

toit,,and i odical t f L
excarpi 4500 3 TR RRERELT0. oAb S o coubihon of bpapptication
q&@gfamfgrgtgmﬁxgm:aanadviaengnm}r altoweu ersyr FD mat?_.thé’ bentents of
server SO respond to requ S 0] e .

e SRTEC T GNaDRSS ViRe Lilorainls, Tiedateiaet cRe Wge quignts 910
fhapbenBsEat ahaaetatioHIindudf, for HRengpBotable iSttbook

908, this may be a_conbinatiom of an ‘“application '
prosgpaiers)hichgnay b sitatadessentialls anpwhers that there is Internet
operation of a number of ballasts 102. There may be

many Type 1 clients 908 in the network. Each Type 1

client 908 may be a fixed client station (e.g., renote

cent r alurmdeg inow tglig. 18 eebleicl.diggnanniof elsli %mg that may be

si.t uat ed.neak. 0 . if e .
R BYEE A el bRl B BTk et Pl OB ta ighting
anebyweek 2s shown ared Partidilariyeyelpeonideahiy tiat sernen$0sbfor

appl i cation_ program runnj on a hi ich

ANPPASING e g gl ndheisit ary Bt BV fich shows all Type
SEANE rrgg@%@;ﬁt@%% 8 cotlribetddPlo @%aRPY @ 90ihen WIhabReS42,

The Ty 2 clients 910 may be distant client stations

(qureentdichyity finflepictarpsuch pd Ar e ing bepd srceivashizoneiR petive

W01 BB D Bt 2 R REL 241D Mok BY RS By LIGNI0E
window. Similarly, there is another window 844, referred to as a Type 2 client
log window, which shows the activity of Type 2 clients. The window 840
allows a user to search connections to a client, and to select from them so as to

change their parameters.

Turning now to Fig. 11, a screen shot of a “server monitor” program in
the High Level GUI is shown which allows a Type 2 client to inspect the data
that has been received from any ballast (via a Type 1 client), during any

particular time interval. The data that has been reported by the network

15



access. Turning nowto Fig. 10, a bl ock diagramof a

di al og box that nmay be displayed in a Hi gh Level
w@e@phizsuser interface (Hi gh Level GUI) of a pChHsi0g036217

network is shown, and particularly one provided by the

server 904 for nanagi'ng.the |lighting network. There
i conpegfaribaliast inclyfies i gﬂ%ﬁ@%?gefgyaé-g-f%lﬁr&amgiused to
gma%%gta%nfigahe% fa e wdtdoRen i8Ry 651t as #%asured at the

w 8 current activity i depicted,”such as
dballash R @ yoltege, aresbleallast of lamp demperatvuege. Theeoftware may also

i i f . .
e PR RRTRY 5SS 85 0 e e
84de, cuefedit aad /bohissorcal peefa2ntincerdind pagiviinbony rgplacdments.

shows the activity of Type 2 clients,. The w ndow 840

6 R PS S P CuRios Y BERe By GHHect BN 2enPn hagpreas

[ PheRl 1§ Ehe EfOARYRBALA Ar&S83PWHIRRIUSWE iRl lisdabABHES the site of
Turning now'to Firg. 11, a screen shot of a "server

nihei Txre 1 phiengrthneugh, fonexample, & dvepdaun list. Thisdunaierality also
A e 0T e e LRGeSl bR o e
das iteigamrey Opar thesitedrasthierr chosar, thé usdihmagtaiso défate the time

has be repgrted by, L.he ne rk 15 005/ Q43955
PEHAbOBET OS5 L G BIP s 1S3s oM BALPAHELO Ao be
Caffeved &logy thedgtabakd. | OMES tHrotHdide bSSitk 41 tidad RitedvallRas been
currg;i, Ianp,%gl age, wattage, ‘mains voltage as . )
nestreandAPPHed, thasgsmaypelecy 8 neatelapkanp at ihesioner site

! AERehABRERE 886 Tﬂ@gﬁﬁf@%ﬁ EndPOnRERR thR@ELAR lamp, for the

mal nt'enance reports anps - e.g., show ng the

stegugstedf data laadgime tintervad emay lrer displayed/idisevéral grapdwlas shown,
per far pr.evi r epl ment s. he,

DR BREsu BTl Pl LEB OFGES o 550 By, her
generAbd pe bhraeea 86@Eamt shdwarthe lanphadsior daliavt gahirters

area 850, . which allows.,the user to choose the site of
CREEBRLY, ToF Rl telEHRO P & e BXARE: S AR n the area

| 854, . N hat UB6# Rid@libAY nilySie addéPYS et BRI schR of the plots
change the Internet protocol, |IF, address of that

sshawvn 43 thedynamicsiarea 83fve. Once the site has been
chosen, the user rmy also define the tinme interval,

th ' Ll : :
rougfy Fe t1t§, héd é%nqgl\%esg%eﬁ% of ftlgg%fg@g lFRsk OnGg(Ie is shown,

informat! 0 be retri fromthe. se.
t Wwherhasite nevigaitive daldgthaxeS7ormllowsh lightingeraintamnee edgineer

