"I MPROVED CONTROL SYSTEM FOR FLUORESCENT LI GHT FI XTURE
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application is a continuation-in-part of United States-
Patent Application No. 11/112,808 filed on April 22,

~ 2005. This application clains the benefit of U S
Provi si onal Application No. 60/672,250, filed on April
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relates to fluorescent light fixtures, and nore
particularly to control systens for fluorescent |ight
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nowto FIG 1, a fluorescent [anp 10 includes a |
sedPBa1lyl akkjs tapplicationtih atcoobimyationsnpafti ofdinitest Stated Patent
such as nercury and a first inert gas such as argon,

Applitation MNoe 156112, 8 Bled|dry Apile2@,i 2008d  Fhis labplidhttort dlaend the
is pressurized. Phosphor powder 16 may be coated

berasfibing La8. ProvdsiosalrAgplicatidn Noe 601672e25b2 filethen tAfe 182 2005,
i ncl udes el ectrodes 18A and 18B (collectively
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the tube 12. Power is supplied to the electrodes

its Bytirdtycontrol system that may include an AC source 22,
a swwtch 24, a ballast nodule 26 and a capacitor 28.
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FIELD OF THE INVENTION
[0002] The present invention relates to fluorescent light fixtures, and

more particularly to control systems for fluorescent light fixtures.

BACKGROUND OF THE INVENTION

[0003] Referring now to FIG. 1, a fluorescent lamp 10 includes a
sealed glass tube. 12 that contains a ﬁré.t material such as mercury and a first
inert gas such as argbn, whibh are both generally identified at 14. The tube 12 is
pressurized. Phosphor powdér 16 may be coated along an inner surface of the
tube 12. The tube 12 includes electrodes 18A and 18B (collectively electrodes
18) that are located at opposite ends of the tube 12. Power is supplied to the
electrodes 18 by a control system that may include an AC source 22, a switch

24, a ballast module 26 and a capacitor 28.
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"*@00002* [0004] Wien the switch 24 is closed, the
control system supplies -power. to the electrodes 18.
El ectrons mgrate through the gas 14 fromone end of
the tube 12 to the opposite end. Energy fromthe
fl ow ng el ectrons changes sonme of the nercury froma
liquid.to a,gas. As electrons and charged atons nove
t hr B t nEVRaL&her SwitsRngd \ip | Flogedl.| thgeCotigl system supplies
gaseous nercury atonms. The collisions excite the,
poweb tas therRleetradss 8. ekleetsprs mignats threughathisi gased 4 drom ene end
As the electrons return to a | ower energy |evel they:
of thed bebeel Diwthensppmsit ieghit . Endiigp dtorotiee flowimgrelectyorat oimanges
- rel ease |ight photons in the ultraviol et wavel ength
- sor@ngletheTheroahophoa ligait iong dds. als @idigronBeand thangea! tbms
phot ons, which causes electrons in the phosphor

méveathrdgghlfhet bk U sotmeawill BbiRte Mathethe J¥sBut MRercury atoms.
el ectrons return to a | ower energy |level, they release
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and a difference in c ween t el ectrodes
I i QS e 1S, LN
=R forcbE 2o FUb S e ons I T b walbigpotn
r he f.| escent Light 10 is urned. on
il 3 PNB§Phr et JRG e ey Pl Bnalarer i causes
006]. The bal | ast nodul e 26 outputs current through

ela[ocgliqq_s 9| Be; PRRpDOT £83MNG 118y 1 dupbitaga hl*ﬂ'@eercl?r"?éntw%ﬁﬁv@he

creates a charge difference between the two )
cleqters: Bes 18,3 VIRWRT 1919y UsVels BRY felapse pholasst irwieg a

on, both electrode filanents heat up very quickly.
wayelendtihaerresrendino te wdnitedightch i oni zes the gas 14 in

the tube 12. Once the gas is ionized, the voltage

di f 1@¢Q5)ce Tivesemsk guirent through the tube 12, the fluorescent light 10
needs free electrons and ions and a difference in charge between the electrodes
18. Generally, there are few ions and free electrons‘in the gas 14 because
atoms typically maintain a neutral charge. When the fluorescent light 10 is
turned on, it needs to introduce new free electrons and ions.

[0006] The ballast module 26 outputs current through both electrodes

18 during starting. The current flow creates a charge difference between the two
electrodes 18. When the fluorescent light 10 is turned on, both electrode
filaments heat up very quickly. Electrons are emitted, which ionizes the gas 14 in

the tube 12. Once the gas is ionized, the voltage difference between the

electrodes 18 establishes an electrical arc. The flowing charged particles excite



‘el ectrodes. 18 establishes an electrical arc. The
flowi ng charged particles excite 2 the nercury atons,
which triggers the illum nation process. As nore
el ectrons and ions flow through a particul ar area,
they bunp into nore atons, which frees up electrons
and creates nore charged particles. Resistance
thedmerceag emras)dvhicitriggars ithe ilkasipationm peodess | afst mesel @lestrons
26 regul ates power both during and after startup.
and @R AlowRpkreudr agpanisuldraareh Ghe? bustpnintd aldrastormeduhiel frees
50 include a control nodule 54, one or nore

up BIEGHIR! ¥id er&ASRGhdrer Sheh§edpdritfider Raymanetigcreades and
The electrolytic capacitors 56 nay be used to filter

cur‘?énﬁﬁ@r@%gbé’ ofh8®Rilastfh@die PeyiehhltaP épb&hiﬁ;rﬁﬁcﬂrﬂfaﬂer
her system conponents may be sensitive to hig

Sta%gratl ng tenperatures. |If the operating tenperature
XCeeds a threshold for a sufficient period, the:
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when ‘the fluorescent Iight has been on for a while),

~ Elgairatitisesapaeciters, 56 padfor gdhesswystam (cogongnispmeyike sensitive to
initially dimwhen turned on, which can be annoyi ng.

higmoperating tempéiatirees detie omeyatl@g terpperaturg exapedop threshold
burn out without providing any indication to a user.

fod fa tudfidierdr pdoed, ho¢ éelaskolgtic regpastema®t dridiar efensystem
light, the user may be without a Iight source until

cofipfoneAtn niy foeuidmaged and the fluorescent light 10 may become

inoperable.

