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DEVICE AND METHOD FOR CONTROLLABLY DIMMING OUTPUT OF LOAD

Technical Field

{G0o1) The present inverttion relates to a device and method for controlling
pperation of the outpul of a load. In particular the present invention relates to dimmer
circuits for use in controlling the output of electric devices such as the light intensity
of light emitting devices, as well as the speed of fans, heat intensity of space heaters

and the like.

Background of the Invention

{0002] Dinwner circuils are commonly used o control the oulput light intensity of
ight emilting devices by sslectably varying the conduction angle of an input AC
supply voltage applied to the light emitting device. Typically the conduction angle of
the voltage is varied by chopping ot blocking a portion of the positive and negative
cycles of the input AC supply vollage. applied to the light emitling device., The
amount of dimming which is achieved is variable depending upon the extent fo which

the conduction angle is chopped or blocked.

{00031 Dimmer circults are generally designed for inear operation and are therefore
refatively easily iterfaced with and funclionally operable with tradifional ight emitling
devices such as incandescent lamps and iron core transformer low vollage halogen
lamps which happen to be linear in nature.

10004] However, as sxisting dimmer crcuils lend to exhibit generally poor
compatibility with non-linear ight emitling devices such as compact fluorescent lamps
{CFLg), Ruorescent tube famps and Light Emitting Diodes {(LEDs) various problems
such ax flickering, service cycle redudtion, and light emission failure tend to arise.
Moreover, in order for an existing dimmer circuit to be rendered suilably compatible
with a dimmable non-linear light emitling device, adaptalions of the existing dimmer
cireuit have to be made and each individual adaptation for ona type or brand of non-
linear light emifting device may not be applicable to another type or brand of non-
finear light emitting device
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{0005)  As #tis perceived that the market for energy-saving light emitling devices
{which are generally non-hnear in nature) is rapidly growing, the problems associated
with poor compatibility of existing dimmers with such devices is commercially
undesirable.

Summary of the Invention

{0006] The present invention seeks {o alleviale af least one of the problems

discussed above in relation {o the prior art.

[DO07]  The present invention may involve several broad forms. Embodiments of
the preseni invention may include one or any combination of the different broad

farms herein described.

{0008]  In a first broad form, the present invention provides a device configured for
glectrical connection with a load to confrol an output of the load, the device including:

circuitry for varying a conduction angle of an input AC supply voltage applied
to the load;

a current scanner for scanning at least one current form flowing through the
load in response to the varying conduction angle of the input AG supply voltage
applied to the load:

a digital signal processing unit electrically coupled fo the current scanner and
the circuitry, the digital signal processing unit being configured for identifying an
operational load type of the load by reference fo a pattern indicative of a refationship
between the scanned at least one current form and the varying conduction angle of
the input AC supply voltage;

wherein the digital signal processing unit is configured for applying at least
one of a plurality of predetermined operational modes {o control the outpuit of the load
hased upon the identified operational load type of the load.

{0008]  Typically, the load may include at least one of a light emitting device, g fan
and a space healey.
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{0010]  Typically, the circuilry for varying the conduction angle of the input AC
supply voltage may be configured to vary the conduction angle by at least one of
gradually increasing the conduction angle within a first predetermined conduction
angle range, and, gradually decreasing the conduction angle within a second
pradetermined conduction angle range.

{0011]  Preferably, the current scanner miay be configured to scan at least one of
the following current forms:

{a) an absolute current average:
{b) a half-cyole current average;
{c} a root mean sgquare current; and

{d} a current integration.

{0012] Preferably, the digital signal processing wt may be configured for identifying
the operational load type of the lvad by reference to al least one feature of the
pattermn. Typically, the fealure may include at least one of.

{a}  aluming pointin the patlem;

{b} a maximum slope in the pattem;

{e} a minimum slope in the pattern;

{d) a monotonic decrease in the paltern;
{e) a monolonic increase in the pallern;
{f) a local valley in the pattern; and

{g) a peak in the pattem.

{0013] Preferably, by reference {o the at least one feature of the patlem, the digital
signal processing unit may be further configured for identifying at least one of!

{a} a minimum kick-sfart conduction angle for enabling suitable start-up output of
the toad; and

{b} & minimum portion of the conduction angle o be blocked in order to enable
varying of the cutput of the load fowards a refatively lower end output.
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{0014]  Preferably, the operational load type of the lpad may include at least one of

a linear load, a dimmable nondinear load, and a non-dimmable nondinear load.

