APPARATUS FOR THE CONTRCL OF LI GHTI NG AND ASSQOCI ATED
METHODS Field of the invention. This invention relates

wa eooan7eppar atus for the control of |ight em teCTIGB2005/000492
sem conductors lighting and associ ated nethods and in
particul ar, but not exclusively, to LED Iighting.
Background of the invention. Itl will be appreciated
that forns of ght emitting sem conductor, other than

LED s, aAé’IaNEAl’lth‘B FOR(THE GONTBOL 6 dIGHTING AND
refer to LED s as the e light and
in the foll ow ng desﬁ%@ﬁg%&ﬁgﬁgaﬁoéLED s shoul d
be taken to include light emtting sem conductors.

LED S are well known and with the advent of new LED s
it Freldofithedsvértéori.o repl ace standard white |ight

wi th LED equi val ents. The | ongevity and cost saving
advant ages of this will be readily apparent to the

P ELphs fi9ehtitfl tdlafelCrddn abf,ﬁg&sk@em Eoc&ﬁfélr 8 tight emitting

S using vol tage control wever t ere
pr cdeneicandatiors Hghting alrdagssociuéd ahethbédy afd ampperticalar, but not
smal |l variation_in voltage will result in a |large
vare*elysdvelyn to LER dightipgnsi ty. For exanple a 0.1%
change in input voltage can result in the output
intensity increasing by 10% Also, as LED s age, the

10i ntBaskgrounid of tHeaingentiba. LED s warm up, their
i npedance goes down. \Wen driven by a constant

vol tage, the current goes up, resulting in nore energy

bel i nt re warmng. It

S TR o EbRtshibfed i FHER o bt oo B E Y i, other
whecnaﬂl MEDN drk dvailapled YOist BERevdiPInventdE a0 S@fdrt to BED’s as
difficult to predict what the LED intensity will be at

~anytheallemgets that poovidatléghti andedn theréolewing deserigtion reference
|nt %niéﬂ S should be taken to include light emitting semiconductors.

LED’S are well known and with the advent of new LED’s it is now
possible to replace standard white light with LED equivalents. The
longevity and cost saving advantages of this will be readily apparent to the
person skilled in the art.
20

It is known to control LED’s using voltage control. However there are
problems with such voltage control. For example, a small variation in
voltage will result in a large variation in output intensity. For example a
0.1% change in input voltage can result in the output intensity increasing

25 by 10%. Also, as LED’s age, the intensity will change.

As LED’s warm up, their impedance goes down. When driven by a
constant voltage, the current goes up, resulting in more energy. being put
into the LED’s resulting in more warming.
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tenperature will be large. There may be problenms wth

the forward vol tage specifications of LED s,
w@arosiozaukarly white LED s. LED manuf act urers nPCTY&BRO05/000492

speci fy a maxi mnum forward vol tage but not a m ni num

This is because they are always trying to reduce the

forward voltage and nost appli @ations that use LED s

are_not_concerned with precise contraol. However, a low

f orlhdp ditfiguliate p&ﬂ%éﬂ&ﬂﬂﬁb seatrol Rf ightinggwhemglriving it using
bec ' S 1§ : . YRV : .
cur Safopt PR teBhee, it 3 iyt fo BB shitn 4BE LR eensity
i N wHOGR Ngahy Feltape. Afdoweimnemdities f tie Vhghiiom®flintdnsity with
of 6 LED's in series is being used at 100%intensity
andtegiperatare WAl he laggRiced forward vol tage of 0.1V,

5then the whole string will be overdriven by 5% Wite

LED s are worse than other colours. Sonme |ighting

Maphéet M&gb% prdbeerhs sHED tMRFdTWIEE Rtk spReifldatidh WFSLED’s,
of white LED |ights. Sunmmary of the invention.

Accparticulpriyo whiter $ERIspectLBP thanufacienensomormetly jspecify a

P s R forVatd TOuGRT o ioF s, BHBERERS il if PERRE they are
SOUaﬂ%yé‘@ﬁS'iﬁ%\fQ'rEéQ&: ARl S0l Be taRA MOR! dpplicatioh$ that use

arranged t'o be connected to one or nore LED s 'and to

10i ni LEB'$ arelmiov eonherned wiib hpre@isewiontradn Howedvar, a low forward
current and to sense.the.r ti.ng..vol tage, the .
contaiEAgeaFanditng PALFRr h iR UAIHPE biiduseh mepry that if
vol{ Al QW el SHECAFENP TThW R throliSh ItAE TOBDEs i
t he (?%'legtei %fﬁ)g%rrente, “and I n which tHe crgng?ol [ er HHereases
i samresahigedint edueingdifetinese steps until the resulting
vol tage substantially equals the predeterm ned | evel.
An advantage of such an invention is that it drives

15! heF&Eg(ﬁniéTetiE FUERAAE e GHETERD ¢ B REfied B@Befhg used at 100%
vol tage and thus ny- of the problens

intensity and one LED has a reduced forward voltage of 0.1V, then the

whole string will be overdriven by 5%.

White LED’s are worse than other colours. Some lighting manufacturers

20  have issued warnings about the lifetimes of white LED lights.
Summary of the invention.

According to a first aspect of the invention there is provided a lighting
25 controller arranged to drive one or more LED’s, the controller comprising
a current source and a voltage sensor wherein the controller is arranged to
be connected to one or more LED’s and to initially drive the or each LED
with an initial current and to sense the resulting voltage, the controller
being further arranged, if the resulting voltage is below a predetermined

30 level, to increase the initial current, and in which the controller is .



associated with the prior art may be reduced or

overcone. Further, stepping up the initial current is
w@edwanteageous because it helps to all ow an LEDPE@DGB2005/000492

correctly driven once connected to the controller

wi t hout damage thereto. A further advantage of current

driving is that driving LED s With a constant current

reduces the problens of the |light intensity changi n%

wi t drramged \MenepLeED tbesearstﬁRSpun%htther@suhingerVObt,age substantially

const arlwt curr fﬁf Y age goes down, so |ess

encf@iply theprede 8‘1{'?1% s hel ping to prevent

thermal run away. Further, the problemof reliability

in white LED s may be reduced. For a light with 12

LEDAs advantgged of nsucho apainakhiadn g8 rihaydt airives @@ S.BIY's with a

eries the problemis hal ved alight of 6 LED s

o st eBSRh et then oo \pllaEe i ol JRent of e problems

theas%FlFira?éH iR SihBg htafng@hmsﬁcﬁe h%@uémrnévmaﬁfeant Further,

be apprema that a string of

consieplsmg wp meurratlal yurwéntl i0idyantageens belcauseselhlek;rs to allow an

Wth_current contr t he overdriving paraneters ﬁ
be F e te %ewreaﬁf rBEYedq OnGt Etes qdy tgy 'iri[’g\mcﬂ@tm er without
hi g&ﬁﬁa% Sto0f overdriving, while still maintaining

or 1 nprovi ng rellab|I|ty The controller may be
1(Hrranged to control a plurality of LED' s arranged as a

a be appreciated that, the c [l.er w
Egr ﬁmqtk&erb@da%t&g? ook sHrreat dniging iy t@a&aﬁi‘gpﬁngD s with a

P heOtekit pet feBuod MR opicrhs S¥HS §128F ARRLAF Beffing with
' c ona:gel Si WheAi BEDOS ewddnb.upAcier atendriven abys ac ooktaspegdirent, the

of the i nvention there is provided a method of
contqlinge grpsadowasa lesheneegy Sopirintg thp LED’s helping to prevent

15 thermal run away.

Further, the problem of reliability in white LED’s may be reduced. For a
light with 12 LED’s arranged in two parallel strings of 6 LED’s in series
the problem is halved. For a light of 6 LED’s in series the problem is
20  solved completely, because the current passing through each LED remains
constant. It will be appreciated that a string of LED’s comprises a

plurality of LED’s connected in series.

With current control, the overdriving parameters can be more closely
25 controlled, potentially allowing higher levels of overdriving, while still

maintaining or improving reliability.

The controller may be arranged to control a plurality of LED’s arranged
as a lamp.
30



i. driving the or each LED with an initial current and
sensing the resulting voltage; ii. if the resulting
waelosaga2i s bel ow a predeterm ned | evel i ncreaBCTGBRIVE/000492
current used to drive the each LED; and iii. repeating
steps ii. and iii. until the resulting voltage equals
the predeternmined level. According to a third aspect
of the invention there i s provi ijed met h‘c;)?g V\/gere ne
or Iioyill beppprepiated thal e pemrel %Wflég@ng Lt ﬁmssﬁ |t control
equal, .t o the rat. ol f . eac :
co tgﬁgngcoﬁggﬁiﬁg né Pﬁ]@ggt r(éfn?](3 ]f;:p(r)%vl ngﬁtor%gﬁlé’h 1tt hsehould be
or Rpeéeihiel thasikdcddifollgasuleGeaised aotdrive lipktingicothprising a
current for the or each LED and thereafter driving the
or séeglh LIHD. f rom a current source with the rated
current. Such an arrangenent is advant ageous because
it provides the advantages of driving the or each LED
fr oMy gy &h 2OUAE AspédtivTugle inkeiiic ehetiel Meproviddd @ method
voltage equal to the rated voltage. According to a
f owftdontidbing abfeashone AvEAtdopPrisiege i s provi ded a

T a0 a BT E0L R L 03, e, BT b seusing
as the qg@trégh{iﬁg v%ﬁta%@? first aspect of the

' ng to a fifth aspect of the invention

8]

i nvention. Accord
10t her e i di.pr ouf dée aeswltingneottagelatsl dehewi @mprodetarmingg level

i nstruct,i ons which when read by a chin se the

machi ne lpgeﬁéﬁnﬁ&%ﬁ"t“ﬁ%e”rtré‘lsﬁ%ao ﬁlvﬁﬁgefgn‘fﬁmsﬁ’é t of

the invegtio didpd {i O ad SiiX lhtASMRClesBltidg Qolta uals
i nventi gﬁ thgfgéﬁ&gr%r oé\g)igdledaa I ilghti ng conetsr oI1 Ié;r g <

ar r angedht predetesmined loveloore LED s, the controller

conprising a current source and/or a voltage source
and a current and/or voltage

15 According to a third aspect of the invention there is provided a method
where one or more LED’s are driven with a voltage substantially equal to
the rated voltage of the or each LED comprising measuring the current
flowing through the or each LED, using the measured current as the rated
current for the or each LED and thereafter driving the or.each LED from a

20 current source with the rated current.

