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DIMMER SYSTEM AND METHOD
FIELD OF INVENTION

The invention relates to a dimmer system and method. The invention is especially
suited (but not limited) for use in high-powered LED lamp unit systems and will be

described in such context.
BACKGROUND 7O THE INVENTION

The following discussion of the background to the invention is intended to facilitate an
understanding of the present invention. However, it should be appreciated that the
discussion is not an acknowledgment or admission that any of the material referred to
was published, known or part of the common general knowledge in any jurisdiction as

at the priority date of the application.

LED lighting is advantageous over conventional lighting systems due to the less
electrical energy consumed per lumen. However, LED lighting system requires
proper control or regulation of electrical current and/or electrical voltage. Most LED
lamp systems are driven by electrical drivers that are typically voltage and/or current

regulators adapted to suit the voltage and current requirements of LED loads.

Conventional LED drivers may incorporate dimmers (dimmer circuitry) for the control
of brightness of LED loads (such as LED lamps) or the switching of the LED lamps
on or off. Dimmer protocols include pulse wave modulation (PWM), 1-10V/0-10V
VDC dimmer protocol, Potentiometer, and Motion sensor protocol. Potentiometer

and Motion sensor are devices widely used for lighting dimming control.

Most conventional dimming systems are binary on/off system and do not ailow
flexibility in dimming to the reqguired light brightness levels. For example, motion

sensor for conventional dimming system is based on the binary On/Off.

Further, for implementation on circuits with primary and secondary sides, dimmers
are usually designed with the rectifying side (on the primary). Dimmers at the
primary AC side are achieved based cn phase cut which will create electromagnetic

interference (EMI). Due to EMI, the power factor of these circuits in operation will be
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FIG. 5 is a flow chart showing the decision making process in the MCU of the

integrated input interface of Fig. 4.

FIG. 6 illustrates is a schematic block diagram of how the dimmer may be coupled
with a LED driver in an isolated configuration for dimming an LED load in accordance

with another embodiment of the invention;
FIG. 7 shows a possible circuit implementation of Fig. 3; and

FIG. 8a to 8c shows the possible inputs of the dimming protocols. FIG. 8a shows
PWM inputs; FIG. 8b shows a 10V potentiometer input; and FIG. 8¢ shows a motion
detect input.

Other arrangements of the invention are possible and, consequently, the
accompanying drawings are not to be understood as superseding the generality of

the preceding description of the invention.
DETAILED DESCRIPTION OF THE EMBODIMENT(S)

In accordance with an embodiment of the present invention there is a dimmer 10
comprising an input interface 20 and an output interface 30. The dimmer 10 is
suited, but not limited to be used for controlling the brightness of a plurality of
electrical load, such as, but not limited to high-powered LED lamp units.

Input interface 20 is operable to receive input dimming signals for switching LED
lamp units ON/OFF and/or adjusting the brightness of the LED lamp units. _
Output interface 30 is operable fo output processed input signai(s), the resulting
output signals for feeding into:-

i. Another dimmer 10; and/or

ii. A plurality of LED drivers.

Output interface 30 may comprise a plurality of RJ45 Ethernet modular connectors.
The dimmer 10 is hereinafter referred to as 'Dimming Hub’. The dimming hub is
suitably powered by a power supply system 40.

Fig. 1 illustrates a block diagram of the Dimming Hub with input interface 20 operable
to receive different dimmer protocols for LED lighting dimming and On/Off control.