{0015]  Preferably, the digital signal processing unit may be configured to execute a
pattern recognition algorithm for recognising the operational load type of the tbad.

[0018]  Preferably, the digital signal processing unit may be configured for digitising

the at least one scanned current form.

0017} Preferably, the digital signal processing unit may be configured for
normalising the at least one scanned current form.

{0018] Preferably, the digital signal processing unit may be configured for filtering
nolse fron the at least one scanned current form.

{0018] Preferably, the predetermined operational modes may include at least one
of:
{a) a linear operational mode for controlliing operation of the oulput of the load of

a linear load type;

{h) a dimmable non-lingar operational mode for controliing operation of the output
of the foad of a dimmable non-linear load type, said dimmable non-linear operational
mode being configured for applying al least one of the minimum kick-start angle faor
enabling suilable startup oulput of the lpad, and, the minimum porfion of the
conduction angle to be blocked in order o enable varying of the output of the load

towards the relatively lower end output; and

{c) a non-dimmable nondlinear operational mode Tor controliing operation of the

output of the load of a non-dimmable non-linear load type.

{0020] Preferably, al teast one of the predelermined operational modes may be
configured for providing trailing-edge phase cut dimming of the input AC supply
voltage in response to the load being resistive or capacitive, and, leading-edge phase
cut dirming of the input AL supply voltage in response to ihe load being inductive.
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{0021] Praferably, the non-dimmable non-linear operational mode may be
configured to provide swilching on/off of the input AT supply voltage to the non-
dimmable non-linear lpad.

[0022] Preferably, a dimming range may be able to be set for the conduction angle

betweaen (-180° for trafling-edge or leading edge phase cut dimming.

{0023 in a second hroad form, the present invention provides a method for
controlling an output of a load including the steps of

{i} scanning al least one cumrent form flowing through the lead in
response to a varying conduction angle of an input AC supply voltage being applied
to the load;

{it} identifying an operational load type of the load by relerence o a

patiemn indicative of a relationship between the at least one scanned current form and
the varied conduction angle of the input AC supply voltage; and

{ify  applying at least one of a plurality of predelermined operational mades
to control the output of the load based upon the identified operational load type of the
load.

{0024]  Typically, the foad may include at least one of a light emitting device, a fan

and a space heater.

{00285] Typically, the conduction angle of the input AC supply voltage may be
varied by at least one of gradually increasing the conduction angle within a first
predetermined conduction angle range, and, gradually decreasing the conduction
angle within a second predetermined conduction angle range.

{0026] Preferably, at least one of the following current forms may be scanned:
{a}  an absolute current average;
{b}  ahalf-cycle current average,

{c} a raot mean square current; and
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{d}  acurrent integration.

[0027] Preferably, the operational load type of the load may be identified by
reference lo al least one feature of the pattern. Typically, the feature may include at
least one of;

{2} a turning point in the pattern;

{b} a maximum slope in the pattern;

{c} a mirdmum slope in the pattern;

{d) a monotonic decreass in the patierm
{e} a monotonic increase in the pattern;
{f) a locat valley in the pattern; and

{g}  apeakin the pattem.

{0028]  Preferably, by reference o the at least one fealure of the pallem, at least
one of following may be identified:

{a) a minimum kick-start conduction angle for enabling suitable start-up output of
the toad; and

(b} a minimum porlion of the conduction angle to be blocked inorder o enable
varying of the cuiput of the load towards a relalively lower end output.

{00291  Preferably, the operational load type of the load may include at least one of
a linear load, a dimmable non-linear load, and a non-dimmable nondinear load.

{0030]  Preferably, the operational load type of the lcad may be identified by
applying a pattern recognition algorithm,

{0031] Prelerably, the af least one scanned current form may be digitised.

{0032] Prelerably, the al least one scanned current form may be normalised.
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{0033]  Preferably, the at least one scanned current form may be filtered 1o remove

noise.

{0034]  Preferably, the predetermined operational modes may include at least one
of:

{a} a inear operational mode for controlling operation of the output of the load of
a lingar foad type;

{) a dimmable non-linear operational mode for contraliing operation of the oulput
of the lcad of a dimmable nondinear load type. the dimmable non-linear operational
mode being configured for providing af least one of the minimum kick-start
conduction angle for enabling suitable start-up output of the load, and, the minimum
portion of the conduction angle to be blocked in order to enable varying of the output

of the load towards the relafively lower end output; and

{¢} a non-dimmable non-inear operational mode for confrolling operation of the
output of the load of a non-dimmable non-linear load type.

