Office de la Propriete Canadian CA 2766738 A1 2011/01/06

Intellectuelle Intellectual Property
du Canada Office (21) 2 766 738
g,lnngL%?rri‘fg:na " mfgtfy”%ya‘r’]‘; " 12 DEMANDE DE BREVET CANADIEN
CANADIAN PATENT APPLICATION
13) A1
(86) Date de depot PCT/PCT Filing Date: 2010/01/07 (51) CLInt./Int.Cl. HO05E 37/02(2006.01)

(87) Date publication PCT/PCT Publication Date: 2011/01/06 | (71) Demandeur/Applicant:
(85) Entree phase nationale/National Entry: 2011/12/23 KONINKLIJKE PHILIPS ELECTRONICS N.V., NL

o ST . (72) Inventeurs/Inventors:
(86) N° demande PCT/PCT Application No.: |IB 2010/050044 SCHENK. TIM C. W. NL:

(87) N° publication PCT/PCT Publication No.: 2011/001296 COLAK, SEL B., NL:

(30) Priorité/Priority: 2009/06/30 (EP09164106.8) WERNARS, JOHANNES P., NL;
LINNARTZ. JOHAN P. M. G., NL:

FERI, LORENZO, NL,
DAMINK, PAULUS H. A., NL;
PENNING DE VRIES, HENDRICUS T. G. M., NL

(74) Agent: SMART & BIGGAR

(54) Titre : PROCEDE ET DISPOSITIF D'ATTAQUE DE LAMPE
54) Title: METHOD AND DEVICE FOR DRIVING A LAMP

M |
nOu "1"

FIG. 6

(57) Abregé/Abstract:

A method for driving a lamp (2) comprises the steps of: generating a lamp current (I, o7) having a constant magnitude; defining a
commutation period having a duration T,,..,; defining a time base of original commutation moments, having fixed mutual intervals

of 0.5 T4y Feceiving data to be embedded in the light output; commutating the lamp current at commutation moments; wherein
Individual commutations are time-modulated in order to encode said received data. Preferably, a commutation moment Is: either
eqgual to an original commutation moment if there are no data to embed; or advanced over a modulation distance (A) with respect
to the corresponding original commutation moment Iin order to encode data having a first value ("0"); or delayed over said
modulation distance (A) with respect to the corresponding original commutation moment in order to encode data having a second

value ("1").
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FIG. 6

(57) Abstract: A method for driving a lamp (2) comprises the steps of: generating a lamp current (Iconst) having a constant mag-
nitude; defining a commutation period having a duration Tcom; defining a time base of original commutation moments, having
fixed mutual mtervals of 0.5 *Tcom; receiving data to be embedded 1n the light output; commutating the lamp current at commu-
tation moments; wherein mdividual commutations are time-modulated i order to encode said received data. Preferably, a commu-
tation moment 1s: either equal to an original commutation moment 1f there are no data to embed; or advanced over a modulation
distance (A) with respect to the corresponding original commutation moment mn order to encode data having a first value ("0"); or
delayed over said modulation distance (A) with respect to the corresponding original commutation moment in order to encode data
having a second value ("1").
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Method and device for driving a lamp

FIELD OF THE INVENTION
The present invention relates 1n general to the field of driving lamps. The
present invention relates particularly, but not exclusively, to the field of driving gas discharge

lamps, and the mvention will hereinafter be explained for the case of High Intensity

Discharge (HID) lamps.

BACKGROUND OF THE INVENTION

For driving a light source, different current shapes are possible. Incandescent
lamps and some types of gas discharge lamps may be driven by alternating current, and LEDs
may be driven by direct current. HID lamps are typically driven by commutating direct
current; this means that the current magnitude 1s constant but the current direction 1s reversed
regularly. Since 1t 1s desirable that the average current 18 zero, the duration of current tlow n
on¢ direction 18 equal to the duration of current flow 1n the opposite direction. Put differently:
in a current period, the current flow has one direction for 50% of the period and has the other
direction for 50% of the time. Since such commutation current 1s known per se, a further
explanation 1s omitted here.

Generally speaking, the designer has some freedom 1n selecting the current
frequency. However, there are some restrictions. Low frequencies, for instance less than
100 Hz, may lead to visible flicker. At higher frequencies, acoustic resonances may lead to
lamp damage, so the operational frequency should be selected 1n a frequency range where
acoustical resonances are not likely to occur. Of course, these ranges depend on lamp type.

There 1s a desire to be able to transmit data using the visible light emitted by a
lamp. In one example, the data transmitted may relate to a unique lamp 1dentification
number, so that a receiver recerving lamp light can 1dentify the lamp that has emitted the
light. In another example, the data transmitted may relate to lamp parameters such as life
time, voltage, etc, so that 1t 1s possible for maintenance personnel to verify the lamp status
and decide on replacing the lamp without needing to actually approach and examine the

lamp. It 1s already known to modulate lamp current in order to provide "coded light", but 1n
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the case of HID lamps 1t 18 not desirable to modulate the current amplitude, and the

bandwidth available for frequency modulation 1s limited.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a method for encoding data
into output light generated by a light source, suitable for use with an HID lamp.

