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Method and device for driving an array of light sources

FIELD OF THE INVENTION

The present invention relates in general to the field of color illumination. More
particularly, the present invention relates to an illumination device comprising a plurality of
light sources, of which the color and the luminance level is controllable. In the following
explanation, it will be assumed that each light source is implemented as a LED, but the
present invention can also be practiced with other types of light sources, for instance TL

lamps, halogen lamps, etc.

BACKGROUND OF THE INVENTION

Generally speaking, there is a desire for illumination devices that are capable
of generating light with a variable light intensity (dimming) and variable color. As should be
clear to a person skilled in the art and therefore needs no elaborate explanation, it is possible
to generate light of all possible colors in a large portion of the color gamut with an
arrangement that comprises three primary LEDs generating light of mutually different colors.
In a typical example, one LED generates RED light, a second LED generates GREEN light,
and a third LED generates BLUE light. The combined light output of these three primary
LEDs has a mixed color within the color triangle defined by the colors of these three primary
LEDs, and the exact color point within this color triangle depends on the mutual ratios of the
intensities of the three primary LEDs. Thus, varying the color point of the arrangement can
be done by changing the relative intensity of one of the three primary LEDs, whereas varying
the intensity of the light output while maintaining the color point can be done by changing
the intensities of all primary LEDs to the same extent.

It is noted that it is possible to use more than three primary LEDs with
mutually different colors; in such case, the present invention can also be applied, with
suitable adaptations, as will become clear to a person skilled in the art.

In the following, a basic assembly comprising three (or more) different
primary light sources will be indicated by the phrase "spot". Thus, in its smallest
implementation, a spot comprises exactly three LEDs. However, it is possible that a primary

light source is implemented by an array of mutually substantially identical LEDs, each
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generating substantially the same color, which are connected in a parallel and/or series
arrangement to increase the light output. In the following, it will be assumed that each
primary light source is implemented by one LED.

For controlling the intensities of the respective primary light source, a spot is
provided with a microcontroller. The microcontroller has an input for receiving a set signal,
for instance from a central microcontroller or PC. The microcontroller further has three
control outputs, one for each LED, for controlling the operation of the respective LEDs.
Typically, the LEDs are operated with a variable duty cycle to achieve variation of the
respective light intensities.

An illumination system may comprise two or more spots which should be
operated in the same way, i.e. produce the same light color and intensity level. Thus, with
increasing number of spots, the number of microcontrollers also increases. This poses a
problem in terms of costs, since the microcontrollers are the major cost factor in a spot.

The present invention aims to overcome this problem. More specifically, the
present invention aims to provide a relatively simple and low-cost illumination system

comprising two or more spots, which can operate with only one single common controller.

SUMMARY OF THE INVENTION

To this end, the present invention provides a communication system that
requires only two wires, carrying supply power for the LEDs as well as command signals for
the LEDs.

It is noted that EP-1.555.859 discloses a communication system for an
illumination system where a plurality of LEDs are controlled via a common two-wire bus that
carries supply power for the LEDs as well as command signals for the LEDs. In this prior art
system, the command signals are coded messages. Each message contains a coded address
indicating the LED for which the message is intended, and a coded instruction indicating the
action the LED is required to perform. Although this system does implement a central
control, indeed, it is nevertheless rather complicated and costly in that each spot needs to
have an intelligent device (such as a microprocessor) for receiving, decoding and processing
the coded instructions.

In a system proposed by the present invention, the command signals are much
simpler and control the respective LEDs directly. A command signal is implemented as a
signal within a small frequency band, which signal is either present or absent. For different

LEDs, different frequency bands are used. Each spot comprises filters corresponding to the
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respective frequency bands. A LED is directly controlled with the output signal of such filter:
presence or absence of the signal means ON or OFF of the LED, so the duty cycle control of
the LEDs is directly controlled by the central controller through duty cycle control of the

command signals.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, features and advantages of the present invention will
be further explained by the following description with reference to the drawings, in which
same reference numerals indicate same or similar parts, and in which:

Fig. 1 is a block diagram schematically showing an illumination system;

Fig. 2 is a block diagram illustrating an embodiment of a controller in more
detail,

Fig. 3 is a graph schematically illustrating signals in the controller of Fig. 2;

Fig. 4 is a block diagram illustrating an embodiment of a light source
assembly in more detail;

Fig. 5 is a graph schematically illustrating signals in the light source assembly

of Fig. 4.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 schematically shows an illumination system 1, comprising a plurality of
light source assemblies 10 and a control system 20. The Fig. shows four light source
assemblies 10, but the number of light source assemblies may be three or less or may be five
or more. In the following, a light source assembly will briefly be termed "spot".