AR SRR B SE B ARl bRy

t Th¢secuhcrethsorkb ensebesit@sted anplifféent thes or countries. A box 877
allows the engineer to select the date and time intervals to monitor or recall
from storage. A particular unit (multiple ballasts/lamps) in the given site is
selected via folder tab icons 881. Boxes 879 then show the selected operation
parameters of a particular lamp graphically, while boxes 880 show numerical
values for one or more lamps in the selected unit. Other ways of arranging the

graphs and dialog boxes shown in Figs. 1012 are alternatively possible.
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requested data and tinme interval, may be displ ayed
in'"' several graphs as shown, in the area referred to
w@g00shes9pmr aneters in dynam cs area 856. Fi nal PgT/USIvE4/€36217
may al so be an area 860 that shows the |anp and/or
- bIIast P ters qtal , for the selected |anp
: & te—ar re—-grven in the area 854.
\ Note t hat zoomfunctl ons may be added to expand the

scal e B)afseﬁf'&l e Bovesdignbsion, thee rHyybeithfecadieBn&I6rms of
In Fig. anot her exanpl e scre(iln shot  of

Lsefeya n@what BayHRAFHNNIRE R ENELRPQEmRRi Qg dbe &gﬁangw@gtrol
gsg/fé’éegltzﬁ(%)ﬁéghg%@ gﬂdlm&pﬁggﬂg &&&%@ﬁg e B8 RIual b&llast/TPSE

evera erent |ighting sub-networks
ofapabilitiegalesaritéidon.  These sub- net wor ks may be

situated in dlfferent cities or countries.: A box 877

al | eernt R 81%5& 928 6L
| nt ’,g&ﬂflg nFﬁ E}‘Fﬂg???ls idrt (é%f nh?n untfc 1 %é—%omtors lamp

r o 0 eypad
Ee,:?‘i i @E{ a5é8’f‘é]&? %??%PSIP dg% F& ;%I;?%Eﬁg;&igﬁfggg o
TR %@;gorra' S AL s, 380 SHAEReS
o ?gﬁ%%gé%% P%arﬁy T é%j%?@? t%rewa‘%k?g f8tions of

y

ndhfe
I
ats, %d 9 pg 15rep ) ’b%%t? ergg 1cate
oVt %&mfa}ge“és g0 sai{ﬁ‘v f’f on a perdo nal
dfospputer grd Iinﬁg glat Iperpe Aot yﬁgtvgqu to another

el et ueh AR i@g} erggnalggmputer.

ﬂ!@tm .arrg;tweﬁk PpIndiyigy hﬁlefgs Eynbe spnfaﬁ eqni HHgWRY: mee, e.8-
Sing the i nd| vidual ballast/IPSE capabilities '

descrl bed: Ke ad softvvarg Ige user s tch on and

of f Highdmy moftvearRtd, Fsa‘-’tq tmaresl@tix % Uighting,

s@‘ﬁ@téﬂmeﬁg}ﬂ%@rﬁow BoRLtep andgiontrol ihe ps BeRgR OB one or

| mope Buemeaivionsegted lighting %rtftrys waEh tsth These systems

swiuld e scatfered argnaddhgivenld.diesgiving @mntrraéldﬁ,atmsa@d data to a

eereitead gewver TAntrotled thb&at?@ agayinigterdonet B High bavel{gUl software.

cBhissof tweoamaaid thus eprdratm retbodk eé e dl-contsplled ngiworks. See,

sag tlige9-82. DI P switches that are on or within the

bal | ast encl osure. GQUJ software -Lanps are networked

via wiped ﬁgemaa%keéﬁ bBARIEHERONTqhS tidRdRAblAPbAlast's

and, rough optiohal repeaté&rs and/or converters

caleriuonicated lamph ahd g‘ha.ilrimlgte Ot mlyssfde/banemmg ithhe cost of

oper\/\%ng tﬂa¥amp Halgd Bhl i hlsncorlcﬁe({aﬁg’1 %ay be performed in real

time. Adjustments to the lamp operation may then be made to compensate

for increased costs, for example.

Lighting Applications

When the lamps of a large lighting application are replaced with, for . .
example, those of a different manufacturer or those of a different wattage,
their individual ballasts need not be physically replaced, if electronic ballasts
such as those described here (also referred to as IPSEs) are used. Instead, the

retrofit occurs by simply re-configuring or re-programming the IPSEs (via a

17



conmputer and may be linked via Internet, LAN or other
network to another control unit, such as a PDA,

wo apsogstel | phone or anot her personal conputBCT/US2004/036217

Thus, a network of individual ballasts can be
controlled in this way. See, e.g. Figs. 8a-8f. High
lgea’pﬂhlctilllses diftevface rufhing isef magtes canrobdevisedopgxample)so that

éfa% h?lg(tﬁpg?spg)rr gg %s&)cegp g}? Taglﬁég‘ gr&%d%‘%ﬂé ta%im%ﬁqate voltage and