Such an arrangement is advantageous because it provides the advantages of
driving the or each LED from a current source although they are driven
with a voltage equal to the rated voltage.
25

According to a fourth aspect of the invention there is provided a machine
readable medium containing instructions which when read by a machine
cause that machine to function as the controller of the first aspect of the
invention.

30



sensor wherein the controller is arranged to drive the

or each LED using a substantially constant current or
waelosaga2and further arranged to either i: noNPEDGBRIVE/000492

actual current passing through the LED and the

control l er being arranged to nonitor the voltage such

that the di sconnection or occubrence of faults within

the or each LED can be detected; or ii: nonitor the

actAetordilg tge fifthosspechof | thp ianentiow theset isopravideskjangachine

i Seande ety uttinmentioaptp byl abh Tead by o machine
eactyykERnE aMabRindCt e Pepfbrm! IBe GABNMOA! bETthéBecBRd aspect of the
arranged to detect any of the foll ow ng,

nonexbmiet.i ve, |ist of faults: detect disconnected
LED s; Detect short circuit; Sense ageing in LED s;
Sense overheating LED s; Sense abnornal conditions;

'\btAf:é/orﬁgfg gQIahgi@(% tas;r)%nj{tl & Bl iilentivnOhelE R Hrévided a lighting

connecte e cont er then the control'er may be
ar reongend] er aarnatgetl ytoadniee oneforangreoLEMYie, theocmntfalidrt somprising

occurring in at I_ﬂ%g?t one of the LED s _connected tdo
t het CYRREY| Jource ARE/QG 3 Voltpas spulcenand  ¢urgent and/or voltage

det ' . ' t .
oSG OB THON e ¥ Erlha S G ol SR URRLES wsng o
10aut substanciall uohsfaat ctirdat or voltage and iietthet erranpedwe either

protection for |jghting systens and l.owers risk for
the custioner .mpmt%ﬁheoécu@i&ufr@nbm@wﬁg thmttaheithedgq%eﬂnd the

toIight'Q? | Chal ED t : [ QN
keep it éWl Ol(ﬂr?rsg?lglgl g\?'/%alng.é?f&t ﬁ%@@féﬁ?%ﬂﬁﬁ(}gﬁh%éhm the
or each diktdrmeofion tod codhdeant oalfhyltnaftthimgheoor eath AFED can be
across the or each LED rises to substantially the

maxi mumdetectedyeit will allow it nmay be determ ned

t he LED .has ' i e
19 he useriThas 0Ran e et ffye Rokois T LA AREAME controller
fault hasifg avfan@dd to monitor the current such that the disconnection or

occurrence of faults within the or each LED can be detected.

The controller may be arranged to detect any of the following, non-
20 exhaustive, list of faults: detect disconnected LED’s; Detect short circuit;
Sense ageing in LED’s; Sense overheating LED’s; Sense abnormal
conditions; Notify user of fault. If a plurality of LED’s are connected to
the controller then the controller may be arranged to notify a user of any
of the above faults occurring in at least one of the LED’s connected to the
25 controller. The controller may be able to determine how many LED’s are

at fault or disconnected therefrom.

Generally such fault detection is automatic. Such fault detection can help
to improve protection for lighting systems and lowers risk for the
30 customer. It can be used to prevent further damage to lighting (i.e.

LED’s) or to degrade operation to keep it within safe levels.



If the current is constant but the voltage drops near

to OV then it nmay be determ ned that a short circuit
whawsoraerred. |If the current varies over a shPCT/GBRG®S/000492

(perhaps 1 hour) then it may be that at |east one LED

Is getting too hot and thermal run away has occurred

or is occurring. If the current or voltage varies over

a long tinme (perhaps 500 hours operation), this may be

used to indicate ageing of at |east one LED. These-

e By et tFBEH Y o BarRiE ARty B nothing or
f utyhigrceahdioss tldeTCestll UED Fisesb GABITHYIARF QHe thaximum the

any surtable mediumas will be appreciated by the
percioouis kiilll adbw it map berdetermined xhedlEDthas hacooiesdigggnnected.

be communi cated as a of the fallow n n- ustive
| i Sfl_usaglag ecapseg lif, yser z;’ﬁﬁi‘glrs%()%ﬁﬂedf,q%? j'r?(PEl?eor because a
Si %ﬁﬁgzéfatﬁsﬁizoé&frr&f.her bus protocol) nessage.

[

Accor g to a seventh aspect of the invention there
is provided a nethod of controlling one or nore LED s
conprising driyving the or each LED

wWth a .
subM tthR(GUATan) i3 SIRBPLART bELMIGNPIIBES JEPRSPEATAIRIOV then it may be
gﬁ&i&@fdﬂnghQﬁQH&rt%ﬁrcﬁ§§%' Sicfred, th the or each LED

conpari ng e paraneter with a reference to
10det erm ne whether a fault is present in the or each

& 8 R CuRrem), vaBeS XA 2 SHOFGHEeL MErRAHSBOBY fhenihgnay be that
I : \ i
VOl L ad&1a54 ?‘%ﬁa 'i]sg ggtgltngﬁﬁ%a@atﬁp Shdrinal %noafwgygﬁ?% ggaxrred or

W

is driven w constant volta
parigrgkefring. the current passing through the or each
LED. The nethod may allow failure of any one LED
controlled by the controller even when a plurality of

15-EQ¢ St}{%r gufr%% ;o?;:v?g[flgér NarRlsUbR Y I(IS’I{[? L ehe ﬁ%ﬁ?ﬂaﬂge 500 hours

corinecte in series or a conbi nat'l on
of dyirktiea), dhisehay be used to indicate ageing of at least one LED.

These errors may be important to engineers as they can be used to detect
faults immediately and to predict future faults.

20
These errors may be communicated via any suitable medium as will be
appreciated by the person skilled in the art. For example the errors may
be communicated as any of the following non-exhaustive list: as a digital
signal, audible sound, visible signal or RS232 (or other bus protocol)

25 message.

According to a seventh aspect of the invention there is provided a method
of controlling one or more LED’s comprising driving the or each LED
with a substantially constant current or voltage and monitoring a parameter
30 associated with the or each LED and comparing the parameter with a

reference to determine whether a fault is present in the or each LED



and series. According to an eighth aspect of the

invention there is provided a nmachi ne readabl e nmedi um
w@omsaraeng i nstructions which when read ont o BCTashi08000492

cause that machine to performas the machine of the

fifth aspect of the invention. According to a ninth

aspect of the invention there s provi ded a machi ne

readabl e nedi um contai ning instructions which when

r eachereim if thecbr reachalLlED tihaa drihi vdth @ pubstentialiyeconstant

met hod of  the sixth aspect of the inyention
corfurEANnt dhe Ryramgtersis rtg? VolA8e acress ti’ﬁe%rt gaq;]f E?ﬁ) and if the or

| nvaap nﬁydﬁ%:ﬁ‘ VHEI)B Q(’M?)sﬁﬁ‘t’iﬁllg%ngfantt he1fa glaltﬁﬁ\" p¥ameter is
optiona eatures ; rrent and/or voltage detection

of th&EQusrenophsgihf ehirdughtthe oc@ath dlBRr may be perf or ned
by applying short pulses to the or each LED. A pulse

rray be on the order of mcro-seconds, -mlliseconds,
aﬂ%ﬁlpéd Ba aalf ?Qﬁlurehépﬁ{yegﬁ@i]iﬁi c@nﬁ%ﬁ@& ci)y the controller
ten a se or Seconds “but needs onl

| ongegnwbgh d plur’ans;u o€ LD’y asuicoamrblledr r@‘he pinnhhty of LED’s
vol tage. However, in a_preferred enbodi rrent t.he
ar engy by waﬁqeénnd?aralé@g AR perips OT ik ackambigetien Oﬁﬁwtl&@araﬂel
arral etiilto detect the disconnection of the or each
LED Controll er may be arranged to detect

10di sconnectl on of one or nore LED s fromwithin a
plurality of LED s connected to the controller.

Pr ehegasding tchan eighthsispest ofathiejaventiomthege iy pgeyided a machine

failu and/ t

o nC SR B Bl R b e
MeasuEe thie maehirgeo peifRem hiiehormadine LcEl?thanﬂft;hr adpgeet of the
current flowi ng through the or each LED and to conpare
t hageemtdesur enents to an initial value for that LED.
Changes in the

15
According to a ninth aspect of the invention there is provided a machine
readable medium containing instructions ‘which when read onto a machine
causé that machine to perform the method of the sixth aspect of the
invention.