[0035]  Preferably, at least one of the predetermined operational modes may be
cordigured for providing tratiing-edge phase cut dimming of the input AT supply
voltage in response {o the load being resistive or capacitive, and, leading-edge phase
cut dimming of the input AC supply voltage in response fo the load being inductive.

{00386] Praferabdy, the non-dimmable nondinear operalional mode may be
configured to provide switching onfoff of the input AC supply voltage o the none
dimmable non-linear load,

{0037]  Preferably, a dimming range may be able to be set for the conduction angle
between 0-180° for fralling-adge or leading edge phase cut dimming.

[0038] Advantageously, due o s load recognition capabilily and automatic
aperational control mode selaction, the present invention may be able 10 operate with
both traditional linear lcads such as incandescent and fon core transformer fow
voliage halogen lamps. as well as nondinear loads including dimmable/non-
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dimmable compact fuorescent lamps, Auorescent fube lamps with electronic ballast,
and dimmable/mon dimmable LEDs.

{0035]  Also advantageously, the present invention does not require any manual
conffiguration and/or programming in order to function properly and is able to operate

sirnply upon instaliation in series with a light emitting device:

{0044 it would be further appreciated that as the present invention is compatible
with a wider range of light emitting device operational load types including both linear

and non-linear devices, the invention exhibils considerable commercial atiractiveness.

Brief Description of the Drawings

{0041] The present invention will become more fully understood from the following
detallad description of a preferred but non-imiting embodiment thered!, described in
connection with the geecompanying drawings, wherein:

Figure 1 shows a black diagram of a first embuodiment dimmer device;

Figures 2A shows the first embodiment dimmer device connected to a light
emitting device and an AC mains power supply in an examplary two-wire
series configuraticn;

Figures 2B shows the first embodiment dimmer device connected {o a light
emitting device and an AC mains power supply in an exemplary three-wire

configuration;

Figure 3 shows a flow diagran of method steps in accordance with 8 second
ambodiment of the present invention; and

Figures 4A-4D shows exemplary graphed palterns of scanned averaged
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current form data against increasing and decreasing input voltage conduction
angle for an incandescent lamp, a lamp with an electronic transformer, a
dimmable compact fluorescent lamp, and, a non-dimmable compact

Huorescent amp respectively.

Detailed Description of Preferred Embodiments

{00421 Preferred embodiments of the present invention will now be described with
reference to Figs. 14. The embodiments are descnbed herein only in relation to
controlable dimming of a light emitling device (8) for exemplary purposes. However,
it would be understood by a person skilled in the art that alternative embodiments not
exphcitly described herein are able to be applicable for coniroliably dimming the
output of other types of devices such as the speed of fans, the heat cutput of space

heaters and the like.

{004 3] A first embodiment dimming device (1) is shown in Figs. 1, 2A and ZB
which may be configured for two or three-wire elecirical connection. In Fig. 2A
conductive terminals {8) of the dimming device (1) are connected o a 50/60 Hz AC
mains voltage supply (7} and a {linear or non-linear) light emitting device (8) in a two-
wire seres configuration.  Alternatively, Fig. 2B depicts the dimming device, AC
mains voltage supply (7} and the light emitling device (8) connected in a three-wire
configuration.  In the three-wire configuration, the dimmer device (1) includes
additional conductive ferminal (87 for connection with AL mains vollage supply {7)
and the fight emitling device {8).