This object 1s achieved by the method of claim 1.

Further advantageous elaborations are mentioned 1n the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, features and advantages of the present invention will
be further explained by the following description of one or more preferred embodiments with
reference to the drawings, in which same reference numerals indicate same or similar parts,
and 1n which:

figure 1 schematically shows a driver for driving a gas discharge lamp;

figure 2 1s a graph schematically illustrating a conventional current wave form
of a commutating current;

figure 3 1s a block diagram schematically 1llustrating a commutator;

figure 4 1s a timing diagram;

figure 5 1s a graph schematically illustrating a conventional current wave form
of a commutating current with data coding;

figure 6 1s a graph schematically illustrating a commutating current with data

coding according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 schematically shows an example of an embodiment of a driver 100
for driving a gas discharge lamp 2. This embodiment comprises a current source 110,
recerving power from a suitable power source (not shown for sake of simplicity) and capable
of generating constant current Iconst having a certain magnitude Iy. The driver 100 of this
embodiment further comprises a commutator 120, receiving the constant current Iconst from
the current source 110, and designed to repeatedly vary the current direction while
maintaining the current magnitude Iy It should be noted that other embodiments of a driver

for providing commutating lamp current are also possible.
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Figure 2 18 a graph schematically 1llustrating the conventional current wave
form of the commutating current Icomyv provided by the commutator 120 to the lamp 2. At
time t0, the current makes a transition from negative direction to positive direction. Between
times t0 and t1, the current has constant magnitude In; and positive direction, indicated as
+1p. At time t1, the current makes a transition from positive direction to negative direction.
Between times t1 and t2, the current has constant magnitude Iy and negative direction,
indicated as -Iy. At time t2, the current makes a transition from negative direction to positive
direction again, and the above 1s repeated. It should be noted that it 1s arbitrary which current
direction 18 indicted as "positive” and which current direction 1s indicted as "negative".

Hereinafter, the following definitions will be used:

1) reversing the current directions, as 1s done at times t0, t1, t2, will be
indicated as "commutation"; commutation 1s shown as being infinitely fast, 1.¢. the duration
of the commutation process 1s zero, but in practice the commutation will take some finite
time;

2) times t0, t1, t2, when the commutation occurs will be indicated as
"commutation moments";

3) a transition from positive current to negative current will be indicated as a "negative”
commutation, and the corresponding commutation moments (t1) wil be indicated as
"negative” commutation moments; likewise, a transition from negative current to positive
current will be indicated as a "positive” commutation, and the corresponding commutation
moments (t0, t2) wil be indicated as "positive” commutation moments;

4) the frequency of the current signal will be indicated as the commutation
frequency fcomm; the mnverse of this will be indicated as the commutation period Tcomm =
1/fcomm = (12-t0);

5) the commutations divide the commutation period 1n two commutation time
segments, 1.¢€. a "positive” commutation time segment having duration tp = (t1-t0) between a
positive commutation moment and a subsequent negative commutation moment, and a
"negative" commutation time segment having duration ty = (t2-t1) between a negative
commutation moment and a subsequent positive commutation moment; it should be clear that
Tcomm = tp + t.

Conventionally, tp =ty = 0.5%Tcomm; 1t should be clear that consequently the
average current 18 zero (no DC component).

Figure 3 1s a block diagram schematically illustrating a possible embodiment

of the commutator 120; it should be noted that other embodiments of a commutator are also
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possible. The commutator 120 comprises two power lines 121 and 122, receiving the
constant current Iconst. A first series arrangement of two controllable switches 123, 124 1s
connected between the power lines 121 and 122, with a first node A in between. A second
serics arrangement of two controllable switches 125, 126 1s connected between the power
Imes 121 and 122, with a second node B m between. Lamp 2 1s connected between said
nodes A and B. The switches 123, 124, 125, 126 are controlled by a control device 130, for
instance a suitably programmed microprocessor or controller, that can operate in one of two
states: 1n a first state, switches 123 and 126 are conductive while switches 124 and 125 are
non-conductive, so that the current through the lamp flows from A to B; 1n a second state,
switches 123 and 126 are non-conductive while switches 124 and 125 are conductive, so that
the current through the lamp flows from B to A. It should be clear that these two controller
states correspond to the commutation time segments mentioned above. It should further be
clear that the timing of the transition from the first controller state to the other or vice versa
determines the timing of the commutation moments.

The control device 130 1s provided with a clock device 150, providing a clock
signal Sc for defining a time base corresponding to the commutation frequency fcomm. This
time base allows the control device 130 to determine the commutation moments. For sake of
clarity, the clock device 150 1s depicted as being external of the the control device 130, but it
may also be integrated 1n the control device 130.