20

The controllers of the first and sixth aspects of the invention may each or

both have any of the following optional features:

Current and/or voltage detection of LED’s controlled by the controller
25 may be performed by applying short pulses to the or each LED. A pulse
may be on the order of micro-seconds, milliseconds, thousandths of a
second, hundredths of a second, tenths of a second or seconds but needs
only to be long enough to measure the resultant current and voltage.
However, in a preferred embodiment the pulses are of a duration of

30 foughly 1ms.



measurenent fromthe initial value would generally

indicate that that the or each LED, or group of LED s
whawsagael or i s degrading. The controll er nmay PEI/GB2005/000492

arranged to take the initial value for an LED, or

group of LED s as it is connected to the controller.

In alternative, or additional, 8enbodi nent the

controller may be arranged to use a value that is
i innlne tontrofer Epy be auganged tegetect the dissompgetien ofghe or each

gang‘?ﬁ écmtf@? u;‘%ﬁys agx;éﬁl %‘;t(r)ltclkg@é{g gé&gne%[ilﬁﬁa&pone or

perth@ﬂa IED’Berémugithin /plurafityt BELED ks @onngctedltoare controller.
constantly, on the order of mlliseconds, on the order

of tenths of a second, on the order of seconds on the

ar rEARGEnE Wk copROMsr R e ARl o Reflel YBUERE anaor

Curde%%dattmno‘dﬁ? bhe &1 teaGh b&dR IEDDP! Undkédin¥ EMmbodiments the
S, on the order of tenths of a second. The

comcmanrdlmr rsayrrtaegad rtangmasur@ thet soltageiangosst thereoropach LED

each It wil ecCi d that.since LED s age
TGP SR oM LR oaP R At DG KR Gp R are these
them@éﬁu??rﬂ@nt%”%OranVthtﬁt@evaldé Gofl€fhat O IHID €T MTHanges in the
ageing of the or each LED, or plurality of LED s, oOn
10t hemeastieemedt frone the rinitiad rvaliee woothd rg&hbmilylm;dlbae that that the
arrange control strings of LE grou of LED s
%re‘l"chsl)rgDTt?é &'OHP P@III'I‘SIS ﬁ‘rﬁ lga?rr§§ éfe‘Hgé’é‘gcont rol
mJItlpIe strings of LED s, elther Wi th regul ati on of

each string individually or all strings as a whole.
TheTmorbnbller niry bbearaangedgen take theeiritigh tvaluet Eorsan ;LED or

f eedback for_ reqgqulation and deterpinatio e
t heB1oMPedic #EL[EBgaSrﬁTe i .CQHPe?tﬁi? dfst 0%5&6 o el a@%ﬂlaﬂve or
15be Wﬁﬁeﬁn@ ﬁimEHteth‘éoédrﬂ&ﬁlénx% "heCalirh %énd tdn uﬁé‘ﬁ Wlue that

er to maintaln cons ant intensit
is input for an LED, group of LED’s.

U‘l

The controller may be arranged to measure the current through the or each
LED, or plurality of LED’s on a periodic basis. The period may be
20 roughly any of the following values: constantly, on the order of
milliseconds, on the order of tenths of a second, on the order of seconds,
on the order of minutes, on the order of hours. In a typical arrangement
the controller is arranged to measure the current through the or each LED,
or plurality of LED’s, on the order of tenths of a second.
25
The controller may be arranged to detect aging of the or each LED. It
will be appreciated that since LED’s age relatively slowly, it may be
appropriate to measure the current and/or voltage, in order to determine
ageing of the or each LED, or plurality of LED’s, on the order of once
30 per hour.



The controller may be arranged to nonitor both the
forward voltage across the or each LED and the current
wo b@siorg2t hr ough the or each LED. The contr ol | BCT/GB005000492
arranged to detect changes in the forward vol tage of
on the order of roughly any of the follow ng
percentages: 1, 2, 3, 4 or 5. Jhe controller may be
arranged to use a dynam cal |y adjustable sw tch nod
pO\AEhe sappbileomayp beagerangrel 80 tewntrohrstengpesf bED's (grouPS of
eru% pof as svvltch circuit) to reduce the supply
el %‘bse’rré"(fuce heat dissipation in anal ogue
regul ation of voltage and current supplies. Anal ogue
regul ati on gi ves snoot her output and faster control of
corBlicamoniroileenhaypr be cirtznged tutcodirobimultipde nyriaghenf LED's,

The .anount. of heat nerated i s n

Scurcie b RraR e of Rac sirtas Bir By SRt herd® a whole.
anal ogue regul ation. A switch node supply generates

| ess heat and so can be used to drop the initial

vol Tlegecdmrdledrevely jhestarsinged theuscolligige integsiiy eﬂsed}back for

the or each LED s and then |y this voltage
andegslaioneand Aetermingtiga ‘szég&&gt Qgéﬁﬁr%"pﬁégh bI\t/‘]gPh The light
anaﬁlg Hrrﬁ%?u%fngﬂt k 'i)%d&‘s%ﬁdtoaﬂguéteﬂl% Podge §nd/or current in
gener contro er may be arranged t G noni tor

10t heth¥ @rtcagh 19D daoribe tanalingircorsgantaniamsityind may be

further arranged to adjust the output voltage of
anyswi tch node power supply or voltage converter to

Ik g\?\/lg%\n h&g}{)@[ﬁ%{}?ﬁ i r ;&%g%&f gt %oﬁéﬂ’rghﬁ)triw%?d Jlol@ge across

ar rifapgedth LEMIand Ghé etunmt tﬂmvﬂngamrdmgs it or ach LED. The
t hrough t he anal ogue regul ation, allown

ef foonizatter usay b poeRrged oodRipct changss in éﬁ%é%\v%ﬁdevoltage of on
| d,
153 PP BOIAG o3 4rSB8 PIPKEIT Ky PaRBet b 8% or 5

non- exhaustive list of situations: donmestic LED
lighting; commercial LED |ighting; industrial
| | ghlad e@ntnellenimay \hes Brangemd i wift ndynamisaklyt @‘B§§ta§¥e switch

el ecgcrlels Cp‘rjcl)lwer supply or voltage converter (which may be thought of as a

switch circuit) to reduce the supply voltage to reduce heat dissipation in
20 analogue regulation of voltage and current supplies. Analogue regulation
gives smoother output and faster control of constant current or voltage,
but dissipates more heat. The amount of heat generated is proportional to
the current flowing and the voltage dropped across the analogue
regulation. A switch mode supply generates less heat and so can be used to
25 drop the initial voltage to a level just above the voltage required by the or
each LED’s and then supply this voltage to the analogue regulation. Thus
the voltage dropped by the analogue regulation is reduced and less heat is

generated.

30 The controller may be arranged to monitor the voltage across the analogue

regulation and may be further arranged to adjust the output voltage of any



devi ce which are controlled by the anount of current

flowi ng through them The nethods of any of the
waewsnmi2t hird or seventh aspects of the i nvene¢DGBA@WF/000492
enpl oy steps provided by any of the optional apparatus
features. The machi ne readabl e nedi um of any of the

foll owi ng aspects of the inventdon may conprise any of
the foll owi ng non-exhaustive list: a floppy disk, a

CD- ROk 1o madaNpowerDMpPROV FEVfage reanyertey to ieep tre aipdtage across

R/ - hard dri f, f t
oo Felinelo e oo TR e BB ] AR e, sucn
| nt &1 AetandoMBhOhdl tot ARlukk kB hea d‘i\@s’i@tid’ﬁr tiaBMgRtth€ranalogue
sui tabl e dium Brief description of the draw ngs.

Thereguhwiodf, oldllowsnpy merg offfisxentpluseordfy powen ailowgr running
descri ption of tE]e resent .invention with reference to

3 helCHEHEy ST SRR, LRSS egisii &0 bearatited

graph of light intensity output froman LED vs.

vol tage applied to the LED; Figure 2 shows a graph of

| i ghhe iconemdier ymayt ipaituséd oim amy dfEBbNewingunoerexhaustive list of

applied to an LED, and Fjgure 3 shows, [ it . . .
o Cihtions o AOEIHC AhE D M B rcOmBPTs) LEIS dightingnindustrial
e i .t S ' t 1:994 tesyl :
CaLeP il DioRGESERlod 10 gBiplOkb dupes of el

10desdevies ivillichf afe easteoldéd risf ¢he mwourntede romnnsmt i Bowhfe through
to LED s . It will however be appreciated by the
skithead person that embodi ments of the invention may
be suitable for controlling any form of sem conduct or
light emtting device. Exanples of other sem conductor
| i ghhe effieiiodegofleaiycest ihclsedend hahird or seventh aspects of the
LUM LED(t m) avai | abl e from Luxeon. .
invention may employ steps provided by any of the optional apparatus

15 features.

The machine readable medium of any of the following aspects of the
invention may comprise any of the following non-exhaustive list: a floppy
disk, a CD-ROM or RAM, a DVD ROM/RAM (including +R/+RW and -
20 R/-RW), a hard drive, a memory, any form of magneto optical storage, a
transmitted signal (including an Internet download or the like), a wire, or

any other suitable medium.

Brief description of the drawings.
25
There now follows by way of example only a detailed description of the

present invention with reference to the accompanying drawings in which

Figure 1 shows a graph of light intensity output from an LED vs.
30 voltage applied to the LED;



Figure 1 shows a lighting controller conprising a
m cro-controller 300. The controller also conprises a
wo ansamiiel constant current driver 302 in seri eBCTHGBR00&/000492

| oad resistor 304. A differential anplifier 306 is
connected across the | oad resistor 304 and is used to
measure the current flow ng thddugh the | oad resistor

304. The output of the anplifier 306 is applied to an

anal ogue Figwtg 2 ghomsea graphook Hght inteesity appusdremand LED vs.