[Paiveérnet-connect ed lighting systenms with GJ control.
hese systerrB coul d be scattered around the world,

recei vi ng nds send dat cent r.al

Cont r SPRIIh Ot HERrmAr SRARR I ToP AR g 1L hiof g above
§ohbWRhetions'Riag RO MRARNIRY irf & samgr@msnol InahAetase] dachf
QU -control | ed’ networ ks. See, gs: 9-12. In agl

tfhnetéore awysalsohe mgmx@owdagrféemgeé oﬁletqeetnah ePwPyiten (also
gg%}naeﬁ to" 98 dae{-n 61 WBhAD] ﬁ@glcje)ac%’}l Tp"é? e}r?lg{ be'isllsmal" 159 %Eﬁpbﬂﬁy

ysSi s ermning the cost ting t
bas;eﬂe]@rbetttm rhamgrr thealostiaf laghtimgy irba lq:rgefsoaleétghtmg eal

tine. Ad eration t he
- eorgand sk as 2 ot ok PR RG24 PR BEIGHES Bob Brample,
Lth@ BlLilBehg R :}ﬂ}(‘aaﬁel differéthentainectienpthadigenetas d&fferent traffic
htln appljcation are replaced with, for

eensdungithe drEntV hﬂ%#%‘@tsa?t&nso%remeeula%ly}au in'the
qhgﬁﬁf\g 'ahd"}?etntcégﬁay néélf flﬂl hgﬁ‘ieYﬂ\(SB{‘. ¥ tl@@bhﬁéfrﬁg l‘i‘%eéiﬂ{éi’tnot

i cal rep aced ctronic ba asts SUC
aaeen hnpeeed de d:]n¢ pubiliner ém@ mlganalefoeat teadfie thessby pepaiying much

%ssclaﬁj}ecd é)uti\nis gec%‘émle %f 86?%%{ fﬁlﬂlcﬁqgf{téggrt 1h%¥s Yffche day,

\2. 2RO Aﬂi@ﬁ%ﬁtl&ﬁ?ﬁﬁdﬁﬁﬁ)@éé@ﬁ@éﬂépagﬁﬂmhme@llvemm hght The
|nt face runnin master control

P8y SRAPaTrRE i Bt oSS Girafie s 4 Rleh pise office

|lﬁﬁ12ﬁn RVt B thinerl GRBIoR REEES MAdRE @hﬂl’lﬁhveﬂﬁééﬁrdetéi@ﬁﬂled to
or, very demandi ng applications, nost if no

oTeedHeSSallghtéhanmlpe £h fleer R Fegsion Mgy diedproNins Wath a
B hB rTHgﬂgﬁgé‘%“%ﬁﬁﬁh S na e, *%“é%?“%?hieﬁh@?amhy
nefieg helis tso thet aqenaett@n cootrol edftweve ca) bemsed pedim or even

AR BhpRIPREr dieng IR e ¥%%%7?-¥?3F§*ﬁ‘3?¢§% e SRR
These zones may be relatively small, e.g. office lighting in a few offices on a
single floor, or they may be relatively large, e.g. all of the street lamps of an

~ entire city. However, since each ballast/IPSE is individually programmable
over the network, individual lamps may be independently dimmed or shut off

under remote control.

In many cases, the spatial layout and needed wattage of lighting is
similar from one building to another (e.g., an entity owns several bfanches that
are laid out in the same manner). In that case, the control system software
settings (including the programmed operation schedule e.g., on a 24 hours per
day, seven days a week, 365 days per year basis, the "spatial" arrangement, and
the wattage settings for the IPSEs) once they have been determined for one
branch may be simply copied and loaded into the lighting control system of
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envi ronnment such as that of a retail warehouse-type
bui I di ng. For exanple, the building my have

walpdobesmns retail sections that generate diffeP&nS2004/036217

traffic patterns during the day. Wile a few sections

. are ﬁartlcul arly busy in the nprning and hence may

nadhebranchgihis sayes the eniy daigndiisrat IOt dimpand expense

CREPEREER g DE LN Rt FUIPRbreBEhes sy

not need rruch Ilght at certain t| mes of the day, e.g.
t he gaAdmmnlmhmmﬂ qulye ltravmtm apeprisgseechousing having a power

rseur%%'liz/ I%‘?}%I? ! ng}d &q?% o u§ by ﬁlrl %%11{1@% i:)eglqgi)f%?er%wfchmg
bk dudirpginstdlledcartha Ih@ufsi r&d bemg W@r@d thfoddlothespower

t hat have been det er h ss, |ight than

OTHRALE Mpale G FEBHLTNAYERS P&%uwiw BEP fﬁ%@@g gettings that are
SER&ANIE byUPuselte cbﬁﬁgarmé &iRYStrh o rRRNGRA éf‘ghﬁﬁh’% of

appropriate hi erarcn%/ usi ng hubs; so that the Syste
cdifferent types abelectrigrdibeharge drmps ai artiore, asing thedampuputput. The

t S t
%gtnég Esap( %1%‘91%% elg]reg%%se s‘zain){calnﬁglnﬁlet?lg?alh\/cgeﬁ 01§ %(]S%u}f vapor
eklugh intdnisitg ﬁim@mg@ thrhps &0 bewr?eﬁ ibyethe damgp oustplmgl &he power
oor or .t tive
g et B Rt fufhdnreekitiRriBadio Cophfilamps of
eaythatdIBsditleRSR W&té%@édﬁa%ﬂﬁhés%oﬂfe%@éﬁ@? kige 129 butput.

t he network, individu s may. be |ndependentl
dTlh‘i‘rﬁ@W@F sWhighing gircuifaranay é}fexr@twem &0 ad ltrmhﬁave settings

