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PCT/ AU96/ OW©~3/18296 A PONER CONTROL APPARATUS FOR LI GHTI NG -
SYSTEMS This invention relates to a power control a H/ﬂ%@“%i ch is
particul arly useful for lighting systens, such as those enpl oyi ng
fluorescent |ights. 5 St udi es have shown that many buil di ngs, for
exanple, tend to be over illum nated by-present | i ghting systens for

t he purposes required of them Over illumnation in this way results in

a wastage of electrical power. Mst often fluorescent |lights are used in

lighting systens fAPOWER CQNFROILAPERARGSTUS BOREIGIIING SYsteigOf thei r

increased efficiency as conpared to many other 10 lights. S0, the
rel ati onshi p between |ight output and power required in a fluorescent |ight

i s non-li ' inveRdon el st ST LA sionificant decrease in power
usage by fl uor escent (%)z?gﬁ)tvs ca%ot)%?paaéﬂ?sevg’ﬁhﬁ PHHGvlatdy é'é?ﬁ’b&sélxgtmgl y
not i ceabl SY¥r@mAgwchas thogh employjng flucresteAptights, | nst ances. However, if

reduced power is continuously supplied to a fluorescent |ighting
system the lights may experience starting difficulties, such as increased

flickeri n@tididstha ' : Life s of the lights.
Fulrt her Im)?;e it ﬁﬁ@h&bﬁltﬁ@m‘%@%ﬁﬁ%? Xy % ﬂ°§‘ﬂﬁ’%‘e‘?/‘@f ‘l?“mllngﬁdtbﬁmreagiit t he
lights, akehting systemsyfor ithagpirposps sseutiredhol dsind! Do MididacdSR by fifs 055!

y

r to
alter the i ght output or _the power consuned there rom & e & o
centraliséd’ a\“c?@é?? giﬁctnca powery %&egwuﬂmresmt lightsaremsed amlighitnganitems foher e

I's provi dedgebyilaigs, féf’&iahﬁileéﬁgﬁ%%"f e ﬂ&e%?eﬁl %fﬂ%{xg pﬁj%g&%g% é&% gl;lugrg:

a pomerlgvgrglinat iA(in gﬁeans cogml to recelve a
el ectri'ci S. Alsm thorefationship betweien dighedhtputQisnd ety Rtfafr AC,.

el ectrici ;s)émggﬁne%perﬁti n? an electri f?u pu I o?g ggrrpri S‘?ﬁgﬁ gﬁ“ﬁ%%"é‘f“éwe
i ght : »RBR s P?Fgfﬂwfga&wgwﬂmt@emgsednmr asdge by hidessREs O
t he i nput ligitsein 68 BélsSvedDwRtHM Q, t_power, spurce to produce

noni toring signal s; B ch}'gﬁé’?ﬁg‘gyyp‘?@%m@f ﬁg"‘%ﬁéﬂi‘gb Wdn many
recei ve sHISEGSHi Homener, 3f tpdated powlercisugntisududly supPﬁé’ti.l to BPerestal i%g

nmeans so tCEIDﬂfe ntrol said.power varjation neans to vary sald out
power source Be @Q‘# 3y, HeF Sfativgdiffienities, suvh aaineraasod flickeding time oW Rich

ti meds ceurbate i 1508 spar i ' be. 3f8kel o, pd Etday
TerDry. St ot g Son o aotane fghip” REARGHIR, FRRTbe ity pdiust 6 bigkedavelg

menory storing control paraneters a _
output of the lights, and in a large lighting system installation it may be desired to alter the

light output or the power consumed thereby from a remote or centralised location.

In accordance with the present invention there is provided a power control apparatus for
20 lighting systems comprising: '

a power variation means coupled to receive an input power source of AC electricity
and produce a controllable output power source of AC electricity for operating an electrical
load comprising at least one light;

monitoring means for monitoring electrical parameters of the input power source

© 25 and/or the output power source to produce monitoring signals;

a digital processing means coupled to receive said monitoring signals and coupled to
said power variation means so as to control said power variation means to vary said output
power source between a maximum output level and a minimum output level;

a timer coupled to said digital processing means; and

30 a first memory storing control parameters and coupled to said digital processing
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means; wherein said digital processing means iBCHAUIHATOVe to a
condition of said nonitoring signals to control said power variation
means.to produce said out put power source at a first pr edet er m ned

| evel for a predetermned time periog.and thereafter to reduce said out put
5 power source to a second predeterm ned | evel, and wherein said second

predet erm ned | evel and said predetermned tine period are set by said
digital pessgssi ng neans according to the °~ control paranmeters .stored in
said first nmenory. Preferably said stored control paraneters include
i ndi cati ons owhereimcaidatigitah prbcessimg meénstis yespOnsiveckoar codition of sifdoridsing
correspondi g val ues f.or said second predeterm ned | evel, .and wherein
sai d di g?‘{%q k?r%?é‘gfé’i Fﬂg PRWST Yarjationducans io produce said gutpntpowexsourse gt a first

pr edet er plee@rhineB deve! forPh pfk@étéﬁ%eﬂéﬁxﬂ@)éﬁri@& \a/fé‘#fgie%r%a?tg(rf gﬁpﬁ%ﬁcez g#:g Epi PS

predeterm ned | evel to the"correspondi ng
15 I n & povefreoureeito sacnnd preleteimined dével) and twhessis 52id Becont phédefcmied 1ével

coupled to t digital . . rocessi ng nmeans,. and the digital processing
neans i s s@%e Hfaiﬂgw*‘\‘i‘éﬂ%g%{m ﬂﬁlsethﬁ\ﬁﬂd it&t@lcarwssmg mepng aecopding tocthe one
|'i ght  se@sffol parahifer@RdfedGh sai@GSAREmbRE Second predeternmined level. In one

formof the invention, the apparatus 1ncludes a plurality of |ight sensors
coupled to said digital processi ng neans, each producing a respective

detected,l ight. | evel value, .and whergin said 20 digital processing neans is
oper at i v%rek%&%lﬁ saig %?’8350%91@&{%% é?"é‘@fg @#‘@Wd&@&ﬂ@@ﬁmmeg times of dayy el
val uego odhd/bedPRSoSwe & gllrg% &3REE by Said Bl i factors stored in
sai d rrerm-rd;{, Q’%Ssai da%liagi téal ngiggsi nggzg%%sﬂ\gg%ﬁg ﬂr}gdscb s? ek.’f'%}’taﬂ‘g
wei ght edwhereinsaid digital processing nmeans! iscespomsive to saiditithes aonndipredasiinediinges

her, conpri ses an input port

| evel . bl L
cg\tjgl ed ?%“5"‘??8%}&? ré‘%?%#f ﬂ%‘g‘g‘@?@gar aid gﬁ‘iplfeé?teﬁe@eﬂ {avettotbeeomsperdinginds,

wher ei n wdhdlsteiediih ShidRiRGHS| NY Means i s responsive to a first control
command to change said stofed control paraneters including said second

predet erm ned | evel . 30 Preferably, a second nenory is also provided
coupl o the digital processi means for -
P ?9 Itn a pre erted forin of the ?nventr}gn, atalr;ast one light sensor is coupled to the digital

processing means, and the digital processing means is also responsive to a light level detected
by the at least one light sensor to increase or decrease the second predetermined level. In one
form of the invention, the apparétus includes a plurality of light sensors coupled to said digital
processing means, each producing a respective detected light level value, and wherein said
20 digital processing means is operative to calculate a weighted average of the detected light
level values on the basis of preselected respective weighting factors stored in said memory,
said digital processing means being responsive to the wéighted aflerage to increase or decrease

said second predetermined level. -

- 25 Preferably, the apparatus further comprises an input port coupled to the digital processing
means for receiving control commands, wherein said digital processing means is responsive
to a first control command to change said stored control parameters including said second

predetermined level.

30 Preferably, a second memory is also provided coupled to the digital processing means for
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storing performance data, and wherein for each power vari a?%’ﬁt?ﬂo@a‘?d
out put power source said digital processing neans stores perfornmance
data i'n said second nenory. The performance data may include data
representing the output |evel of said3output power source and the tinme
t he power variation occurred. 5 In one formof the invention a
plurality of power variation neans are provided coupled to a single

di gi tal pslotiog periormanan datayaridwisaein fop¥dh pover dhriATonda %@M Eghhged
ren

to supply. .4 4:. kLS _Out put power source to a correspondi ng di

electri caFaIFog’&ltaf qucﬁ?sgng: 1y $toxes gerformance data dn giaichiseqondcmemmiony MBS
i's pref er pafornAdeddRemh incRidk & e_power variation neans 10
separ at el galgccor di ng toydi ffer ehﬁ%??@%ﬁﬁ%?ﬁg‘\i@%%m said Qyinut pawverspurce

| evel s.  and the time thopowenvaniatioh ogcuyeed, vari at i on nmeans may be utilised in
t he invgntion. For example, the power variation neans nmay conprise a
vari abl & transforner, wherein said first predeterm ned . | evel

cor r esponsontefotm! ot : . ald fl.rst predeterm ned |evel.
Al t er nati ve(l)y, 15@;%%1&15%5\%0&%\,@?'&3& gﬁpon»ge NEIRHOR MEARY e Provided eoupledite a a

wavef or m singlefdigital poocesking meanss with each peweBvatiatil I tifier
(SCR), wh?s:]ei n tt he difference bet vve?ean _Fheef'i rgrbgggvigg?g{r?g aln%ﬂgwt% Shpply
pr edet er ni WEHPHRIRFLSONEe 40 3 comesponding differeny electrical loardg In thi caffigubioSRew t h

respect t@igithy : ' int .of the AC electricity input
power sour (g:ie. Ebro%egs i}a%k%égflesfzrgéfragyf%@%&%tggﬂ’é lrﬁ?ﬁﬁf’fgﬁ,l’% Yagatigarmeans
var i at #@rscperately eovqyding ¢ diffevant icakibsponding e A e dREmiRt YT €1 N Sai d

first predetermined |l evel corresponds to a larger AC voltage t han said
second predeterm ned |l evel. Preferably, said nonitoring neans nonitors |ine

| t : i .0f i i . s i d t
et er o e Chos bl of iviés Vaciiorteltnd MBY be BEHEEA 7 Bhe Rkrusion. e examae: e
processi rRPWrsaatation medapmay|cemprise atvatihblé Ghabaaws wire ak@fi{s?ﬂreﬁgtgﬂggﬁ;g ,

vary the ,out.put power source only at |east substantially at a" sal
crossi ng @fﬂecprregpon tQ.a fprgrr Afe valtagerfhan B9id finss predeteriingd levelt Adtemndtivelym

the preSahé pewaSatibGeiths g‘g&g : of the Jnventjon provide for a
power contrgl appar at us anﬂ? ca ékozfﬁrlnglg’aa%v‘?f o n device, such

consunpt iasre silicem centrtled irectifier (SCR); welereis tie dibfeRnes Geffeeh ki
When a con‘g(ii tt'_on. 3(2 su&h af the turning on of fluor esceer‘;'%x @gﬁ?gmf%"%ﬁ]
det ect ed BBYCEREIRgd leveisi 15 sifreted by varing ther fising:time of the SCR with respect to the

' voltage zero crossing point of the AC electticity input power source. '

20 In a preferred form of the invention, said power variation means comprises a variable
transformer, and wherein said first predetermin_ed level corresponds to a larger AC voltage
than said second predetermined level. Preferably, said monitoring means .monitor's line
voltage and/or line current of said input power sourcé in order to detcrmine the zero crossing
times thereof, and wherein said digital processing means is adapted to control said power

~ 25 variation means to vary the output power source only at least substantially at a said zero

crossing time.