[0044] The dimming device {1} also includes circuitry (not shown) for varying a
conduction angle of the voltage applied to the light emilling device {8), a current
scanner (4}, and, g digital signal processing unit (2) which is electrically coupled fo
both the current scanner and circullry. The digital signal processing unit {2) could for
instance be a micrccomputer and includes an analogue o digital converter (Za) and
a memory store {(2b). A computer program is embedded in the memory store (2b)

signal processing unit {2) to perform ane or more of the functions described herein.
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{0045]  When the dimming device (1) is inilially connecled in series with the light
emitting device (8) and the AC mains power supply {7) as indicated in the Figs. 2A
and 2B, the digital signal processing unit (2} and current scanner {4) are configured
to automatically perform a scan of the current forms flowing through the dimming
device {1} in response o the conduction angle of the vollage applied {o the light
amitting device (B} heing varied. By way of example, in this embodiment, the
conduction angle is varied by gradually increasing the conduction angle of the
voltage from a relalive minimum conduction angle 1o a relative maximum conduction
angle {referred io as “current-up scanning’), as well as  gradually decreasing the
conduction angle from the relative maximum 1o the relative minimum conduction
angle {referred to as “currentdown scanning”). The step of current-uip scanning and
current-down scanning is represented by block 100 in the flow chart of Fig. 3. The
digital signal processing umt (2) in combination with suitable swilching circudtry is
configured {o automatically perform variation of the conduction angle during scanning
of the current forms. Such circuitry s known and understood by persons skilled in
the art and will not be discussed in further detail herein,

{0048]  The current forms which are scanned by the digital signal processing unit
{2) and the current scanner {4} in response o varying voltage could include:

{a}  anabsolute current average;
{b} a half-cycle current average;
{c) root mean square current; and/or

{d} current integration.

{00471  As would be understood by a person skilled in the art, the conduction angle
of the voltage is the portion of the duty cycle {e.g. 3607 of a sinusoid voltage) which is
utilised to power the light emitting device (8], In this embodiment, as only a half duty
cycle is considered during dimming, the relative minimum conduction angle is O°
whilst the relative maximum conduction angle 15 180° for the half duly cycle. The
range of the conduction angles scanned may of course be vared in altemative
embodiments if desired. By way of example, in the present embodiments, for the
positive half cycle, the minimum conduction angle may be 0% or larger than 0°, and

the maximum conduction angle may be 180° or smaller than 1807, For the negative
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half gycle, the minimum conduction may be 180° or larger than 180°% and the
maximum conduction angle may be 3680° or smaller than 360°,

{0048]  Alter each current form is scanned in response 1o a conduction angle of the
voltage applied o the light emilling device {8) being gradually mcreased and
decreaset), data representing the scanned current forms is fed from the cument
scanner (4} to the current processing unit {3) and then to the digital signal processing
unit (2} which uses the analogue-~to-digital converter (2a) fo digitise the data. The
digitised data is then recorded in the digital signal processing unit mamaory store (2b)
far further processing and analysis. The step of digitising the scanned current form
data is represented by block 110 in the flow chart of Fig. 3.

{0049] The digial signal processing unit {2} is configured to pre-process the
scanned current form data by normalising the dala, and, also provides noise filtering
for smoothening oul relatively sharp distortions in the scarmed current form data. The
steps of normalising and noise fillering the scanned current form data is represented
by block 120 in the flow chart of Fig. 3.

{0050] The relationship between the scanned current form data both ag a function
of increasing conduction angle, and, as a function of decreasing conduction angle
are able to be visually represented in two-dimensional graphical format. By way of
example, the graphed patlern shown Figs 4A, 48, 4C and 4D are indicative of the
relationship between certain exemplary scanned average line current fornmy data and
increasing/decreasing voltage conduction angle for an incandescent lamp, a linear-
gperaling lamp with a capacitive load charactenstic {e.g. with an electronic
transformer), a dimmable compact fluorescent lamp, and, a non-timmable compact
the patitern of cumentdown scanned average line current form data against
decreasing conduction angle whilst the fine Y in each of the Figs. 4A-4D represents
the patiern of current-up scanned average line current form data against increasing
conducton angle. I would be understoad by a person skilled in the arl that where
current forms different {o that of the average line current are graphed against the
increasing/decreasing conduction angle of the voltage, different graphed patiems
may be produced. As will be apparent further below, by scanning several different
current forms {e.g. absolute current average, half-cycle current average, root mean
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square curreni, current integration etc} as a funclion of varying conduction angle of
the voltage, a greater number of unique identifying features can be exiracted from
each graphed patierm and used to assist in recognition of the particular operational
joad type of the light emitling device (B}