' [0008] When some fluorescent lights have been off foi' a prolonged -
period, it can take a while before the fluorescent light provides a normal or
nominal amount light output (as compared to when the fluorescent light has been
on for a while). In other words, the fluorescent light output is initially dim when
turned oh. which can be annoying. In additidn, fluorescent lights typically fail or
burn out without providing any indication to a user. If the user does not haVe a
replacement fluorescent light, the user may be without a light source until one

can be found.



"3 SUMVARY OF THE I'NVENTI ON [ 0009] - A control system
conprises a swwtch and a control nodul e that
conmuni cates with the switch and that sanples a
filament resistance of a fluorescent |ight when the
switch is in a first state and that selectively
increases current supplied to the fluorescent |ight
above a noni nal TYMMARY Qfl TREWNYBNTION switch
transitions to a second state based on the fil anent :
r esi@3Q8ce A poOLO]systerv chmprisesa wwitsh ankea conmttal hodule that
nmodul e determ nes a steady-state filanment resistance
comahurcatee nwith ethevéwitdh aad i thas aahplds' at figkhe ragistance of a
nonitors changes in the steady state fil anent

fluoesdcshiiiure witdrughe $Witchngiie atipst stét‘éw{h%ﬁts&%cw r%hmHé%ses
control nodule. The control nodul e conpares chariges

curr@nt B@p;ﬂb@&gk’héﬂ@ér@séédt AgREbIveS R %?c%r?%rﬁ%afug \.fhaen said

predetermned filanment Tesistance c ang resho
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in the steady state ament resi’s xceed

v ABHEAG, ShTAOS eplted BRI BofaREER cuaipacy-state

f t | ye t.o a.predeterm ned
IShBA o R Vel o WReR 16E iah s il il lcsGies e angpitors
th di cat V\/n thesead state fil ament
bl e B 0558 Shbekeninge ( panecat
resi stance threshol d. [0011]_In other features, the

comyRYRIERteRyth thei critrohqoguls:  Tharsentananestule campares chadges
voltage to the filanment by a first anount above the

in N ﬁgﬂa dy ustaéatfilamedteresistance hwalusnito ca predatermineds filament

" said second state based on a stored fil ament

resigtance avt@mgealnueshold tahe dhidngoerd staiatofi heSindicatbr DRA&H ehe
the switch transitions to said second state. The

cheoges ol therstesdy statefilament ratarieorase 8xsdedadl¥ pFédiiSmined

fi I;crlnle:trrrigltstance change threshold. The control module compares the steady
state filament resistance value to a predetermined filament resistance threshold
and changes a state of.the.indicator when the steady stat_e filament resistance
value exceeds the predetermined ﬂlament.resiétance threshold.

[0011]  In other features, the control module increases at least one of
current and voltag.e to the filament by a first amount above the nominal current
level when the switch transitions to said second state based on a stored filament
resistance value of the filament that is stored before the switch transitions to said

second state. The control module determines and stores a steady-state filament

resistance value when the switch is in said first state. The control module



‘resistance value when the switch is in said first

state. The control nodule 4 increases at |east one of
current and voltage to the filament by a first anount
above the nom nal |evel when the switch transitions to
said second state based on a difference between a

stored filanent resistance value that is stored before

ingneg@sesiat deast carsoft ¢usrent tamdsweoltigeetoothd fiaraert byd fiflse amount
stored steady state filanment resistance value. An

atzvbi tbatnamdnpldeed! ik retis switcir tressiiions ©SsadRbesid state based
tenperature. The changes in the steady state fil anent

ot esdiférance butlden Qlsore@dildmétebRifde RIS RRTPEBM Y before
tenperature. The anbient tenperature estinator

the EWilHEFarRitioRBRE dHid) %tsch&eﬁf;ﬁtgie anfl %hé‘%rsa”stéaﬂgp&ége‘ ﬂl:a]lﬁ'\ent

estimator estinmates I ent tenperature base
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Rt & ERTTRRUEsRToN of b @ity EouBARUI GRimals patmates
re exceeds a_predeterm ned threshol d.

sensed eratu
| th?r?é“@&ﬁg ?%Bpﬁ‘@gtmaebaﬁ?éden A dilamert msiitanceumeasuteds alter the
on the sensed tenperature. [0013] In other features, a
flyogescent kight haa treen i gaid iserond state for aspredeteimiaky period.
communi cates with a voltage source. The electrolytic
capd@P1Zincdnedtbaedeatares, a ballasintodilentsitpises an electrolytic
communi cate with an output of the rectifier nodule.
cgpaoilaticel eleptdrer fledbmpemature LOARET Bénbel SCRTWrBRNSESH the

- a tenperature of a first electrical conponent. The

eledrdiytio] captithrce elameitcaTRe ontrldl MiRiule communicates with the
temperature sensor and adjusts power output to the fluorescent light when the
senséd temperature exceeds a' predetermined threshold, The control moduie
modulates the power output based on the sensed temperature.

[0013] In other features, a rectifier module has an input that selectively
communicates with é voltage source. The electrblytic cépacitance element and
the control module commurﬁcate Mth an output of the rectifier module.

[0014]  In other features, a temperature sensor senses a temperature of
a first electrical component. The control module communicates with the

temperature sensor and adjusts power output to the fluorescent light when the

sensed temperature exceeds a predetermined threshold. A rectifier module has



"tenperature -sensor and adjusts power output to the
fluorescent |ight when the sensed tenperature exceeds
a predetermned threshold. A rectifier nodule has 5
an input that selectively communicates with a voltage
source. The control nodule communicates with an
output-of the rectifier nodule. [0015] Further areas

aofinpppthat sdElédtivelyotomhunicatse with avesltdgen svirck. H@eos@htrol
apparent fromthe detail ed description provided

moeluks coxfmenicales vathoan duipait of thdaestmpehdduf. t he
detail ed description and specific exanples, while

i ndi PABNY FUARePRERY r&daswflﬁqf% fHe L &ér{ﬂyﬁgéﬂ.&t%'-will

are 1 ntended for purposes 0 [‘ustrati on on

P B DT e B a5k R D e e Ao R be
B S ol Ratine oRaTBe Riefih Lo et R S lr i hiss naeating
B Puellzdr PbPYriai 6 the S PuphiE. offea mpOdrd dot orboses of
ePelopgri Pty 3 melnGRBe ok s abammrmidhe inventamt o
systemfor the fluorescent light of FIG 1; [0019]