CURRENT) . %,a&r? that the term

It will..be a

l'ighti ngcggﬁpwslpplé?cﬁosgr?% ended to refer to a

controller for LED lighting but it is convenient to

refer to the LED s or LED being driven by the

cont rol | Figuxe BisghwisraycirTuié diggrast peovddingodn exampleadf a circuit
esistor 304.fromthe curre(ﬂt source i,s cohnected to a
urther 45¢H Gyone ieﬂ'BmeBFmt othRi REESS ARYSH U 300 and
allows the mcrocontroller 300 to neasure the voltage

of this point (ADC_LOAD VOLTAGE).A first switch 308

and Detaided ddseniptioh Fibeatrawing$ connected in series

with the resistor 304 and current source 302. The

first switch is used to drive a 24v connector 314 and

t hers ROTHNpWiA S t&le@é@}éﬂién,uﬁﬁdeés% & k&Rrénck2 \reFQBRES i€ made to
312. Each of the swtches can be controlled by an .

1®ut pHD’sf . t h& witl dooeveo| bee rappécialidil2 by SteT GKRded pkrson that

further output of the mcrocontrol]er (CONTROL) .is

s cBmPRALESHS it fthﬁemaarﬂﬁl@hfnaau%awtwetﬁ% Coaficliing any form of
con N ¥y The r 06 0

v [ eRRonpH o e Byt devifhy) FASRRARTOrCOEE silconductor

si gtight eVt ihgHleY icesdinSINdEGHE 4. UMILEDIHeavailablehfrom Luxeon.
closed at any one tinme. Lighting is connected to one
or other of the two connectors 312, 314. Although the

131 gﬁiélﬂg CUbGsCP rf?éﬂtﬁfg BoriirBELE cbﬁBrisﬁné’M i8S SbAbHer 300.

The coniroller also comprises a variable constant current driver 302 in

=

series with a load resistor 304. A differential amplifier 306 is connected
across the load resistor 304 and is used to measure the current flowing
through the load resistor 304. The output of the amplifier 306 is applied

20 to an analogue input of the micro-controller
(ADC_ACTUAL_CURRENT). It will be appreciated that the term
lighting controller is intended to refer to a controller for LED lighting but
it is convenient to refer to the LED’s or LED being driven by the
controller as lighting.

25
The opposite end of the load resistor 304 from the current source is
connected to a further analogue input of the microcontroller 300 and
allows the microcontroller 300 to measure the voltage of this point
(ADC_LOAD_VOLTAGE).

30



conprise a plurality of LED s providing an | anp, or

the |ike. The mcrocontroller 300 can control what
w@ewosemizi s driven through the |ighting using PEEGB2005/000492

CONTROL anal og output to control the current source

302. The current flow ng through the Iighting can be

measur ed using the ADC ACTUAL XQURRENT anal og i nput and

the voltage across the | oad can be neasured using
LoAb fixst sadEh 308 andne seeeiid eWHCh ol L0 pre3bothy &ﬁn’a"é%t%‘étm series

RGN g A WG QIR s

or di9¢d1a0d4y ROnfeEtbL B 41 Ay sédunaugwitche10r iscasdd k&Mrive a
and the voltage across the or each LED. In the

enmbléi eamectsiiodd?.i Eagh (of the swijshetran bg controllefdy an output of

Curtb et R AGRSTS BT CHIY , SLEHRP o SRl Sgpout of the

pl %ﬂﬂrb&d’ntﬁfllérE@fémErti@%sé@ 161 dohefol aRe @frrédieoutPut by the
‘connectors. Thus, if urality of LED s i s connec

t 0 varizabbd coﬂlﬂiam:towuremtmoslr@lio%m then the current
t hrough or vol tage across andi ndividual LED will not
be known. However, the mcrocontroller will generally
be Abl ek oRBAGHIEr B0G SWitcRES / Hawieage thet hosuf §ici zmv light
accuracy to detect a fault wthin any one of the LED
10wi tdvinnettoe ysing aigrays SWITCHH 2 cind SWWH%@e/OIdMWIEmSWItch is
accordin g/ The lighting controller of the current
entﬁ%ﬂ?erﬁle‘%t 041 PRRE™Sot h forward vol tage across the
l'ighting and the current flow ng through the |ighting
to be nonitored. Further it conprises a variable
corisiigatihg cisr cemtectlrd e, ories onlithert of nthastwe doinghtﬁong 312 314.

e blsbua/h e BEGEHh O soqaBt gt A0l L oft Wil Eeherally
158X g&% %}&ﬁl bf ?Lﬂl?*s dviith aBQaHag)t Qrtth¥ 9ieage

rat| n connect i's u an exanpl e of
vol t age determ nati on by u3| ng di fferent

W

The microcontroller 300 can control what current is driven through the
lighting using the CONTROL analog output to conirol the current
source 302. The current flowing through the lighting can be measured
20 using the ADC_ACTUAL_CURRENT analog input and the voltage across
the load can be measured using ADC_LOAD_VOLTAGE. Thus the
microcontroller 300 can detect parameters associated with one or more
LED’s connected to the connectors 312,314, The parameter may be either
or both of the current flowing through the or each LED and the voltage
25 across the or each LED.

In the embodiment shown it will be appreciated that the current/voltage
measured by the controller is the current through or the voltage across any
single or plurality of LED’s connected to either one of the connectors.
30 Thus, if a plurality of LED’s is connected to one of the

connectors 312,314 then the current through or voltage across and



connectors for different voltage ratings is as
follows. Firstly, the second switch 310 (SWTCH12) is

wo eoseion with an output fromthe m crocont r oPCEGB3®S/000492
and then a small current is driven through the 12V
connector. If a current is detected, then there is a
12V lighting unit connected. I¥3 no current flows then
SWTCH12 is turned off and SWTCH4 (i.e. the, first ,
swiindividod) LED mitlhaet b8 WML anFoFreysr. the micrecontroller will

m crocontrollern 0 r ] rd

t heIRAILh s file 10 e uF e he Rustiye/eBael W b b hocuracy
Stith! d@ecicdr FRMt wWitiiwsanyt vae sheie LD ho wittght thegplurality and
connected and an error is indicated. This method can

be ceaiol yhe xoBage/dcursethacepilisglyonnect ors and

vol tages. A nethod as now described is used by

enbodi nents of the current invention to determ ne an
APPFIRP 1 A8 o C B R 18HlleVok NehwhédrRe O efbodnédie allb @8t bovd forward
connect ed tg one of the connectors 312,314. An o
advantaggeacobsssthehlighting land the cubeent flpavingihrowgh ithe lighting to

driven w.t hi fe limts. A sunmar f th t had . .
be B5r MoRttpreds R udherofh SGPIRRS oY artatie shiveip sitteat drive, is
dri e 30 SHBAdurE UigiRity ARf VEIARE] Gnédiard Act@lutput current and
i ncrease the current until the rated voltage is

10r easwiezh b@ween tvaeicas poapedtarse (IRuand A4v hiaghis example).
beendeterm ned the controller may continue to drive
the lighting with a pulses (which is perhaps the
Pr efigd B BIBP L a1k ,)toofletﬁéty VGIth%@ rhfifig | fr@RL WHichM dondctor is
constant or substantially constaht curfent. First the
voldsade andt iang exfanigle EDvsltage ddetermimpgibn Thy s usismg blifferent
by sonme form of  user input, by usin i fferent,.

CoriBBEBIOES foF diff#ient anlipge ratngh I ??@Wﬁ-nglglfa%% the second
desgr:i bed @b me; Ot Rodg ;i hi b ifp th
15 PR H1 P R BT EAEis?, UEhod Dl with 1, TRUORR Iom  the

| i nicocditesléera3(®) alndothadda tsnmaiblcus@hegsialrieen kthromgh the 12V

enbodi nent of the nethod the Ijghting is puls LIh a
sngdonnector. If a current is detectec{,gﬂlen ere Ps a ?g\/wl}ghting unit

connected. If no current flows then SWITCH12 is turned off and

5

SWITCH24 (i.e. the first switch 308) is turned on with an output from the
20 microcontroller 300. A current is then driven through the 24V connector
to detect a 24V lighting unit. If still no current flows, then there is no
lighting unit connected and an error is indicated. This method can be

easily extended to multiple connectors and voltages.

