| MPROVED CONTROL SYSTEM FOR FLUORESCENT LI GHT FI XTURE
CRCSS- REFERENCE TO RRMT@ W APPLI CATI ONS [ 0001] This

application i s‘mm\mm ion-in-part of United States
Patent Applic /112,808 filed on April 22,

2005. This applicatioer cl ains the benefit of U S.
Provi si onal Application No. 60/672,250, filed on April
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FI ELD OF THE | NVENTI ON [ 0002] The present invention
relates to fluorescent light fixtures, and nore

particularly to control systens for fluorescent |ight
fi xt ur esCROBSKREFERBNOE TOIREIMAED ABRUIGCABEINSRef erri ng
nowto FIG 1, a fluorescent |anp 10 includes a

sea[091y| aThistapgplicatdntis atcontinuationsinafti ofdinitesl States Patent
such as nercury and a first inert gas such as argon,

Applicationane. Pt 868 @redl dry Apdie22,i 2005d  This lapplidationt caimsl the
is pressurized. Phosphor powder 16 may be coated

beREMNGF BIS.iPIBgisioRr ApsiRatibn Nee 60187262507 filsthentAdk 182 2005.
i ncl udes el ectrodes 18A and 18B (collectively

I ; i i
Tr G RAE o thE bbbl B R ST p aReDrh B fferdioe n
itsbe)ﬁ i\?atfontrol systemthat may include an AC source 22,

a é ‘ch 24, a ballast nodule 26 and a capacitor 28.
1 [0004] When the switch 24 is closed, the control
system supplies

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 first material such as mercury and a first
inert gas such as argon, which 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 188 (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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power to the electrodes 18. Electrons mgrate through
the gas 14 fromone end of the tube 12 to the
opposite end. Energy fromthe flow ng el ectrons
changes sone of the nercury froma liquid to a gas.

As el ectrons and charged atons nove through the tube
sone wll collide with the gaseous ner at ons.
The[QQ9|4]| sihen dheiswitchnéd d¢ cﬁ*%sqgidthGaE%‘%tr rBnSURRYes
nove to a higher state. As the electrons return to a
powents theneleciyodes\t. Elesironsmigrete fiedginthecgas 14 ffom one end

El ectrons in nmercury atons rel ease |light photons in
of ttine tublet t2t0 tHeedppusite lemdgt Energyfipen thehflowingsglectrons changes
coating 16 absorbs the ultraviol et photons, which

soffISEhe MEARIY flaf ariquitetorh aRRhoAs ededtiomg drfd thagedratoms
to a higher level. Wien the electrons returnto a

f VED, . sAME Wil BHIRAS withhBleOgescrayi marclry atoms.
rr"J\)/vave e‘%}fhr@éyrb?esposndl nglt o white I|i g%@s [ 0005] T{)y

Tlﬁe&ﬂlls?&Tsr Extiite! RE GRS (M daiRe etdetrdrdttof II\'IHQé Qé%eﬁ'bher state.

needs free electrons and i ons and

r&% r@[gf?zﬁ?ﬁs 'tr uf# %eloyéf' ‘%@M 'é%fs#h%ge et pﬁtﬁons or light.

ere are fewlo and trons in
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bR HhelR AR (PR IHHPIIRNY TR dbidr it gahan
ds .to ntrouce w free el I
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bot h electrodes rin startln Tecu t
elpeleisely g‘%ﬁﬁ??ﬁ?’o@l F'%n%e (bé‘t"ﬂﬁeﬁ% #h¥9hqio lovel. \;Vhen the

el ectrodes 18. When the fluorescent |light 10 is turned
eleetronsoretut det Aolawers enefgknieyelh ey uiplease, Rhgiang| paving a

El ectrons are emtted, which ionizes the gas 14 in
wavalengib eor@spanding tDWé‘"'deIth s ionized, the voltage

di fference between the electrodes 18 establishes an

el e00058jal TFo sendhoarehbthirouphc ther Yo p2y thecfluaressanttligh 10
needs free electrons and ions and a difference in charge between the electrodes
18. Generally, there are few lons 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



the mercury atons, which triggers the illum nation
process. As nore electrons and ions flow through a
particul ar area, they bunp into nore atons, which
frees up electrons and creates nore charged
particles. Resistance decreases and current
i ncreases. The ball ast nodul e 26 regul at es power both
thelitdigy abshmaf which taggears tipe ilLeToatorRafosess.nf\sndare glectrons
FIG 2, some ballast nodules 50 include a control
an | fowpP throGgie aPartioul® ke cthey butiprinta pmee aturss, Séhicinfrees
ot her conponents 58. The electrolytic capacitors 56

up et UsSE Sraths Ihére Har§e® Pafticksy. t Ristarideedecreasas and
capacitors and/ or other system conponents nmay be