As can be determined by those skilled in the art from the present specification, embodiments
of the invention provide for a power control apparatus which can be utilised to reduce power
consumption of an electrical load such as a fluorescent lighting system. When a condition

30 such as the turning on of fluorescent lights is detected by the monitoring means, the preferred
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cont rol g’ﬁ’p’éﬁﬁpﬁs responds by increasing the output pomerrg&}%@"qﬁ a first
predeterm ned | evel (eg mexi num avail able power) in order to facilitate
starting of the |ights. After a predetermned tinme period the output
power source is then reduced to a segond predetermned |level in order to
conserve el ectrical power. The second predetermned |level 5 and thus the
anount of power saving, is adjustable by way of an input port for receiving

power t OW% : n t ' , S

adj usteop(%gé}t Egﬁtlr(ﬁf ences ﬁ%gaﬁﬁe&c?%gggs?{eghéﬁ&agﬁg se ec?{é’dgt fifrrsés of
t he day, predetérmiriesidpveb fog maxinmwni ayhilablepower) ihordér to faﬁﬁamumin%ﬂb'theﬂightd. ght .
10 The inyention_ is desgr,ibed jn tgr eater detail hereinafter by reference to
several @fsbaipredatermined HEeRAriod, the Quipkt PIWSY soufge &t theparducedita & sreond

acco rrpafgﬂe&&e %4 N1 in'W18Eb Ronserve electrical powedUThe %%éggfl %ﬂe&%?&ﬁidqg&e?m of

a power ontro appar at us accordi ng to a rt1rst e
Fi gur es 2aridthus tht ambuntiofipowensating ipadjgstabloby way ofxpisgut pust ferecéisingponera

second enpodi neny ; Figure 3 is a hlock diagram of a power

cont rol ¢Aspateammands Theipscgnd predetemmined levelanayoalsorbmadjusted by the influgncgofe 4
is a fungii I ' 4 L It ' fOf: €0 lling a 20
m o1 opr ootnet Bpug, oh S 806G bgRt of che i br h Bpbbd¥ Rl ligh Whidt Whitl © ©
5 i s a binesduredi amgbieninlight.ustrating a further enbodi nent of the invention;
Figure 6 illustrates an exanple of a power device for use in enbodi nents of
t he i nvention; and Figure 7 is a timng diagram 25 A '

pover 1§ ogﬁéﬂbemqg g&&@:ﬁg hst%ieAtw&étm iﬂaﬂgﬁt))gib&rf&eﬁcé {3 smé}%ﬂﬁ%@ﬁ&f orm

coupl ed between el ectrical 1npu ower source 4 an ne or
mor e el ethereof illustrated by Gvaysofeirampledn the ddcompenying trastings| whéesige | i ghti ng
system or the like. The power control apparatus 2 conprises generally a
power variation neans in the formof power device 8, and a digital

processi ng SOpad'S R'BUIbA diaralfh ©F W pOWES Etirdi dpphiatus’ Recordifiy BY W hirst V! C©

8 is coupled t
embodiment;

15 Figure 2 is a block diagram of a power control apparatﬁs according to a second
embodiment; o
Figure 3 is a block diagram of a power control apparatus according to a third
embodiment; |
' Figure 4 is a functional flow diagfam illustrating an algorithm for controlling a
20 microprocessor device in an embodiment of the invention; '
Figure 5 is a block diagram illustrating a further embodiment of the invention;
Figure 6 illustrates an example of a power device for use in embodiments of the
invention; and |
Figure 7 is a timing diagram.
- 25
A power control apparatus 2 is illustrated in Figure 1 in block diagram form, coupled between
a mains AC electrical input pbwer source 4 and one or more electrical loads 6, such as. a
fluorescent or discharge lighting system, or the like. The power control apparatus 2 comprises
generally a power variation méans in the form of power device 8, and a digital processing

30 means embodied in microprocessor circuit 10. The power device 8 is coupled to receive the
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mai ns el ectrical input power source 4, and provi des at Ieagp%r?gﬁlgqﬁ'but

power source 9 provi ding power to the-at |east one |load 6. Mnitoring
circuitry 12, 14 is provided for nonitoring electrical paraneters of
the mains el ectrical input power sourde 4 and output power sources 9,
respectively. As shown diagrammatically in Figure 1, each of the nonitoring
5 circuits 12, 14 receive signals which are indicative of voltage and

current (T8 "; O e o el propidesa dast 00 ol PRt Vol ¢

appar ent é OVE Hog ngErl F‘* gi(? %nle$#e0n3ﬁ9?3§ac$ff°8$to{i% cirenitty k2, 4 isiprovideds for2,

14 T - ; - o y
unitdrimgeluctrical paigheteld of AR él@&tﬁc% Ii:%g&k ré;l; sé%?:é 3385 BHWH@PQ‘ﬁﬁﬁiut .

conditioning circuitr and conversion

to the di$puress %rrsméi'ﬂu- As shown didgiammatiratiprih Figurs i198adh bEHR! Honitingnd

format sg d:ndi [ the voltgges.apnd curfents nonitored.

Anal og- % oél%glgﬁg?%ﬂﬂg%%@vg rSEI Wh‘a’g‘“ﬁ F‘%S‘E?i“{’? Yoltags and quiment;flowt of thetinput and

moni t or i ul powdrssolizces, rtspattivé e Vi riate ., .inputs
to the dinglitgal p‘Ip.)mr’_ocessierslg (s:llbdrétt:lui %r(x)ci Brovidd ing%h{gr}g%\?g@{aggfﬁcﬁg%m% &I y
pr oxi des =h4fe s villhe appateanhtp thiose skilled insthp airt, escl of thllilmonitﬁﬁgé Eﬁ%lfi{'scﬁ 14oads
6 throug ut power. sources 9. Several nmethodS of varying -
the - %c?&%?g%%%? F@W%g%@?’@&ewa? E‘[SM apd ¢prdiomng eircuitwy)| andaohversiond

t he part icizcuitry fop providin )W & L.k sdepend upon f he power
vari at L(gn thyod ? I ngg@ uIt:sotrO %ﬁ%ﬁ%ﬁ%%ﬁ 'm%at}% aP%’&B@?‘ﬁé‘&‘_’ﬁ epeisier
utilis aﬁa‘%afm%al@anse efdhe veltaggs arideurronty nunitorede Qiresk (6L digHa cohvbrsion

t hat casey . | 8 may conprise a voltage reduction transtorner,
and it i ?“S{r’%?ﬁ grié%{”{'g‘%\téhg‘f‘hﬁ?é°‘¥‘r°éwm 12 Jéin ordes te prgwidodhe aprabpriatef
vari at i oringnss tethe digital progess gt 107 PUt vol tage down to a fraction of

t he input voltage such as 50% This can be achieved through the use of,
for exanple, an auto-transforner of conventional form which has a

pluralit f .t a a or 1,5 continuously variable. In order to vary .
t he out pmhg\/%?‘},earg%eq)(l)ée ?fpﬁl&%ﬁgpmwﬁe% A IREINS FoE (varying the ppwer supplied touhed

fr om okfe eleotrivellbadss thfough eAdhE th¥H Eﬁm}%g u t he ,physi cal
characteristics of .the transfo%@ggﬁs e ac |&/§§%‘F§§W§ﬁﬁ°ﬂ§f’{w&ngﬂ‘ﬁ ough
el ect ri cBPWEhFERpkied 4o theroupput power seudisl § ammpplieatle, aad thOSSiGHAT foisl df?hé he

0

t that s \ hani cal venent s, h b
St eppor Roves SULERWHA dBhond yepiThe BNyer yaren Bidischcmployor ox ampte, e

achi eved way of estlueitig the powemiilized 8P d 164463 . f.inplenentation are
not " i.ncl uded here gg as to avgi dc obstlﬁléé@&giec@%‘?ﬁv ICeeXoltagey Iy of

the i nveH@f eafe, thppower device 8 may comprise a voltage reduction transformer, and it is preferred

20 that the trangformer output voltage be capable of variation between at least 100% of input
voltage down to a fraction of the input voltage such as 50%. This can be achieved through the
use of, for example, an auto-transformer of conventional form, which has a plurality of
voltage taps or is continuously variable. In order to vary the output vbltage of the auto-
transformer, the output tap is moved from one connection to another which, depending upon