FIG 3 is a functional block diagramof an inproved

control systemfor a fluorescent |ight according to
the present BRERDESCRIRIOQD] OFTEE BRAWVINGSI ectri cal
schematic and functional block diagramof an

exenf®04b) i e areserdtineantioh wilibevonter wores YisilyamdefrstEbdirom
3; [0021] FIG 5 is a first exenplary flowhart

th'e:c deé?'rtgc:a%e?scgpﬁcuream fher acoopyanlinadiraWigs ORkéreln: syst em
° [0017] ’ FIG. 1 is a functional block diag_fam of an exemplary control

system for a flucrescent fight according to the prior art;

[0018] FIG. 2 is a more detailed functional block diagram of the control
system for the fluorescent light of FIG. 1;

[0018] FIG. 3 is a fuhctional block diagram of an irhproved control
system for a fluorescent light according fo the present invention;

[0020] FIG. 4 is an electrical schematic and functional block diagram of
an exemplary implementation of the control system of FIG. 3; |

[0021] FIG. 5 is a first exemplary flowchart illustrating steps for
operating the control system of FIG. 3;

[0022] FIG. 6 is a second exemplary flowchart illustrating steps for

operating the control system of FIG. 3;



"[0022] FIG 6 Is a second exen‘pllary fl onmchart
illustrating steps for operating the control system
of FIG 3; 6 [0023] FIG 7 is a third exenplary

flowhart illustrating steps for operating the
control systemof FIG 3; [0024] FIG 8Ais a timng
diagramillustrating on tine and off tinme of the

[ upaseentid.i ghts. d MkPlexBhipiarl dwerfard Iiflstatifg aste for

show ng" sanpling of the resistance of a filament o
op{eg%nékﬁégéﬁr%?%téﬂn%ﬁ&(9026] FIG 8C show ng

enperat ur e an

Fesi stance of the filanent as

1 HRELTT R AATE B A8 adralF 2ot MR B of tme of

resi stan f the filament and identifying changes in
ther@'é‘?f@?%‘?g@?nqndi cative of failure; [0028] FIG 10 is a

flowchart [llustrating steps of a pethod for justin
cur R3] < o Bih BT BBBF0 oM TBcRATRRE DhiDe dRRtatice
of time required to warm up and provide nom nal |ight
of gdilgsuent of thedhjorggagnt liahti s a fl owchart illustrating
steps of an exenplary method for determ ning anbient
t enfi28} ur €JG.aB@ shodBQ temparatuce asd sedistanct af the filament as
illustrating steps of an alternative exenplary nethod
a fuoctiohedfeirma; ni ng anbi ent tenperature. DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS . (0031] The
f ol [E0R7Ng EESCYiiPhiflowchbrttinstrtied stopsdferhrthadfyr (sanpling

thcla S;esis’tance of the filament and identifying changes in resistance indicative of
failuré;

[0028] FIG. 10 is a flowchart illuétrating steps of a method for adjusting
current supplied during turn on to decrease the amount of time required to warm
up and provide nominal light output,

[0029] FIG. 11 is a flowchart illustrating steps of an exemplary method
for detérmining ambient temperature; and

[0030] FIG. 12 is a flowchart illustrating steps of an alternative

exemplary method for determining ambient temperature.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0031] The following description of the preferred embodimen't(s) is
merely exemplary in nature and is in no way intended to limit the invention, its

application, or uses. As used herein, the term module refers to an application



"merely exenplary in nature and is in no way intended
tolimt the invention, its application, or uses. As
used herein, the termnodule refers to an application
7 specific integrated circuit (ASIC), an electronic
circuit, a processor (shared, dedicated, or group)
and nmenory that execute one or nore software or

spddifionivdegrated arcaits(ASICY; oarbierladtiemial cilcalyj @ processdr, (shared,
and/ or ot her suitable conponents that provide the
dediested| begrolipnahi en@hbiy\thatfdechts BAS @F n@fre GbRhte/ or fifiGvare

sane reference nunbefrs will be used in the draw ngs

prdgfamg,egtdarub.ﬁamAa@no ‘EF‘E?@* Sand/8P3He fr%%f.tgsre' zg&Pa&%M that

a functi onal di agram o cont

ProfR 8] el R or Y L 3L Burodeth oyt ecHies Pigrapcs
bR TRl B bR ey MTas Mg, e ©
SZL@%J o g poviad 1513, alnctind B Bf%@?%ﬁé contra

temperatures of co ents of the ballast nodu
vl it feoesien TIRRE LY & Shavt. Al omedaierod ingees a
In sonme inplenentations, the tenperature sensor
cor1t102 r§@¢+§@s1% BFePaiony elaskiobitist Ganactierst 8, and one or more
el ectrolytic capacitor 108 and the tenperature sensor
othet £o8wesestsagensgyalaidentiiadcatp it Uhe bdllasheodulent@@ includes
ot her conponents 110 of the ballast nodul e 100 and/ or
one lte rooret teshpeigtitre reensdQ3@pddies tidhand! 11dothat eethdd operating
adj usts operation of the fluorescent light 10 based

ternperatige® rof neurep@ientdh @f sies batlastpaoalulen 900 efmebrabl RS control
For exanple, the control nodule 104 shuts off the

sy$tbAr 65 6fNflotds@Bht AGhtWMTeN th %rﬂ@@ﬁ@tén%taﬁcﬁ@%@tté‘ﬁmﬁel%fture
the electrolytic capacitor 56 exceeds a predeterm ned

seFllégiIth Eféﬁség? ]Eahtrcﬁe%?éﬂn@; teMpbRItIR & the eldtfroRRBLaPACITERPdYE Gind

the temperature sensor 114 senses an operating temperature of one or more
other components 110 of the ballast module 100 and/or the control system.
[0033] The control module 104 adjusts operation of the fluorescent light
10 based on one or more of the sensed operating temperatures. For example,
the control module 104 shuts off the florescent light 10 when the operating
temperature of the eleétrolytic capacitor 56 exceeds a predetermined
temperature threshold. Alternately, the control module 104 turns off the
florescent light 10 for a predetermiﬁed peﬁod. until reset, indefinitely and/or using

other criteria. In other implementations, the control module 104 lowers an output