hLd orhhAl ' oWweésboth fdurig and after
Cuégﬂﬁh“eége%‘e-r%grt%pa?gﬁ g‘?}g‘ge s'tegmtéﬁs:ghol d for ag
sufficient period, the electrolytic capacitor 56
}or other system conponents may be damaged and the
flugrescent_|Ilight 10 nay-he ' .
Vo B5ke RelerBsc TR £ s SRR SRplyss "5 fotuce 2
prol onged period, it can take a whil e
cohirameduerid. iangir mrisARE G RarRL s 0 TakPher Empnents
l'ight output (as conpared to when thteﬂfbuorescent‘ it
58.i gie Blestrolytic: capacitass 26 wiayv be used i filler Qb SHL0H yoltage.
fluorescent light output is initially di mwhen turr,}ed
Electrolytit capazitorsht6 andteyiatioer systemeompoments) May Sscesfsiive to
lights typically fail or burn out w thout providing
higbpefdingabinperatores. Uf te opérating tersperalise £Xqeeds atareghold
repl acenent fluorescent light, the user nay be w thout
fof &l ﬁiﬂiciéﬁlugfsl?iodntthé eleetrolytin tapaciondht BrGlgMvatder Osystem
THE | NVENTI

components may be damaged and the fluorescent light 10 may become

st

inoperable.

[0008] When some fluorescent lights have been off for 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 on, which can be annoying. In addition, 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.



[ 0009] A control systemconprises a switch and a

control nodule that conmmunicates with the switch and
that sanples a filanent resistance of a fluorescent
light when the switch is In a first state and that

sel ectively increases current supplied to the
fluorescent |ight above a nom nal current val ue when
said switch tr BidMMARSOFTTHE NVENTIQN at e based on

the filanment resistance. [0010] In other features, the
contjood9)modallcentieit system eomprissscadwitsit ahd a Eortroiemddule that
resi stance val ue when the switch is in said first

corhmbificalRd WRAI ther Switchhan@aRal BainpRsShemdment absistance of a
filanment resistance value. An indicator conmunicates

fl 'ré&ehbﬁgt&%%ﬂhermg:b% i E%?i htend et b8 SVERANE ases

changes “In the stea state anent resistanc€ va

cn[rﬁerngl gﬁé@%%;tﬁgﬂé ?Iﬁgreg&érﬂrﬂgﬂa%béfvg? rﬁrﬁﬂﬁﬁ%ﬁ'@{ﬂ Y&iue when said

changes a en or when

YRR To aheoni SeRTFeR e Mlerfif g Bt e
St oAb OLT othet emies. e Rt ooplp EBIFRINES 2 Soady-state

predet erm ned fil anent Fesi stance thr sthol d and .
filamgnt desistansa (valuss whee the dvitehos | et slatey @pd spapiors
filament resistance value exceeds the predeterm ned
changgsend e steady esteter Slapent. 'poistenre | yalgeher An  indicator
features, the control nodul e i ncreases at | east one of
commuaitatesnitly tha agrdral maduite. f Thewgentrol ipodulé icompatasothanges
above the nom nal current |evel when the switch
int teessteadynstate filamdnt aesistidnces ataluddeed predatesminedd filament
filament resistance value of the filanent that is

resiRanst BRAMIE threshalaM dneihclidrgjesi 4 istate dfotreaindicat@cwhen the
state. The control npodul e determ nes and stores a

cHARARYin Thé bR ably sttt Mlamdne pésistanseevalad eRcodtbthet fiedetermined

switch is in said first state. The control nodule 4
filament resistance 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 state filament resistance
value exceeds the predetermined filament resistance threshold.

[0011] In other features, the control module increases at least one of
current and voltage 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



i ncreases 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 filanment resistance
value that is stored before the switch transitions to
sai d second state and the stored steady state fil anent

incRsdset afldeastainécof énrenttaminyoltageper thefilemest bymat finst amount
estimates anbient tenperature. The changes in the

abbRAthe Sdraingl fevbPWRER tHeL SWREIRraAsilicNs /D S seddhd sizes! based
based on the anbi ent tenperature. The anbi ent

E}%ﬁ%@éﬂgé DebRbed B tored flehEfERsRtdRERRNA tHat 133%?&! before

nt tenperature estimtor estinmat es

OB 50 040 o T 556, e
rsleﬁglﬁ‘cdq lzxéaj‘t 5 fo/{ré 5@[)%5§tt%ﬁf§ﬁ?$@rég§§%ﬁ?§%l Oegsﬁatéé‘ ambient
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capac:ltance The control_ ,nodu comuni ca
agjusted; based; 8@&'@ %1 IQBRERHUIS T NERM ‘PEt 1@6@9&"3@& 5§Hmator

to the fluorescent Ilght when the sensed tenperature
includesda temperatiessansakd Ther@Bhient temprralige iastimatas gestisnates
nodul at es the power out put based on the sensed .

the mpehientutemperatones pased enhar filament resistaace sueasured after the
nodul e has an I nput that selectively conmunicates
flubtescentlight barebesnineaid Sévond|state fort 3 predetaaminesd eriod.

el ement and the control nodul e conmmunicate with an

out p[oo12] t e otieat features,nadbdlast MBAE chmpeisésran electrolytic
features, a tenperature sensor senses a tenperature of

caphéifahte ebiBfioni.CaA Féhﬁﬁ&éﬁ?é sehi36r GRRtéP|a MBRPLAItUre of the
comTunl cates with the tenperature sensor and adjusts

Lﬁa?:ébé%(@gé%@n'fehpr eﬁ%c S?'?gd}: ;@B&ﬂmﬁbﬁ‘ ica®8NRRK! the
télﬁﬁéﬁaﬁdr@rseﬁgg%ﬁd BBRists power output to the fluorescent light when the
sensed temperature exceeds a predetermined threshold. The control module
modulates the power output based on the sensed temperature.