{B051] The digital signal processing umit {2) is configured {o identify whether the
operational load type of the light emitling device (B) appears 1o be g linear device, a
dimmable nondinear device, a non-ditsenable non-linear device, andfor whether it
exhibils a resistive, capacitive and/or inductive load characteristics. In particular, the
opergtional load type ientification is perfarmed by reference fo key features
extracted from the scanned patlerns, representing scanned current form data in
relation to varying conduction angle of the vollage. The exiracted key features of the
scanned pattems are uniquely indicative of known operational load types. Such
features used in the comparison could for insiance include twrning points, maximum
and minimum slope, monotonic decreasing and increasing, local valleys and peaks
typically present in a graphed pattemn of any given operational load type. A library of
such known features could be stored in the digital signal processing unit memory
store (2b) as a reference for performing such a comparison and identification, The
step of extracting key features of the pallern representing the relstionship between
scanned current form data and increasing/decreasing  conduction angle s
represented by black 130 i the flow chartof Fig. 3.

{0052] Based on the exiracted features of the pattern, the digital signal processing
unit {2} is also configured fo identify 8 minimum kick-starl conduction angle {o be
applied to the load for enabling suitable start-up illumination of the light emitling
device {8), and, a minimum portion of the conduction angle {o be blocked in order to
enable dimming of the owdpud of the load towards a relatively lower end ouiput.

{0083]  In this embodiment, the fealure exiraction and comparison function is
performed by a program running on the digital signal processing unit {2) to spply a
suitable pattern recognition algorithm. This step is represented by block 140 in the
flow chart of Fig. 3.
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{0084] Once the operational load type is identified, the digital signal processing unit
{2} is configured o automatically implement at least one of a selection of operational
modes which is suitable for controlling dimming of the light emitling device {8)
fHumination based upon ithe identified operational lbad type of the lghl emilling
device {8).

[0055] In the embodiments of the present invention, the step of automatically
applying at ieast one of & plurality of predetermined operational modes to control the
light emitting device {8) is performed by the digital signal processing unit (2). By way
of example, in the embodiments of the present invention described herein, three
possible operational modes are available to be agulomatically applied o the
controflably dim the light emitling device (8) based on the recognised operational

load type including:

{a} a linear operational mode for controlling operation of the vutput of a linear
light emitting device;

{} a dimmable nan-linear operational mode for controlling operation of the output
of a dimmable non-tinear light emitling device; and

{c} a non-dimmable nondinear operational mode for controliing operation of the
output of a non-dimmable non-linear light emitting device.

{0056] Where linear and dimmable non-linear operational modes are applied by
the digital signal processing unit {2), trailing-edge phase cut dimming of the vollage is
used in response o the light emitling device {8) having resistive or capacilive load
characteristics, and, leading-edge phase cul dimming of the vollage is used in
response {o the light emitling device (8} having inductive load characteristics, The
dimming range in either case can be al any conduction angle hetween ¢-180° far
positive and negative cycles of the voltage.

{0057] By way of sxample, a dimmable non-linear operational mode would be
automatically applied by the digital signal processing unit (2} 1o a lamp with an
glectronic transformer having operational characteristics exemplified by the graphed
pattern of Fig. 4B. The lamp with the electronic transformer is capacitive in nature
and frailing-edge phase cut dimming would be appliad in dimming this particular load.
The dimmable non-linear operational mode applied by the digital signal processing
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unit {2} is also configured 1o automatically apply the kick-start conduction angle for
suitable startup flumination of the light emitling device (8), andfor, the minimum
portion of the conduction angle to be blocked in order 10 enable dimming of the
autput of the load towards a relatively lower end output, by reference o the exiracted
features of the pattern so as to automatlically compensate for non-linearty in the
operational characteristics of the device. By way of example, in this embodiment, the
kick-start conduction angle could be set such that no less than 20% of each of the
voltage posilive and negative half-cycles are applied to the joad at starb-up, whilst
the portion of the conduction angle 16 be blocked in order 10 enable dimming of the
output of the load towards a relalively lower end output could be sel at no less than
20% of the voltage positive and negative half-cycles. Additionally, as the operational
load type is recognisable by the pattern recognition pragram as having a capacitive
joad characleristic, the digital signal processing unit {2) would automatically apply

trailing-edge phase cut dimming in this instance.

{0058]  The dimming range in respect of gither leading-edge or tralling edge phase
cul dirveming can again be at any conduction angle between 0-180°,

{0059} Where the light emilling device {8} is recognised as exhibiling a non-
dimmable non-linear charactenstic, the non-dimmable non-linear operational mode is
applied which provides for switching on/off of the voltage 1o the light emilting device
{8).