- 25 the physical characteristics of the transformer, can be achieved mechanically or through
electrical switching. It will be readily apparent to those skilled in the art that the switching or
mechanical movements, such as by way of stepper motor, required in order to vary the output
voltage can be achicved by conventional means, and thus the details of implementation are not

included here so as to avoid clouding the clarity of description of the invention.
30 '
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Anot her mﬁggiz'g”\m ch the power output of the power devi c ePEHAURNOOGTY | o
fromthe input power source level is through the use of waveform
modi fi cation such as may be achi eved utilising a silicon controlled .
rectifier (SCR) or thyristor circuité6-ln that case, the |evel of out put

power fromthe power device can be varied by varying the firing tine of the
SCR or 5 thyristor. By increasing the firing time with respect to the zero
Cr ossi NgARGiter way ih WhictPthieGRwer oupRYBE the Hower WEVice 35n i | the's
possible to vary the povveGCgel i ve‘?gd to the Iroadx 6 at Yift@\r({gltu% E’ogiu{hgdﬁpugf t he
pover deR9wer spurceHevekds thrpughntheiise lof wareformimegificationafuch avasf sy sohieved

hose St fifich bl 1tBRe RRID ACliytionclbil liohronse: derbrelor ©
The powesutgenponer Erons thePomice devie &ii?%éj{r&iéd%y Wrﬁﬁ? iﬁfgﬂnp%hﬁﬁlﬂﬂh{érgﬁ)ﬁrmy

of a power control circuit 16. The function’ o wer con

ci rcui ® thgrister.pBy Aegreasing the fisingitime withrespbctdo greadeso crossifig point btheisairca!
For - B iRt AR a K BRI By eHoPopmilved ot oads asben .
wher e t heutpawef ke pt i8e @M ' | iR kil AD

ere t?mNB bwer HeviBe @0 MThe SAanrier GAMwhieh Ote ﬂé’élﬁag/lhﬁ bf tah\fy%YJegﬁrx? he

auto-transfornmer whose output is controlled mechani

use of amedifiggion cirsuit pf the typeedespiibed willelsmbwereadibynappatent ko thoss skilled & tgdapt ed
to t . | ¢ l.evel. cont.rol signals output fromthe digital -
processi%g%??%u%i’%gg%&ﬁsﬁ?e%e%é?gs{gpt cal . signals for operating the stepper
notor 1860 as to vary out put of the power device 8. On the ot her hand,
for different enbodi nents of the power device 8, the power control

ci rcui t rheppwenderice 8 is caypledde chenggitalmacsging)eimuicm poway oflaipbwehcontioli t al

Conpr  sebufiaBy Sk Fbhf Gt e Sopteoh iRy IR s pripantit seeive, gqnim gl o
only | ogiroml thv digital givebsinghdifchita0tard thRG1afChbéAE a%ls ftft%ﬁﬂ: foPmS%J&Jd £0f.

signal s may be provided directly fromthe digita rocessing clrcuit
10.  25conielligg theipowepyasiation iofi the iowsn devic® 8 nigr example, seheaeithepowen dbvice

digit ' | { L Ve asuch- as a Jni croprocessor, or .

mcr o?o n?{xgﬁﬁggé %lgorngill'}l{@gb'rv%ﬁge Prstranstammer ¥ %PE&’BWSPBF‘"‘?IP‘FHLH“’%% put

of si gnahsoughnhe uBeTof ¥ steppersindtor W@ the ke, ' it 48138

exanpl e, angg251, m ce?gz:ont roller ci rgkl}??b%v\“:% mc?x?ﬁ':tt)gﬁrlgggf %%é% by

t hose oftrangaelogip levalcoatrel signals ontputfromdheé digitgl processing cirewit 10 intd klctticgl t al
rocessing circuit 10 30

Fecor vodtntfof Ypbraife i thEat bARE S0 dlF xarvcoutit BB Bovisicoriee @l put s
control cthgriahd, fof different embodiments of the power device 8, the power control circuitry 16
20 may not be required, or may be incorporated in the digital processing circuit circuit 10. For
example, if the power device 8 comprises waveform modification circuitry such as SCRs
which require only logic level signals which are timed accurately, then those firing signals

may be provided directly from the digital processing circuit 10.

- 25 The digital processing circuit 10 may comprise any suitable digital processing circuitry, such
as a microprocessor or microcontroller circuit or the like having provision for input and output
of signals, and memory for storing control algorithms and data. For example, an 8251
microcontroller circuit, which will be recognised by those of skill in the art, can be effectively
utilised in the digital processing circuit 10. As mentioned, the digital processing circuit 10

30 receives input signals from the monitoring circuits 12 and 14, and outputs control signals to
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t he power device 8 by way of the power control circuitry 16?%8%&?% al

processing circuit 10 is.al so provided with a progranm ng input port
18, an output data port 20, and optionally I's coupled to one or nore
di spl ay devices 22. 5 The digital “frocessing circuit 10 includes
processing circuitry which functions under the control of instructions
stored in menory circuit, preferably a non-volatile formof nenory,

RoRE PRReRfevisn iy way

such as P _ therpewver cangrol eirguilny&ﬁ.ed‘haeigitaﬂﬁgcgsﬁ%%ﬂo
Is al so : ' ' such as RAM. nenory for storing contro
par amet er slo(ls\ﬁllvsg #(;rﬁgew 2 %@%{!’éﬁ‘&/mﬂf P%%'H"é‘ QRN daterront20; end ogit@nalind
storing dds ecupledto anetgrihore disphiy divide§@0ut put 10 port 20 or display

device 22. The primary function of the digital processing circuit 10 i's to
act I n accordance with its programmed instructions and control

par anet > : S. for » | nputs recejved fromthe nonitoring
circuit ? ?-Zb,eat%gu% ' pfsgg’%a&&%uﬁglq Wﬁh‘fd"b Qeessing gcytyy twhich functions nndertthe

power devicontrd of asttuctiony stotedanth ddenid?9 cﬁ%iﬂ?riﬂﬁﬁﬁj a 9%%%@1“%#%&% e %33&5 a6

- through ou# ut power sources 9. Figur

control afych s &M}(#)R?% EPROM; SasipRAMoxbattery backed RAME Uik ciuit 10% also
al gori t hmyidds | fl hart djagram of Figure 4 in practice
wogl d be rﬁéﬂw ﬁ‘qu‘ﬂr?g %‘E’%ﬁs%&gm& tﬂfg@qns chntrelparametersy(whichenay be by
t he m cr opeceieesisfioomalie plograeitg' and/ ' | ternative the
di gi tal, processi n_gm epiql r cui {Hrgyﬁ{do oaﬂﬁéidg%#;%fds@ b}noﬁl?%'ﬁﬁgmféh? gufput
ci reui t19 PE%%O 6F dibplay fevies 22 Theiprigiary fimetiorhaf the dighalgRoédstig &ﬁbfuipgo i&qg gct

or t he

wired int . loned..in addition to nenory storage
control i %lls%%{:{alhag%gﬁ&tlﬁgﬁ} ﬁ?ﬁﬂ”é‘i“ 155inuckions apd eontrol paranistess,cindronithy basisof i S

provi ded wipuls received ffofiythe bhRe8n# ef; whi ch be
received, for exanple, by way of %héc'ﬁw%?gaggmgg’%ﬁm ‘g.p(’%’ §Qat tool
par anet er e4ioh thepoerdevice §; endlinyparticulpr the @atgun power ditticted8 the loadi6!ltfou

typi cal | yoiag : . data.indi.cati ve of a reduced operating power
| LDLE 3] o ouet Pg”g%’ss%“éﬁe@ﬁ To TguE 1 illyskates janpexample of appantrel aigorithm for the

t he nuribemicropsdcepsorlzehitblegirduitel 0, CTHE gf%oﬁﬁﬁﬁ Sl g\%@%e 81\;65(';1@%?&%@[ h@e (;fnm |

operating,.. . . power |evel. wher e power
di scret e SiEusst in practice would be embpdied de insgructidnacodeestotedas nién&ﬁ"ﬁ&lexéc%hed
remain atpd yhd L evel -befor . decrenenting to the
r educed ou_’f put m%ﬁ’@&?%@%@f miggocontrofies, altipuah o) an alieransive e digitalprottssing
anount of cirpitry I(Bﬁbulﬁﬁﬁmﬁﬂss b pRgrafEigele fl@éic u}@ui?ﬁslﬂﬂtor the like, in which case the
algorithm may be hard wired into the PLC. As mentioned, in addition to memory storage for
20 the control instructions, the digital processing circuit 10 preferably also is provided with
memory storage for control parameters which may be received, for example, by way of the

programming port 18. The cpntrol parameter data stored in the digital processing circuit 10
would typically include: : ' |

data indicative of a reduced operating power level for the loads coupled to the control
- 25 apparatus;

the number of steps between the reduced operating power level and the full operating

power level where the power device 8 is variable in discrete steps;

the time delay, when new load is added, to remain at full output power ievel before
decrementing to the reduced output power level;

30 a threshold value indicating the amount of new load that must be added for the output
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power source to Be switched to full out put power, and PCT/AU96/00670c i e
interval to remain at each step where the power |level varies in discrete

st eps or, where the power level is continuously variable, the
total tine to reduce the power -8- | evel fromthe full output |evel
to the reduced output |evel. 5 Referring to Figure 6, there is
illustrated a sinplified diagram of an auto-transformer 40 whi ch nmay be

utilised in tpewppssicelobedwithe tocfill ilipie péwePbnd e Present invention. The
auto-transformer 40 is configured to receive nmains input voltage V[err] at

tP Pe p ]r i mar >F/) [ t Eietimginterval to Ien@nilé@ffe,ac_bmttlphm_rrﬁﬂplpomt 1F?vy1 w#jric? &pgi[séxetb]edté Od
err to er I\ . I na . A t S err 10 err ar e
coupled to r eg%]&': e?c\r/tgégﬁ‘%%tqgv%flé §°’ﬁ5\“9‘i‘ Eﬂaﬁ’be'ifert@fﬁ[]f“%ﬂ’m% thespower

si ngl e out put le¥él from the Eslhoutpsriewa $o ﬁiéreaﬂoe%uéga{ fesge Vlerr]. The

mul tiplexing circuit 42 is constructed so as t coupl e one and only one
of the5inputs t hereof to the output 44, in accordance w th a comuand

By vy oRCirEiEtE Fige®, Bt Bruoeated Aspapiicfipbhm o snAdectomtomerd0
enabl e veahick manbe utilised i 4k d I ﬁ%doagﬁ E A 0%, 100%
V[err] tgl&SO% ?/ﬁerr] @ 10‘%1“5%%%?3 Accor |%né¥?€&%%éé£ﬁtﬁg%&t fT\"’SI t age
and consagfocisnsiommpeAlis corfisumd te recsivephainsiinput wdlage t thaprifaryesmimnalsby
changi ngg&ﬁ% tahﬂﬂﬂé’ 1Bl & t V\,ﬂi E vol%ta e ou%é}g?,ﬂﬁ ne 1éiltéllhi s coupl gd. As
ment i oned, o8 #_s achi K%Eab[e F‘_g yi? 5ﬁ8‘9§f§8n _ Fﬁﬂ“ﬁ’?ab?-e'&l_impizfﬁétﬂst 42
on corfraamt éoupled terespetive inpRits6es iulSpleAng ci&ii 42 %ichTﬂE_aS%@S Yulishe g om
one tap tg,another is carried out at the zero crossing poin I me of
t he i npuWhich prayidesan eptprtivalisgeYorp Thomoltiplexing cicauit 42tisconsthiced so R30i N

t he out rm.ther avoi di fhe introduction of noise

i nte ot hﬁ”%’a’l%'%%%? °{‘1P{e°np %@% %i‘g"é‘."‘?ﬁ%{; the output 2134 @&cﬁ?rgfm‘mh # semmand

out put  pimpat 46) providedCiathriutice fon e it Er(%c@d Yo, @ time, wth a
al de

delay in between so as to effect a grad ease i h output power. On the
ot her hand, 25 when it is necessary to increase the output power, such as

t | i i i f t 1] whi ch have b
ciea 1T oBY a9 Rngl, (RE ek P2 i may bt tEnaEd 553} ta sl varigton of thepupago e
to its neoltagsi,Avithiche mgawabb%ev,{, b 80% Vhan 1&)%35&%@};@! choﬁina%g, 'tSL gure