The Dimming Hub is powered by a powsr supply 40.
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Power supply 40 is adapted to receive input voltage in the form of AC or DC voltage.
Power supply 40 is electrically connected fo an AC/DC convertor 42. If the input
voltage is an AC voltage, the AC/DC converter 42 is operable o convert the received
AC voltage to a DC voltage via rectification or other regulation means as known 1o a
skilled person to drive the electronics circuits. [f the input is a DC voltage, then the
AC/DC converter 42 is operable to regulate the DC voltage. AC/DC converior 42
may be an integrated circuit such as the AMEL5-125AZ 5 Watt AC-DC Converter by
AIMTEC™,

Power supply 40 comprises necessary electrical components such as rectifiers,
capacitors and/or inductors to perform the necessary functions. Such electrical
components are known and will not be elaborated further. 1t is to be appreciated that
the dimming input and output interfaces 20, 30 are at the secondary end of the
implemented circuit in either an isolated or a non-isolated configuration. Such design

ensures that power factor is maintained.

The input interface 20 is adapted to receive inputs from

a. a PWM module 22 for PWM signal input;

b. Potentiometer module 24 for 0-10V or 1-10V variability; and/or
¢. motion sensor interface 26 for receiving motion sensor inputs.

The PWM module 22 accepts PWM frequency in the range of 100Hz to 2 KHz
corresponding to 0 to 100% duty cycle respectively. A 0% duty cycle corresponds fo

the 'OFF’ state, while 100% duty cycle corresponds to the desired light output level.

The PWM module 22 signal is processed and routed to the one or more cutput RJ45
connectors which are connected to LED drivers for lighting dimming or On/Off

control.

Potentiometer 24 is an interface input preferably for 0-10V; 1-10V or other range of
voltages as desired. The received potentiometer signal is routed to one or more
output RJ45 connectors that are connecled to LED drivers for lighting dimming or
On/Off control. OV is considered as a switch off state, i.e. lighting OFF, and 10V is
100% level light output.
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The motion sensors interface 26 may comprise single or multiple motion sensors 28
for connection with motion detectors to control the dimming of LED drivers. Any
motion sensor 28 that operates with ‘default mode’ that is comprises an output type

of a ‘'normal close’ output is compatible.

Fig. 2 illustrates the motion sensor interface 26 in the form of a logic block diagram.
it includes an input processor 31 (main control unit MCU 31), voltage dividers 32, and
output interface 30 RJ45.

The logic associated with the operation of the motions sensors are described as

follows:-

When no motion inputs are detected, motion sensors output switches are closed, and
the voltage level at the voltage dividers 32 will change. Once the change in voltage
is detected by MCU 31, the MCU 31 will sense that there is no motion detected.
MCU 31 will then send out a range of PWM duty cycle to a PWM converter 34, PWM
convertor 34 then converts PWM signal to an operating DC voltage and send it to the
output interface RJ45, and LED drivers connected to the output interface shall dim at
the same time. The operating DC voltage after the PWM converter 34 is around
1.5~5V DC.

When motion sensor interface 26 detects motion, the motion sensor switch will open
circuit, this will again change the voltage level at output of the voltage dividers 32,
MCU 31 will sense the change in voltage level and know that motion was detected
and send out a range of PWM duty cycle to PWM converter 34, PWM converter 34
then converts PWM signal to DC voltage and send it through RJ45, and LED drivers

connected to the output interface shall light up at the same time.

Multiple units of motion sensors 28 may be connected to the motion sensor interface
26 to widen the detection area. In such a situation, as long as one of the motion
sensor detects any motion, the motion sensor switch will opened, and this will change
the voliage level at output of the voltage dividers 32, MCU 31 will sense and know
that motion detected and send out a range of PWM duty cycle to  PWM converter

34, PWM converter 34 than converts PWM signal a corresponding DC voltage and
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send it through RJ45 30, those LED drivers connected will light up 100% at the same

time.

When motion sensor detects the motion, in a default mode the motion sensor output
switch open for few seconds and the motion sensor oufput switch is then closed
back. A suitable timer 38 may be incorporated in the dimmer circuit to allow a user to
select a desired light up time of the LED lamps when motion is detected. In this
situation, For example, if TIMER 38 is setto 5 minutes of holding (light up) time,
when motion sensor detects the motion, the motion sensor switch will be opened and
this will change the voltage level at the output of the voltage dividers 32, the MCU 31
will sense and know that motion is detected and then send out a range of PWM duty
cycle to PWM convertor 34, PWM convertor 34 will then convert PWM signal to DC
voltage and send it through the RJ45, the connected LED drivers will then be

operable to light up 100% with 5 minutes of holding time.