Each spot 10 comprises a plurality of primary light sources 11, 12, 13. The
Fig. shows three primary light sources per spot, but the number of primary light sources may
be more than three. In a preferred embodiment, the primary light sources are constituted by
LEDs, although other types of light sources are also possible. Each primary light source may
be constituted by one single LED (or other type of light source), but a primary light source
may also be constituted by a plurality of LEDs (or other type of light source) connected in
series and/or in parallel to increase the light output. The primary light sources 11, 12, 13 of
one spot are mutually different, in that they generate light of mutually different colors,
typically red, green, blue. Although the number of LEDs (or other type of light source) per

primary light source may be different for different spots, the spots are mutually substantially
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identical in that the primary light sources 11, 12, 13 of different spots generate light of
mutually the same color (i.e. each spot generates the set of red, green and blue light).

Each spot 10 generates spot output light 14 that is a mixture of the light
emitted by the respective primary light sources 11, 12, 13 of the spot. The spot output light
14 has a color that depends on the intensity ratio of the respective light source outputs. By
varying the intensity of one or more light source outputs, the color and/or intensity of the spot
output light 14 is varied. The control system 20 of the illumination system 1 is designed to
control the individual lamps of the spots in such a way, that cach spot generates substantially
the same mixture color at substantially the same mixture intensity.

The control system 20 comprises a common controller 21, having an input for
receiving a set point signal Ssp, for instance from a user, or from an external microcontroller

or PC (not shown). The controller 21 further has an output 23 connected to a two-wire
control bus 24. The controller 21 is designed to generate an output signal Sgyg at its output

23 on the basis of the set point signal Ssp received at its input 22, the output signal Spys

containing power as well as control signals for the spots 10. All spots are connected in
parallel to the bus 25, so all spots receive the same input signals. At a power input 26, the
controller 21 is powered from a general power supply, which may be a battery or the like, but
which in the example of Fig. 1 is shown as an AC/DC converter 25 which in turn is powered
from mains.

Fig. 2 is a block diagram illustrating an embodiment of the controller 21 in
more detail. The controller 21 comprises a calculator 30, having three outputs 31, 32, 33, and
having an input 34 receiving the set point signal Ssp from controller input 22. On the basis of
the set point signal, and further based on color setting information (e.g. a lookup table, a
formula or the like) in an associated memory 35, the calculator 30 calculates operative duty
cycles A1, A2, A3 for the respective LEDs 11, 12, 13. The calculator 30 has outputs 31, 32,
33 for outputting signals representing the duty cycles Al, A2, A3, respectively. It is noted that
color control by controlling the duty cycle of different light sources is a known per se
technique, so a detailed explanation thereof is not needed here. It suffices to say that a duty
cycle A represents the ratio of the duration of a lamp ON time to the duration of a lamp
period, and can for instance be expressed as a percentage or as a number between 0 and 1.

The controller 21 further comprises duty cycle generators 41, 42, 43, receiving

the duty cycles Al, A2, A3, respectively, from the calculator 30. Each duty cycle generator

41, 42, 43 is operative to generate a duty cycle signal Spci, Spc2, Spes, respectively. Each
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duty cycle signal is a signal having either a HIGH value or "1" or a LOW value or "0". As
will be explained, the LEDs of the spots are ON when the duty cycle signal has its HIGH
value and are OFF when the duty cycle signal has its LOW value, or, alternatively, the LEDs
of the spots are OFF when the duty cycle signal has its HIGH value and are ON when the
duty cycle signal has its LOW value. In any case, the period of the duty cycle signal
determines the period of the LED current, and the ratio of HIGH signal value duration to
LOW signal value duration determines the duty cycle of the LED current, which is set to be
equal to the duty cycle A received from the calculator 30. It is noted that each duty cycle
generator can be implemented by a block pulse generator such as known per se. It is further
noted that the signal periods of the duty cycle signals Spci, Spc2, Spes generated by the
different duty cycle generators 41, 42, 43 may be mutually identical, but this is not essential.