7 illustrates a graph of output voltage referenced to I nput Vo or a
pover coHtPBY valtags And consequently thei ouiput pewee supidiedde thé 1dade cin/ pe valiéd\By i n

Figure 6clﬁH§ihE the Wilsfirki2l tap\m Which voltage output line 44 is coupled. As mentioned, this
is achieved through the use of multiplexing circuit 42 on command from the digital processing

20 circuit 10. The switching from one tap to another is carried out at the zero crossing point time

of the input voltage waveform so as to a§oid significant discontinuities in the output voltage

waveform thereby avoiding the introduction of noise into the output of the power device. It

is also preferred that the outi)ut power be reduced by only a single increment at a time, with

a delay in between so as to effect a gradual decrease in output power. On the other hand,

- 25 when it is necessary to increase the output power, such as to enable starting of additional
fluorescent lights which have been added to the load, then the output power is preferred to be

increased to its maximum as soon as possible rather than incrementally.

Figure 7 illustrates a graph of output volfage referenced to inpﬁt voltage for a power control

30 apparatus employing a power device of the type shown in Figure 6 during operation. When
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first initiated (t[err]) the mcroprocessor controller of trk%"‘bmp"'eontrol
apparatus sets the output ~voltage of the power device to maxi num

vol tage (rmaxi mum power |evel). The output voltage remai ns at maxi num
for a predetermned tinme period T[err]s-after which at tinme t[err] the
voltage is reduced by one increnent. This reduction by a single
increnment _.corr.es s, for exanple, 5tothe multiplexing circuit 42

swi t chi ng ﬁﬁ% é“‘%%ﬂ&g thegnicsapregessaricontrolderaf the powdraonirbledpphrag: &%th Bﬁ%ﬂ -
The out p“%lv&k‘«bf‘gﬁgom&?ce%# t VO';&%Q for an interval T[err] before
bei ng decrenmented once 1) fmye Baxmyn) ppwesdeved). t Ehgcoutputevioltage
constant fepnainstet maxirmun Sor alpredémiifedRing Beriod %?&E- ted again (at time
t3). By thi %ge the output _vol tage hasq,frelgcglé' ) |wﬁa§q@%ﬁﬁ%‘§°wgﬂs 70%
of the i nfﬁﬁlfs‘cbﬁ X 98k Ingreanqnt. Thisredunsion biyragsingle ﬁﬂmkgémrdm&ﬂgdﬁgs,%r °%£“J§}P’e
pr esent 5eARPGIt cirelli t.voﬁsa e corresponds to the desire put
power | evel for mﬁéegﬂﬁov\er ‘g?)%w?hm% é‘?’&?‘i?é’,‘m of outpyhking 4 fromap Bytcptap P,.

vol t age rTEhmoutputtoltabererhaineat thitivony i rement ed. \Wen
additional |oad js added, such as byé%%ﬁtagﬁ?tgguag?%ﬁgﬁ%t °%$°°me

lights, tRE™OAt SHRe & Agdisl thageoliage irmaina samistagiafor the nfeevaTeHi Bbidre bei
(illustr PP Y agd .t.hereafter the output vol tage returns
toits qﬁggcrgé'ﬁttéq a@’é’léﬁ%@% }é?naﬁy é#“ﬁgir b ORPLEVRltage hpnzesched; lints aadiplé,onal
| oad 15 70% efithe dnpunvél Bdrrd¥Pondi mﬁﬁﬁtﬂ?g | 0.t he above exanpl e,
t he paFdamater dat a whi (t?%e%ght tyPid(]:na%tloy e s_é?d- 4 %fwgrpﬁ;ss;ntexampig,%e
di gi t al'’ 4G yoltags compsponds to thedesirad butptitipowerdese for(the! pEWSEntroP At OV
| evel , or t ondi n ereto. such as_ the i1dentification of the
tr ansf or ne! rd t’?‘z‘asp&g r&%‘ﬁl g (’ﬁﬁfﬁg“e‘ ?’mS*"%Z"E) n&éﬁ‘r"&h’é’#@%"tf‘*’m& futhemdaerendénted; cWhenel
or the acdditiomaliqad is\adiéd aclas BPINE : ut itorin
ciruitry, the time peri odd_at ocrerrglyn at%%ﬁ%dranﬁ{/oo ¥£‘§§°§°FPEHDEF‘?»&Fr%! ut
decr enent’01ta8¢ {§ {Acragechagain torthe maximumd(iliuseratedrat siag g} APIRAS e fhe Rt

I e

required : 01N, max L num vol t age. 25 For exanpl e,

consi der vgﬁ%%ymlg?ﬁ?gﬁg trg Bﬁﬂ%%ﬁg)tal?‘ée? fperementaily-as batere sdesrribedeynless ddditionaktoadict ed
for 15 dnaddedin theomeagime)f 240 V a.c., and an output voltage of ‘240 V to
150 V variable in steps of 10 V (e.g. an auto-transfornmer having ten
secondary taps). Control paraneters for such an arrangenment m ght be,

for a tym : | L.ap, Reduced out put Verr] =
500 yme?éhné‘%émggampleﬁge parameter c?ataw chmlgbpt typically be storedinx[nemo]ry

by_the digital processing circuit 10 would be the reduced (quiescent) output power level, or

data corresponding thereto such as the identification of the transformer tap or the

number of

20 decrements from maximum voltage level or the actual output voltage as measured by the
output monitoring circuitry, the time period to remain at maximum voltage (T;), the decrement
time interval T,, and the threshold increase in load required before retuming. to maximum

voltage.

- 25 For example, considera power control apparatus in which the power device is constructed for
an input voltage of 240 V a.c., and an output voltage of 240 V to 150 V variable in steps of 10
V (e.g. an auto-transformer having ten secondary taps). Control parameters for such an
arrangement might be, for a typical application:

30 Reduced output Vg =200V
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Maxi mum v‘gﬁ%g”e”?i me T[err] = 20 seconds BETATREMSTY nt er val
tinme T[err] = 3 seconds Load increase threshold [[err] =
0.5 Anp out put 5 Referring nowto Figure 4, a flow chart 100 of a
control algorithmfor a mcroprocessgp.of the digital processing

circuit 10 is shown, beginning with an initialisation step 102, where the
m croprocessor and its various inputs and outputs are initialised in order

to ensure thatmixi@um volfafb BiRN! silgn_.aﬁés&mdsabl e to be received and
' I th

di spatched. At this time,” also, m Cr opr ocessor consults its
associ at ed mefsciement infervaktinae t he T; 18 segbndsar anet ers of the type di scussed

above. 10 Initiakly the_ou power to each of the loads 6 is set to
mexi mim pomr%@%@%’%ﬁf@%ﬁ 'eié?rﬁgﬁ@l’t%‘@‘&ci litate starting of
fluorescent lights. This is achieved by the digital processing circuit
10 controlling the power device 8, by way of the power control circuit 16
where 5 Refepring nowtocFigim 408 flew chart $00 of shconbrolelgotigiv 2 almRicRIpRdeasor BRiie™M
out put p%r Se. ? full r:raﬁs | i ne vol tat%;)qi' In the exanple of Figure
6, this WERHLPIOSPSSIRE Gt 1P i§ showp, Besianing withoin initiplisatipmsmer 102 wehiees thegi t al
pr ocessi Rfciopfdtessor apdits hiid |k | o [t 42 so as to couple
Ut put - c{epidebsor GRE AubibROnpi ol chigih 3t Bildeih opde? 5 Bt i e
devi ce i Eelevant signatseare abletqlwmecsivenl and dispetcayd. t Anihis fishe, SiléV, tROnftkoptb&Rsok 06
In order to In tim t he maxi,num power i nterval éT[err], referring
to Fi gur SOMpJHsISas ery 4o grinievedhe, somirol patameters of thetyperdisoussediabeve. (st ep
108) L9 YaMal®y tHehdu | [ la"1G AL to the output _ power
source 9. Ty?o)"'if cal | ;ﬁ?hrﬁggg&ggrggcr?e?feglg l\8/\/{I)liusl 6d¥sl s:]egltﬁgié%ﬁuqntpﬁg%&:%i%{ ﬁg
vol t age exainpleitofacilitatenstarting o£fltoresqemk lights! Thizds heliord. ylthe Hipftal ﬁrasesgmgr ent
an

supplied ar%%c | ar, | oad increases, this may be indicative of

fo.
i ncr easea"f‘aﬁa? cenyyollige the powes device 8Py i ofcthe wowen seantool circhit Iewherad

remai ns tj st e 2 where
s e SHIEAIREn olePLOREARE POt iR RS R piob T nbls i ufehd pheS(oie il R o1
t he ti neliskeyaliage); dn the example of Fignee ) ithis evouldeorfes rafcoRRBE digid on e 48N t OF

t he oykp paranmeters for, | oading |ncrease by repeating Steps 108, 110
and 113 Mo the e BceSSin cirdhit ool the malHpIRKInE S I 1 €0 980 RSeiplfout

measur edlifei 49 theiatfo-trahéBAheANs P, L | . Lncrease in current.
Wen an increased Current i sergeﬁgét- ebg,ge Pﬁﬁ%gﬁ%fs ﬁeﬁtorlgﬁ’élg’%p@ﬁ“’ a
conpar eddelay timer fsoartddatsteasid6) hr ardbrtodbegintiniig themamiidh pbWeinebeval (P,
det er mi ng -whet heﬁ. t he - -

ming to Figure 7). :