RJ45 is an interface output signal to LED drivers for dimming or On/Off lighting
control. It can be single unit or multiple LED driver connection. The Dimming Hub
can be link to another Dimming Hub for more LED driver control in the same time

used Ethernet cable connection.

it is fo be appreciated that additional inputs may be added to the input interface 20.
These additional inputs include, but are not limited to, ambient lighting sensors (for
automatically switching on/off or adjusting the brightness depending on ambient
light); and variants of PWM control such as PWM to Digital Addressable Lighting
Interface (DALI);, PWM fo Bluetooth; (DALI) fo PWM; and Bluetooth to PWM etc.

In accordance with another embodiment of the invention, the dimmer 10 may
comprise an integrated (common) input interface 200 arranged 1o receive at least

three forms of input signals:-
a. a PWM module 22 for PWM signal input;
b. Potentiometer module 24 for 0-10V or 1-10V variability; and

c. motion sensor interface 26 for receiving mation sensor inputs.



10

15

20

25

A circuit diagram 200 of the input interface is shown in Fig. 4. The input interface
200 comprises an input line 220, an input signal regulation unit 240, and an input

processor or main control unit (MCU) 260.

Input line 220 comprises a single input INPUT 1 for receiving any input signals from a
PWM module 22, a Potentiometer module 24, or a motion sensor interface 26; a

resistor element R+; and a voltage regulator Reg.

The resistor element Ry functions as a pull high resistor when there are no dimming
devices such as PWM, 0-10V/VR or Motion Sensor connected to the input interface
200. Ry also works as pull high resistor to INPUT 2, INPUT 3 when no dimming
inputs are present.

Voltage regulator Regy is operable to regulate INPUT 1 at a desired voltage level to

prevent damage {o the electrical components within the input interface 200.

Upon receiving a dimming signal at INPUT 1, the dimming signal is tapped as inpuls
to the input signal regulation unit 240. The input signal regulation unit 240 comprises
_vottage followers (buffer amplifier) U1 and U2; Regulator Regp; and voltage divider
242,

Upon receipt of dimming signal at INPUT 1, voltage followers U1 and U2 are
operable to follow the INPUT 1 voltage to provide INPUT 2 and INPUT 3.

INPUT 2 is used for the detection of PWM signal or motion sensor signal. INPUT 3 is
used for the detection of the 0-10V or 1-10V input.

The INPUT 2 is regulated by the Voliage regulator Reg;. Similar to Regq, Regs is
operable to regulate INPUT 2 at a desired voltage level to prevent damage fo the

electrical components within the input interface 200.

The voltage divider 242 regulates the voltage at INPUT 3. Voltage divider 242

comprises resistors Ry and R; for performing the voltage dividing functions.

As an illustration, when a 0-10V/VR potential meter input is connected and set to 10V
feed to INPUT 1, the voliage follower U2 and OUTPUT 1 voltage will be 10V as well.
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R2 and R3 working as divider will set the voltage at INPUT 3 equal or less than 5V to

ensure INPUT 3 voltage level not over or higher than MCU working voltage.

The MCU 260 implements the logic and algorithm (in the form of programming code)
to detect and differentiate the different types of INPUT 1, in particular differentiating
whether INPUT 1 is a PWM signal; voltage 0-10V, 1-10V/VR input; or motion sensor
input. The output of MCU 260 is OUTPUT 2. OQUTPUT 2 is sent fo a LED driver for
lighting dimming control.

The basic logic for detection and differentiation of INPUT 1 is described with

reference to the flow chart in Fig. 5.