It is noted that the duty cycle generators 41, 42, 43 may be integrated with the
calculator 30.

The controller 21 further comprises controllable frequency generators 51, 52,
53, receiving the duty cycle signals Spci, Spca, Spes, respectively, from the duty cycle
generators 41, 42, 43. Each frequency generator 51, 52, 53 is capable of generating a
frequency signal with a predefined frequency f1, 2, {3, respectively, preferably a sine-shaped
waveform with a single frequency or within a relatively small frequency band. The
frequencies f1, {2, 3 of the different frequency generators 51, 52, 53 are mutually different.
Suitable values for the frequencies fl, {2, 3 are, for instance, 57 kHz, 73 kHz, 127 kHz.

The frequency generators 51, 52, 53 are controllable in that they do or don't

generate the frequency signal in conformity with the duty cycle signals Spci, Spc2, Spes,

respectively, received as control signals. For instance, it is possible that a frequency generator
continuously generates the frequency signal, and that the frequency generator at its output is
provided with a switch, controlled by the duty cycle signal, either passing or blocking the
frequency signal. It is also possible that a frequency generator is switched ON and OFF by

the duty cycle signal. In any case, the output signal Sgi, Sgo, Sg3, of the frequency generator

51, 52, 53, respectively, is a switched signal that either is zero or is an alternating signal

having the corresponding frequency f1, f2, f3. In the following, it will be assumed that the

output signal Sgq, Sga, Sg3, of the frequency generator 51, 52, 53, respectively, is zero when
the corresponding duty cycle signal Spci, Spe2, Spes, respectively, is LOW, and that the
output signal Sgq, Spa, Sg3 1s the alternating signal having the corresponding frequency f1, 12,

3 when the corresponding duty cycle signal Spci, Spca2, Spes, respectively, is HIGH.
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It is noted that the alternating signal may alternate between a negative value
and a positive value, but it is also possible that the alternating signal alternates between zero
and a negative or positive value.

It is noted that the frequency generators 51, 52, 53 may be integrated with the
duty cycle generators 41, 42, 43, respectively, and together they may be integrated with the
calculator 30.

The controller 21 further comprises a first adder 61 receiving the output
signals Sgq, Spa, Sg3, of the frequency generators 51, 52, 53, respectively. Thus, the first
adder 61 provides an output signal S61 that contains the signal components of all output
signals Sgq, Sp2, Sg3, of the frequency generators 51, 52, 53, respectively.

The controller 21 further comprises a second adder 62, receiving the output
signal S61 from the first adder 61, and also receiving a constant voltage Vpc, which may be

identical to the voltage received at power input 26, or which may be derived from this
voltage by a constant voltage source 63. It is noted that the second adder 62 may be
integrated with the first adder 61.

The output of the second adder 62 is coupled to the output 23 of the controller

21. Thus, the bus 24 carries a bus signal Sgyg that is a combination of a direct voltage Vpc
and three switched frequency signals Sy, Sgo, Sg3. This is illustrated in Fig. 3, which is a
graph showing the three duty cycle signals Spci, Spe2, Spes, the three switched frequency
signals Sgq, Spa, Sg3, and the bus signal Sgys as a function of time.

In Fig. 3, the first duty cycle signal Spc is shown to be HIGH from a time t;
to a time t{», and is shown to be LOW from the time t;> to a time t13, so the first period Tj is
equal to ty3-t;1. Likewise, the second duty cycle signal Spcs is shown to be HIGH from a
time ty; to a time ts5, and is shown to be LOW from the time t5 to a time t33, so the second
period Ts is equal to ta3-to;. Likewise, the third duty cycle signal Spcs is shown to be HIGH
from a time t3; to a time t3», and is shown to be LOW from the time t35 to a time t33, so the
third period Tj is equal to t33-t3;. The three periods T1, Ty, T3 are shown to be mutually
equal, but this is not essential. Further, for sake of clarity, t3; is shown to be later than t;5, and

t31 18 shown to be later than ty», whereas t3 is shown to be later than t35, so that the three

HIGH intervals do not overlap; however, such overlap is very well possible.
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It is noted that in this preferred embodiment the bus 24 carries power as well
as control signals over the same line, which, for closing the signal loop, is a 2-wire bus.
Alternatively, it is possible that power and control signals are separated, in which case the
control signals are carried over the same line and the power is carried on a different line. In
such case, a 4-wire bus is required, or a 3-wire bus if the control signals and the power share
a common return line.