"florescent light 10 for a predeternined period, until
reset, indefinitely and/or using other criteria. In
ot her inplenmentations, the control nodule 104 | owers
an output 8 voltage and/or current of the ball ast
nodul e 100 for a predeterm ned period, indefinitely,
until reset and/or using other criteria. [0034]

(g 0 raf. i i .
vofFROE A Pt oot betpsp TR b o Bl e Bprioc.
: hf - wav. ectyfi ._electrolytic
m@é\fbﬁ%ih{' H\rqﬁ’fg%éta%é’ /«{rhugfng(l)%ﬁ ?B‘%H%ﬁadul e 104. A first
term of ,a. power  t.r jsfor 126 is connected to a.
(1 SpO3h oL REATE v B3R T rin SGSmaRl SBRGMEBRHoR.St the
.S connected . to the control nmodule 104 and to a_first

b%"@ﬁtnm@fﬁﬁ%ﬁ%a Sodawn {o IARNAR & Ny hatavavgrechiier 120, the
nmodul e 104 switches the power transistors on and off

elegtrotylis canacitent 0& A Hie crstrohgwdute 10de A fMigstderewinal afiagpawer
10 during startup and/or operation. 10035) A

trangisior 129 isconmagteddo edinsiectmd of thet reetiffarr20. dusquonddérminal
the rectifier 120, the second term nal of the power

ist cenrectedto 1R, cantrel modsile ti@dnandltood firstheermavadrof a power
transi stor 128 and one end of an inductor L. An

tramgister 1 28.eThel cohtrélimodule d0E bwitchesthy poentrahsisioss vh BAd off
one end of the el ectrode 18A. An opposite end of the

toel et € afknt J&%/érsva%gel t@dtheyﬂcﬁescé?émq{fh;hpﬁ O%r{n%e%ﬁuﬁ%d/or

of the el ectrode B. The first oufput of
opé&atibhl er 120 is coupled by a capacitor C2 to an
opposite end of the electrode 18B. An indicator 140

COMTUBSER! S SBIE FRY: O coHBRLE OB sy of e
SRR 120,50 SBR[ ES501 By 538, B8 40 o
th‘;e:t 'Jév}/e\j'mrptg%hs(i)%?% ?%é gﬁ&”ohe Gt hndGas: Py r/fnhgggos?tre end.of the
inductor L may communicate with one end of the electrode 18A. An opposite
end of the electrode 18A is coupled by a capacitor C3 to one end of the electrode
18B. The first output of the rectifier 120 is coupled by a capacitor C2 to an
| opposite end of the electrode 18B. An indicator 140 communicates with the
control module 104 and indicates an operational status of the fluorescent light.
For example, the indicator 140 can be turned on to indicate that the fluorescent
light will likely fail soon. As a result, the user can purchase or otherwise obtain a

replacement fluorescent light before the installed fluorescent light fails. The

indicator 140 can include a light emitting diode (LED), an incandescent light, a



"repl acement fluorescent |ight before the installed
fluorescent light fails. The indicator 140 can
include a tight emtting diode (LED), an incandescent
light, a 9 speaker, and/or any other visible or audio
output. While the indicator is shown in FIG 4, any
of the enbodi nments descri bed herein can include an

speBReC 8h@br ahPBHRF vRENIEBF b0GioMRMh O Vgll&i% th, in@ﬁc%o%#%ﬁvgn in

illustrating steps for operating the contr

f 4F j LNS. M. . .. In
I8 4550 g SERRRen aRsE e b el it Riddaer <

on. al t ns to.ste 04. If.step .

204 093807 FerefilB] BB id G 1 mBbRBe, flustriie Slenn, for

|ight 10 is. alread If, true, control continues
R o DRl BRIt a8 Shiia: 1 pn ol astes i step 200,
t rature is greater than a threshol d tenperature.
‘“Tﬁgg%gn%wae‘?}%@m{f‘ﬁ? & Ir e aswitaho24 He aft. et falgey tpstrol

capacitor 56 and/or other conponents of the ball ast
rehsiofi10e512D @04n i/ B8P 8Phés trea mepiiehdeieaninen svhathartbe florescent
_system |If step 206 is false, control starts the |ight
ligh 19tie girgady eont If itues cantrdl carntiope0dth $tep 208patdfetesmines
fal se and the threshold tenperature has not been

whstberedesgnsed iempkeraleteeisngreatervthah e threbleolg vieheder@tdrd. s The
off in step 210. If the switch 24 is not off, control

semstdrtesipeatstee ma3Odelate O3 e \BetroBtie Pcalidikitbs J5' HBd/or other
control turns off the switch 24 and/or fl orescent

cdngdnientsOod thesb#RsE hfodule 160 ERCISFAtREEESAbbAERs dilRe control
switch 24 nmay be controlled by the control nodule

sybf. Af &@b@eeisyﬁalsteh%oﬁ@é]t%%s %ﬁ & ihObef® 4 &W@Hgé ]]:with

the florescent |ight 10 | ndepe froma posi

P OoBM HCky ! t | Bad Ot

wbpt eRstizos N S0 b 18R C il i e

e&e&@écﬁe\:’fﬁ@%l FWHahed WhMEN Y SRt 941§ def e e?ad2‘} '€ it the
swic

switch 24 is not off._ control returns to step 204.

[0037] When step 208 is true, control tums off the switch 24 and/or
florescent light 10 in step 216. In some implementations, the switch 24 may be
controlled by the control.module 104. Alternately, the control module 104 may
tum off the florescent fight 10 independent from é position of the switch 24.
Alternately, the control module 104 may operate as a three way switch in
conjunction with a three-way switch 24, When step 210 is true and the switch 24
is off, control turns off the florescent light 10 in step 218.