ﬁre ﬁl@ﬁuﬁﬁ &7&@ Isefe B b Q%SE? cAed wief HAgGa that is built into

I|g romone dilTding to anot
(’éxeganclca;urerto |1mq1z1catmwhm/@reahumban oh éechh@e lampe dfalifferent

erbfrctdRetIRE MERTE desiobe Rt T30 b NFiett ey battosts
ofRicfid Dby seheduuéatutprs, torbead Eviebyitlse pﬂnp otldgyut. seven

days a week, 365 days per year basis, the "spatial”

arran wat t a s, for the ] PSEs

once. ¢ HRS CikpaTBEBhO BN RGE FSPOITiiGt e iR ViAgy Hybegraph
ShnaRIbe feemeee%@eki%&m il @ plo8Rion @Mt veRE fidkalled on an
system of 18 005/ 043955 PCT/ US2004/ 036217 . anot her

bealside parrﬁ | of thelaausing apdicopples ) Hainowerwitching cirgwitry,

HiBrafe Fb?tl%eslelécg ﬁgrl{l Pth %rl{e%ecf dt{écgggtﬁﬂgs flﬁﬁel&grtﬁe switch.

system in nu nment o
i As entaltematorep ot Hesd@ltiwue |dmg1t¢iq:rpn@smgcﬂﬁaxBon nsaypbé g}nstalled

an ut to dr np
R oo GReibR oy Wil o'l M mad Rl gietey
apghdleindg keyrideshay bedugiallbd @npaveiitside panel of the housing and
coupled to the digital processing section. The user may then select any one of
the predefined settings using the keypad and obtain information on operating

parameters of the apparatus via the display panel.

A communication interface may also be coupled to the digital processing
section, to allow the apparatus to be an end node in a lighting network and
allow the user to remotely select any one of the plurality of predefined settings
from a central location in the network. A master control unit may be provided

that is communicatively coupled to the communication interface in the lighting
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supply input, the circuitry having a plurality of
predefined settings that are selectable by a user to
w@omvkiogaese the circuitry to drive one of a pl ur@El/U82000636217
different types of electric discharge lanps at a tine,
using the lanp output. The settings may enabl e high
Fﬁe@%hik carsDHagimgraph 16&11 Uzek interfaae drome mchicly thapser rehiaghly

iegngﬁsértl}yrﬂlgé Egak'?g 155% isﬁﬁlfl%%rfgﬂ ;e%cﬁy tﬁ%y Lﬁgbty OPend nodes in

e tRewopk edef i ned settings to enable | anps of
substantially different wattage capabilities to be
driven by the | anp output. The power swtchin

ci r cuilnryet maptharieambedingentyf the 1@‘@%&% a f&ﬁthe% drap output may
Soeet 1&1'5&@1%d thRftve 'Pl}lc]&ﬁh r%g zﬁﬁf) e@hﬁlﬁleﬁ BWe‘i‘ shiRhing

) user 1 nter ace t 'S |nto
emduuisy mazay be installehirethethaising that n:upbwereﬁ ﬂrd‘pyghahg power

ey i dtap 8 e AREBNRIRE! T, pes”or "Dkl Past s

speci'fied by the manufacturers, to be driven by the
~ lanp oltigitiventiba jefboliinitedttoahe specifioemiiodimedssiesictibed

th h be furth [ d .
o TR el e g G BF aer re g REe S Yol G fesRribe
O(tge?hg&l REMES eRindrite of‘ﬂﬂﬂbdlﬂas@ﬁﬂa OB £5b1 @0 EERPAVESLL, Of the

tchin CIrCUItry, where the User is to sel ect any

oinéfemnttmb@dmts Rethetventigs. Joianpthereemipeinent, fe
ool Cfﬁswgﬁtrh%g ha(é .2 aﬁé}g gh&lﬁ%‘rel t?tag g%ﬁt{aﬁ{ds t?\é@ggﬁﬁirrg 9channels”
tdvhexmemh cimnhehmlydes racingleyet afﬂleaelejhtmmablemgms slyown in

R T, ST P T A oo o

bdWWetChy Sopardfedanfgeinpiry. Meesrdirglse bilemenanediments
of t he predefine seﬁtlngs usi ng the keypad and
Areayihinheseape shtherlagdtati ng  paraneters of the
apparatus via the display panel. A comrunication
interface may al so be coupled to the digital
processing section, to allow the apparatus to be an
end node in a lighting network and allow the user to
renotely select any one of the plurality of predefined
settings froma central location in the network. A
master control unit nay be provided that is
comuni catively coupled to the comuni cation interface
in the Iighting 19 WD 2005/ 043955 PCT/ US2004/ 036217
networ k, and has a graphical user interface from which
the user renotely selects any one of the predefined
settings for each of a plurality of end nodes in the
net wor K.
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In yet another enbodi nent of the invention, a further
| anp output may be installed to drive an additional,

W@ Rwglog3osanp. Further power switching circuitP@I/Ia300He36217
installed in the housing that is powered through the
power supply input to drive the additional |[anp. The
invention is not limted to the specific enbodi nents
described above. For exanpFBAI vol tage and
frequency nunbers used- to describe operation of the

ts . he ballast may only apply to sone, not
R e

ifferent enbodi nents of the invention.
I n another enbodiment, the -ballast/IPSE may have a
si.ngl eA dightioguapparatats coonrading two or nore "channel s”

wh h | includes. ingl e t .

ol cct roqreelc et ol Tl (g Judt a2 i g

mul ti - poivebéldi@sdorf@yionn@FE) tireuf dntallednn thepeticlosarre, the
ity power ed, by, separate | anp.i nﬁuts.