Fig. 4 is a block diagram schematically illustrating a spot 10 in more detail.
The spot 10 has an input 16 connected to the bus 24, thus receiving the bus signal Sgys. The
spot further comprises band pass filters 71, 72, 73, having their respective inputs coupled to
the spot input 16. Each band pass filter 71, 72, 73 is designed to pass the signal components
within a small frequency band around the frequencies fl1, 2, {3 of the frequency generators
51, 52, 53, respectively, and to block signal components outside said frequency band,

including DC. Thus, the first band pass filter 71 outputs a filtered signal Sp; that corresponds
to the switched frequency signals Spj. Likewise, the second band pass filter 72 outputs a
filtered signal Sp» that corresponds to the switched frequency signals Sgp, and the third band

pass filter 73 outputs a filtered signal Sos that corresponds to the switched frequency signals

SE3.

The spot 10 further comprises signal detectors 81, 82, 83, receiving the filtered
signals Sp1, Soz and Sos, respectively, from the band pass filters 71, 72, 73, respectively. It is
noted that signal detectors are known per se, for instance implemented as peak detector,
sample and hold detector, etc, so a detailed description of a signal detector is omitted here.
Each signal detector 81, 82, 83 is operative to compare the detected amplitude of its input
signal with a predetermined threshold level (not shown for sake of simplicity), and to provide
an output signal S81, S82, S§3 that is either LOW or zero if the detected amplitude of its
input signal is lower than said threshold level, or HIGH if the detected amplitude of its input
signal is higher than said threshold level. Thus, the output signals S81, S82, S83 correspond
to the duty cycle signals Spci, Spe2, Spes, respectively. Alternatively, it is also possible that
the output signal is HIGH if the detected amplitude of its input signal is lower than said
threshold level and LOW if the detected amplitude of its input signal is higher than said
threshold level (inverter function).

It is noted that the signal detectors 81, 82, 83, may be integrated with the band
pass filters 71, 72, 73, respectively.
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The spot 10 further comprises controllable LED drivers 91, 92, 93, receiving
the output signals S81, S82, S83, respectively, from the signal detectors 81, 82, 83,
respectively, as control signals. It is noted that controllable LED drivers are known per se, so
a detailed description of a LED driver is omitted here. Each LED driver 91, 92, 93 is
operative to drive a corresponding LED 11, 12, 13. Each LED driver 91, 92, 93 is responsive
to its corresponding control signal S81, S82, S83, to switch its corresponding LED 11, 12, 13
ON (generate lamp current) or OFF (no lamp current) in conformity with the status of the
corresponding control signal S81, S82, S83. In the preferred embodiment, a LED is OFF
when the corresponding switched frequency signal Sgy, Sga, Skz on the bus 24 has a
sufficiently high amplitude, and the LED is ON when the corresponding switched frequency
signal Sgy, Sz, Sg3 on the bus 24 is zero. Alternatively, it is also possible that a LED is ON
when the corresponding switched frequency signal Sgy, Sga, Skz on the bus 24 has a
sufficiently high amplitude, and the LED is OFF when the corresponding switched frequency
signal Sgy, Sz, Sg3 on the bus 24 is zero.

It is noted that a lamp current may be direct current or alternating current.

For powering the LED drivers 91, 92, 93, the spot 10 further comprises a low
pass filter 74 having its input coupled to the spot input 16. The low pass filter 74 is designed
to pass the signal components having frequencies close to zero, and to block signal
components having higher frequencies, especially the frequencies in the range of the
frequencies 12, {3, f3 of the frequency generators 51, 52, 53. Thus, the low pass filter 74
outputs the direct voltage Vpc generated by the constant voltage source 63. It is noted that, in
case of a 3-wire or 4-wire bus, the input of the low pass filter 74 is coupled to a different
input (not shown) of the spot 10, connected to the correct wire of the bus.