INPUT 2 is utilized for the detection of PWM signal. Any DC voltages are filiered and

ignored.
Upon receiving a PWM signal having a range of frequencies:-

any PWM signal frequencies detected at 100HZ to 2KHZ is considered as normal
PWM signal; and

any PWM signal frequencies detected at 25Hz to 80Hz; OR 2.5KHz to 3KHz are

deemed as Motion Sensor signal.

The MCU 260 will then send the dimming signal to the LED driver (presumably an
ASIC based LED driver) for lighting dimming control.

INPUT 3 is utilized for the detection of DC wvoltage level for 0-10V/VR dimming
protocol. Any PWM signal is filtered or disregarded.

When a 0-10V/VR input is connected, the maximum voltage at INPUT 1 is set at 10V,
and the voltage regulator REG, will regulate the voltage to 5V or less at INPUT 2.
However MCU 260 will ignore the voltage that detected at INPUT 2.

At the same time OUTPUT 1 (the output from voltage follower U2) will have the same
voltage as INPUT 1. R2, R3 will divide the voliage range at 0V o 5V at INPUT 3.
MCU 280 will recognize this is valid signal, process and send the output through
OUTPUT 2 to the LED driver for lighting dimming control.

10
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When a PWM input is connected, PWM signal that goes to INPUT 3, MCU 260 will
ignore the PWM signal, with no change on the OUTPUT 2. MCU 260 will only
recognize the PWM signal at INPUT 2, OUTPUT 2 will change the output signal

accordingly to the LED driver for lighting dimming confrol.

The flow chart in Fig. 5 describes the logic flow of the MCU 260, in particular
differentiating the PWM, 0-10V/VR and Motion Sensor signals from one another.

With reference to Fig. 5, once MCU 260 detects high voltage level at both INPUT 2
and INPUT 3 in paraliel, OUTPUT 2 will send 100% output signal fo the LED ASIC
driver to fully light up the lighting.

The LED ASIC driver as mentioned may be the LED driver as described in PCT
patent publication W02011/152795; or the high powered LED ‘string driver as
described in PCT patent publication W0O2013/066270 and their relevant govemning

squations.

The OQUTPUT 2 of MCU 260 may also be a PWM output mode with external RC filter

or DAC output mode sending dimming voltage reference value to the input of ASIC.

The REG; is purely working as DC voltage regulator only. The MCU 260 INPUT 2 pin
configured as PWM signal detection only as described. Any DC voltage will be

ignored.

In accordance with another embodiment of the invention, the dimmer 10 as described
in the earlier embodiment is combined with or arranged to work with a LED driver 50
for varying brightness to LED load. LED driver 50 is typically of an isolated
configuration comprising a primary circuit 52, semiconductor based isolation 54, and

secondary circuit 56. Secondary circuit 56 operably drives an LED load 58.

Primary circuit 52 comprises the rectifier circuitry for converting the AC source
current/voltage to DC current/voltages suitable for driving LED loads. Semiconductor
based isolation circuit 54 typically comprises a transformer, such as a planar
transformer for isolating the primary circuit 52 from the secondary circuit 56.
Secondary circuit 56 comprises smoothing capacifors and has at least an

input/output interface 60 for receiving the dimming hub 10 dimmer inpui(s) for

11
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adjusting the output voltage/current to the LED load 58. /O interface 60 may be an
integrated circuit (IC) such as an application-specific integrated circuit (ASIC). The
ASIC driver may be the LED driver as described in PCT patent publication
WO02011/152795; or the high powered LED ‘string driver’ as described in PCT patent
publication W02013/066270 and their relevant governing equations.

LED load 58 comprises a plurality of LED lights.

In another preferred embodiment of the invention, the dimmer 10 as described is
combined with a high powered LED lamp driver 50 suitable for driving a plurality of
high powered LED lamp units 58. Such a single driver 50 possesses the quality of
producing suitable ripple less DC current for providing to a plurality of high powered
LED lamps such that each high powered LED lamp unit 58 does not require a
dedicated driver. As a result of a single driver to multiple LED lamp units, each high
powered LED lamp unit may be fitted with a suitable heat sink to dissipate heat from

the high powered LED lamp unit alone.