Ao FHF%EE\?Y% hayits oMieR SPRIY Sitgritde prewidegisgylated DC
g%k%gvsvﬁ%%as&pom@%ﬁ ; 5 PCT/ US2004/ 036217

) I's clainmed is: .'Alightingvap aratus
, conpr i Qiamgnvejteaninséalissk indhe evclosure she Bvgrter having a input

I Nput d ’ '

e 06 oL AT GNP Bl RRLER el ed Bl
Cc'butpuitj;t havi ng a S\é\/i t ching power Isupp'l ybci rgui t to

provi a requl ated.DC output voltgge bas ont

i s Dol pichas Bl th S QR ApRotp1d B control
eiheliAGEt8s atd) @ LB £Eclb@WME! Rfnp TRl typepsptied thesamne lamp
out put of the PFC circuit and an out pﬁ%{:&ﬁgéed to the

| it ut se pliemadivebodtive p gl pressHreso Hlamp apd a metal

cegﬂpl ed to control the inverter and to
%Lﬁ@g)?e}ﬁgbtl on of lanp |load type, so that the

same | @rpusegunierface anstalledmtie anslosude pud cqupleghto the control
pr.essur.e sodi um (HPS) | [

| RO §°e‘?lll%w s‘ésre%)t% Py ds’lelﬁlésC Pg{}}%e%l Ofﬁ{et]%gs oM lamps
eidab beWrévernwhemip tieduser ihteefaco itidlates @h elthannintsid display
all ow a user to nmanually sel ect which of the HPS and
NrRred B @ k&yRas e driven wherein the user interface

i ncl udes an al phanuneric display
2. The lighting apparatus of claim 1 wherein the enclosure measures no

more than approximately 3000_cubic centimeters in volume, and together with

b)-e) therein weighs no more than approximately 4.5 kilograms.

3. The lighting apparatus of claim 2 further comprising:

an electromagnetic interference (EMI) filter installed in the enclosure and
having an input coupled to the mains input and an output coupled‘to feed the
PFC circuit.

4. The lighting apparatus of claim 3 wherein the control electronics is

programmable to provide real-time diagnostics.

5. A lighting ballast comprising:

an electronics enclosure with an AC mains input and a lamp output;
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panel and a keypad. 2. The lighting apparatus of claim

1 wherein the encl osure neasures no nore than
wappsoxionnt el y 3000-cubic centineters in vol uneCT/aRZN04/036217

together with b)-e) therein weighs no nore than

approximately 4.5 kilograns. 3. The |ighting apparatus

of cl aa povel dattbecorechur GHQ: cimnitdhetedledringheendosure to

interfer e (EM) filter installed in the enclosure
ﬁSVliﬁ%ﬁggo‘éﬁﬂwﬁ)&‘iﬂ%é{PﬁPéeﬁo {f}?éﬂ%»{é}lﬁgzi nput and an
out putarCieyptesl irsealfetieish thBenclBbre; coGplet. todhe PIFE circuit and
lighting apparatu wherein the control

s of claim
aoapladole ¢gve the bﬂ@?ﬂ?ﬁ_iﬁb‘l‘@t o provide real-tinme
di agn%%ﬁ&%préce'sﬁnj dr@éﬂt&ﬁia‘?ﬁﬁr@ﬁﬁgﬁﬂ{m hhG1:88s fidlttions of an
el ectronics”enclosure with an AC neins input and a
ledeprio digzharge RnpER 1RG0 Sinder3 e rRETLlag2 oxtetd sinmer, and

B30inal AEHEE, BT 80 EBER Tk P B¥f bl e

RichglahhpPiéuitGint oy eededed padageed in the enclosure,
coupled to the PFC circuit and coupled to drive the

| anp out put; and.a m croprocessor and attendant

é-r cui@ﬁ‘}‘lﬁaﬁéﬁgﬁﬂﬁg ?&@@St_fcﬁ’ﬁ&?ri‘%ﬂ% of an electric

di schag gewaTRcbBakbasttién (FC) @il haling @l sitctig Podadr supply
di nmer, "and external switch, with a control,

i e tanroniqs o aAiitvaliiee dram ad ArenasiBREENt

ClrcCcul 2 b 4 t
1 gt 1Bo SRS LA EE SF AR RRer Sprfy KRR W 3 lamp outpus
(#4€C) circuit having a switching power supply circuit ‘

to provid DC out put vpl.it.age fror ' i. :

0 P88, R b B e AR R o
V@dtpu&cérﬁlﬂ‘@ivﬁ High! i tensieg dv&ﬁh@ﬂger(ﬂlr?) rlzicmps sfdifferept gas types

to control the Inverter rein the la ut c
RveFslHeRmt iR EHarliagea @}fa{igemmsemlsﬁ%éu%f‘gp atteastYovAC to
d%do&@i@,rﬁncg%e&yiﬂ%e BUEDI Eféd‘e@é&rig th PROHitoA PRAGELYGS

the AC mains input includihg at |east 90VAC to .