{00607 Those skilled in the arl will appreciate that the invention described herein is
susceptible o varigtions and maodifications other than those specifically described
without departing from the scope of the invention. Al such varations and
considerad 1o fall within the spirit and scope of the invention as broadly hereinbefors
described. It is o be undersiood that the invention includes all such variations and
maodifications.  The invention also includes alt of the sleps and fealures, referred or
indicated in the specification, individually or collectively, and any and alf combinations
of any two or more of said steps or features.
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{0081]  The reference o any prior art in this specification is not, and should not be
taken as, an acknowledgment or any form of suggestion that that prior ant forms part

of the common general knowledge.
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What is claimed is:

1. A device configured for electrical connection with a toad to control an output
of the load, the devige including;

circuitry for varying 8 conduction angle of an input AC supply voltage applied
to the load,;

a current scanner for scanning at least one current form flowing through the
jlcad in response to the varving conduction angle of the input AT supply voltage
applied to the load;

a digital signal procvessing unit edectrically coupled to the current scanner and
the circuitry, the digital signal processing unit being configured for identifving an
operational load type of the load by reference to a pattern indicative of a relationship
between the scanned at least one current form and the varving conduction angie of
the input AC supply voltage;

wherein the digital signal processing unil is configured for applying at least
ane of a plurality of predetermined operational modes to control the output of the lead
based upon the identified operational load type of the load.

. Adevice as claimed in caim 1 whergin the lbad incdudes at least one of a light

emitting device, afan and a space heater.

3. A device as claimed in claims 1 or 2 wherein the circuilry for varying the
conduction angle of the input AC supply voltage is configurad fo vary the conduction
angle by at least one of gradually increasing the conduction angle within a first
predetermined conduction angle range, and, gradually decreasing the conduction
angle within a second predetermined conduction angle range.

4. A device as claimed in claim 1 wherein the current scanner is configured to

scan at least one of the following current forms:
{a} an absolute current average;
{b} a half-cycle current average;

{c} a root mear square ourrent; and



WO 2012/088696 PCT/CN2010/080529
17

{c} a current integration.

5, A device as claimed in claim 1 wherein the digital signal processing unif is
configured for identifying the operational load type of the load by reference fo at lsast
one feature of the pattemn,

&. A device as claimed in claim 5 wherein the feature includes at ieast one of,

{a) a turning poirtt in the pattern;

{b) a maximum siope in the patterny;

{c} a minimum siope in the patterm;

{d) a monotonic decrease in the pallern;
{e) a monotonic increase in the pattern;
{H & local valley in the pattern; and

{gy  apeakin the patlern,

7. A device as claimed in claim 6 wherein, by reference {o the at least one
feature of the pattern, the dighal signal processing unit is further configured for
identifying at least one of;

{a&} a minimum Rick-stant conduction angle for enabling sultable starl-up owlput of

the load; and

{b)y a minimum portion of the conduction angle {o be blocked in order to enable

varying of the output of the load towards a relatively lower end ouiput

8. A device as claimed in claim 1 wherein the operational ipad type of the load
includes at least one of a lnear load, a dimmable nondlinear load, and a non-
dimmable non-linear load.

9, A device as claimed in claim 1 wherein the digital signal processing unit is
configured to execule a pattern recognition algorithm for recognising the operational

load type of the load.
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10. A device as claimed in claim 1 wherein the digital signal processing unit is
configured for digitising the al least one scanned current form,

1. A device as claimed in claim 1 wherein the digital signal processing unit is

configurad for normalising the at least one scanned current form.

12. A device as claimed in claim 1 wherein the digital signal processing unit is
configured for filtering nolse from the al least one scanned current form.

13. A device as claimed in claim 7 wherein the predetermined operational modes
include at least one of,

{a) a linear operational mode for controlling operation of the load of a linear load

type;

{b} a dimmable non-linear operational mode for controlling operation of the load
of a dimmabie nondinear load type, sald dimmable non-linear operational mode
being configured for applying at least one of the minimum kick-start angle for
enabling suitable slart-up output of the lbad, and, the minimum portion of the
conduction angle o be blocked in order 1o enable varying of the oulput of the load
towards the relatively lower end oulput; and

{c} a non-dimmable nondlinear operational mode for controlling operation of the

load of a non-dimmable non-linear load type.