20 Parameters of the power device output are measured (step 108) by way of the monitoring
circuitry 14 coupled to the output power source 9. Tyéically these parameters would include
the output line voltage and output line current supplied to each load. If the line current
supplied to a particular load increaseé, this may be indicative of an increased load, e.g. by
extra lights being switched on. If the load remains constant, the procedure passes from step

25 110to step 112 where it is determined whether or not the time delay T has expired. Whilst
the time delay Tg remains unexpired, the procedure continues to monitor the output
parameters for loading increase by repeating steps 108, 110 and 112. A loading increase is |
detected by comparing values of the measured outp.ut line current over time to sense an
increase in current. When an increased current is detected, the amount of increase is

30 compared to the load increase threshold control parameter in order to determine whether the
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PCT/ AU96/ 0 I ncreased current constitutes anpg I N

| oad worthy of returning the output to full power Ievlé?ﬁﬁb%mg"d | f
an increase in load is detected at step 110, the procedure passes to step
126 at which tine 5 the input parangters nonitored by the nonitoring
circuitry 12 are neasured. The nonitortng circuit 12 may nonitor the
maj ns i nput power source line voltage and current in a different way
to the m)n].in ar i Q% circuit.kl4 begause it is phase information of the input
el ect ri cal "SI gIFqcymTent constijutes gn inczeass in laad vearthy of retarting thei o k6 Rl \SevRi C €
As mentionggelpreviously, it is preferred that any switching or
variati on between power |evels by the power device take place at the zero
10 crossing tinme of the input power source waveformso as to avoi d noi se

and transil%oriﬂ é‘ghgaongnon during swi tching. Thus, instantaneous val ues
of the volt&HEPrfse it detected astert biOxtherprpcdiarespassts odtddy126'M wHicH GgE | NO

circuitry theli BT e ane) 0 .. yalyes supplied by the
circuit r% 14l.np%§pe vvay&ig‘)n %tl&gﬁs? gh ed‘;el?@g%%’{gﬁ’émfﬁyoﬂ’ﬁrﬁﬁ‘%ggeﬁoﬂhy manitoying
way of di gicalt 18imympinopitartas siags iopSovr 6HCS lik VBRIAIEA ket S Sifllal

processin Citrﬁgﬁit 10.. 15 For exanple, digital sanp
O ¥t RQIORBE eyl Jd besaiise dteis pbasecinformation of the Giut er&uic%yﬁgﬁqlg an
.ot

i nst ant an€vys
be anal yse&ehiearPsht ' .the zero crossing points thereof
wil | be reagig)rlh$ﬂ?1éggﬁgﬁl seﬁﬂtﬂﬁg{m I i‘{ﬂﬂ“@mleﬂtmﬂﬂowy,tltmpnifenedmmti s
Wi t hi n t henx awitchinger vhristiondmtween pivdr bRk b i The i nput

B ana L b Aerer irvies ke Hie af it zero

par anet re nitored at steps 126 and 1 asiP agfef)‘F
si gnal sl%ir ?‘&s‘nggﬁm‘oﬁ &Stlép‘(tebo‘ﬁﬁf joyecez waveform sei asgtopavaid )noivef S trhfiMtory

rocedur e pRassifi ;) . pen t he power of the power devi'ce 8

!Os set topﬁaxi nﬁnglfg%@sggég%é\ﬂﬁ%d%éﬁ?WB%g lues of the wpifage and cuercntrum

power ti ni¥ayefoamsThay b§ supplied by!thé enonith éﬁ&iﬁytﬂ?a@é&%ﬁ%@ég‘hé g%)sorm 25
read (r

decr enent gl,l.v. dec sitgg the power |evel tTo the” requi

setting. 'r%s $EBAby the ciseuiy dfs Opesvayria witéh tordetert tﬂb&dr@%siﬁ%‘lbaﬁﬁisq;

are noni t Waedf Higits oid | steps.126, .. .and 128, until the input

phasi ng i s %Of?%?_s%agﬁrogﬂémg;bﬁﬁuwﬁg I’l'éé“qqqéni]é"r gHalprecessing cirowit 10.

t he povier Fereexample, digitalosanipdds 6fithe Vindthistaskorll tndkls | ircuit 10 so as

to decrengnt ni pFec ocut q%g{s gﬁomr Ievt'el aﬁﬁggﬁdﬂ%@ﬁﬁgéggg?‘%“ % %E%et%‘d

Figure 6, “fFF} fr¥els cpnbe s heseDERifer detectionofithy 20 chwssing Pofitditheidag, RUHAU

vol tage fbortadilredbgised thaPthd iMpliEhtatio Yf HaPRTh1I istvt]i%\hirrxn#lllé lluijolvﬁéc(ljgre :fzthose
skilled in the art. '

20 The input parameters are monitored at steps 126 and 128 until the phasing of the signals is
appropriate (eg at the zero crossing point) before the procedure passes to step 104, whereupon

the power of the power device 8 is set to maximum level, as described herein above.

When the maximum power time delay Ty is complete (step 112), the procedure sets about

+ 25 decrementally decreasing the power level to the required (teduced) power setting. This begins
| at steps 114 and 116 where the input parameters are monitored in similar fashion to steps 126

and 128, until the input phasing is correct. When the phasing reaches the zero crossing point,

the power device 8 is controlled by the digital processing circuit 10 so as to decremenf the
output power level (step 118). Referring again to Figure 6, in the first instance this action may

30 be reducing the output voltage from 1.0 V, to 0.9 V., by changing the.multiplexor 42
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connection fromauto-transformer tap Plerr] to Plerr]. THECHAYP&09670
processing circuit 10 then det erm nes whet her the pre-sel ected reduced
power |evel has been reached, by conparison with the stored control

paraneter data nentioned previously.12n the exanple of Figure 7, this
occurs after the power supplied to the |oad 6 has been decrenented by the
power device three 5 times. If the desired reduced power |evel has not

t b ks, fré . .108,. t
yet beencommetiof frémcautd-Neansformes WS Pl @6 W N e %‘%‘#r@gﬁgﬁé&cﬁ%&v@ mFFer ']

initiating an interval tinmer which corfrespond

(Fi gurle deternyipes Wpiheéthcwrﬁmleicwdapdtgedtpbmr lelvélgiais been g&cndm?b te@parison o
evera e naxi. mum power - del ay ti mer err|) may be
gf the of e%ﬁ%@é‘%@gﬁﬁmfﬁr%memi?f‘cg]rﬂ’?‘f‘ﬂ%“s& ecxanple of Bigush \ﬁbisy .

concer ni ogeuls uftet tHtpoter SUppBeEbL Weoad @Mﬁ&ﬁ%&eﬁ%ﬁ%ﬁlﬁﬂgu {)) eI vkc%vtﬁ?gwas

presented in terns of the actual output voltage

| oad. Pntimpy:If thedesired reduced poweneve? baswnt iyet Heen reached, thesithelplace@@oBaiingg t he
control er.. Vlerrl wth the.neasyred ~output voltage supplied by

t he noni {%gs?eﬁ’ng pafies dritia .an‘l’ﬂéw,aﬁl?ewg’rcﬁ]cqusPQP%@’éPe fimgrinterval Igaﬁgpre

out put ve).t aYRidally the EAM! Stice thighPBE 'of BY ec{g,beand Lf not .
t hen the prg%?durg 15 continues tlgﬁdecroerrtgn?}dteagj?o%te%glt E‘ﬁ%@%’ é?‘ﬁ.tlhe

Once t hem@¥imuym goyverdelayitimenls) nay die af ake drdernofrkSasebenlls oklse. M cr opr ocessor
control algorithm enters a nonitoring | oop conprising steps 122 and

124, which nonitor the output parameters =~ fromnonitoring circuitry 14,

and ddOehithe Byanipléthentisied abéve cohébning tHe @ #ﬁ@ AV

I ncrease, in Ioad}ﬂcurrent greater than thgﬁ%ﬂgérs 0 ?féﬁr}ge.ﬁ&:‘%éﬁ?&ﬁ’@m

cont r ol | levelavaspresentad inerms of hesacthl outpsttveltage?V, suppliedté Me 164 BfiBdticage, of
the inp | fore returnjng the output power to maxi mum | evel at
step 10%h o Step Q%E'PB (0% Wé"&éﬁ@?@&‘%é@é@%%@m@p&m&@ measurddng to
an enbodewtpenvolige isipplidaait mbaitbfNeE Bird 4'.“““[’?' TR L b
features to the egnb(')% ment shown in %i %@211. %’W“%??alt%?het%b‘#nput
moni t or | AP vpRagetths reduced putputpawvea tevehimstbeen esached, ap®if roeteh thepoUERFEN
devi c : h -di o of the like. The light |evel measurenent
devi cgsm&’u”f‘g ° f/%f’%gfﬁ@"g‘b’“gge%’f’{?%d'vvithi n a space illuninated by the
fluorescent |lights which constitute one of the loads 6, so as to

provi de a nmeasurenment of the light produced fromthe |oad supplied 30 by
the powe?PneEdhe desired metecsinower lemelas bernireache dicthelimjérbplocessopevifiion Slgbiifteyi t 10

i ol o . .
t0 1Pl &ikdl a monitoring loop comprising steps 122 and 124, which monitor the output parameters

st

from monitoring circuitry 14,_ and detect any load increase, similar to steps 108 and 110. If
20 an increase in load current greater than the threshold is detected, the controller algorithm is

passed to step 126 to monitor the phasing of the input signals before returning the output

power to maximum level at step 104.