The output interface 30 of each dimmer 10 is suitably connected to one or more of

such LED lamp units, or to additional dimmers 10.

The dimming hub enables it to work with single driver which can potentially dim an
unlimited number of strings of lights.

An application of the described dimmer 10 with combination with a single high
powered LED lamp driver suitable for driving a plurality of high powered LED lamp
units is as a corridor dimming solution. This is particularly useful in
hotel/condominium corridors installed with LED lights. The application is described in

the context of using of motion sensor as the operative input interface 20.

In a typical hotel corridor where lights are on all the time, when there is no motion the
strings of LED light in the entire corridor dims down to say 30% at an ‘energy saving’

mode,

When motion is detected (i.e. when a person approaches the corridor and is detected

by one or more motion sensors, the string of lights goes up to 100% brightness.

The advantages associated with the described embodiments are listed as follows;-

12
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i. In the LED driver implementation, due to the connection with the secondary
circuitry; the primary circuitry including the AC input source is not affected and hence
the input current waveform is not distorted. Such an arrangement is further
advantageous because it minimizes distortion, nocise, flickering and EMI in the

primary circuit.

In addition, the dimming hub comprises an input interface that can integrate more
than one LED dimming protocols including protocols such as potentiometers, PWM
and motion sensors (which may include PWM signals within certain frequency range
such as 2.5kHz to 3kHz).

Comparing with a conventional dimmer such as a TRIAC dimmer, the TRIAC dimmer

generally comprises the following problems.

e The voltage chopping and triggering of triac at line frequency will generate

inrush current, electromagnetic inferference, and audible noise.
e The chopped-off current waveform is severely distorted and results in:-
(a) Poor power factor
(b) Poor line regulation
(c) Distorted current waveform
(d) Inrush current and EMI noise.

it would be further appreciated that although the invention covers individual
embodiments, it also includes combinations of the embodiments discussed. For
example, any feature(s) described in one embodiment not being mutually exclusive to
a feature described in another embodiment may be combined to form yet further

embodiments of the invention.

13
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Adimmer sysiem comprising

gne input interface Capable of recelving a dimming Input from at leagt b

dimming protocols; the dimming input in ihe form of either & pulse wave
raadulation (PWM) sianal or a direct current 13 vollage signal

an inplit processer oparabls 0 receive the diviming input from the nput interface

and diferentisle the ;fe@géve{f dirnming protocol based on whether the recsived

dimmning input Is & PWM signator DU wmg@; gignal, an i process the dimming
input sccording fo the dimming protocol and

an output Intetface comprising & g%wm_ﬁ&yﬁf oulput ponts, af least ons cutpult port

adaples o transmif the processed dimwming gt foutpld of the mg:m* DTODESSHr}

e

fo st least one LED driver

whereln the al lsast one LED drbver is operable to ditve & plurality of bigh
powered LED lamd unils ot g8 deshbed bLrighiness in acoordsnce with the

processud dimming npud

The dimmer system according to clalm 1, whereln the af leas! fwo dinming
protocols comprise at least two of the following:- Digital Addressabls Lighting
interface (DALL, potentiometer contrad varying from D10 slectrical volis; and

motion sensing sontrol protocol.

~4

he dirmimgr system aﬁﬁ{s?‘ﬁmg to clai 1 oor 8, wharsly the plurality of oufput

s corapiises 8 pluralily of RA4S Ethemet modilar connecions.