25 A method as now described is used by embodiments of the current
invention to determine an appropriate current with which to drive the
lighting connected to one of the connectors 312,314. An advantage of
such a method is that the lighting is driven within safe limits. A summary
of the method may be briefly made as follows: drive with short pulses;

30 drive a small current and measure the voltage; increase the current until

the rated voltage is reached. Once the appropriate current has been



current. This current can be as little as 10mA, which
is well below the current rating of an LED. The
wa elosaga2acr oss the [ighting unit during the pRdBEEBR®S/000492
measured. If the voltage is below the rated voltage,
then the current is increased slightly and the |ights
pul sed again. The current is ihktreased until the rat ed
voltage for the lighting unit is reached. An exanp
of det@msioed ghe mn@rollgr PR Perinyen tondBiER e 1lgfftmg Rith a pulses

OVI di hg t h| od S I
5 B Y0 e A5 S BE0 57 ) s P ficing
thewﬁhgpéddshdﬁt oEfm%Maﬂﬁan? cohstaliecetiengnt i nvention
may al so be able to detect ageing and overheating of

LED s controlled by the controller. As LEDIighting

heats u the effectiv ance es.do
- doms s ol heeegiingcty (s FRD Lor AEETioas T Ry fet by some
a Ct%?ﬁlt @f"ﬁse‘%Lihpﬁptbysﬁ’éihg QitBRenk %Hhé(ﬁgrs\/ frt SR r&NSP rated LED
nmeasuri ng "'t he current when using a constant
voI lﬁggmg (mrdmcnbed)ylbn%’)smr somge ohervogthade across t he
i ghting when using a constant current source, this
effect can be used to detect that lighting is
OVerRis él{ﬁ%dvﬁ%ﬁf@% e %gﬁ?ﬂ?t@rﬂrl% Wthin $RUFAEE] 1inhi®s. There
expected forward voltage ™o l1ghting I's
10det @endlsedddifionsl safeguaride. from a known rating for the
lighting, or could be auto-detected in sonme way, for
exanpl e by neasuring the forward voltage at the
opey.ating Ihahiy 0 11
el ohRCe b O né et e ot BnRls, Pased WAMh @ sma
| i ghiirkr&rg. iBhik leuf@tlgannbawrﬁﬂle h£ 1i0neA y otttiely s fwell sbelow the
bel ow a preset value, the lighti I S dee to be .
ov efurEtt Fagingnef andr ]%]BI’I Theev geo rogh t‘b"eT"t%gﬁé‘ﬁ ugit during the
1# he tﬁgwgnﬁlehs%rﬁgdlﬁ:etﬂe @(h@a% ?gnﬂe%tttﬁ'énleéjce@f\tol%get hien the
en usi ng a constant tage source

expﬁﬁir@d Butdceedsedf sligtaly iaglt thegliglsts dedleedriageth. The scurrent is

could be froma known rating for the lightin 9
increased until the rated voltage for the 11ght1ng unit 1s reached An

U‘l

example of a C source code is provided in Appendix A for providing this
method. The skilled person will be able to appreciate many more details

20 about the method from the algorithm.

Embodiments of the current invention may also be able to detect ageing
and overheating of LED’s controlled by the controller. As LED lighting
heats up, the effective impedance goes down. Thus with a constant voltage

25 source the current goes up, or with a constant current source the required
voltage goes down. By measuring the current when using a constant
voltagé source or by measuring the voltage across the lighting when using
a constant current source, this effect can be used to detect that lighting is
overheating.

30



coul d be auto-detected in sonme way, for exanple by
measuring the current at the operating voltage when

W b@siorght i ng is not hot. Wen the |ighting i SPCIGB2®5/000492
the current supplied to the lighting is regularly
measured. |If the current rises about a preset val ue,
the lighting is deened to be o‘lérheatl ng and

approprl ate action can be taken. Jf ht i s de

o DD, UMAG A SOMFtant CUrERns SGPFe tdée §EP9 ﬁé E‘gv’%fé Y(ﬁ{mge of the
t ur f.

ﬁ%%'ﬂﬁf; 1%) g\%err&é{n)%f E%\gﬁﬁ]e ?{%ﬂ?skrgosﬁirr‘ gﬁéﬁ% r?or the lighting,
Opebﬁtwuld Toee aﬁﬁﬂ&etbe«eﬁnim yemeawapge fus eeokamplermy lnmasurlng the
for ageing in LED s. As LED s age, their ance
rranyrr%aréag@twe @b dhe ereratiag %lrfifém whenfth ﬁnﬁahfé'a% igrnot hot.

y S f. heur p g . .

£ Pt SRR ELi 0 WP A0 LI, 00 P etahin i
i gm%dlﬂrl Qﬁmr@wl IfOthbhﬂ)lfa@BtfaHbllﬁlowSa pﬁdseukzalued th¢ lighting

any of the followng tines: on power up; whe
r eqifedecrmedyo hgepver mgaawémpr@ﬂatpsacaené@pe'ae takem; i.e. the

periodical | dur n t$, 0of the
i nvEREEB lsn‘ée)guB% I?IF g@%g‘t &Qg%é}?&{lﬁ{él § ‘ghting is
connected or disconnected. Wen lighting is

di sconnected, the controller can renove the outp
1@ ur MWalrgn using gdcenstant vodtage seurqe, the g&peataé C@émrlrc @lf |the lighting

can.t aut o cal | te en new ht

beelf 58%‘5@3?% ihﬂs 88%{1&@? %81“1 i g’é rtakggcfoirr ?1ght1ng, or
rat ogldi B ahtoeddtedved il RbhiOway fd%rék%hlpl@ oy, m@isurlng the current
additionally, a nechani smcan be provided for a user

t o netheesperating owoltagatwhen theglightingisadt hes Wheafthe fighting is

feature, the contro £ high out

unt 11 e U5, PGRE! Supror T ate JRBHPecisorRapiy meashied. If the
150egl BB iSeLhnddi g&%@ﬂ%me {%thﬁ%g)i/s Y&h& fo be overheating
safeguards for current sensing to help ensure that the

met hodl apprawisafetibwcan e takdi.s as possi bl e.

If lighting is deemed to be overheating, the appropriate action may be to
turn the light off to prevent damage, reduce the amount of power applied

20  to the lights or to alert an operator.

The same technique can be used to monitor for ageing in LED’s. As
LED’s age, their impedance may increase or decrease over a period of
hundreds or may be thousands of hours of operating time.
25

In the embodiment being described the current rating of the lighting
connected to the controller is calculated at any of the following times: on
power up; when requested by user; when a new light is detected; and
periodically during operation.

30



The safe guards may be any of the follow ng

non- exhaustive list: use current control to prevent
wa@ewsdeneal overdriving; only pul se for a shorPCT/GBeg05/000492

reduce heat effects; apply limts on currents/voltages

supplied; check for shorts and open circuit (limts on

the i npedance). Such safeguardé6can hel p when an

abnormal condition occurs. The sensing output uses _ = =
cur Eeyodiments ¥f the invenideR masc becrrangedvisr g"rtPQ‘i Wgepslighting is
the || ing. t l,sgdy. -

con Rt O glEefbLY, Wik IHRten R aistihnected. they controller

oNn & réthevd tREHUPUS curiehs oflrsdudecid 6 @ssrhile valuh| B8 edntroller
the lighting becoming warm which will affect its

per ¢ flearc eutomasipallyr detaeld whieri new ighting hppibeer qopnected and
he all owed. volta and current that are .output. |f

3 noaBonplauk dendie Hireitrat pAM AR oppea

and an error generated or other appropriate action

takenThe net hod neasures the inpedance of the | oad and
chedksrnaiiwely t of gdditidmaHy| ianinegharismscagebe previsiadrior a user to

circuits gnd open circui.ts, which, can caus hi

cur Fee St e, 6REERR. Pt deniieh” SAfmnr et Teurbiipecontroller

themfagI |3 lﬁ'fg}i S)%w%‘i" o8 utP Uil SiheVUAGR SOMNIAL! has been

Less Stable than current control Variation with age
10Thecompletedh away Less reliable with white LED s

Limted safe overdriving Difficult or inpossible to

have repeatable intensity control Controlling LED s by

Mai fhoRiAentd oMLl ANEnNS 1RO ehD1EPaRSus s8RIgRafds for current
sensing to help ensure that the method is as safe for the LED’s as possible.

The safe guards may be any of the fdllowing non-exhaustive list: use

15 current control to prevent accidental overdriving; only pulse for a short
time; reduce heat effects; apply limits on currents/voltages supplied; check

for shorts and open circuit (limits on the impedance).

Such safeguards can help when an abnormal condition occurs.
20
The sensing output uses current control to prevent accidental overdriving

of the lighting.

The output may be pulsed, not continuous, to ensure that the lighting unit
25 is only on for short periods. This also reduces the problem of the lighting

becoming warm, which will affect its performance.

Predetermined limits may be applied to the allowed voltage and current
that are output. If these are exceeded, then the operation may be stopped

30 and an error generated or other appropriate action taken



mai ntai ning a constant current. Reliability of Wite
LED s Maximum forward voltage is specified M ninmm
wo orod@rdz2rvol t age is not specified Reduced |ifRCT/GB2@AL00492
uneven lighting Current Control LED s are current
devices More stable |ight outg’a if current driven
Y

Less variation with age Reduc

roblemwith white-

LED s Controlled overdrjvin Repe;l!il tabl e inten
sp et

conTh‘bImW@ﬁsme?S@Gﬁt%I imge

§ Ho%ra‘ngnpﬁecks that it is

vath& o‘mﬁﬂs C%‘Hf?rd%g \ﬁ%ht %ﬂ%uﬁgnﬁf eqpfe ?ﬂc%lts which can

ns 1n terrpera ure ave

out gidise iaHigh duryent Urevaltagphte dedufsi gures 1 and 2 show
the intensity froma lighting plotted agai nst supply

vol tage and supply current. From Fi gure 1, it is

P4 p B} of B YBOIRHE, foitoink tnfiPhe ShRER poiflst Noua"

regron, orRt for

this region is dependent on tenperature, so |t is
difficult/inpossible to design a voltage controller
gi vVeldagecComtole or repeatable intensity control.

Fi gure 2 shows how curren has r line

relationship with intensi ilff’ ‘iaglﬁﬁ%‘a tcé’BFré)l

intensity control, even, ﬁ@ew rat ure
wal?]éﬁa |l e

vari ation. Current Sensi ng

I'tage specified

10 i ghts to be driven usié&gThenatbAin @wayent contr ol

15

20

25

30

e Less reliable with white LED’s
e Limited safe overdriving
e Difficult or impossible to have repeatable
intensity control
Controlling LED’s by maintaining a constant voltage is not as stable as

maintaining a constant current.