Figure 2 illustrates a power control apparatus according to an embodiement of the present
+ 25 invention which includes additional features to the embodiment shown in Figure 1. In
particular, the input monitoring circuitry 12 includes an input from a light level measurement
device 26, such as a photo~diode or the like. The light level measurement device would
typically be positioned within a space illuminated by the fluorescent lights which constitute
one of the loads 6, so as to provide a measurement of the light produced from the load supplied

30 by the power control apparatus. This enables the digital processing circuit 10 to implement
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a feedback | oop, so that the power device can be controlle %%hg%mﬁgmbutput
power according to a specified light level, rather than a particul ar
power |evel as described herei nabove. The li-ght Ievel to be supplied

may be set by way of a light |evel se‘t113i"ng | nput 24, or may be
specified by the control paranmeter data stored in nmenory. The control steps

required i e 5 praocedure for the digital processing circuit 10 which
are neces$: g«ra%,cﬁ{agk 1908, g‘?‘rﬁ,’ﬂf the power deitice eanche controlitd ol batkowpitigoWer X\tdgl; g
n deta

appar ent t®akpregdiidht ' ;}Eag and need not . be described i
her e. ligbh?agll” gf‘l%’ ilés%/g%ﬁt}fl%c d%éﬁ%ﬁ?ﬁr PPYEY ﬂ’éﬁ"‘i 35 flesorihet drercindboste.nThe  of
t he power ovel tppsnpplied, mayl Be &6t B way SHOE Gk I ted for use in
control i §x9ﬁ<‘3 %{fgt lights, or the Iike.h g_ce_ aggiidnﬁta‘lf}is\éﬁﬁg%p‘é &F Faayt be
i ncl udes |% Y & nm&’ﬁh@ataétﬂif@bmzsemom Etie dohtroraeps’ ﬁhui?é&qﬁrtﬁé us
can 5 prckdurd for IRV \EiEital PRIRkds ower device 8 so as to supply the
power neegqe?g batﬁ(!); prrééi d%‘ta‘iks ﬁ%%{é?ﬁ&ﬂ“%ﬁnmtem&mmmeﬁgmbm ght
| evel nea ieontgelwill be iappapent to ihosekilled i ere the lights
conpri si ng the load 6 illum nate an area V\%fhgr?ﬁg o) e?gggfé%é@scﬁge‘iﬁ‘t%
l i ght, suctHvas a street light, so that power can be .reduced to reduce
illum nation from the light |load when additional illumnation is
supplied naturall ybl( eg when the sun rises). In this enbodi nent, al so,
the ni co Peueckiserblock dinglansitiasteating tnoter Abb ' les it to
det er mype h{? t.he | i'f?i‘gﬁ c ri.sing the | oe;d 65%@% gﬁf{ﬁe.p%%}bgo BPRATAYS, | y
det er m ned 45 i5 Specificafly adapted for usp dn gemtralling stoeet lightm|op i ke, osbebgatiifis
out put NMOghbédime ' L % §s e _power 20 .copirol apparatus 2 in thrs
i nst ance al sohi ngtl i&gfgsﬁb'éaé '!lé‘]%l?r%etl-rggeaéﬁ'e@{ﬁ“f E%CWE‘% #¢\that thenentrol apparatus aant put
from t he firyithespowsrsopplkidrisy the bowet dddice . the light load 6
is faul ty,, The . t el em@quc??cuit 2§. ?fgﬁgﬁfﬁﬂhégﬁyﬁwmﬂ?&%oﬁﬁe
radio si gnaFHEaion to %;ﬂﬁ%ﬁ?iﬂc gi¥els | Thelight leve anqaktremient devied'liy ?Jmiculaﬁg

ac

cont r ol | eidvaima QML ' hen.t ake iQn so as to rep et
faulty_li gk‘l’t . %&ﬁ I\/ebtrﬁe@m%gkn&o € ??%Wfq?ﬁ/éﬁ%ﬁ%mwﬂeh alse r&®iveay i n

fact phdviatisalilightysuctoas hstrest Hilitabo that peWECARY ity 10 in order to
supply | itg@hg‘éle]veéwgeasa‘ﬁierreqt,s f[.ora[1 g' pl urgﬁeggdlgdfaﬁﬁtetgy%%ﬂm%Mf;om

i || um nat ed PR AfFIHal dlminatiom is vipplicdsaturallp €eghivbib s e b 2s68)S 1Y
circuit Risembodfhisr el eraging of the |ight |evel

nmeasur errentss, f oﬁeﬁh%?’e%%%ﬁ%@n@g %tgﬁﬁg‘xl ﬁ'gi“'%g cputrel; routing Whishienalles itgo of
the g}gigdpme dfeth.ed@t .com?ﬁmg the foadO8'is Rttt} " rBOUE bé 84difi detérmined by
PCT/ AU9 6?%3’6%’ fo the monitoring signals provided by the output monitoring circuitry 14. The power

2.0 control apparatus 2 in this instance also includes a telemetry circuit 28 which transmits an

output from the digital processing circuit 10 in the event that the light load 6 is faulty. The
telemetry circuit 28 transmits its output by way of radio signals or telephony signals
example, to a central controller (not shown), ,
faulty light.

for
which can then take action so as to replace the

- 25

More than one light level measurement device 26 may in fact provide input to the digital
processing circuit 10, in order to supply light level measurements from a plurality of locations
illuminated by the lighting load 6. In this case, the digital processing circuit 10 may perform

a weighted averaging of the light level measurements, for example depending upon the

30 particular positioning of the measurement devices, in order to control the power device 8



-14- Thus, a plurality of light |evel neasurenent devices may provide

I nput si b the digital processing circuit 10, with the val ue of
each si g%g? %‘e%z%g wei ghted by a respective pr edet er mi FeHAHRGQ9619 ng
val ue. The weighted light |evel neasurenents are then averaged, and the

averaged val ue conpared wth a preset value stored as a control paraneter
in menory. 5 This allows the power.ggpntrol apparatus to take account of
the actual effect of the | oad out put, "~ so that the averaged light |evel
val ue and correspondi ng control parameter can be used.to determ ne the
appr opr i Thes, aqsiuabe) SRlight levBDMBAsutaN &l devial ' o bglysen
the  output qug, yolgthgg_e and the pregelt Ap‘gﬁ%@ﬁ%ﬂ@?%g#ﬁ%ﬁ%
control PpEMCERERE circni pkhawitly the valysoof teheh isignalvibeingi weighted BPVE respadtived
strategy oved, li.ght |evel ,sensars which are 10 placed so as to be

af f ect eoﬁ’%’@E AL i‘l’%w“é&l Vel *’l‘f’ﬂ&ﬁ'ﬁaélsbhleﬁﬂw%umw theniavgragader or
| esser Wandiihe avéragsiPRlueRempdYel Vithal ril v; ; ' rovided by the
pl ural i té’iﬁOf i gh% N evgfﬁl sensorg naydlf)ete&%ﬁ%?ge)% %n?o?gﬂgﬁeﬁef&mq'est

i nst ead Wwilpwithe powpreaniyol appamtus tetake a¢veunt of the giteslteffett dfale Mad louut,

| evel se i gnal r,aged.over tine, perhaps, to allow for transitory
vari ati ogi ?ﬁalt 311% 8%3&%59%?71"35"?‘?}? axof GPH"%QPB'EEFS“E@ RATRNeler £4n b used toa
concer nedetefimify the aBpropHateteiiced blipit & e, A% td ; Each ~power
control apparatus gﬁggn be constr?g%g%;’toe?:%'ntrofh{aaﬁ%ldt?%aflfg/n%‘?tw%%% 6.

t hrough @utput lingvoltagei ang thefpresst yeducedammtput soltagedave cofiltel papandter, IDégendingat

may be aﬁyg&fyl%d. iSiJE . construct . the Eower C%Bt {iol apparatus with a
plurality ol po P ARG ROWEE §AYIDg strategy, smplogiedelightdeyn! seaspss mhich areui t

10 i n1paplabdd¥o.as 36 Be wifbdte @B HatBABE eﬂ-?x‘f{aﬁﬂluﬁﬁﬁﬁi&k@% %/éétrrgaéétfgrﬁé %%%t?rooé 46

respective load 6. In order to contro e power
i ndi vi dulesssr, weight, asdesited, Adtechatively, He inputisigralsvpropided by d&\@lﬁﬁﬁtﬁoﬁﬁgﬂl d be
or

troll tely by.t digitgl t 10, d
hat - pur Sed¥eRBihg e it 16« stihold et oehdtvaibivd averagingophrsinhe

control highdse6d lowsstlight 16¢] Sérs "gnaxl@ e ,ﬁ%%a Lput .
nmoni toring, 25 ci.rcuiitgtrly 14 shglllﬁld b v? n%%’(ﬁ}gé%fp%a ’%@@ﬁ@é&@@“ﬁy S0
that an Ya¥iations)ds campangdiwithi a thieshbld valueoadiefermine i ¢hedrt£comemell 3¢ overarD! €,

and dgal Lth. by _cantrol i only the correspondi ng power device. The

i nput ?%D'?\If oEl "ﬁ'g']“?:tlegc?tﬁyr{?%l%“nay be utilised in comon for controlling

each of the power devices. Simlarly, it is possible to provide a plurality

of out put power sources froma single power device where the power

devi ce cERfvRONEE contipbappatptus 2 earsbeoconstruded tycontroba plueality of 1dads 6RAAGERE TET
WO

with a ' f secondary outputs which, can be tapped
98/ 18 Zggﬂﬂufﬁtﬂv Bf' ouq'put poWer sources éj Bnc way mwpnc% that may bepfchievcd is to construct

PCT/ AU96GhOfotber control apparatus with a plurality of power devices 8 coupled to the digital

20 processing circuit 10 in parallel, and with each power device 8 coupled to a separate
respective load 6. In order to control the power delivered to each load 6 individually,
however, each of the respective power devices 8 Should be controlled separately by the digital
processing circuit 10, and for that purpose each power device would be provided with a
separate control connection to the circuit 10. Furthermore, separate output monitoring

- 25 circuitry 14 should be included for each power device 8, so that an increase in any individual
load 6 can be detegted, for example, and dealt with by controlling only the corresponding
power device. The input monitoring circuitry 12 may be utilised in common for controlling
each of the power devices. Similarly, it is possible to provide a plurality of output power
sources from a single power device where the power device comprisés a voltage transformer

30 by constructing the transformer with a plurality of secondary outputs which can be tapped



- 15- I ndi vidual ly by connection to respective multiplexing circuits,
for exanpl WO98/18296 | n order to control the output power Sp '8% %he
control algorithmfor the digital processing circuitryai 70
course be adapted fromthat described in connection with Figure 4 to deal
5 wth multiple inputs and outputs. One way in which that nmay be achi eved
Is to arrange the di gi tal processl%g circuit 10 to nultitask or swap
bet ween processing tasks utilising tine- slices or the like, as is
known to thgse %hilled in the art. However, it will also be recognised
that, in ifually, by conngctionte rspectivesnultipleainigreiteuiys for draniphet of the tine
during nor nal operation the procedure will remain in the nonitoring

| oop conprising steps 122 and 124. 10 Therefore, one way in which the

al gori t hmIamdel tgi doatropthe dRg s ' bd thaBh d.f . . .