The dimmersystem scconding fo olaim 2, whersin whare the dimming protocol is

a motion sensing control protoeel, there comprises a tmer to delemming a

o
¥

duration the high-powersd LED lamp units are to remain al o desirad brighines

The dimmer system gocording to daim 4, wher i the inpul processor comprises.
& mgin SQEX?F{}E'&ERE? opsrable o receive the dimming | ‘mus and provide the mﬁ’(;}zs’i

iy ths form of 8 PUWM signal with & duty ::{;se
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The dimmer system &“"“Qf‘{jsﬁg o claim 8, whersia the ng:m% processor furth
comprise a PWHM convertor and i operation, upon recefving the PWM ssmas
with the duty cycle fo operate the PWM converter, the PW signst I8 convertad

i an sperating DO vollage and sent {o the cutput interfgce,

The dimmear s}f&i@w sccording fo claim &, whersln the operating DO voliags after

7

corversion = around 1.5 I 8 wolls

The dimmer systery according to any ons of the precading claims, wherein the
input inferface s adapted to receive divnsiing inputs from g PWM moduls, a

notentiometer module, ora motion sensor interfase.

The dimmer system according 1o claim 8, further comprises an lnpul dne'for
recelving dimming inputs from the PYWM madule, the polentiomester moduly and

the motion sensorinterface.

0 The dimmer syslem gocording o olaim 8, whaersin the dimming npals reesived

3t tha m il fine ja ment to e input sionad regulstion unl

. The dimmer systerm acoording o claim 10, whatein the input signal feguiation

urlt comprises & fisst Input for the detection of PWM signal or %’z\;éaim BRSG

f"'}
s

signal; and 2 secand input for detection of potentiometer signal.

The dimmer systam sooording fo clalm 11, wherain any DO signal received &t
the fiest Input is disregardad and any AD signal received al the second input is
dizrpgardad.

. Tha dimmer system zoomding o any one of glalme 10 to 12, wherein the PWM

signat fre wen{ﬁe&: datectsd &l a range balween T00HzZ 1o SKM: is determined as

=

g normal PWM signal and the PWM signs! fregueniclss detected at & e

between 28Hz 10 8&“}%% i delahined sg 2 mio thory }@ﬂ:»&igé“@gi.

The dimier system ascording to atydone of claims 107 to 12, whersin the PWM

glgns fii*i}gif“*“ﬁ,{{}% defected at a fange betwean 100Hz to 3KHz i determined as
a monmal PWW signad and the PWW signal frequanuies delecied 8t a mangs

hatwaen 2.5KHz 1o 3KHz s determined as 8 motion sonsor signal



15.

18,

18.

A famp system comprising the dimmer system of any one of the precading olaims:
wherein the at least one output port s connectad W the input inferface of another
dimmer system.

An slectrical cirouit comprising a dimmer system according 1o any one of daims
110 13, whereln the dimmer systam is implemented on a secondary end of the

elactinal circtlt in 2 non-solated configuration.

. An sleatrical clrault comprising a dimimer system according o any one of clalms

1o 13, whersin the dinuner syslem is implemenied on a secondary end of the
slecirical ciroult in an isolated configuration.

A method for procesaing and woviding dimming signals fo an sleclrical oufput
cornprising the steps of, ~

racetving one dimming input from at lsast two dimming protacels, the dimming
input In the form of & pules wave modulation (FWM) signal o a diredd current
{2 voltage signal;

differantiating the dimming profocol of the recsived diriming input bassd on
whether the received dimming loput is 8 FWM signa!l or DT voltage signal and
procassing the diruning input sccording to the dimming protocol;

ransmiting the provessad dimming input to-at least ang LED driver ke dirmming

wherein the st least one LED ditver is operable to drive a pilrality of high
powsred LED lamp units al @ desired brightness in accordance with the dimmer
frpud

18, The mwthod according o daint 18, wherein the at least two dirnming protocols

24,

comprise at least two of the following~ Digital Addressable Lighting Inerface
(DALLY, potentiometer conirgl varying from 010 slectrical volls; and motion

ssnaing contrd profonol,
The method accerding to olei 18 or 18, whergin whers the dimming protosa! is
g motioh ssnsing cobir! plotocol, there comprissyg g fmer 0 determing &

duration the high-powerad LED lamp units are to remain at a desired brighiness,