Fig. 5 is a graph showing, as a function of time, bus signal Sgyg, the three

filtered signals Sp1, Soz and So3, the three detector output signals S81, S82, S83, and the
status of the three LEDs 11, 12, 13.

It should be clear that the above explanation applies to each spot, so that all
first LEDs 11 of all spots 10 are responsive to mutually the same frequency signals and are
driven with mutually identical duty cycles, all second LEDs 12 of all spots 10 are responsive
to mutually the same frequency signals and are driven with mutually identical duty cycles,
and all third LEDs 13 of all spots 10 are responsive to mutually the same frequency signals

and are driven with mutually identical duty cycles.
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It should be clear to a person skilled in the art that the present invention is not
limited to the exemplary embodiments discussed above, but that several variations and
modifications are possible within the protective scope of the invention as defined in the
appending claims.

For instance, the illumination system is not necessarily used for color control.

Further, although the present invention allows application of a two-wire bus,
the control system of the present application is not necessarily restricted to implementation
with a two-wire bus.

Further, each lamp driver may comprise a switch mode power supply for
generating the lamp current. Such switch mode power supply operates at a certain switching
frequency. It would be preferred that the operating frequency of such switch mode power
supply does not coincide with any of the frequencies used in the command signals on the bus
24.

In the above, the present invention has been explained with reference to block
diagrams, which illustrate functional blocks of the device according to the present invention.
It is to be understood that one or more of these functional blocks may be implemented in
hardware, where the function of such functional block is performed by individual hardware
components, but it is also possible that one or more of these functional blocks are
implemented in software, so that the function of such functional block is performed by one or
more program lines of a computer program or a programmable device such as a

microprocessor, microcontroller, digital signal processor, etc.
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CLAIMS:

L. [llumination system (1), comprising a plurality of light source assemblies (10)
and a common controller (21);
wherein each light source assembly (10) comprises a plurality of individually controllable

light sources (11, 12, 13) for generating light of mutually different colors;

wherein the controller is operative to generate a plurality of switched frequency signals (S,
Sy2, Sp3) for the respective light sources, the different frequency signals (Sgq, Sg2, Sg3)
having mutually different frequencies (fi, f>, f3) within relatively small frequency bands;
wherein, in each light source assembly, each light source is responsive to a respective one of

said switched frequency signals (Sgq, Sg2, Sg3).

2. [llumination system according to claim 1, wherein each switched frequency
signal (Sy1, Sg, Sp3) 1s switched between a first state where the signal is substantially zero
and a second state where the signal has said frequency within said relatively small frequency
band, the light source being ON for as long as the respective switched frequency signal is in
one of said states and being OFF for as long as the respective switched frequency signal is in

the opposite state.

3. [llumination system according to claim 2, the light source being ON for as
long as the respective switched frequency signal is in its first state (zero) and being OFF for

as long as the respective switched frequency signal is in its second state (f1, {2, £3).

4. Illumination system according to claim 1, wherein the common controller (21)
is part of a common control system (20) for controlling the operation of the light source
assemblies (10), which control system (20) comprises a control bus (24), the common
controller (21) having its output (23) coupled to the control bus (24);

wherein each light source assembly (10) has a control input (16) coupled to the control bus
(24);

wherein the controller (21) has an input (22) for receiving a set point signal (Ssp) indicating a



10

15

20

25

30

WO 2008/007268 PCT/IB2007/052404
11

desired color point for the light (14) generated by a light source assembly (10);

wherein the controller (21) is designed, on the basis of the received set point signal (Sgp), to
generate the plurality of switched frequency signals (Sgi, Sg2, Sg3) for the respective light
sources (11, 12, 13), each switched frequency signal (Sg1, Sg2, Sg3) being switched between a

first state where the signal is substantially zero and a second state where the signal is an

alternating signal with a frequency within a relatively small frequency band, the different
frequency signals (Sg1, Sp2, Sk3) having mutually different frequencies (fi, f3, f3), and
wherein the controller (21) is designed to provide a summation of said switched frequency
signal (Sg1, Sg, Sp3) at its output (23) as bus signal (Sgpyus);

wherein, in each light source assembly (10), each light source (11, 12, 13) is responsive to a
respective one of said switched frequency signals (Sgq, Sga, Sg3), the light source being ON

for as long as the respective switched frequency signal is in one of said states and being OFF

for as long as the respective switched frequency signal is in the opposite state.