[0013] In other features, a rectifier module has an input that selectively
communicates with a voltage source. The electrolytic capacitance element and
the control module communicate with 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 moduie has



5 an I nput that selectively conmunicates with a

vol tage source. The control nodul e conmunicates wth
an out put of the rectifier nodule. [0015] Further
areas of applicability of the present invention wll
beconme apparent fromthe detail ed description provided
hereinafter. it should be understood that the

adeinput aRatdesletiivaly @dnmehicaies ivitre e xeltayecsoursbi | Fhe control
Indicating the preferred enbodi ment of the Invention,

bl BORRRMELAES with bR SBfsut Of thel rebtiffer nigdug) only and

are not Intended to limt the scope of the invention.

BRI E CRI 0 r ;
o SO S5ad PR 90K st sty
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el b D et G e PRI B er i shouia be
f I . t for.a fl —

JRogfiod B 4% JefeeliBspinteh i o8t eeries. e ngicating
nore detajled functjonal block diagramof t control

1G5 el armodiRRt G8cer InvegHen.obrer kiended fgb Fgyposes  of

FIG 3 is a functional block diagramof an_inproved

ilkstretion onyandaremet interdegdp dstdhe srormef the inveationy to

the present invention; [0020] FIG 4 is an electrical
schemati ¢ and functional bl ock diagramof an

exenpl ary inplenmentation of the control systemof FIG

3; [0021] FI GRIEF BESCRIPEONQETHEDRAWNGS ar t

illustrating steps for operating the control system
of FI[@816);, [E2ptesBhiGnventich willSlbesone enceendligr ynderstood from

flowchart illustrating steps for operating the
the Abtzlibd YuséMitionfand! tke adééompanying drawings, wherein:

[0017] FIG. 1 is a functional block diagram of an exemplary control
system for a fluorescent light 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 functional block diagram of an improved control
system for a fluorescent light according to 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. § 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;



6 [0023] FIG 7 is a third exenplary flowhart
illustrating steps for operating the control system
of FIG 3; [0024] FIG 8A is a timng diagram
illustrating on tinme and off time of the fluorescent
light; [0025] FIG 8B is a timng diagram show ng
sanpling of the resistance of a filanment of the

fl ughgsfenteill oftis 4 ORRE] ofdhfhiagCrahenir didstamAgasiepe for

and stancé of t 'l amen unction of tine;
0027]..FI G i art illustrating steps of a

Ok?ﬁ?djthﬁ&ongglrﬁﬁﬁeﬁb& @#e:lér esi stance of the filanment

and jdentifying .changes in. resi | ndi ' :

o 110028 | Yo parsce Vi by SNERERd PRI HF ffime of
eps of a nmethod for adjusting current supplied

st _
thelUoFRFCETV NN t o decrease the anmount of tine required
to warm u

p_and provide nom nal |ight output;_ ] 0029]
FI G [0025} s RIG.188\iE raatlmm9|¢%m@maﬁhq’1@f'95§%lﬁgﬁfaﬁ bfa&‘e resitance
exenpl ary nmethod for determ ning anbient tenperature,
oha filatreds of thEfigoresgemtdight'f | owchart il lustrating steps

of an alternative exenplary nethod for determ ning
anbi (9026} enpiS. BC skowibE Temp&atUDE SO/ resistarcerof thefilament as
PREFERRED EMBODI MENTS [ 0031] The fol | owi ng

adesstionf tipe: of the preferred enbodi nent(s) is nerely
exenplary in nature and is In no way intended to |imt

Lgfeltor?evrth gpﬁrsgsfr% g@nmércmu'stmttngcstewesa method éat sampling
: ule refers to an application

the resistance of the filament and identifying changes in resistance indicative of
failure;

[0028] FIG. 10 is a flowchart illustrating 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 iliustrating steps of an exemplary method
for determining 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 embodiment(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