[0038] Referring now to FIG. 6, a flowchart illustrating alternate steps

for operating the control system of FIG. 3 is shown. When step 208 is false,

10



"is off,-control turns off the florescent light 10 in
step 218. [0038] Referring nowto FIG 6t a flowhart
illustrating alternate steps for operating the
control systemof FIG 3 is shown. Wen step 208 is
false, 10 control returns to step 204. Wen step
208.is true, control turns off the florescent |ight

cohflol retishe o 81#3.2040 Whep spROTI8AIED boﬁt‘i'cﬂ s ffithéMbrescent

In step 250, control determ nes whether the timer is
lighP101ih #6©@42501d Stebr 245, @ARbI Slarfseh g%ﬁb?r[ B%S%I%szmggéntrol

O herwi se, control returns to step 250.

demsrhindd RBeliRY the tiﬁ{e?is zlgpglf fsltéﬁ"gggrié thle! Héﬁtfcﬂgr%@?%srﬁoo?tep

alternative steps or ratin he "cohtro

zo?g?théwbi%%ms%ﬁg\{y{ghﬁ\{mlgtgg%gu%?s%? is true, control

uces I'S ol o the florescent |ight
1 oSSBT FBeT R F el Gl e e Bligemative steps
d/ or. t tput by, the_ballast nodule 100. The
fof PRpiadRg A1 1GapHE! Srsthay OHEIC.opds AOWT nWiANSStEB RS is trus,

until reset using the switch 24. Alternately in step
coppl redusREr BPWaR Hiatsisoutpwieto the floressembdight dAtinostep 282.
determ nes whether the tiner is up. If step 290 is
Requging pemier evtpueta this floreseepight 40 Dehandliide rechoimgr wiltage
returns to step 290. [0040] Referring nowto FIG 8A
angl/ari avriegt oyt Ssnthée batiast mashileon00i The flonesoeht fight Mo raay be
the fluorescent light. The fluorescent light is shown

ofenated iarnbisahbde sintil eset Deing rttle rawitehozd. h@wehretgy tih etep 286,
fluorescent light is in an off-state determ nes the

comtrobisthrtoh tarel. tinoned 2b8adortridabietuninelsvidifdng GridP® up. If

filament during startup. In other words, the anount

stéh 208a¢ tRE, BONRS! rBtirito SRptdtR. | bltﬂé;ﬁ&fe cbitrol retums to step

tenporarily increased above a nom evel to reduce
odghe anount of tine that

[0040] Referring now to FIG. 8A, a timing diagram illustrates on time
and off time of the fluorescent light. The fluorescent light is shown in on and off
states. Depending upon how long the fluorescent light is in an off-state
determines the amount of additional heat that must be added to the filament
.during startup. In other words, the amount of heat or power output to the filament
is temporarily increased above a nominal level to reduce the amount of time that
the light output is less than the nominal light output. By increasing the amount of
- power to the filament, the filtament will heat up more rapidly and the resistance of
the filament will decrease more quickly to a nominal resistance value. If the

fluorescent light is off for a short duration, the amount of heat or power above the

11



"the light output is less than the nom nal |ight
output. By increasing the anount of power to the
filament, the filament will heat up nore rapidly and
the resistance of the filament will decrease nore
qui ckly to a nom nal resistance value. If the
fluorescent light is off for a short duration, the
naminahievef ishesy theramowntrof dleay or pbwer %iboﬂ@ e Abmiire $vdl Sthat
| ess the anmount of heat or power (above the noni na

islredgirdd Whe thel fuoréstient Rfht W6 fdrhénder darftipaent |ight is
of f for 1onger durations. [0041] By neasuring the

T, S R g OB A g e

anount of heat th tot

tﬁé hplgpt%faﬁe%éf ﬁg%o%?d 88 sétd'd ttgqhe Wa%g%rﬁ?%qf’ntng? s?tgggé EBh be

. anen sanpled” contrnuousl’y
afihele ThemeasilCe 408 DEPRLR SaPhlss, Elgudl ndror =
Spaied BT EEnITRE! 1 PEMEhOTaiAd ecHdore) uilon iacreases

teady-state resistance value that depends upon
algh P%t Bifpessistance enhedirmagieingreasee Hunpaes @esienged off-
l'ight. The anbient tenperature, in some
statp| tbavnsiaenen of thesfilneest wikteatittorreach prajeatigstdte resistance
off-state and stored in nmenory. The anbi ent _
valgapbathtepandsarpdre ambient terederadireganchihe egpef ahearfiiorescent
sensors discl osed above. Alternatively, the anbient

lightmpéhatamitéerd atamiperatsiel, msohel intplemnbetationd, 98 aseerdel! after a
the filanment after prolonged off time. In addition,

proienged BTSEatPrdrndr sr&R Y 1drabs. Vel 8mbRint ttBRiperature can be
resi stance are neasured and stored. A resistance limt

m!ﬁsU%dn’Bym%' $8 RpetitdfLdensSQddibciian abB@e.rﬁﬁ'éﬁl%tﬂgflﬁ the

val ue reaches a steady state resistance value a

ahribidht @bipefaifte R 15 BRHatelitdin 16S redidRe YRIHLCHEARNP Stter
conpared to | _

prolonged off time. In addition, one or more prior steady-state values of the
resistance are measured and stored. A resistance limit value may also be
stored.

[0042] When the resistance value reaches a steady state resistance
va_lue after turn-off, the new steady state resistance value can be compared to
one or more stored steady state resistance values. A difference or change in the
steady state value can be calculated. In some implementations, the stored
steady state resistance value can be an average or weighted average of two or

more prior steady state resistance values. Other functions can be used such as

natural log functions to determine the rate of change in the resistance of the

12



"one or nore .stored steady state resistance values. A
difference or change in the steady state value can be
cal cul ated. In sone inplenentations, the stored
steady state resistance val ue can be an average or
wei ght ed average of two or nore prior steady state
resi stance values. O her functions can be used such as
filaraentr alf thegafeuntthange excepelses prevetémdnedhrateodi crmggevalue
in the resistance of the 12 filament. If the rate of

archemng pregoteradsedirgsistaeieciinmit e coatrel mbdgleange indda4e that the,
and/ or a predetermned resistance limt, the control

fludpsoent It Wil EHilcsoR dridalird & the hhikeatpaaent l ight will
fail soon and turn on the indicator 140. [0043]