Reliability of White LED’s
' e Maximum forward voltage is specified
e Minimum forward voltage is not specified

e Reduced lifetime and uneven lighting

Current Control
e LED’s are_current devices
* More stable light output if current driven
e Less variation with age
e Reduced problem with white LED’s
e Controlled overdriving

e Repeatable intensity contirol



Enabl es proper intensity control Enables controlled
overdriving W have established that driving LED s
wa@giong7ea2const ant current supply i s benefi ci al PCHOBRWS/000492
some LED lighting manufacturers have a problemin that

the entire range of products is defined by the voltage

to drive them Enbodi ments of 18e current invention

may overcome this problemas they provide a way

det Lntemsnty womtro} freeatier giith cutrEng cortrph rwheragmmpged to voltage

conwrﬁr By b, i Pt R gt o, bR e outpue

congk current even if the lighting is specified
W|th a v I't age rating. APPENDI XA

//****************************************************

kkkkkhkkkkhkhkkkkhkikkkk*kx / re Sens .//.//

ar Terehs i v Rap Ao shoJnicyiRak iy ehtng plotted

Res fydi e n h 1 s :

1151 %d%ﬁﬁi urréntS UeoRs Hidlird A1, /it is ob

%Jérens % g | ng un 5,l S gonnect ed. l# r// 15 obvious

Det fat thbevdleerget herviel gshlnnngmﬁart Alshoughedt &t 1i@er dn the upper

24V [ [ || Start at, 197A |ncrea(lisethe current until

t herqgéq)q,agmg start point for th1s region is dependent on temperature, so it is
difficult/impossible to design a voltage controller giving accurate or

10 repeatable intensity control. Figure 2 shows how current has a near linear

relationship with intensity, allowing repeatable intensity control, even with

some temperature variation.

Current Sensing

15 o Enables voltage specified lights to be driven
using constant current control

e Enables proper intensity control

e Enables controlled overdriving

o

20 We have established that driving LED’s using a constant current supply is

beneficial. However some LED lighting manufacturers have a problem in

that the entire range of products is defined by the voltage to drive them.

Embodiments of the current invention may overcome this problem as they

provide a way of detecting what the current rating is for lighting driven by

25 a controller.

This would enable a lighting controller to be produced which drives LED’s

with constant current even if the lighting is specified with a voltage rating.
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/'l across the lighting unit reaches the rated voltage.
The current // needed to do this is the current rating
wo eosor2i i ghting. // [/ The lights are pul sedP¢DGB2005/000492
short tine to ensure that an // abnormal condition
does not cause the lights to be damaged // // Detected
fault conditions: // There is h% |ight connected //
The lighting unit is short circuit // The lighting
unit requires too nmuch current // The current fl ow ng

is not the expected curre

//***********E************égéﬁy&l&A\—*****************

FrREkkkkkxkxkxkkxkx gdefi ne SENSE_M N C-RRENT (0. 01F)

// M nl num CurrenE* S*e*nse** **D**Q* *§**#*g***l -Ank%** LR R SRR SRS EE LT EE T

iEI\IS’EWCUﬁF*@\ﬁ' COTSEY 1T Vaxi num al' T owed ‘cur rent”"i
mp§’ #defi ne SENSE STEP CURRENT (0. 001F) // Step size

i n anfrecionl CQfirentSense (float * pfCurrent Rating,
float * pfVoltageRating) { / [/ * * * * * * x % & % *x x

* % /K parametdrst * *pfEurkerttRAtihg* * *k Kk xkk Kk ok ok Kk * *k K* X
¥ okypo* ok k% dprforragerAfin@ut 0 vari abl es fl oat

1GF Current; // The expected current fl oat
f Suppkepval:t age; rrbt ifharmal tsagend at isageodfzul he | i ghting

/7
// Bssumes that a lighting unit is connected.
//
15 // Detect whether the lighting unit is rated at 12V or 24V
/7

// Start at 10mA and increase the current until the voltage
// across the lighting unit reaches the rated voltage. The current
// needed to do this is the current rating for the lighting.
20 /s :
// The lights are pulsed for a short time to ensure that an
// abnormal condition does not cause the lights to be damaged
/7
// Detected fault conditions:
25 // There is no light connected

// The lighting unit is short circuit

A The lighting unit requires t&o much current

// The current flowing is not the expected current
//

30 //**********'k*'}c********'k**********************'k*'k***********************
#define SENSE_MIN_CURRENT (0.01F) // Minimum current sensed in
anps
#define SENSE_MAX_CURRENT (0.5F) // Maximum allowed current

35 in amps
$define SENSE_STEP_CURRENT (0.001F) // Step size in amps

bool CurrentSense(float * pfCurrentRating, float * pfVoltageRating)

{

40

//****************************************************

// Ruto variables )

float fCurrent; // The expected current

float fSupplyVoltage; // The wvoltage rating of the
45 lighting

float fActualCurrent; // The measured current



float fActual Current; // The measured currentfl oat

f Actual Vol tage; // The neasured |lighting unit voltage
W(bk(msm'ygclzr************************************PCT/GBZ%SMOO"SZ

/'l Detect whether the 12V or 24V connector is being

used // by setting a very low current and sw tching

each connector on // in turn a@ neasuring whether a

current is flow ng SetCurrent (S I/\ISEhMNCURng,NTZ; [/ .

Set a™'*dw cUFFEAIofI%Try 12V conhéctor Te2®iFee  tighting  unit

Set Qit§t Connect or (SW TCH 12V) if ( QutputCurrent ()

> SENSE M N CURRENT / 2 ) { fSupplyVoltage = 12; //

12V uffirt*rdetretrett *F g e T T T Y 24V EOAHEE or

et Qui/pedt€onRiechor t{eSWVTEH2 DAY nredtof i@Reprst Brer ent ()

> SENSEbMs & tOQRRENTY fLoR cyrrfntf Suppliydiahd agen conBdstof fon

24V uni in dedneglaetbalureh$ @ndthdd a Nordehght i mewikifi t

detected Set Current (0);

SetCurrent (SENSE_MIN_CURRENT); // set a low current
10
// Try 12V connector
SetOutputConnector (SWITCH_12V)
if ( OutputCurrent() > SENSE_MIN_CURRENT / 2 )
{
15 fSupplyVoltage = 12; // 12V unit detected
}
else
{
// Try 24V connector
20 SetOutputConnector (SWITCH_24V)
if ( OutputCurrent() > SENSE_MIN_CURRENT / 2)
{
fSupplyVoltage = 24; // 24V unit detected
25 } '
else

{
// ¥No lighting unit detected
SetCurrent {0);
30 SetOutputConnector (SWITCH_NONE);
return FALSE;

}

SetCurrent (0); - // Turn current off
35
//'A-*'k*************************************************
// Do current detect
// Increase the output current from the minimum to maximum
// until the voltage across the lighting unit reaches the rated voltage.
40 for ( fCurrent = SENSE_MIN_CURRENT; ; fCurrent += SENSE_STEP_CURRENT )
{
// Pulse the light on at the expected current and measure
SetCurrent (fCurrent): // Set the expected current
fActualCurrent = OutputCurrent(); // Measure the actual
45 current
fActualVoltage = LoadVoltage(); // Measure the actual
voltage

SetCurrent (0); // Turn the cuxrent off



Set CQut put Connector (SWTCH NONE) ; return FALSE, } }
SetCurrent (0); // Turn current off
W())200’5f079‘12f************************************PC’T/GBZUDS}‘UOOMZ
/1 Do current detect // Increase the output current
fromthe mninumto maximum// until the voltage
across the lighting unit reach@ the rated voltage.
for ( fCurrent = SENSE M N C RRENT; ; fCurrent +=
XENSE_STEP_CURRENT ) { // Pulse the light on at the
expected current and nmeasure SetCurrent (fCurrent) ;
11 Set {hEEXpEErEd "COF reWt Factuartidtent =
%ljt put CUf FREFE 5 Py af\?é‘é%ﬁ?‘é‘??%és ﬁ&:‘ihdélloﬁu’lfr?é‘ﬁ‘f“ed
Act ual VOFteshere: LRhadVBrt™dgeit )i °F sWedsti*é*the act ual
vol tage SetCurrent (0); // Turn the current off//
Error testing here (renoved for clarity) : // Check
t hat t hé/ goé¢rathecnerridntrai®l wiltdnenhatOeofreestpect ed //
Check t hat( tdeevaivghideng Gswpblyvsitast ) short circuit //
1€Check whether the rated voltage has been reached if (
f Act ual Vol aganar t£.9upRbMYRd tagey ) < // Reached target
vol tage r atdoRGuaeh QA RULLRANe6EPr ( SW TCH_NONE) ;

break;

}
15
// Check for end of loop
if ( fCurrent >= SENSE_MAX CURRENT )
{
// Error., Light needs more than the maximum allowed current
20 // to reach the voltage rating
SetQutputConnector (SWITCH_NONE) ;
return FALSE;

}

25
//****************************************************
// Return results
*pfCurrentRating = fCurrent;
*pfVoltageRating = fSupplyVoltage;
30

return TRUE;



break; } // Check for end of loop if ( fCurrent >=
SENSE MAX CURRENT ) { // Error. Light needs nore than

wo b@soeenum al | owed current // to reach the vPCT/&@§2005/000492
rating Set Qutput Connector (SWTCH NONE) ; return

FALSE, } } // Return results *pfCurrentRating =

fCurrent; *pfVoltageRating = f&2ppl yVol tage; return

TRUE; CLAIMS A lighting controller arranged to drive
l'ighting conprising one or nore |ight emtting

sem conductors, the control ley A¢ rising a current

source and/or a voltage sourcé and a current and/or

vol t age sensor wherein the controller is arranged to
drive the lighting using a substantially constant

curlent Arliggtingg@nmwlermrrmdatof dniyedighting chmprising one or

oo e B oS PepRESB RSb e, copprisng
the vol t ag@essdurtBandldiea Yofa SO REGEIOMPh @rrent and/or voltage
occurrence of faults in at |eaSt one light emtting
seni condsestsor wihierhinntheheontiajleriisgreangedgo drive the lighting using
a substantially constant current or voltage and further arranged to
either
10 i monitor the actual current passing through the lighting
and the controller being arranged to monitor the voltage such
that the disconnection of or occurrence of faults in at least
one light emitting semiconductor within the lighting can be
detected; or
15 ii: monitor the actual voltage across the lighting and the
controller being arranged to monitor the current such that the

disconnection of or occurrence of faults in at least one light

emitting semiconductor within the lighting can be detected.