7 specific integrated circuit (ASIC), an electronic

circuit, a processor (shared, dedicated, or group)

and nenory that execute one or nore software or

firmvare progranms, a conbinational logic circuit,

and/ or ot her suitable conponents that provide the

described functionality. For purposes of clarity, the
spEEfiE intehRited CeircuNUGASICY, ah | lebteonis esircuit, Bhprodessernshared,

to Identify simlar elenments. [00323 Referring now to

deliicited3 or gréu\;!ﬁ GhtGReMoRl Mekeskicuss afs oF nfore ebftwate or firmware
system 98 for the fluorescent light 10 is shown. A

prgq’rhlrésta E@ﬂHiﬁti#@%JB@E'dﬁ@ﬁﬁ, andlepgisﬂé?lsmfa%l Soriféher®enat

mot € eélectrolytic capacitors 108, and one or nore

prtgxéa?e (Emc 8%@%%@‘@[3%%%[' . eosri ﬂ%ﬁééési @fdclé\ritylﬂ'lg- samé reference

. I'ncru e or rmreierrpgrature
nsege vl s 1 Ap8tes & b SRR RIGREAG,., 2 100

and/ or_of the control temof the florescent |jght
To. 96 Fometaprgma tn P & Rochafa ik Pes aaLALe fontrol
112 senses an operating tenperature aof the ,
sysios. B8 donthe dlusessent ISt 184S Bhewn; HebalBALBGLIG: 10%igRuges 2
114 senses an operating tenperature of one or nore
controb moglulep d8dnere o1 NYE aledrabdic eanraciegul @8, angl apRyopmore
the control system 500333 The control nodule 104
othelj carnponanis generallyfdantified latidi@s cés ballaghmodute HEQ dnsludes
on one or nore of the sensed operating tenperatures.

orfeobr encaeibmperdtbe semsingmadntes ¢12 @adstid thadfsense eperating
florescent light 10 when the operating tenperature of

tehipRratlest 60 byinbenemBasti ther bdiast ettt 190paretiet ef theredntrol
tenperature threshold. Alternately, the control nodul e

sy%%\'gtdfrtﬂé, ﬁHrEséé?\?_ligH q0esHEBdmb! igplerténthRdns? the temperature
pre d,

eterm ned peri until reset, Indefinitely and/or

43317 S £ G b of 0 APl e ana
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 electrolytic capacitor 56 exceeds a predetermined
temperature threshold. Alternately, the control module 104 turns off the

florescent light 10 for a predetermined period, until reset, indefinitely and/or using

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



8 voltage and/or current of the ballast nodule 100 for
a predetermned period, indefinitely, until reset
and/or using other criteria. (0034] Referring nowto
FIG 4, an exenplary inplenentation of the ball ast
nmodul e 100 is shown to include a full or half-wave
rectifier 120, the electrolytic capacitor 106 and the

vqﬁfa%;%cygpgq gntlgfd' thﬁb&'&%s?é‘nc%diﬂé“@@'fopf rd%’(é?hgned period,

i S connec rst oltput of the

fi er 120, A econ is connected to the
'nE’Sﬁ'P' &F%ta.t o sﬁqét%gﬂ;ﬂ?g% termnal of a power
transi The co dul e
powen%o%%ﬁ Refesiag Bt F?dFB# 5"’% e&sméai%élﬁﬁ%iféﬂérof the
voltage to the florescent 0d tar
baliast gRodue 10 rsoﬁhowedgspclse\d 5@ Shfigt 120, the
connected to the first output o the rectlfle %
etastrolytic apaaiter 108 gnddhe pmirqi Fpdule ?%sﬁé“*{%ﬂefmea' of fgepower
first termnal of the power transistor 128 and one
transistor 126 is cehnected to.a kst eppatsf the wetifiesr120n & secenddemrinal
L may communi cate with one end of the el ectrode 18A
isAiconpesisd tte thendomdfol t nedwe etl4 add th8aA first tayminaddofbg power
capacitor C3 to one end of the electrode 18B. The
trahBistor 428 P TheWontrbEmbauib i 104 &witt REs the powep tredsibiorsion and off
capacitor C2 to an opposite end of the el ectrode 18B.

to%ahﬁ dLFehtCand/6P vERABEIE B ASredtédt lighe 100&mrfgohtaﬁﬂdtdrﬁi/or

4 “and 1 ndi cates an operational status of
o{glel’%ii'b gscent light. For exanple, the indi cator 140 can

urned on to indicate that the fluorescent |ight
Wl L 5 YA 8 3%9%1 ay EeédHnEc @ H%eﬁrs‘f%tput of the
urc or ot r'wse obtal n ace

L 250 e S e AR v o

tﬁén ptc)gwep(fqransgt((]l)(;3 1&&3 Eal??d’ on"’laner'\ci1 6f qu ?ﬁc’ucuc%r LI 'Rn oppgsne 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



9 speaker, and/or any other visible or audio output.
Wiile the Indicator is shown in FIG 4, any of the
enbodi nents descri bed herein can include an indicator.
10036] Referring nowto FIG 5, a flowchart
illustrating steps for operating the control system
of FIG 3 is shown. Control begins with step 200. 1In

speakér, afido Eﬂﬁbfl@r 18 5Fa0&® th%hﬂé‘meﬁﬁdkéﬂ&r%ﬂﬁvn in
on. | f

_ contro returns to step 204. If step
P04, il HE A oM e

d d
nﬂgﬁéﬁﬁ ReTer . J0b LR 15y deflsni; BGoting  stees for
Th d |
oRergting By rarrol Sy off Figs Tk SHawe ﬁgwml%%mét%? 200,
IncHAB 2K, COEPAFloTITgs g 16 Pufee? dgr”ﬂerﬂéif %Esgﬁ ntrol
the light in step 214 continues wth st
redurap toelgpi2f4r di step 204 is H@etwgheﬁwfmwémﬁmméhﬂ ﬁgrescent