Ref qoo48)0 now gé&rehlfy R 18 FI@ B, dhaﬂﬁ'ﬁﬂﬁ 5&]9%\‘399 showing

sarrpl ing of the resistance of the filament

PSP P Bar AR R v v
P, AR ﬁ’%%eﬁ‘idi%ﬂ@’é"r?oa&gﬁl'lfaﬁ'?eeaamp"“g
R EHTEAS L e B A o o

he resi stance val.ue |s chan | ess quickly or
bq”vege er &y eg'i"'f‘s] 3?%}*90@ iCaP R ew%arse%éﬂl?eéhm yesistance
apparent. In some inplenmentations, the resistance of
valyr I changing apiskiyeans instpased evhemiher rasistanseevalue is ghanging
transitions froman on state to an off state. The
legs Apickiyprofice yrrsa e Sitil other evarigtionshwillftiel readity apparebe In some
term nated when the resistance val ue reaches a steady
impermentatibns , themesistehee bf thiet filamenUismeeasuned aftdf the flsiregcent
any other criteria. [0044] Referring nowto FIG 8C,

lighhérahsitipes &bur an andstatestoHnaoit etapé. The sahigliag®stith@ksistance
shown as a function of tinme. The tenperature of the

off fheafitemieni san Sleowrminatedl WHBA tthe tesiétahbe vaeadcRES a steady
state. The graphs shown in FIG 8C relate
state value, when the light is turned on, and/or using any other criteria.

[0044] Referring now to FIG. 8C, the temperature and resistance of the
filament are shown as a function of time. The temperature of the filament is
shown as a function of the on and off state. The graphs shown in FIG. 8C relate
to a fluorescent light that has transitioned from on to off at time 320 in FIG. 8A
and remains in the off state. The temperature of the filament will decrease from
a nominal on temperature value at 322 to an ambient temperature value at 324.
“The resistance of the filament will increase as it cools from a nominal on value at

326 to a nominal off value at 328. As can be appreciated, as the fluorescent light

ages, the values of the nominal on and off temperatures and resistance will vary.

13



"to a fluorescent light that has transitioned fromon
to off at tinme 320 in FIG 8A and remains in the off
state. The tenperature of the filanent will decrease
from a nom nal on tenperature value at 322 to an

anbi ent tenperature value at 324. The resistance of
the filament will increase as it cools froma nom nal

on YEi4% aRefdZingt fow ROMGA, of flowahate idist@dBg ﬁép§%ﬂ a
be appreciated, as the fl uor escent light ages,

maabylEsr %fan{dﬁﬁ?nﬁlﬂhiéﬂl r@ﬁst@ﬂge ofrfd IRABEMR Hﬁ%&nﬁl\ E*acrgent

resi stance w vary 13 [0045] Refefri'ng no

'reﬁstaﬁct@'l%ﬁétoﬁ gl fa‘ﬂ@resér‘épsci'xog«{e PPWBPBQ%EQWth step

sanpling filament ‘resistance and | ng C

o TSP Sy T .
MR M CIT Y %%tqoafrwemges
AR S5 skt Ao I Vit OBl ot .

control returns to step 352. If step 356 is true,
StaR AP G5 thea SOl MAASWESDY Sipvesiibeiresiakioee of thadlament in
filament in step 358. In step 362, control waits a
ste35Bi nlj plepi 3R, t eritrob avaitsea wampling @erioddbalt tare be variable,
and/or fixed. In step 366, control detern nes whether
adaptveaahd/on tined.  reslept 366 eontibidstbmsnes emetteachsidady state
steady state value determ nation can be based upon

resisianseivaiiel Ras bekrreachddor Tl 3tgalde statd vae determination can
i npl enentation the steady state value determ nation

beC BAsdE upBEl @nyhatable critefib St@dﬂ&(aﬁﬁilé’QnCGne'\'implementatton the
consecutive sanples stay within a predetermned

stéhdyf SRNCALETdREARRINEAN belrhdde wRALRSH 'Fggxﬁggée P%‘Bi é:]f N

identifying the st eady state val ue can e use

corBBRutR e RMHS: | bt% b éﬁété’tlmlﬁéﬁq{n'ﬁ@fé%%e Bnesafms&e?’ﬁgtm

and stores the tea y ate resistance v

oth8PhERaL A @S ifyihE e Et%é&'?’ state value can be used.

[0046.] When step 366 is true, control continues with step 368 and
stores the steady state resistance value. In some implementations, the steady
state resistance value may be adjusted based upon ambient temperature. In
step 372, control calculates a change in the steady state value. The change is
detennined based on the current steady-state value and one or more prior steady
state values. In step 374, control determines whether the change in the steady-
state resistance is greater than a resistance change limit or whether the steady

state value is greater than a resistance limit. If step 374 is true, control changes
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"state resistance value may be adjusted based upon

anbi ent tenperature. In step 372, control calcul ates
a change in the steady state value. The change is
determ ned based on the current steady-state value and
one or nore prior steady state values. In step 374,
control determ nes whether the change in the steady-

hstsa;tsdr mﬁk@%&ﬁ it &k eebyttar%'ihgaoﬁ%%' .ﬁ&@g&ﬁ ﬁgféggﬁvs. If

limt or her the st st at™e va

'stéé]gm R fg@%dra%,ﬁ ?tlu A0 - stﬁ]%gé ep 374 is true, control

changes I'nductor, for exanple by

di 374 :
ol Tl On e 8ol élél"gs Sitis JESREHAG ctry of @
fl h t t
RGP o (LS oho SHORE (UALPIN BaFTRaER the STEeHRagk time

the amount of time required to heat up the filanent
repirachivipeat aprihe diarpenti i shownnh Gandie! hegins withsstep 40002n step
control determ nes whether the switch is turned from
402n controlsdederanines avhetier the switch|is teneg o anwff sfateto an on
control returns to step 402. If step 402 is true,
statentlt siep 46@ripdales, admirol edtrnsttosexb 4@ B tstapcd0d &l tage, control
(which may or may not be a steady state value) to one

coompares ¢heplaat sthirag resisadye s«aneeﬁwrﬁm siANGemag R d 8 steady
step 406. Assuming that the fluorescent lanp will be

statpaadld) igohs of PREE Prédediry Sbady- sta@@‘%s@%éndea&m&é@htmsé 406.
the di fference between these values is a neasure of