20 2. A controller according to any claim 1 which is arranged to control
lighting comprising a plurality of light emitting semiconductors that
are arranged in at least one series connected string of light emitting

semiconductors.

25 3. A controller according to claim 2 which is arranged to control
lighting comprising a plurality of strings of light emitting

semiconductors.

4. A controller according to claim 3 which is capable of controlling
30 the strings of light emitting semiconductors either individually, in

groups or all strings as a whole.



detected; or ii: nonitor the actual voltage across the
l'ighting and the controller being arranged to nonitor

wao b@somieent such that the disconnection of orPCT/GB2005/000492
occurrence of faults in at |east one light emtting

sem conductor within the lighting can be detected. A
control l er according to any cl8m 1 which is arranged

to control lighting conprising a plurality of |ight
emtting sem conductors that are arranged in at |east

onegseri gs n
sem condlec g‘?@gﬁ% g%’r???o i erﬂgct)f@& %ltnlg glh}ﬁh is arranged to

whi ch i ssapplgrnpedutrent eotheolightigh by rapptyinp roudsesgoahe lighting.
plurality of strings of light emtting sem conductors.
A controller according to claim3 which is capabl e of

5 onBr ol | 'An%oﬁll}gllg{ ag{:]&%lr? té) Aﬁrfﬁh %mn!i tv{rl'i]i%h the %ulse§ Iare on the

sem tonductor s el N groups

strings agder \wifiorcughly omty Qif| elie d@ﬂ@mdh@glelngtlﬁﬁymwro -seconds,
precedi ng claimwhich is arranged to supglyth
current millisseondsghthowgansdthy il wi serawd drgdihise or a second,

lighti nggm%]ésf gpéﬁgg%:d' 89%&%519 ng to claim®6 in which

t he pul ses er of roughly any of the
followi ng | engths: mcro-seconds, mlliseconds,
t housandt hs of a second, hundr eglt hs or a_second, )
19 en7hs ofA goswolat ascoxtingrigsclaimcaner d lier whidkoigiasgpnged to
to claim5 or 6 i.n which ﬁarr to generate

oul ses r BERYHPIF PkEey ﬁoq% RS IR Sgﬁ ol l er according

to any preceding claimin which the controller is
arranged to drive the lighting at an initial current,
sen8e thé vesinteajleraecowdinghetol agiyt iprgeediugt claim in which the

Subsequegt It)(olrler 1S a@ranged to drive the lighting at an initial current,
15 sense the voltage across the lighting and to subsequently ramp up
the current until the voltage across the lighting reaches a

predetermined level.

9. A controller according to any preceding claim which is arranged to
20 detect the disconnection of at least one light emitting semiconductor

within the lighting.

10. A controller according to claim 9 which is arranged to continue to
attempt to supply a current, which may be nominal, to any light

25 emitting semiconductor that it determines has been disconnected.

11. A controller according to any preceding claim which is arranged to
detect failure and/or degradation of at least one of the light emitting
semiconductors within the lighting.

30



the current until the voltage across the lighting
reaches a predetermned |evel. A controller according
W e00809y1pr ecedi ng cl ai mwhich is arranged to deCECB2G0K©00492
di sconnection of at |east one light emtting
sem conductor within the lighting. A controller
according to claim9 which is @4ranged to continue to

attenpt to suppllé a current, which may be nomnal, to
any 1B ghtA coniroliey aceerdisgalrcdein Hek whicheiseprianged to detect

has been.di sco . t er rdi.n ‘s
pr ecedi négci:"?réi ﬂﬁﬂ%f %gf@agﬁﬁa#g)g% # Bfi‘%ags? eog)te gfaih?eu ?ig%t emitting
and/ or dgghadbadueorebyamehfaity tHeeveltagdgclosghhe lighting and/or

emtting sem conductors within the |ighting. A ,
control | 8te guorentlithepugh hiealighting \iindceomparang gheayrrent and/or

etect faij.ure and/or. degradation pf, the at | east one
f the | ivﬁh?geem P?ilﬂ]élagggffu o%&&g?‘toﬁgh%@g'neasuri ng the
vol tage across the lighting and/or the current through

the lighting and conparing the current and/or voltage
to 48. i niAt camtrodé¢mecdosdinghtet any ghededing Alaimnwhigh israrranged to

accordi ng to, any, precedi.ng cl ai mwhich is arranged 1o

det ect aag‘ieﬁb a§¥“%t O?é’gleg%n%neonms ighin pmitiing; pegiconductors
sem condyghieh $hMilRiingt he ighting. A controller

according to claim 13 which is arranged to nonitor the

10 npedance of the lighting over a period and further

arranged to use. a change of inpedance. to, determ.ne .
2getfy oft SHTaHStaRthr R AR Lo SR A monitor the
Wi thin t hanbd iRk Jthe Aigheitls’ Qvbr® F8f Bhd QurliReChhiBed t

14 in whi cﬁ the peri 8d 'S gf cheaoI%ger of hund?eds 0 ed to use
t housands ciangeuof imfiedanier &) |deteratioor ajjengg taf tHeaiom dadh light
which is arranged to &Jse Iight .

emitting semiconductor within the lighting.
15
15. A controller according to claim 14 in which the period is of the

order of hundreds or thousands of hours.

16. A controller according to claim 13 which is arranged to use light
20 intensity feedback to determine ageing of at least one of the light

emitting semiconductors within the lighting.

17. A controller according to claim 16 which is arranged to perform
one of increasing the voltage across the lighting and increasing the
25 current through the lighting in order to maintain the light output of

the lighting at a substantially constant level.

18. A controller according to any preceding claim which is arranged to
use light intensity feedback for regulation of the lighting.
30



intensity feedback to determ ne ageing of at |east one
of the light emtting sem conductors within the

wo p@hoingt A controller according to claim16 RI/GB200S/000492
arranged to performone of increasing the voltage
across the lighting and increasing the current through

the lighting in order to mai nt&n the |ight output of

the lighting at a substantiall, nstant |evel . A
cortdhor | &romeradied asgorbnay it LGP g8 el v aefinged to use a
arranged,. 4 | ' j f f
Fegal at | R fARpety nphdHeBREht Yo BERREhe Sliage across and/or
cl ai m l6écuarenlt8nwhe dightingainr@dgedo mintaén aohsigit intensity.
intensity nmeasurenent to adjust the voltage across
and/or current in the lighting in order to maintain

0 ant ,i nt ARY t e r.di t.On:anY:

o b ry Nl oshriBe bl hecR e iR Pfils qrranged to
forwar d mehiteg®odc tks Sotwerdovoleggehadroghtthe wirt édchglight emitting
sem conductor and the current flow ng through the or .
each | i gtemispnduqteyy andniheogurenb flowingothrpugh gthe or each light
accordi ng_t eceding clai mwhich conprises a
dynanicdgpvgggﬁégﬁégvﬁgg&ktch node power supply or

vol tage converter. A controller according to any
precedi ng clai mwhich is arranged to detect i )

10ove?heat Angprsroliar pecpsdingnto @nytprecedight claimt whisl comprises a

sem conduct or.s_w t hi.n l'ighting. control |l er

2ccor i iy Aeggply npaBslahfe, bEHoR hifiods ERNdrosuplly or voltage
arrangededri¥epfepi tor the forward vol tage of at [ east

one of the light emtting sem conductors in order to

detect overheating therein. A controller according to
22‘\{,?[2?2? Scio%?rq‘ﬂ;?ﬁcb%@""g“t% hantyhf)arelc}ec%l?ltg celg}r;ltvlvﬁll%h is arranged to

15 detect overheating of at least one of the light emitting

semiconductors within the lighting.

23. A controller according to claim 22 in which the controller is
arranged to monitor the forward voltage of at least one of the light

20 emitting semiconductors in order to detect overheating therein.

24. A controller according to any preceding claim in which the light

emitting semiconductor is an LED.

25 25. A controller according to any preceding claim in combination with
lighting comprising a plurality of light emitting semiconductors

controlled thereby.

26. A combination according to claim 25 in which the plurality of light
30 emitting semiconductors provide a lamp or other light emitting

semiconductor light source.



A controller according to any preceding claimin
conbination with lighting conprising a plurality of

WO p@hon7am tting sem conductors control |l ed t her BGGB2005/000492
conbi nation according to claim25 in which the

plurality of light emtting sem conductors provide a

| anp or other light emtting s&@ conductor |ight
source. 27. A conbination according to claim25 or 26

in which the light emtting sem conductors are LEDs.