Fooviens ehthedightiigibalinst endmranipplase eysisnt ad gltage of the lamp

T L o TSR D ) B e g

HID lamps.

7. A lighting apparatus comprising:
an electronic lighting ballast enclosure;
a power factor correction (PFC) circuit installed in the enclosure and
‘having a switching power supply circuit to provide a DC voltage from a lamp
input;
an inverter installed in the enclosure and having a) an input coupled to
an output of the PFC circuit, and b) an output to be coupled to a lamp load; and
a programmable microprocessor installed in the enclosure and coupled
to control the inverter so that a plurality of different types of lamp loads can be
alternatively driven by said output, the different lamp types including high
pressure sodium, metal halide, and mercury vapor lamps, where each one of
said different lamp types can be driven at a plurality of different lamp input
voltages, and wherein the microprocessor is programmed to further control
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output in real-time, for purposes of dinmng any one

of said different gas type H D lanps. 7. A lighting
W@pEanaoss conprising: an electronic |ighting baEt/Usmn4/036217
. enclosure; a power factor correction (PFC) circuit .

installed in the enclosure and having a sw tching

phakivestgrsoythat vatiotis rarmfactitde typedenye ofagpridusowattages can

lLanp. input;.an inverter.installed in t cl osure
' é%‘?g})rﬁ‘é% i Pgﬁaﬂ 9{ Slé{)qﬂf)]?telan}pompélﬁ V8L}t§‘%§¥ of the
PFC circuit, and b) an output to be coupled to a |l anp
Ispad; ERdighainf é}?@ﬁﬁl’m&lﬂd}fﬁﬂm 7 oyicrestherplurditalof édffésent lamp
n

AR oA GRS 6 k3Pt ] FHeoBRes PUBAL BrAarAG BILOEEAC to
%ov@lé,%fﬂaa&{e\«%yq&fdvﬁiﬁa%&va& it featrDHHe raBe 1600 &5 SIW and

lanp types 1 ncludi ng g pressure sodi um” net al
e0MNd & 43hW.mer cury vapor | anps, where each one of
said different lanp types can be driven at a plurality

di f . ' ]_ahqgn i . ed
g’ cr opji}%(r:lg%%o E %ﬁp%@%gﬁ%@g{ ?o E?t erﬁ\@%ﬁgr%%&;{gy Wgtalle
200hirOMha 6] RGT¢ th52 A0d 10862 tifner} A eelayvadinnmes andreswitch.
vari ous manufacture-type | anps of various wattages can

driven.at..said plurality. of different | I nput
Sla‘t agﬁ? léftl%%pli)%ﬁﬁﬁ %fgcl%%glfg{thgfggrﬁﬁpgﬁg?? wher ei n
t he plamgdriihierfate dhdthldsnithintie endloqire andl doagdsd & the
at least in the_ranges 90VAC t o.200 VAC and 200 VAC,to
JoirvRprocssipT A LN 7 55er WneRyaly splecta seingifor pnepta
r ﬂ%it}%ﬂ%ff@re%@%%%att%yﬁ 5&tih3Fo¥\on8 of ARRutd 18R Of Wefferent
pparatus of claimd further conprising circuitr
ilrgttinig mdnuddatiniess tans @peitisgferone af a phetalide of difforaat lamp
) 53' g, @ di mmer and a switch. 10. The lighting
aBpar us of claim9 further conprising: a user -
interface installed within the enclosure and coupl ed
tid. t heThenfightopg eppasadus obclairh di fartheecomprisingiabtapdby power

select a setti or..one of a ur al;i f different.
pioi gt R e ki T Al
okhi‘fr%ﬁft@ssdricght}ien]gmpamﬁtﬁctur ers, and a setting for
one of a plurality of different lanp |oad types. 11.

The light]j apparatus of claim.10.further. risi

At anﬂ#‘yiiglg@%g gpparatus OE cla}m 17 ftirther cct)m%rls%?g TR0
intetrogation communications network interface, installed in the enclosure and
coupled to the microprocessor, to allow a graphic user interface to remotely

program the lighting apparatus.

13. A lighting ballast comprising;:

an electronics enclosure with a mains input and a lamp output;

a power factor correction (PFC) circuit installed in the enclosure, the PFC
circuit having a switching power supply circuit to provide a regulated DC
output voltage based on the mains input being alternatively between (a) 100
and 200 Volts AC and (b) 200 and 300 Volts AC;

a step down switching power supply converter coupled to the PFC

circuit, to provide an adjustable output voltage;
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supply circuit installed in the enclosure and coupl ed

to power the mcroprocessor off the lanp input. 12.
wab@sloixykt i ng apparatus of claim 11 further coP@T/USI004036217

a renote interrogation comunications network

interface, installed in the enclosure and coupled to

the niasy byyeoeesewpledite the convertes apfinaviien SMﬁECéW&E@WGr

(el R o BLQHEB I, TOMYe B3 REPRESbHfouddnd
Wit h acdmromlecmmcsanstaﬁed mﬁq@m@wqrean;immpléchm omtrol the
inst.al | encl osure,