Aé’dﬂxﬂinﬁ@ﬁhﬂr tﬁ@tﬂub%cfehy%rﬁﬁq}@ﬂt bé | %raﬁ?gs i e‘?él@r' ¥onstant

cool ed and how rmuch heat 1s require

arhBienf tdrRsEatured Ningt f?fe%]nge E%Wte‘éﬂnﬁwﬁgé urat| X rﬁé%gﬁé of

addi ti ona current or a erm ned

A U AL TSR o A
reén‘ged ?ooaﬂ? giglﬂ/Wannnﬁ\e ﬁlameﬁtt °f é‘t%S 410n tﬁc’et ggntrojr odcu ntptr'oq}ldes
additional current for a predetermined duration to the filament to quickly heat the
filament. At least one of the current level and/or the duration is based upon the
comparison fnade in step 406. In step 412, control ends. |

[0048] Referring now to FIG. 11, a flowchart illustrating steps of a
method for determining ambient temperature is shown. Control begins with step
430. In step 434, control determines whether the switch has been turned off for a
predetermined period. The predetermined period is selected to ensure that the
electrolytic capacitor and/or other components are at ambient temperature. In
step 436, control measures and stores the ambient temperature using one or

both of the temperature sensors described above. The ambient temperature is
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"[0048] Referring nowto FIG 11, a flowchart
illustrating steps of a nethod for determ ning

anbi ent tenperature is shown. Control begins with step
430. In step 434, control determ nes whether the
switch has been turned off for a predeterm ned
period. The predeterm ned period is selected to ensure

stotrgél # on%?ﬂoﬁ?lleyatrdg%s%%ﬂ A%hé gFec.%B g%?f%angontrgl ends in

one S are ratur

coﬁrol measures and stores the anbi ent tenperature
g one or both of the tenperature sensors

des The i nt enmper at ur e re
f@ionﬁ%mﬁs&ﬂ@% feen OWﬁéa’E)r"é‘@zfé fifg T flan
troI ends in .ste 0049 Ref e
A REiAtE YNGR 1o St T NG BriPSTatis R nobBp ot begins
alternate nethod for determ ning anbient tenperature
withs steRodpl. dBriteR 1458 e §Ppiso! %tﬁﬁn@?‘éﬁ”hﬁbﬂ in¢ Swideh hsa been
control determ nes whether the switch has been turned
tumoiet! dfofor @ predelermined mesiogerin sdep #56.stanyol Beasdigstans| stores
nmeasures and stores the filanent resistance. In step
thd Gxmart eesistanent In sepdba} theambieaktemperaddrebia estimatad based
the filament resistance. The anbient tenperature is
ors tiey @thmentt fesistaeer The ambigdne tamgertad isnstoredd in the control
precedi ng met hods. Control ends in step 464. [0050]
m&mg angkiskh 88 tHepreBeding metiRddd) CRoRPNenas # Step4ed t he
foregoing description that the broad teachings of the

pr e;gﬁor_]l nVPfFHs'eoékllfé%rinttﬁe'dmbﬁmﬁhﬁé’ppréﬁaﬁe itai @k YoRigoing
or example, the tenperature of a conponent can

dé%%ngﬁcg{‘ﬁ%?tr?e” osa%aceﬁfr{gwf tR&! Péétenﬁmeﬂ‘foor o h@hﬁaememed

acc steres ave aglng and

mtnagt‘i)légégbﬁfsfo‘? anggg}lﬁ%ﬁ; ﬁﬁéqur‘ﬁﬁéla{tt@éte f ?W:%’ng{on%{‘@én be
sonhs%aegr% ethem@dr!'e%tt&utﬁut can be modulated accordingly. Hysteresis,
averaging and/or other techniques can be used to reduce flicker and/or other
noticeable changes in light intensity that may occur. 'Therefofe, while this
invention has been described in connection with particular exanﬁples thereof, the
true scope of the invention should not be so limited since other modifications will

become apparent to the skilled practitioner upon a study of the drawings, the

specification and the following claims.
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"invention has been described in connection with

particul ar exanples thereof, the true scope of the

i nvention should not be so linmted since other

nmodi fications will becone apparent to the skilled
practitioner upon a study of the draw ngs, the
specification and the foll ow 7g clainms. 16 17 LL DWISE
WSE dainms: 1. A control systemconprising: a swtch
Oiaitmsswi t ches power to a filanment of a fluorescent

light and that has first and second states, said
second. st apecastsalGyaterd caivtguisirg:suppl yi ng power to

said filament and said first state associated wth

removi ng  HQRIcH famswiicheti powenta aafildment aita duorescent light
nodul e that conmuni cates with said swtch and that

%%ﬁpltl'?asc. ﬁa%i firdfedid rs%%bﬁ& abiafef ssial detohdnRate Waedciated with
ald ' switch is in sal Irst state and that

sel ectively increa r j i i

Peshis Brier g s featale i sgf Sie Ashptiatgd with removing
en said switch transitions to said second state

eyt feam saidifilementedRdr esi st ance. 2. The control

systemof Claim 1l wherein said control nodul e

det er ni nesaacantealdyoduter thati cemaninicates Wit said gwjich and that

vvhen said switch is in 15 said first state and

rEamples & flbmene sesistanae df ssaid dijaraent whensaitkawitch is in said first

resistance value. 3. The control systemof Claim?2

fé’fél{qehﬁﬁd gﬁﬁp seRicigeRNincrsisert aurretthstpslisantoitisatfemrescent light
w t sal control modul e and that indicates an
oé%ec{v%té%inal current value when said switch transitions to said second

state based on said filament resistance.

2. The control system of Claim 1 wherein said control module
determines a steady-state filament resistance value when said switch is in

said first state and monitors changes in said steady state filament resistance

value.

3. The control system of Claim 2 further comprising an indicator
that communicates with said control module and that indicates an operational

state of said fluorescent light.