not been exceeded, control determ nes whether the )
lightit0cis aleeardy ook f Ifitrues togptroh gontinpies ivéth stapt 208 and idetermines
of f, control returns to step 204. [0037] When step 208
whether aesensedt teaiperatures isoffeatérethani @ chredholdntdmperature, The
florescent light 10 in step 216. In sone

séredetspiperatupn Inayt helatntd the Zlodtrotytice capavitor B8 addioy other
the control nodule 104. Alternately, the control

cofRfbhehts Bf tHiBalldst modiié 100 carfd/érr ehierBbmbbaéits 16T the control
[ ndependent froma position of the switch 24.

bRl PR 206 gffa%wtdoﬂ&mmgﬂhﬁthé%hﬂws@ g1t ortihuBs with

ree way sw it conjunction with a three-way

sr:,ém 36, o280 3 W o o 12506 R Rt gt e
e%qlq%gg{j,? g%’q%}?é %}F%gp«h%?gﬂgtﬁgtghg Is@itcﬁ 24alsf J)f? W g?erp 210, If the

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

[0037] When step 208 is true, control tumns off the switch 24 and/or
florescent light 10 in step 216. In some implementations, the switch 24 may be
controiled by the control module 104. Alternately, the control module 104 may
tun off the florescent light 10 independent from a 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 tums 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



for operating the control systemof FIG 3 is shown.
When step 208 is false, 10 control returns to step
204. \When step 208 Is true, control turns off the
florescent Ilight 10 in step 242. In step 246, control
starts a tinmer. In step 250, control determ nes
whether the timer is up. If step 250 is true, control

cdrﬂu‘dﬂfélﬁrrfs%%*%f’zoﬁoﬁ‘lheﬁl Z0SR truel 8o tﬁﬂs%ﬁetﬂ@rescent
step 250. 10039] Referring nowto FIG 7, a flowchart

lidht| 165 i &lepMu 2l 4 rsgaezxg fcssrﬁ.l%‘f sta‘r&r Qs weteg%o control

control system o shown. en step 2
obEline S IETHEER 821 shI%50lE R BRGS0 st

2t Bl e BRRTB St 28 oy T i :2; odre
100

oo doBif || e bewsd Fla g Teneiar ﬂﬁ?t?%h%aﬂ' lagatR Steps
ste 286, control start ?tlrrer In ste
o eSO ReS s RSYSIo8t BE 1B 181ShOWN s Wien lep 2085 true,

290 is true, control returns to step 204. O herw se,
corral rreHucas wower tthasiseputprode theciarescrst dight i itowtepo 282,
FIG 8A. a timng diagramillustrates on tinme and off
Redueing fpowee outprdrie dbe dloréscght lightH® maydnelade medudinghvoitage
is shown In on and off states. Dependi ng upon how
ahdfog ctrrentfdutputdscibetbdiasthrhodwe i100arT hef flores@dne light 10 may be
determ nes the anount of additional heat that nust be

operaedl inothisheddel anti nésetdisingtheséwatdhu@d. Altentidtely inastels 286,
t he amount of heat or power output to the filanent is

COMPRN QS & YimeRCIre §@?C29@b ediftra? defifiniiils WiketRér the tifetus ﬁp If
t he amount of ti hat the light output is less th

SR L AR, AT O o
Zég.pl dly and the resistance of

[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 filament 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
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the filament will decrease nore quickly to a nom nal
resistance value. If the fluorescent light is off for

a short duration, the anount of heat or power above

the I I nomnal level is |less the ambunt of heat or
power (above the nom nal l|level) that is required when
the fluorescent light is off for |onger durations.

nbRiHkL levBYisTeSsSiel argotnitef heat ot power (@bovdthd hbmirahievel) that
during the off state, the amount of heat that should

iPRgAREEANER tHe MudrédcRnERdht /61 o Isrigar Hurations. be

estimated. The resistance of the filanent is sanpl ed

il d(‘M‘I’]JSl Mﬁgé%{sp mg"‘xse @%%?aﬁ‘%e‘ dotiiRé ¥i %'n?eﬁf"d%ﬁn? h%e off state,

I|gh tur e anount o time increases

wf‘%%@é@ﬁhﬁw T3 e i A s con o
S8R5 b O Y o Sl ovor o
S?)Paqlﬂe P ! enp ﬁpﬁ{gﬁﬂﬁm&qﬁgﬁ /%? &%ﬁ@'ﬂoﬂg{ gfstcn%gtmcreases