C t PFC) " ci
tq‘%&@%%t'w GBI SR g o BTGB B R S sRGr o6 that the
ﬁ‘g}’bﬁ 1 cﬂﬁ Q¥) fleerfatiealy BivdtH SanubReIb] ¥ ﬁi% ?ﬁessure sodium
t he. mai ns |nput bei ng alternati vel

((&}P&)dmpami 2 owetaldnalyle ) éarpg) oy a Epa\;g@ )(/gp'ltvg the same
L

dnpptivoltage sayeges23 WO 2005/ 043955 PCT/ US2004/ 036217
an |nverter coupled to the converter, and having a

chj
St IR RPR R | Lo Provie s e

|nst al dreédlettrohiae enclobasyir e and coupl ed to control the

i nverter,. wherei.n the control t iS.t .
contr o?Ohldh%a‘ierW\Qthé‘Fg BEVMER SHPP eggqéﬁg%@t o rcﬁ §}FCF§)“1CS

%Et%‘ll@étm\fﬁé é‘ncﬁibéd&@ tb ﬂew%@gascm@ctﬁt dﬁ’sch BbgS Sﬂ&lﬁdmg a
sodi um (HPS a al i de

(}ﬂpr@luwe}fﬁancwwnéﬁgr@@dﬂn@ g@ﬁéohd@éateﬁle&tnquﬁ faﬁélmmmg

, npuﬁ voI gﬁéﬂaﬁggp ’g’lg(l% Ie%ﬁﬁnaﬁf{g rtheblg&{ﬁ[ & u§§aé PrimBlifF of
cextpiiad Cmngonantsethe’cianIde:es tmmrl mselaph a énhmdar,sarai e switch
e BRYE SRR A e P Bef FRVES the g with a
g@@gﬁé@@bamggt dirschar ge I anp, | ncluding a plurality of

functions inte ated olid state el ectronics
for di#Heegntey etlnﬁgi,l %Héi: f¥e apd cpgﬁ:gede to the control

b ORALE REABS arlfs%g td ﬁlmuzeﬁaiéa?é d)twhih off’EKé BIFdnd MH

conponents that include a a rel a%m/ di nmer,
dathps, swinthgeh oheddB8Sadavi levpss i © ke drivery and
timng when driving the lanp with a

15.  The ballast of claim 14 wherein the user interface comprises a display
panel to display menu items that refer to HPS, MH, and MV lamp types, and a
keypad that allows the user to navigate the menu items and select one of the

menu items for the lamp to be driven.

16.  The ballast of claim 15 wherein the switching powei‘ supply circuitry
comprises a buck converter feeding an inverter whose output is to drive the
discharge lamp, and the control electronics is further coupled to adjust an
output level of the converter in response to a change in a dimmer level setting

for the lamp that is to be driven.
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magneti c ballast; and a user interface installed in
the encl osure and coupled to the control electronics

W0 e00alok39ss a user to manual |y indicate a) whi chP@Cf/U81064/036217

HPS and MH | anps, or which of the HPS and M | anps,

. is to be driven. 15. The ballast of claim 14 wherein

te us&ﬂnehh@drfbabghﬁﬁﬁﬁpﬂﬁr@é OMYPEFNGY panel to

“types. deglfithe 4 ERaROTHoRaFD 112 UEREng RGN EAATE the

thudlas®rintdgirates samzthﬂg poWensneppHy ditvetitryrend CDn‘eka efeotronics in a
the lapp to.be driven e.bal l.ast of.cla
PRt RISt g ESEP LT s Falitidh T Butput on/off
Cf%!i‘il@ﬁbﬁ%d ﬁst*ébl“é‘ou@t@ﬁy poeE, dlaBe fmgdﬁﬁe Hi¥erehelanyh eFses, and
outf is to drive the discharge | anp, and the

tyolo duive larops tom differephma Vegsthdj ust an

out put ,
R
chrid/lmap Pdanie G006 @4pAS SorR@Thldg2be hallade irvaccordance with the

od for hting control, conprising: deploying a
ﬁ&}{{bﬂ% ?Rplbcﬁlc gﬂl lasts in a i ghting application, each

of the ballasts integrates swtching power suppl y '
018 Cui They nastldod oﬁt}aohh 161 whémm each bhthe balkessarhi digve no more

I osur.e f hat t f t
Ghepamednebrn en (T ERoATSe iR FRONE OBRLRNE: powor

‘ability to drive different lanp types, and ability to

drg.ve TREORetho@ Y daiﬁﬂ@&ﬁhef&zﬁl vhdcoiHRII%]lasRhre ebdentiglly
a di nmmer |evel, output out put power, |anp type

oigphigetes feoig alséﬁi!)‘?l]?@ﬁhf)gb@ Véi:‘reout put for each of the
bal | asts in accordance with the [Iighting application.