[ eadf" oné 1ogingRnt 1eegr Bl IORRIEE 55 EBnpp ) B afhich the light

driving efftldgdéinienddtbrsadrel DEDsal current and
sensing the resulting voltage across the lighting; ii:

if the resulting voltage is bel ow a predeterm ned
4;ev§%3 I NGreasi na t he currfnt Esgd to drive, the : .
i gRPi ng? dAtEher of reqmicglling Yghtiug gomprising; at lgast jone light
theeﬁﬁﬁfﬂg‘éeﬁﬁc?ﬁ&ﬁ&&?c?xﬁpﬁ% gt:he predeterm ned |evel.
29. A nmethod of contro ng I ghting conprising one or
nmore |ight enittindrisary tentghting svicloapriniialgcudtént 4@ sensing

the lighting with 611 subs} antially constant current or
vol tage and noni t offenpsulting woligsr acesoteighfingit h t he

l'ighting and gonpajyd : W r
to determ ne %ﬁet hglr@lg %egﬁﬁh%lr g&g&réeglesﬁ%élpwagtp%g%gﬂﬁﬁled level
1bne |ight enittingirceedstan chectmrendasedi to drivé tie lighting; and
lighting is a,driven with a substantially constant
current the pdbanefepeatiagsieps, &ty iihc uatl thegesulting voltage

lighting and if th [ ' i ] hth a
substantial ly cons?%dna!tlg\%% p%éig%trﬂgh%‘g?e#e't er is the
current passing through the Iighting. 30. A nethod
accgrdi ng to claim28 or 29 which controls lighting
9. method of controlling lighting comprising one or more light
15 emitting semiconductors comprising driving the lighting with a
substantially constant current or voltage and monitoring a parameter
associated with the lighting and comparing the-parameter with a
reference to determine whether a fault is present in at least one light
emitting semiconductor wherein if the lighting is a driven with a
20 substantially constant current the parameter is the voltage across the
lighting and .if the lighting is driven with a substantially constant

voltage the parameter is the current passing through the lighting.

30. A method according to claim 28 or 29 which controls lighting
25 comprising a plurality of light emitting semiconductors wherein the
plurality of light emitting semiconductors are connected in parallel,

in series or in a combination of both parallel and series.

31. A method according to any of claims 28 to 30 which drives the
30 lighting by applying a series of pulses.



conprising a plurality of light emtting

sem conductors wherein the plurality of light emtting
w@essomeuct ors are connected in parallel, in BErG82008/000492

in a conbination of both parallel and series. 31. A

nmet hod according to any of clains 28 to 30 which

drives the lighting by applying7a series of pulses. A

met Bgd according to claim31 in_which the pul ses are

of Peughty metod aceardift i etadmg3 hdn twhigh yhepulsesiare &fBroughly

to 32 whi controls lighting conprising one or nore

LED s. A'program arranged to control |ighting

conprising at |east one light emtting sem conduct or

wherei n the program is arranged i : to generate an
i ni 8Pal Aurpeifiedt aceprding ttheany efachaimisg?i to 32 whiahg controls

em cond se the resulting voltage acorss
he |igh¥igléﬁn5%t%|gﬁ’é’%§sg‘}ﬁ S8R L P YF lf‘%ﬁbse sensed. ii: if
the sensed voltage is below a predeterm ned | evel to

cause the current driving the Iight emtting
sendéondécprogran aseangedr toasmrol drghting corhprisingrat least one light

arranged_to.cause.steps ii _and.iii until the sensed

vol t age %‘&bt§?1§rﬁeﬁ5??‘§ﬁp“@a?ra}”§e'ﬁ% ﬂlb"r BERATRMiSRIgangsde| .

‘A program arrangediof Sefe@ier & iﬂikiQﬁEhH@r\}\ﬁWﬁ{'i‘v@tﬂg d"&ach light
or nore light emtting sem conductors rchis

1Grranged to cemitingsenicqituchy aral bausdrthe evsuliing Witage acorss
substantially,c ggs}tgant. current and further causes a

paranet er assSEi M FIHIERE SHBIGONGHETOR GO S 35858 hni t or ed
d ih [ | ,
o 60 RSB S0, B AR v

the program usi ng the conpari so
a fault is preswethé cuatent eabtingnke lighbiendiig sé@iconductor to
sem conduct or, of the | igh(}i ng :
be increases; an
15 iii:  further arranged to cause steps ii and iii until the

sensed voltage substantially equals the predetermined level.

35. A program arranged to control lighting comprising one or more
light emitting semiconductors which is arranged to cause the

20 lighting to be driven with a substantially constant current and
further causes a -parameter associated with the lighting to be

monitored and compares the monitored parameter with a reference,

the program using the comparison to determine whether a fault is

present in at least one light emitting semiconductor of the lighting

25 wherein if the lighting is a driven with a substantially constant
current the parameter is the voltage across the lighting and if the

lighting is driven with a substantially constant voltage the parameter

is the current passing through the lighting.



wherein if the lighting is a driven with a

substantially constant current the paraneter is the
waelosaga2acr oss the lighting and if the |ightiPgr/iGs2005/000492
driven with a substantially constant voltage the

paraneter is the current passing through the

i ghting. A machi ne readabl e ne@g8um cont ai ni ng

i nstructions which when read onto a machi ne cause t hat
macibne tho rhaching oreadable hmediom r edritaining instyuations athieh when

1 27. A ti t |1 bst t ly.
Geser f bogbihntiac ArhcBOMt GitiseribaCmachiero Tuntiidhas the controller

the acco N 1o {§§27A nmachi ne readabl e medi um
cont ai ni gga%g?%u%]%gns whi ch when read onto a machi ne

cause that nmachine to provide the nethod of any of
Ia| 2 34. A nethod of controllin one or
rn%t dighinge fPREAHEE 1swbstantigly ot ideseribed and as illustrate

deSC“ beﬂet%‘?ﬁlg@lﬁa befoe, %etﬂe‘%ﬂc{:&ng%lggfxgrﬁnggf Q. the

acconpanyi ng Fi gures. Inere
cont ai ni ng instructlons whi ch provide the progran1of

claim34 or 35, Ap am supstantially as descri bed
and38s | A @%%Crhé’%eede%l Jahic r’@ﬁéWéfhdé’nlt@ntqﬁe lwewmywhgch when

F' gures. f‘?%gh%) o {I?a&ﬁﬂé r&Usg @Hﬁl@ {]op%\h F etlnethod of

nore InNg sem COI’] COI’]

1@:orrpr| Si agy af cluimsn8 soB#4ce and a voI tage sensor
wherein the controller is arranged to be connected to
one or nore light emtting sem conductors and to

I ni ggall t .
s S bSO obt 98 im B LEhTPiing, prggtucrons
resul ti ngubsedritdly, at hiesedbed Qnldets bﬂug’tﬁatfaélrivﬁﬁr reference to the
arranged, if the resulting voltage across the |ight

em tti ngResompagying Figurps.
15

40. A machine readable medium containing instructions which provide

the program of claim 34 or 35.

41. A program substantially as described and as illustrated with

20 reference to the accompanying Figures.

42. A lighting controller arranged to drive one or more light emitting
semiconductors, the controller comprising a current source and a
voltage sensor wherein the controller is arranged to be connected to

25 one or more light emitting semiconductors and to initially drive the
or each light emitting semiconductor with an initial current and to
sense the resulting voltage, the controller being further arranged, if
the resulting voltage across the light emitting semiconductor is
below a predetermined level, to increase the initial current, and in

30 which the controller is arranged to repeat these steps until the

resulting voltage substantially equals the predetermined level.



bel ow a predeterm ned |evel, to increase the initial
current, and in which the controller is arranged to
w0 epearIithese steps until the resulting vol t ageCT/GB2005/000492

substantially equals the predeterm ned | evel.A nethod
where one or nore light emtting sem conductor's are
driven with a voltage substantflly equal to the rated

vol tage of the or each light emtting sem conduct or
conprising nmeasuring the current flow ng through the

or ch lLight,emtting senm conductqgr,, using the, ,
meadar eat aafl waeidnets BrefRehiid: i, iBicopdupror's are
l'i ght  enmiytivbAGvitedl GOIPBECslstARAIQ[RR b Ghe Fated HSltage of the
the or each light emtting sem cohductor froma

current eowach Gighh ¢mitingt semicondector @omprigingmmeasuring the
grranged to dri.ve .,one. or i ght. em.t

| ting. .
em condGETERt Llosing ip5eiehythe ghfash et §miging symiconductor,
the rat e?ﬂi‘ﬂ@'th@%éﬁhré&&t‘rbﬂpﬁs ﬁiE: fddd Qyﬁ%m gon C6I°E%Ch light

wher ei n e program causes the voltage w ng throug

the or eembittingghé¢émeounductog smdvi theredfiier odrivingoahe or each light
neasured, uses the neasured current as the rated .

current PBITNRe SeMIiGORICIrgHFOmania (GUREPT o SPRISSd iRy the  rated
and thergaftgr causes the or each light emtting

sem conductor to be driven by a current source at the

10 ated current.

44. A program arranged to drive one or more light emitting
semiconductor’s at a voltage substantially equal to the rated voltage
of the light emitting semiconductor wherein the program causes the
voltage flowing through the or each light emitting semiconductor to

15 be measured, uses the measured current as the rated current for the
or each light emitting semiconductor and thereafter causes the or
each light emitting semiconductor to be driven by a current source

at the rated current.

20