co%t rol ling nul ttigpl e pgt\}\lgr ev?gggt f‘gﬂfi proepgleag&gﬁh% foégﬁ‘? digifal grocessing

i nterrupt "gﬁ"l‘\?armﬂ?“s&“ courseheadaptedifromdhas described Iimedixiaetiéﬂqwﬁﬁf'i@i?@4 (f;déiie
t put . the digital,, control circult. en the

it Brr oy W SAMIAE R bt BB Mol ih Shiciuthat My i grbiayedis o armigeshe

circuit i digitalgurbextsing ciegit 100 hailiii ) b cor ondi ng | oad
and powerﬁgevi ce for 215 contr?)I of’&gﬁ°?ﬁ”§€%§éstg’°§‘28}%§%s?‘éﬁr{?ﬁf‘g¥tl g @R in

suppl i ed [SBGESOr the like, agis knowm; totkeseiskilledat theeart. t Howpwstit wild Blsb®e r@&%ﬂ%@& us
From the sae 18 SRCelie B oldbeitin, uflriS] in Fiapre dajoost ofahe Gt duing nommek
Tne, Cont  spepamais procls el A0 BRA1Ro01H S ALESHLTTI 20 17
exanpl e %&h&{e@?‘f’*ﬂj‘ed@}' ippiichithealgarithm and\digital pmcem_igmﬁhumn;yegyg&gt%put
E T oui t ey PoutdbIE 68 iodd i B poviler similanions iiensietsriugt ditvmy iy
data in detegtedeincteaselin loading on\uig bnd oty s.ﬂgae'. fOwed @ggégyf(g{?&sde% the gfa%ttéf

t her eupon re Ila;:e,t he operative reduced out’put po
cor r esponfPHEP: FECHE When the interrupt issactivdteddlye cdmmrol afgoitanpt Qxe_diélta@pf"&m% i al

bui | di ng | i e . have ane power |evel operative durithg
Cr adi ng_hone ¥ dRECRE hE RS 1t NPl o i comssepdinedamband powetievice e

LS Funer o o et o o Sk GichielBeeroald S BRANEA pheA o or " he ot 51 -

this function can be included in the con atg

processing.circuit will be readily apparent having regard to t he
precedi ng -1 O 98/ 18296

PCT/ AU9OG/ égg‘%‘ﬁb&k h‘éﬁnab%gc, the power control apparatus 2 may also be constructed so as to alter

the power level to be output from the power device according to the time of day or day of the
week. The control parameter data may be arranged to also stofe information indicative of

20 temporal changes in the desired output powér level, for example by storing day and time data
with corresponding reduced output power leycl values. The control algorithm of the digital
processing circuit may also be modified to periodically examine the stored time/day data in
order to determine when a stor;d time and day arises, and to thereupon replace the operative .
reduced output power level with that corresponding to the matching time and day. For

© 25 example, in a commercial building it may be desirable to have one power level operative

during trading hours, another during the time required by cleaners or the like, and yet another
during other times. The manner in which provision for this function can be included in the
control algorithm for the digital processing circuit will be readily apparent having regard to
the preceding description. - |

30



-16- The .progranm ng port 18 is arranged to receive instructions

and/ or dgwigeghksgyd an external . source, such as a central control panel.
One particular use of the programmng port 18 is for PATASPIR of t he
control paranmeter data stored in nenory in the digital processing circuit
10. For exanple, if it is desired to increase the light level in a
particular area in which illumnatige- 5 is controlled by the power control
apparatus, then an instruction may be issued froma renote source, or

i ndeed froma |ocal input- keyboard or the like, to alter the control

par amet Ghe prothﬁimE drfangb® 16 RALHE IndtAB6ns ) -datTJ;ﬁ fagqg@g%{‘g

port can be u by the power control apparateus C

nodi fyi SOUIEe, sv@lpasmengales;optro l;amb ?mpuﬁbulpﬁus:mfttbe programxdﬁil‘g(‘p'drf)mis for

her ei na . | ng, those r.altering the output power. Ievel at various
times o?ﬂ %8“?¢%§%n#hgmﬁf?§?taﬁf‘ﬁﬁ‘i§%‘g‘ﬁﬁ‘°ﬁﬁ indhe digijal prosessing\oincuit A r ol
appar at Wer &xanipie; ititisidesttedit6 iiatca¥e the 1ight9 1‘%’&&5}%;&% recei ved at
t he progranmm ng port 18 which ise p?e%@dﬂ%ﬂ y é - cor&lg?ﬁgym% be
act ed Soif wptrplled by the ppwercontsel apparalus, then amipstrectionansy bé Bsuddtcbmaseote

appar at SRUEEY Y FudBBd i 815G Wit ey Boral o ik G oot 37 pentic parmamsterat | ng
on a daterdéspéndiftodhé REGRAPBIveSleFd), The &ﬂg?nm% &gﬁlﬁlﬁg&?g)g%es pclmrr]ggr

nunber of applications, such as in a lar
exanpl eCoRirolapparates to receiverdath madifyinguot replazifg amy of nhe bonthel RaramseRar at e

Phe. but P besvindPe Ritiding thofe (o glering the dbrmos Bower lovel e yaris imesas
cont r0l krldag. The M@ﬂrﬁmﬁfﬁﬁﬁfﬁcﬁ h%f"kodn%‘f Qﬁé]agér}gé 1Sl yag% %‘@?’i%‘bafln]?r ol

security ofrice for the bui ng. IS case a er o
appar at Gaded sichnthabenly glatroreneived dt the mogranmling perttl8akhichié peceds@sy the0 i N

th .0 L Ei . ._The outpyi.port 20 nentioned i ousl
'S0 pr SotracRHE il e lidony the piconiroasSotsn d it GFAnEemen Ao St DUt wAeC o0
to a cepdousity meadur® hnda\Emelis foPBNSW ia%’{xjﬂi@i’(g p%%ve{r E&ﬁl@ﬁéﬁ?@s@gﬁ re 18,

The menmory in the digital processing prefera rage
r oom f ofouplestip agingl ceatral coaproleroammunicating dnredate bisr An anangimdnb Sudhoiser

t gl £ h L. | uat i d | ysi f
iongd> 1RO SHserdlepls 1 g RURRRS Faplicatons, ek Hoinafares commmercil budtes oo ng

Ci rcui t Fooedaniple atlafeRotn stod€KiviRe hfild i ’ evel ,
an entry [ s@madtegei n tﬁe mam)r%/ s%tgélggg@lﬁﬁlg%ta%ﬁﬁga%ﬁ%a{eirb%e“%g\rélgﬂﬂe

resul ti PRPAFASYL? foreopatrollingithe lightsion eachfiapt ioflde builtlingrdovesves, uf ag a6 bet O
i ndi cat r f .t power contr aratus. 30 As an
hadi o1 oSesirale RE 3 BE R Bt bR SrogtRieble S0 3 coi iagation sueh pote) nay

be st or sudufity office for the buMdn@ S inl #2dss ' i
0o St or s ggtgm 1% e a number of power control apparatuscs mlglht be

0 connected to a single central control panel 50 in the manner shown in Figure 5.

The output port 20 mentioned previously also provides for external communication, and might
be also connected to a central control panel by the same data bus as the programming port 18.
The membry in the digital processing circuit 10 preferably allows storage room for storing
- 25 data representative of the performance of the power control apparatus for the purposes of
evaluation and analysis of power usage. In the sixnplest implementation, each time the digital
processing circuit controls the power device to increase or decrease the power level, an entry
is made in the memory storage indicating the time and the resulting pdwer level. This data
provides information sufficient to indicate the performance of the power control apparatus.

30 As an additional measure, the output line current value (indicative of load) may be stored at



the time of each control change, which aids in determ ning both | oading
I nf or mat i WO /18296 power consunption information as co &Bto t he sane
| oad operating on nom nal nmains line power w t hout tw 670670 1 o
apparatus. The nechanics of storing such information at each contr ol
change is well within the ability of the person skilled in the rel evant
art. 5 In order to retrieve th&7perfornmance data stored in the
digital processing circuit nenory, the circuit 10 and control
al gorithmmiesﬁxgr;gerg‘gly 1(’:Q(;nstructed to transmt the stored data on the
out put po € 10t spein cent hieldaids irderd ' ; L anmi

put p 3 Chanjgzyvmt mhinGf) A 1gaa,ﬁ£&%%0n dewg

port 18 a articular power contro ara

C d.f t hat
per f or mn@ée{v%fa%ogsu@q{%ﬂé?ﬁmgﬁf g?’EWe‘i@ the same Inad opjegitinglonmoaried ph#iss line

circuit, tr WitkGht\the BoRef ESHOE asih f analysis and . eval yation.
An advantggz of utili s?(r)\gea traﬁgﬁ%érrrre?’ gé%é’ifc °€%9‘i‘%s‘é9béﬂfmmtmabrm

modi f i cat $ash controkighange js well withiir therabihiey 606 Beisoh seflled i S RARGC! on
whi ch y be acconplished, is the benefit of being ablé to actually
i ncrease the output |ine voltage above that supplied by the 15 input power

sour ce. Tindidér3o Retfibvecthk 1 the case where the mains power
suppl y vol tage Var iles.ml ?Eﬁ’éﬁg‘}éﬁg%‘%%@?a%gmﬁgﬂﬂpmwa CLEMt-memory, they

conpensat @rqut 19 ard control algosithm s preféchbisly Tonsthis . e pgi nt

of rTEontro(J,dt' r}gpot e outdaut ower %ur ce e/(ol tagetmbtt%ggguﬁ%é\igp}%%%e?&%an

the input vé\’t aégl.n’fﬁ? ”Pﬁ&?aﬁﬁ € coppmand reerivesbomtheprogramneinppoita® and | S

in the fcode@forahdtpaniiuli I s ,advant agequsly provi ded

with one or m)orre. gdﬁ? aps @%ﬂ%@%@%&éﬁﬁaﬁm ag‘é 15 thep drapgraitted

pri mar {0 im shedigitakprocessing|ciratig anost ikelya6 a remote 9@, £ aﬁéi#a;g Ghd EOJI@anoed to
e a _ pr ov

nonitor the peak line voltage of the input power sourc ¥e a
vol t age boost when full power is required. ' The foregoing detail ed

descri pt i A a@varithie ¢ el nesented by way of exanple 25 only,
e o enced T el B Ror RS B TR SPuct piehn Vernioon modiiontion

and is not intended to be consi _
(Fj) gr } 2 886 }q(z;gqq.e aside fram thesredpgtincefthoie itrdduction which ma%cga@c&x_ﬁﬁﬁgled, is the
CLAI VE: b t.zlp of being able to actually increase the output line voltage above that supplied by the
15 input power source. This is particularly advantageous in the case where the mains power
supply voltage varies. In that instance, the power control apparatus may compensate for the
variation in the supply voltage, even to the point of controlling the output power source voltage
to a level higher than th; input voltage. For that purpose, where the power device employed

is in the form of a transformer, the transformer is advantageously provided with one or more

20 taps which provide a secondary voltage above the primary voltage. The control algorithm can

then be further enhanced to monitor the peak line voltage of the input power source and
provide a voltage boost when full power is required.