14, A device as claimed in clagim 1 wherein at least one of the predetermined
operational modes is configured for providing railing-edge phase cut dimming of the
input ACG supply voltage in response to the load being resistive or capacitive, and,
feading-edge phase cut dimming of the input AC supply voltage in response to the
load being inductive.

15. A device as claimad i claim 13 wherein the nop-dimmable non-inear
aperational mode is configured to provide switching on/off of the input AC supply
voltage o the non-dimmable non-linear load,
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16. A device as claimed in claim 14 wherein a dimming range is able to be set for
the conduction angle between 0-180° for trailing-edge or leading edge phase cut
dimming.

17. A methad for controlling an oulput of a load including the steps of:

{i} scanning at least one current form flowing through the lead in
response {0 a varying conduction angle of an input AC supply vollage being applied
to the load;

{it} identifying an operational load type of the load by reference o 3
pattern indicative of a relalionship between the at least one scanned current form and

the varied conduction angle of the input AC supply voltage; and

{iy  applying at least one of a plurality of predetermined operationat modes
to control the oulput of the joad based upon the identified operationatl load type of the
foad.

18, A method as claimed in claim 17 wherein the load includes at least one of a
light emitting device, a fan and a space heater.

19 A method as claimed in claims 17 or 18 wherein the conduction angle of the
input AC supply voltage is varied by at least one of gradually increasing the
conduction angle within a first predelermined conduction angle range, and, gradually
decreasing the conduction angle within a second predetermined conduction angle
range.

20. A method as claimed in claim 17 wherein at least one of the following current
forms is scamnmed:

{a}  an absolute current average;
{b).  ahalf-cycle current average,
{c} a raot mean square current; and

{ct} a current integration.
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21, A method as claimed in claim 17 wherein the operational load type of the load
is wentified by reference o al least one feature of the pattern,

22, A method as claimed iy claim 21 wherein the feature includes at least-one of:

{a) a turning point in the patiern;

{b} a maximum slope in the pattern;

{c} a minimum slope in the paitern;

{dh) a monotonic decrease in the patiern;
{e} a monotonic increasea inthe pallemy
{H a jocal valley in the pattern; and

{g) a peak in the patlem.

23. A method as claimed in claim 22 wherein, by reference o the at least one
feature of the pattern, at least one of following is identified:

{a) a minimum kick-siart conduction angle for enabling suitable start-up output of
the load; and

{b) & minimum portion of the conduction angle to be blocked in order fo enable
dimming of the cuiput of the load towards a relatively lower end output,

24, A methaod as claimed in claim 17 wherein the operational foad type of the load
includes at least one of a linear load, a2 dimmable nondinear load, and a non-

dimmable non-linear load.

25, A method as claimed in claim 17 wherein the operational load type of the load

is identified by applying a patlern recognition algorithm.

26, A method as caimed in claim 17 wherain the at least one scanned current
form is digitised.

27. A method a5 claimed in claim 17 wherain the at least one scanned current

form is normalised.
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28. A method as claimed in claim 17 whereiny the al least one scanned current

form is filtered to remove noise.

29. A method as claimed in claim 23 wherein the predetermined operational
modes include at least one of:

{a} a inear operational mode for controlling operation of the output of the load of
a linsar foad type,

{) a dimmable non-linear operational mode for contraliing operation of the oulput
of the load of a dimmable non-linear load type. the dimmable nonlinear operational
mode being configured for providing at least one ofthe minimum kick-start
conduction angle for enabling suitable start-up output of the load, and, the minimum
portion of the conduction angle o be blocked in order {o enable varying of the output

of the load towards the relatively lower end output; and

{c} a non-dimmable non-linear operational mode for controlling operation of the
output of the load of a non-dimmable non-linear load type.

30, A method as daimed in claim 17 wherein at least one of the predetermined
aperational modes is configured for providing traifing-edge phase cul dinwning of the
input AC supply voltage in response to the load being resistive or capacitive, and,
leading-edge phase cut dimming of the input AC supply voltage in response to the
foad being inductive.

31 A method as claimed in claim 29 wherein the non-dimmable non-inear
operational mode is configured {o provide swilching onioff of the input AC supply
voltage {o the non-dimmable non-linear load.

32, A method as claimed in claim 30 wherein a dimming range is able o be set
for the conduction angle between G-180° for trailing-adge or leading edge phase cut

dimming.