[ Ierrent ations, is recorded after rol ong

a&tgF 1usm ffe then Eesistencedol thefilampegt ING16@58%h NG & Brolonged off-
tenperature can be neasured using the tenperature
statesthegedistioce of dhexflament wilt tanddoireacly a stpady-siats egristance
tenperature can be estimated fromthe resistance of

vahe that dependsafip@r ambient demedratire andthe age afdheifiworescent
one or nore prior steady-state val ues of the

lighti Tharmebiantctermpesatusy] iasdnet ipnmemeritatiens, it aecerded mafter a
val ue nay al so be stored. [0042] Wen the resistance

praloHGed SHWEMRE dndsRREY I traémonResTRE ambient ehiperatiteecan be
turn-of f, the new steady state resistance value can be

rﬁ@é@ﬁé@@sh@ ttfénﬁan%erﬂﬂf'@ s2h86:8ddisIesely abbdé e Alternatively, the
reS| stance“val ues. A difference or change in the

yteﬁ-{p@faﬁiuPéaéaLH3 & 3BtifSte glaf'r&H 1R P&kisthRcs 8Fthe filament after

I ons e store
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
value 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
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steady state resistance value can be an average or

wei ght ed average of two or nore prior steady state

resi stance values. OQther functions can be used such as

natural log functions to determ ne the rate of change

in the resistance of the 12 filanent. If the rate of
change exceeds a predeterm ned rate of change val ue
filamehpr Ifatherate bf champsl exesidstapoaddteérmined rate afoshtange value
nodul e may indicate that the fluorescent |ight wll
ahdlbf a prédbtemEinbd reistanddBmit, e @ahtrol héfule[riddRldicate that the
Referring nowto FIG 8B, a timng di agram show ng

ﬂ@@%ﬂérﬁﬂgﬂfwiﬁ g1 $oH SPRFfoRthd iRGichidragant is shown.
en

e sanpling enable signal is high, the

feﬁ%@ﬁ&gﬁe of RBRridd BN ! Flé.afﬂgl.eg- tifiHd eti&éé;?m showing

sa interval s Tare shown as bei ng spdce

SRS 4ol 1 o S 3RO, 90, B 000 i
S B R e b, S 0P R S OIE 3 i

.vice versa. Still .other variatiqgns wlLl be readily .
infarale &e SNPYN 5 Reing AERGHAnApIelRtNned) IntPals, Tk Racig can
the filament is measured after the fluorescent |ight
bervariert i RS exaBwIearihs interdl eanobe desraased avken i réSlstance
sanpling of the resistance of the filanment can be )
valueris shaegingimmickihand dnareasedcshen thecrasisiantssvalue ds agnging
state value, when the light is turned on, and/or using
lems\quinkheor vicé versiaa. Stflloaker] vaRafiens wiligpenteadily appaen8dn some
the tenperature and resistance of the filanent are

iraplementations thecekistanaé of theefilaieat isempaswredaiteothe fuorescent
filanment is shown as a function of the on and off

Ii?ﬁtﬂ?@lsiﬁﬂm fesrARINSors Blavtd an bif Gtat8 C Thel sdnsplingcofahe resistance
| uorescent light that has transitioned fromon to off

ol 1Bl oS e i S e .0 g tad
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.
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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
value at 326 to a nominal off value at 328. As can be
appreci ated, as the fluorescent |ight ages, the

val ues of the nom nal on and off tenperatures and
eshsgg)ce N@fkhnq\gah&sw 3 FlIG045 % ﬁS\fv@l'iér’t Wash@ting StECof a

wehar lustrating steps of a netho

m?:ﬁ'gﬁ 1o?gsafr\l\6|ﬁ‘\§§ﬁ15 e%?'réélé’tﬁﬁ@e 3 fd@ﬁ@ln%bﬁ’%‘ndé@aﬂgﬁlﬁment

anent ance 1 ndicative o

kS B e BBl PEShE, s i st
S0 . B e A B SR

r the switch remain off in
offofipise. paTl etures & BEPaBA, | slopsiazisdais. cont rpﬂ%etermmes
control neasures and stores the resistance of th
whethanthe: switch remainsaiBin step 368 If3we, candipt redyrnede ﬁ?pa352
sanpling period that can be variable, adaptive,
stap dB356r isftrues diontml steapurds Gndcaiotesdhe desistance & the dtamant in
a steady state resistance value has been reached. The
stepe36By $n stap 362y conted] awaiisnatsamplingperibd thaiseah dpovariable,
any suitable criteria. For exanple, in one

adaptive and/at ifived.t he stept 886]\controlt detemhines dedistiverianatedy state
can be made when the resi stance value of N

ég@i&%‘é@éh\.{@ ha8 Bt ePSreatived. WIhé 's&aﬂy@tﬁ@&ﬁaﬁfd‘ﬁé‘l@ﬂmnatton can
fference of one another. Still "other nethods fo

do”d%%h{xﬁ:lo’ﬂ %ryguﬁéb?é“éﬁeﬁ%at?orv&a‘ﬁ?pléaﬁ & Hﬁ@@meﬁ%ﬂﬁ]the

en S true ontr ol ontinues wt step 3

s@%gy éﬁ%t%tvgﬁe gte%ﬁgﬂésfq thi b rﬁ?&"% WheH%he ‘@élé‘ﬁncé Qal%@'@f N

eady e resistance

Bl shoies i PSR O gty o
otshe?tn?et?l/g S for Identlfylngamg steady 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
determined 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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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-
state resistance is greater than a resistance change
[imt or whether the steady state value is greater
than a resistance limt. If step 374 is true, contro

thg Lk?%\geo? thé iﬁJlF:fosrt ?Jrgi)%g'np?é‘n Sg {t@%ﬁ%@ﬁ 'aln]tiﬁaicﬁt’&?rﬁg ke p376. If