18h, Thf-'hé'rﬁ{éﬂﬁgd Ok cRlif 19 %ﬂei‘@lﬁrs@ctﬁqge@ﬁ@ oPndr®f the dimmer

bal'l asts can drive no nore than one high intensity
diesehantpeut emiofbtoudpyt pwer,dmp type andelamn Awausacturer output
c) ai I r

r%é)?leg}c::% f et?ag%ﬁggs 1? 0| %eVlQ% Jegﬁ%ﬁlv% lﬁegg&%ﬁiﬁg@m&é is built
nmttdﬂdde anﬁclo:twnem 19 V\herel n setting one or nore of the

di mer |evel, out put on/off, out put power, |anp type

. f h, 10f | | oy
S| . L A5 S AL RU L0 SPRRI RS S e
bl respéditve drit@rsene h@@hﬂfcﬁﬂer function, the method further comprising

setting timed operation for one of the ballasts via its respective user interface.

22.  The method of claim 19 wherein setting one or more of the dimmer
level, output power, lamp type and lamp manufacturer for each of the ballasts
is performed from a graphical user interface running in a central, remote

machine to which the ballasts are communicatively coupled.

23.  The method of claim 22 further comprising setting an output on/off

schedule for each of the ballasts via the graphical user interface.

24.  The method of claim 23 further comprising:
receiving at the central, remote machine from each of the ballasts a

report indicating a failure or impending failure of a respective lamp.
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21. The nethod of claim 20 wherein each of the
bal | asts integrates within the respective enclosure a
w@elvemedoss function, the nethod further conpriBCTYS2004/036217
setting tined operation for one of the ballasts via
' r ti've us f ce. 22. The method of
%# n?‘sl&eh Eiﬂr? g%‘?’ﬂjﬁl ne or nore of the di nmer
I eveI a cOHlMér idd anpgulyieel eoithden formanafrgeingneof the
for each of the ballasts is perforned froma
ki cal user interface running in a central, renote

machi ag aHngMBlg kb ol é@ﬁ&mng%l&fg@%gura@éﬂ Na&litg an input to

coupl he thod of claim 22 further conprising
seeivietheangolatglivobagotd ag chvéput © pisvidesn agjusialle, regulated
bai[tl asts via the graphical user interface. 24. The
d of claim23 further conprising: receiving at

the C&mﬁm@érterrlemih ardnpite feceivedhe hadjfistable, begulasdsvoltage

report indj |n afallur endjng failure of
an@égp%’éPPw #es laghp Pt f‘b%%@lgﬂ:& US2004/ 036217
25. Achhigbt é1ﬁ911§?| tbadmmandal é’daﬂ%e iA ERrahbed op&rating
provi de a regul ated voltage fro a lLanp i nput of the

patarasters ehtheditei depireregsiiaipr apdrths Y IRHE XPaPeRTseC 2
S@%gfgﬁéqéﬁw.ﬁ’@%e%“bﬂ%“ﬁ @ele £GHev Ciﬁgﬁl LG difidrent lamp

output to provide an a abl'e,
t}qmslthaedmb@tltlargabyathedamprmdpuhaw ng an input to
recei ve the adj ust abl e, regul at'ed voltage and an

tpug,Pt Elggt fa lai nES ALY o%%%gﬁé%hlh%?élec%ﬂms to

nt r O corman In one

@@lﬁh@dﬂdlg chaﬂg@mESzﬁdS)mfoxt hers bperaﬂlmgpamgtﬂtartsom msponse toa
the inverter In response to a change in'lanp type

sharge inghiniKeE fetsi®Bect s one of a plurality of
different lanp types that can be driven by the |anp

o9t PUtThe #alladihef dainh 26 twitdrefl Biendrboif tiord ©pefalify p&iangeters
control electronics to command a change |n one

srclnde thopdivatable rpaniaract welsags and ag ;S’Pﬁ?éll%ﬁ’ﬁqu%n%fethe
lti didprer setting. 27. The ballast of claim26 wherein

e one or nore operating paranmeters include the
adj ustabl e, regul ated voltage and an operating
£8equéntighting badast icarprising:

a converter to provide a regulated voltage from a lamp input of the
ballast; ,

a step down switching voltage regulator having an input to receive the
regulated voltage;

an inverter having an input coupled to an output of the regulator and an
output to feed a lamp output of the ballast; and

control circuitry to change one or more operating parameters of the
step down regulator and the inverter in response to a change in lamp
manufacturer selection which selects one of a plurality of lamps, from different

manufacturers, that can be driven by the lamp output.
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28. A lighting ballast conprising: a converter to

provide a regul ated voltage froma |lanp input of the
whadosasiess a step down switching vol tage regul aPOT/US2004/036217

havi ng an input to receive the regulated voltage; an

inverter having an input coupled to an output of the

ra¥gul aftor balledt eh clapmt3Buwherein dagichangenip eng @iumose opgeating

Ry 0 SRR B 4 GHSY SRS NR i frren

tlequireueit of thasélestpdns@pimanufdeange. i n | anp
manuf act urer sel ecti on ich selects one of a

pl ural j.t | a . fromdifferent manufacturers,

it °ctie bilast DY Bhimy A Waeteinhe fup of 1ot GastaEhg parameters
400R(d WG blidse A/ 362k dting Freqlieacp o tiasinvetter.

claim 28 erein The change in one or nobre operating
paranmeters is designed so that the | anp out put can

nmeet a nominal current requirenent of the sel ected

| anp manuf acturer. 30. The ballast of claim29 wherein
the one or nore operating paraneters include an input

vol tage and an operating frequency of the inverter. 27
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