The foregoing detailed description of the invention has been presented by way of example

+ 25 only, and is not intended to be considered limiting to the invention which is defined in the
claims appended hereto.



1. A power control apparatus for lighting systens conpri sing:

a power ‘965§Eh nmeans coupled to receive an input power source of a.c.
el ectricity and produce a controllable output power soBFFAUBO0§7L
electricity for operating an electri cal | oad conprising at | east one
l'i ght; moni toring nmeans for nonitoring electrical paraneters of
the i nput power source and/ or thggoutput power source to produce
nonitoring signals; a digital processing neans coupled to
receive said nonitoring signals and coupled to 10 said power variation
means SOCRAIMS:control said power variation neans to vary said output
power source between a maxi mum out put |evel and a m ni num out put | evel

a timer coupled to said digital processing neans; and a first
menory sgoringhcontrol(ﬂaraneters and coupled to said digital processing

nmeans; 1 POWEE SPRITQ} appargtug;fey lighting systems comprisiags i s responsive to a

condition of he: ; Mo | : sai d_power variation
means to prodﬁggaesaig%igflput DOk ré(g{(g’axjrggeeﬂ’gfﬁgﬂﬁl:igé‘fv“som rog(%é:t 8&%&

| evel $omdprodutet eomtiotiable otpat pewensburoecftahe: emiﬁcm fbﬂoﬁ&ﬂw&’ri%ﬁ put
power Soﬁ{aﬁe to.a seandéﬁra%dgEt.erm ned | evel, and erein sald second

pr edet er MPH EGTPEYRE at least »d predetermined time period are set by said
di gital proceggh 2 alel 0, L raneters stored in
Sai'd 115t memmotGriE Htind Schbh el Aoer bhrallbict of e okl poirer sgurt

cl ai m 1, andferthe outpat povedrsounte toptadate monitgiiiggiBihads;s | ncl.ude indications of

pr edet er m ned ég s of day and/or days of week and ~~ corresponding val ues
for said secoh ggglé"ﬂ%‘feé? megns equpled tgrecejyrsaid mopitoringisighalsandeonpkesidong 25
means 10 Ssai @ pBwes Vatfitiod nfhe sé | |2 rained tines of..day and/ or.
days of weeE to change sgtlsh se%%%gf%lgggﬁggﬁrgae Iné??'gft?&aryﬁ@d"“}lpm

cor r es popaivergovie hetveeoacnaximuseoutputedews] yind a mininfum outpfit RO¥Er contr ol
apparatus as cl.ainmed in claj r’alz wher ei.n said nonitoring neans nonitors

changes in | i hHMELFOuRled to 531 digital processing means; andal | oad t hr ough sai d

out put power B ; ey o .
PCT/pAU92/ 0067§0@u§%éﬁ8ry storing control parMet%ﬁl &ﬁ?g&pled to said digital procegsing

4, A peamst control apparatus as clainmed in claim3, wherein said stored

contr _ araneters. i nclude a | oad increase threshold val ue, and
wher el?gn sai d ‘glbﬁﬁpﬁg‘éﬂl%ﬁﬂ PI9Fefsing means is responsive to a condition of said monitoring

signals to control said power variation means to produce said output power source at a first

predetermined level for a predetermined time period and thereafter to reduce said output
power source to a second predetermined level, and wherein said second predetermined level
and said predetermined time period are set by said digital processing means according to the

20 control parameters stored in said first memory.

2. A power control apparatus as claimed in claim 1, wherein said stored control
parameters include indications of predetermined times of day and/or days of week and
corresponding values for said second predetermined level, and wherein said digital processing
© 25 means is responsive to said timer at said predetermined times of day and/or days of week to

change said second predetermined level to the corresponding value stored in said memory.

3. A power control apparatus as claimed in claim 2, wherein said monitoring means
monitors changes in line current supplied to said electrical load through said output power

30 source.
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nonitori n%si nals to which the digital processing nmeans is responsive is

sai d | i ne ¥O9paspo6 exceeding said | oad increase threshold val ue.
5 5. A power control apparatus as clainmed in clai %Q!Amoﬂqi ng at
| east one |ight sensor coupled to said digital processing neans,
wherein said digital processing nmeans is responsive to a light |evel
detected by the at |east one |ight seder to increase or decrease said

. second predet erm ned | evel . 10 6 A power contr ol

appar at usgas cléai ned in claim5, including a pi urality of light sensors

coupl ed t¢ saitt BPYFT SPnieloerparatug asachaimed cincélaiti B) UshddSinded; ive .
det ect ed pdrghteter® Willude a load’ﬂd‘&ﬁ d &r ei n sai gﬂdi g%}tglgﬁs%g%g%géicﬁﬂﬁﬂ’eans
i s operati ve'tt o cal Célil ate a Wei g ?38“‘51\&] Jglue, and wherreinrsaidi ebsdities! of isgfet

| evel valWenitening $igndisito whivh the € : iye weighting factors 15
stored inxggti: ne ra/, said di giqt@;‘l g}rdggsesgrgsﬁgﬁﬁe%ﬁgspﬂggﬁﬁlﬁﬁ%‘bbnsicugcnto

t he wei ghEt ?aggé ad increpss thresheldyaluer decr ease sai d second pr edet er m ned
| evel . § 7. A power control apparatus as clained in claiml,

further conprising an input port coupled to the digital processing

nmeans f oS- r eceh powWgr cantiol AbpARRE RS Sby | ad igital 20 processing
means is fesp gfi ve..to a ?iblr,'st ,con'gfa(d)lflwgg{m%fr%ftlgg@aﬁ’%g”é??ﬁﬂn%li&htsmsor
control p % Sjftdighal Pracessingimeans,av hbrsh@aﬁtﬂigfél?)%&%ﬁ'ﬂﬂahﬁé%@&ngvc

) r I

A power ¢eatlf . clained in claim urt her™ conpr
second menor ygﬂt lﬁ% gﬁ% T%g b? gh? ﬁtgegﬁ% gre gghﬁﬁ"-é%@' daiinigease mn deérefiseSdaf ¢find

per f or maBtdettamineddevelnher ei n for each 25 power variation in said output
power jgource said digital processing neans stores performance data in
sai d second nenory. A power control apparatus as clained in

9.
cl ai m 8, gwher & sovwa! rance . dat g, .includes data representing the
out put | evel ofﬁbsai gg%tﬁ?% 0 rc@ﬁ'ﬁaé‘bdamsstﬁél“dimplhmlhymﬁnglﬁ(gcnsms

"vari at i ofourledito eaid digital processify BR4AS . )
PCT/ AU96 (, 399 3678101 pro m s %gél producing a respective detected dight level

d wherein said digital processing means is operative to calculate a weighted average
of the detected light level values on the basis of preselected respective weighting factors

15 stored in sai ey e . .
.red In said memory, said digital processing means being responsive to the weighted average
to increase or decrease said second predetermined level. -

7. A power control apparatus as claimed in claim 1, further comprising an input port

coupled to the digital processing means for receiving control commands, wherein said digital

20 . . . .
| Processing means is responsive to a first control command to change said stored contro]
parameters including said second predetermined level.

8. * - » |
A power control apparatus as claimed inclaim 7, further comprising a second memory
coupled to the digital processing means for storing performance data, and wherein for each

R 2 5 > - * b d -
power variation in said output power source said digital processing means stores performance
data in said second memory.

9. A power control apparatus as claimed in clajm 8, wherein said performance data

includes data representing the output level of said output power source and the time the power
30 variation occurred.

A



10. A power control apparatus as clainmed in claim9, further conprising
an out put coupled to said digital processing neans, and wherein
said di givrglgélgsrz(%‘cessi ng nmeans is responsive to a secoRGTANs60067 ¢ o
command to transmt said performance data stored:in said second nenory
to said output port.. 5 11. A power control apparatus as clainmed in
claim1, wherein said nonitoring neapg- nonitors |ine voltage and/ or
line current of said input power source in order to deternmine the . zero
crossing tines thereof, and wherein said digital processing neans is

adapt ed 10. COA! fcwer contrPdppai@yss Mafnledl ih Whiles Harthe %ﬂ{g\‘is ql%efnlouuﬁ@ulft oft?Ver
source only at least substantially at a said 10 zero crossi T pott
12. A poipled toeidodigiiplpprogessingamensiis iamd dvherein| saidrdigitalVpricessings eSO RWer

variatio .k se vari abl e transforner, and wherein said
first pr @"5@@’3&%‘%8‘@5@5‘1‘3 Eﬁqogmgf%“mml%ﬁﬂ%mm stgesdiinsaids ai d

second psednd eicdiPto s Bhtputlfort. 13 A power control apparatus as
claimed in claiml, including a plurality of power vari ation neans
coupleé to said digital processing neans, each power variation device being

arrangedq,4 0 supply its output power source tq a corresponding different :
el ectri C]é.#' I Oﬁ%o&reﬁ(zj‘%&tﬁl PPPA CIWHBI&%%@W@@@WMQ meazisai m

13, wher miofiitcidlife vtlGé Ahd/6r 1RREGSHRbof 'Jrﬁﬁaﬁ | optral. each of

the power variation grrfaans accordi ngot%a]dl e %ﬁ?r%ge&%gg?;géﬁgon%ﬁwlﬁ% r ol

par amet e#e30 sTassiag timesdbereof; and whereirosaid digital processing means is adapted to control

said power variation means to vary the output power source only at least substantially at a said
10 zero crossing time. '

12. A power control apparatus as claimed in claim 1, wherein said power variation means
comprises a variable transformer, and wherein said first predetermined level corresponds to
a larger AC voltage than said second predetermined level. '

15
13. A power control apparatus as claim;d in claim 1, including a plurality of power
variation means coupled to said digital processiiig means, each power variation device being

arranged to supply its output power source to a coneéponding different electrical load.

20 14. A power control apparatus as claimed in claim 13, wherein said digital processing
means is adapted to control each of the power variation means according to different

corresponding control parameters stored in said first memory.
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