I'ng on an Indic step 374°is
f " tr t 352. 100471 Referring
Stﬁa\lﬁgbs é?% c@@r&li&&fﬁ%ﬁgﬁséﬁ)l ustrating steps of a
nmet or adj usting po duri ng,t urn t ecrease
he 186U Bettina: nOWER Fi%q Do SEaWetas JisPefii SR or o
is shown. Control begins with step  400. Ir} stné_g 4i02 .
metedr far adiusting RewerAuFRG tuhenst ferrepse (the rmowRtRf time
an off state to an on state. If step 402 is false,
requited to heattup the filamentdp shown. |Gondrob pegips With step 400. In step
control conpares the last stored resistance val ue
402ydontrohdgteomineaywhesherdtbe svdtch dslyurned drom aal aft ptatetae on
or nore precedi ng steady-state resi stance values in
statee pIf 46, 4020isFaise nepritfoh tetuims t6 Isteqr 402 elitstepdR @ trye, lwontrol
operating in generally constant anbient tenperatures,

cépadisfthenasiogtoreat resietancb aatues plhicls niay or magsnutebeoh steady
whet her or not the fluorescent |ight has conpletely

s@?@b@ﬁ?ﬁﬁ%r\'&% midepriSetingd Stealifatts PbistancoiAkéy invmad;gvgoa.

the filanent. In step 410, the control nodul e provi

AR Y AGRhsdL i i ) Shasing ot
< S MR ol ety B achedags o
e 350y GEL S ds EAfy Sho SfHen net
rgqrmrieg % c;tu?crlT<Pye\5vg\lgr}\J rthee hlsémsétglgmﬁ]ri steC%nH 0? lthg %8rittrr1c‘f1 r\r%éﬂe Sb'i'oqﬁdes
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 made 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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430. In step 434, control determ nes whether the
swtch has been turned off for a predeterm ned
period. The predeternm ned period Is selected to ensure
that the electrolytic capacitor and/or other
conponents are at anbient tenperature. In step 436,
control neasures and stores the anbient tenperature

usi,ng,.one irfs MEIRSAS.S Control ends in
st%rggg? F%e@ﬁ@&@%h%%da%eih? H?Ehéy?g?a{{téure is 15 stored

in.the control nodule and used In the preceding
steRfthods. Control ends in step 40. [0049] Referring

now to FI G ,.a flowhart Jidl ' n
T ED0ale TRERBITG BV R ki 14 TeBhafi i ety Stepiof an
is shown. Control begins ,with sten 450. .1n st .
altsonate anelhed PTASIEETARGATERI SN H20oBge, CoiE Ragins
off for a predeterm ned period. In ste 4?%9 c,? trol
witlestap 850arks siepr454, qonor deteraines, wastber, eLswie beg peen
460, the anbient tenperature is estimted based on
tutrieel Off Farne ptedetarminashperiodThis siemA8A¢ CQniiph BIeAEUIeS ang stores
stored in the control nodule and used in the
therfrsradhtresistintcedsn stepraaly thecandbienhtempepatuauis gstimeted based

Those skilled in the art can now appreciate fromthe

of GREGPAMENt EEsistands. | The ahdferitteripecatdret sastoretyén die chatrol
present I nvention can be inplenmented in a variety of

rr{gagblé‘sand: &’éc?d%Qﬁ@ aceting rh6tiBas.aConkol@nds I slepdbdnt can

sensed and the current output can be nodul ated

aCCO@%Bg' yThEQ(%Eﬁﬂ&?H'?the 2 LATIND apprdtiete fbMethe foregoing

techniques can be used to reduce flicker and/or other

RPTETH RERBECH nB sriocams egon

en described in
i Boprasy OF (i, SRF il P RS AT corigtent BAF be
sg;\gee a'ﬁ‘%dlhfé %altrier?tn%ub Itlcan 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. Therefore, while this
invention has been described in connection with particular examples 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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becone apparent to the skilled practitioner upon a
study of the drawi ngs, the specification and the
following clains. 16 Clains 1. A control system
conprising: a switch; and a control nodul e that
communi cates with said swtch and that sanples a
filament resistance of a fluorescent |ight when said
switch is in aGlgpfg state and that sel ectively

i ncreases current supplied to the fluorescent |ight
above aAmumtrohbystemrcomprigin@e when sai d switch
transitions to a second state based on said filanment
resi st angeswiteh; ah¢ control systemof Claim1 wherein
said control nodule determ nes a steady-state

filament or gshipdiappRuAkivg BbRmbAcates Witk sdig switdRighd that
first state and nonitors changes in said steady state

fil ' Vv . .
soblpl B ar % AT L4 RgooscBREIANE) pREFSARTS in a s
conmunj cates with said contro] nodul d_t hat .
StiRGNEARECSaRCtbisl Bereaas CaaTLSURPIYdn dns ABsceshiint above
light. 4. The control systemof Caim3 wherein said
a maminabtumeniuvaiue shepsaid suitah gessitionsdp @ seeqnsl steteybased on
filanment resistance value to a predeterm ned fil anent

salcefilagicab essistharge t hreshol d and changes a state of
said indicator when said changes in said steady state
filament resistance value exceed said predetermn ned
filament resistance change threshold. 17