4, The control system of Claim 3 wherein said control module
compares changes in said steady state filament resistance value to a

predetermined filament resistance change threshold and changes a state of
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'20 state of .said fluorescent |ight. 4. The control

system of Claim3 wherein said control nodule

conpares changes in said steady state filanent

resistance value to a predeterm ned filanment LLOYD WISE
resi stance change threshold ap&hchanges a state of o
LLOYD WSE 18 said indicator en said changes in

id st e fil anent resi stance , val ue exceed '
§§!°g "f)&r'e%gilev?ﬁ%es i e NeSP étﬁ?@ycﬁﬁﬂ%ef”am?nt resistance
threshold., 5. The control systemof Claim3 wherein
§3(“& EeA2idpirdeteminegfiamest esistasce shange dhreshold.
filanment resistance value to a predeterm ned fil anent

resi stance threshold and changes a state of said
i ndi cator when said steady state filanent resistance

val ueSexcedtie santiolpisgstetrerafi Oesinf id agRstein 'Ad SEGHIE module
threshold. 10 6. The control systemof Claim1 wherein

swntharest s sRAdY estatd HIAASKE r@&is#a‘ﬁ@ét vallE ﬁ{ &;tg%@gttermined

and voltage to said filanment by a first arrﬁu

j ) eéﬁ%) sali wi t ch,t.ur.ns, on .
ggésrggmgfr?sg@é?cgj{eﬁc{s%?lbanen? !rhaﬁss?asg%% (\)/#a??]g igdicatar yvhen said
fd s, stored befgre said switch turns on,
e Uatd Mhmeht SRR oIS SregdRraaid predaiimingd flament
contr ol rmdu‘je det er m nes and stores a st eaply-st ate.
FP$Isia0Re threshQdance val ue when said switch is in said
first state and wherein said control m)dul_e i ncreases
at | east one of current and voltage to said fil anent
by a first anount above said nom nal |evel

6. The control system of Claim 1 wherein said control module

increases at least one of current and voltage to said filament by a first amount
above said nominal current level when said switch turns on based on a stored

filament resistance value of said filament that is stored before said switch turns

on.

7. The control system of Claim 6 wherein said control module
determines and stores a steady-state filament resistance value when said switch
is in said first state and wherein said control module increases at least one of
current and voltage to said filament by a first amount above said nominal level
when said switch transitions to said second state based on a difference between
a stored filament resistance value that is stored before said switch transitions to

said second state and said stored steady state filament resistance value.
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"20 when-said switch transitions to said second state

based on a difference between a stored fil anment

resi stance value that is stored before said switch
transitions to said second state and said stored ||gypyse
steady state filanent resistapge value. LLOYD WSE 19

8. The control systemof Claim4 further conprising an

anbi egt t erat.ure estinmator, tha sti mat es anbi ent )

t enper at ur .HEQPO'W% ﬁ@ﬁ?'ﬁo&s@'@t"érﬁoﬁ bi GAMPRAINRG @M ambient
fai d c an%es in said 5 steady state fil anment

qleperalie esymaty thakestimales ambieridemparataied anbi ent
tenperature. 10. The control systemof C aim8 wherein

said anbient tenperature estimator includes a
tenperature sensor. 10 11. The control systemof Caim

8 wher®in skl cambrotslystepnsfr Gldihes8 WhkidiMigHid changes in said
esti mates sai d anbient tenperature based on a fil afent

f
stealdyt state fildmestredistahbervaige hre! ALSRECPhsdd BN s Igfsambient
been in said first state for a predeterm ned period.

fempetatyrde control systemof Caim1l further
conprising: a ballast nodul e conprising an

el ectrolytic capacitance elenment; and a first
tenperature sensor that senses a first tenperature 20

of sa'éj el ectrol %/ti c capacitance el enent, wherein said
cont rﬁ) - mobiyg gontrol system of Claim 8 wherein said ambient temperature

estimator includes a temperature sensor.

11.  The control system of Claim 8 wherein said ambient temperature
estimator estimates said ambient temperature based on a filament resistance
measured after said fluorescent light has been in said first state for a

predetermined period.

12. The control system of Claim 1 further comprising:
a ballast module comprising
an electrolytic capacitance element: and
a first temperature sensor that senses a first temperature
of said electrolytic capacitance element, wherein said control module
communicates with said first temperature sensor and adjusts power output to
the fluorescent light when said first temperature exceeds a predetermined

threshold.
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"communi cates with said first tenperature sensor and

adj usts power output to the fluorescent |ight when

said first tenperature exceeds a predeterm ned

threshold. LLOYD WSE 20 13. The control system ofiLoyDp wiSE
Claim 12 wherein said control dul e nodul ates said

power output based on said first tenperature. 14. The

contr sy m_ of aim12 further conprising.a

recti ?lber %g]gnﬁ(gﬂﬁrg ﬁ)ﬁ%ﬂb Oefmé‘taﬁ'ﬁu?gt‘ﬁ erede| sid i qantipl module
co icates with a voltage source, wherein said
m@bj&sﬁf@ﬂ PeWEROHPM based anesaid afirst tatnpreratuner ol

nodul e comunicate with an output of said rectifier

nodul e. 15. The control systemof Caim 12 further
conprising: 10 an electrical conponent; and a second

t enpefdt ur #heeosmtrolt bystese s eSlains ¢2 ofigthee "RRHBHSIAG a rectifier
of said electrical conponent, wherein said control

mddilile RviRG! BINCIAbAE tivdtidtledtRbl 666 t é&ggg%m H"\foltage source,

sensor and adjusts power output to orescent

eIk Tl S BleCHRRART PabSqRACR! UsmBHEFIE, Saig s papirg module
' . h i Sir rectif) dul e havi

SoMrdBale it 8y SEPT AR ehaliRe taechB i (1 a vol tage.

source, wherein said control nodul e communicate with

an out put of said rectifier nodule.

15.  The control system of Claim 12 further comprising:
an electrical component; and
a second temperature sensor that senses a second temperature
of said electrical component, wherein said control module communicates with
said second temperature sensor and adjusts power output to the fluorescent

light when said second temperature exceeds a predetermined threshold.

16.  The control system of Claim 15 further comprising a rectifier
module having an input that selectively communicates with a voltage source,
wherein said control module communicate with an output of said rectifier

module.