5. [llumination system according to claim 4, wherein the control bus (24) is a

two-wire control bus.

6. [llumination system according to claim 4, wherein the control bus (24) is also

carrying power supply for the light source assemblies (10).

7. Illumination system according to claim 4, wherein the controller (21)
comprises:

- a calculator (30), operative to calculate, on the basis of the received set point
signal (Sgp), duty cycles (A1, A2, A3) for the respective light sources (11, 12, 13);

- a plurality of duty cycle generators (41, 42, 43), each duty cycle generator (41,
42, 43) being responsive to a respective duty cycle (Al, A2, A3) received from the calculator

(30) to generate a duty cycle signal (Spc1, Spca, Spes) that alternatively has a first value
(HIGH) and a second value (LOW), such that the duty cycle of the duty cycle signal (Spci,
Spc2, Spes) corresponds to the respective duty cycle (Al, A2, A3) received from the

calculator (30);

- a plurality of frequency generators (51, 52, 53), each frequency generator (51,

52, 53) being responsive to a respective duty cycle signal (Spcy, Spea, Spes) received from a
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respective duty cycle generator (41, 42, 43) to generate said switched frequency signal (Sgq,

S¥2, Sp3) in conformity with the respective duty cycle signal (Spci, Spc2, Spes).

8. [llumination system according to claim 7, wherein a frequency generator (51,

52, 53) outputs an alternating signal with a frequency within a relatively small frequency
band for as long as the respective duty cycle signal (Spci1, Spc2, Spcs) has the first value
(HIGH), and wherein a frequency generator (51, 52, 53) outputs a zero signal for as long as

the respective duty cycle signal (Spci, Spc2, Spes) has the second value (LOW).

9. Illumination system according to claim 7, wherein the controller (21)
comprises a first adder (61) for adding the switched frequency signals (Sgy, Sz, Sp3) from the
frequency generators (51, 52, 53), wherein the output signal (S¢1) of the first adder (61) is

provided as bus signal (Sgys).

10. Illumination system according to claim 9, wherein the controller (21)

comprises a second adder (62) for adding a DC power signal (Vpc) to the switched frequency
signals (Sg1, Sg2, Sg3) from the frequency generators (51, 52, 53), wherein the output signal

of the second adder (62) is provided as bus signal (Sgyg).

11. [llumination system according to claim 4, wherein each light source assembly
(10) comprises:

- a plurality of band pass filters (71, 72, 73), each band pass filter (71, 72, 73)
being coupled to receive the bus signal (Spys) from the assembly input (16) and having a
band pass characteristic matching a respective one of said relatively small frequency bands;
- a plurality of controllable lamp drivers (91, 92, 93), each lamp driver being
associated with a respective one of said light sources (11, 12, 13), each lamp driver being
capable of operating in two operative states, wherein the lamp driver generates lamp current
when operating in its first operative state and does not generate lamp current when operating
in its second operative state;

wherein each lamp driver (91, 92, 93) sets its operative state in response to the filtered output

signal (So1, So2, So3) of a respective band pass filters (71, 72, 73).
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12. Illumination system according to claim 11, wherein the lamp driver is
operating in its first operative state when the filtered output signal (So1, So2, So3) of the
respective band pass filter (71, 72, 73) is lower than the predetermined threshold level

whereas the lamp driver is operating in its second operative state when the filtered output
signal (So1, So2, So3) of the respective band pass filter (71, 72, 73) is higher than the

predetermined threshold level.

13. [llumination system according to claim 11, wherein each light source assembly

(10) further comprises a low pass filter (74) having its input coupled to receive the bus signal

(Spus) from the assembly input (16), the low pass filter (74) providing a power supply signal
(Vpc) for the lamp drivers (91, 92, 93).
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