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 said
indicator when said changes in said steady state filament resistance value

exceed said predetermined filament resistance change threshold.
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5. The control systemof Claim2 wherein said control
nodul e conpares said steady state filanent resistance
value to a predetermned filament resistance

threshol d and changes a state of said indicator when
said steady state filanment resistance val ue exceeds
said predetermned filanent resistance threshold. 6.

The scont IMhe BoRtreM Gistérhaom ClaiieRewhepdind saintdaditrol module
nodul e increases at |east one of current and voltage

col ek @a{d‘ ét@ Stdty f:%nﬁérft%sn B lvan PR gi@éddé{eﬂﬁgb%ﬁament

rrent eve en sald swtch turns on

AL RS BBt gl b ey

control systemof Claim6 wherein said contr nodul e
filaaeat FeRlslancRd Valus caxcreds o gay. fradetermingde it ament Tesistance

resi stance value when said switch is in said first
thegshold. and wherein said control nodul e increases at

| east one of current and voltage to said filanment by

a first ampbunt above said nom nal |evel when said

switch transitions to said second state based on a

di f fger enamebeion@en sydtérhObe dCkirhaAe Whar&ifl ShC@ntdl Uﬁiodule
that is stored before said swtch transitions to said

inGrBa88Y af It dofsgu %ﬁ‘é&i@ﬁ?ﬁéﬁsys fg?nﬁlgp'féalt n?jlrst amount

resi stance va

atiois, Sl FORIR AL SR ORYSl whe aid wch . .

system of C a| m 8 wherein said changes in said steady
filzmnanteresistanes valuesofssaid diament tbabis stated befare said swifsh turns
sai d anbi ent tenperature. 10. The control system of
oCl aim 8 wherein said anbient tenperature

7. The control system of Claim 6 whersin 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.

8. The control system of Claim 4 further comprising an ambient

temperature estimator that estimates ambient temperature.
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estimator includes a tenperature sensor. 11. The
control systemof Claim8 wherein said anbi ent
tenperature estinator estimtes said anbi ent
tenperature based on a filanment resistance neasured
after said fluorescent |ight has been in said first
state for a predeterm ned period. 12. The control

systgem ofThel gdrittol sfstelh6f CRAMIE WhiePdlh safd BRANGSY in said steady
nodul e conprising an el ectrol ytic capacitance el enent;

stﬁ@ﬁﬁé@néﬁ%@fs?&fﬁ&e?vaﬁ@é‘ R a&ﬂ@feoeﬁif%%%sor?séiﬂrﬁ?ﬁﬁi%hf‘fe%@érature.

sai el ectrolytic capacrtiance el enment, wherein sai

control nodul e comunicates with said tenperature

sensor and adjusts power output to the fluorescent

['ight, wh sai,d sensed tegperajure exceeqgs a, .

or adbr or MEeEOH TR SSRTA. o 1M b WHSH RaIG T bignt femperature

Claim 12 wherein said control nodul e nodul ates said
esHmaor iBClUpas ajagneralre sesdensed tenperature. 19 14,

The control systemof Claim12 further conprising a

rectifier nodule having an input that selectively

communi cates with a voltage source, wherein said

el eqyr ol YiheCcORPSI Cdylsfsth SofeCIRIMRTE whafeihdddld cathbieft temperature
nodul e comunicate with an output of said rectifier

esﬂﬁ%rﬁeesﬂrﬁategh%iﬁo%ﬁ nt %%ﬁﬁfp%@tﬁfe Hadbd e af H%Hberﬁ resistance
conprising. —a Tl ectrrcal - conp and a

rst e onent,

tenperatyre sens@r that senses a tenperature of saj
m?a,ls;{@gd @ﬁ ¥ a U%Tgﬁﬁ%meﬁﬂﬁt rae%sé'i‘ ds%'gnﬁf%l dete for a
mpdul e, communi cates with said
predetermined period.

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

said sensed temperature exceeds a predetermined threshold.

13. The control system of Claim 12 wherein said control module

modulates said power output based on said sensed temperature.
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tenperature sensor and adjusts power output to the
fluorescent |ight when said sensed tenperature
exceeds a predeterm ned threshold. 16. The control
systemof Claim 15 further conprising a rectifier
nodul e having an i nput that selectively conmunicates
wWith a voltage source, wherein said control nodule

conmidni cdthe wohtrohrsysteanpudf @laisai tR rfacthef i compriging ea rectifier
20
module having an input that selectively communicates with a voltage source,
wherein said electrolytic capacitance element and said control module

communicate with an output of said rectifier module.

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

sensed 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.
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