Figure 3 also shows schematically a recerver 200, arranged to receive the light
emitted by the lamp 2. It 1s noted that the receiver 200 1s capable of detecting the
commutation moments, as will be explained with reference to the timing diagram of figure 4.
In figure 4, curve 41 shows the commutating lamp current. Curve 42 shows the
corresponding lamp power, which shows power dips coinciding with the commutation
moments since commutation can not be infinitely fast. Curve 43 shows the corresponding
output light level, which also shows dips corresponding to the power dips, although not
necessarily going down to zero i view of the inherent inertia of the lamp physics. From
figure 4, 1t should be clear that the light dip frequency 1s twice as high as the lamp current
frequency. The recerver 200 will be capable of detecting the light intensity dips, as should be
clear to a person skilled in the art without the need for further explanation.

It 18 noted that the recerver 200 can not distinguish between light generated
with positive current and light generated with negative current. Consequently, the receiver
200 can not directly 1dentify positive commutation moments and negative commutation

moments.



10

15

20

25

30

CA 02766738 2011-12-23
WO 2011/001296 PCT/1B2010/050044

S

According to the present invention, the driver 100 1s capable of coding data
into the lamp output light by modulation of the timing of the commutation moments. To that
end, the control device 130 has a data input coupled to receive binary data from a data source
140 (Fig. 3); the nature of the data source 1s not relevant, but by way of example the data
source 140 may comprise a memory contaming an identification number. The control device
130 1s designed to vary the timing of the commutation moments depending on the momentary
data bits. This principle as such 1s known, 1n general. Figure 5 1s a graph 1llustrating a coding
scheme of an carlier proposal.

For encoding a bit having value "0", the timing of the commutation moments
is set such that within one current period the positive segment duration of a positive
commutation time segment has a value tpg and the negative segment duration of a negative
commutation time segment has a value tyo, with tpg = tng. For encoding a bit having value
"1", the timing of the commutation moments 1s set such that within one current period the
positive segment duration of a positive commutation time segment has a value tp; and the
negative segment duration of a negative commutation time segment has a value ty;, with
tp1 = tn1. Further, tpg = tno # tp1 = tni: In the example shown, tpg = tno < tp; = tni.
Consequently, Tcommo < Tcomm1 An advantage of this earlier coding scheme 1s that the
average current 18 always zero, intrinsically. Another advantage 1s that 1t 1s relatively easy for
a recerver to recognize the current periods, but a disadvantage 1s that 1t 1s more difficult to
actually synchronise with the current periods. Further, a disadvantage 1s that the data rate
f=1/Tcomm depends on the data content.

The present invention proposes a data encoding scheme where Teonwv 18
constant so that the data rate £ = 1/Tcomm does not depend on the data content. Figure 6 15 a
ograph comparable to figure 5, 1llustrating an example of the data encoding scheme according
to the present invention. For encoding a bit having value "0", the timing of the commutation
moments 1S set such that within one current period with duration Tconmv the positive segment
duration of a positive commutation time segment has a value tpg = 0.5*Tcomm - A and the
negative segment duration of a negative commutation time segment has a value
tno = 0.5%Tcomm T A. For encoding a bit having value "1", the timing of the commutation
moments 18 set such that within one current period with duration Tconvy the positive segment
duration of a positive commutation time segment has a value tp; = 0.5*Tcomm + A and the

negative segment duration of a negative commutation time segment has a value

Ny = O.S*TCOMM - A,
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An advantage of this scheme 1s that the current periods always have the same
duration. This makes synchronisation casier for the receiver 200, since the time interval
between a light dip and the second successive should always have the same value 1f the dips
comcide with the period borders.

It 1S to be noted that the average current of one current period now depends on
the data contents. However, on a larger time scale, the average current can be equal to zero
again 1f the number of 0s 1n a certain time period 18 equal to the number of 1s. In the
incoming data stream, 1t can of course not be guaranteed that the number of Os 1s equal to the
number of 1s on any time scale, while 1t 1s desirable that the average current 18 with certainty
cqual to zero on a relatively short time scale. To assure this, the control device 130 18
designed to translate incoming data bits to outgoing transmission bytes, wherein each
outgoing transmission byte, which may comprise any suitable even number of transmission
bits, contains 50% 0s and 50% 1s. By way of example, 1n a simple embodiment, incoming
data bit 0 may correspond to outgoing data byte 01 while incoming data bit 1 may correspond
to outgoing data byte 10: 1n that case, the average current 18 always equal to zero on a time
scale corresponding to 2 times the current period. Other, more sophisticated, translation
schemes are possible, allowing the average current to be equal to zero on a somewhat larger
time scale, as should be clear to a person skilled in the art. Examples of such schemes are
Walsh-Hadamard block codes or run length limited block codes.

In the above embodiment, current periods are defined between two successive
positive commutation moments while the timing of the negative commutation moments 1s
modulated with +A or -A 1n accordance with a data bit to be coded. It 1s also possible to
define current periods between two successive negative commutation moments while the
timing of the positive commutation moments 1s modulated.

In the above embodiment, the timing of a commutation moment within a
current period 1s modulated with +A or -A 1n accordance with a data bit to be coded. In other
words, the timing of this commutation moment 1s shifted with respect to its normal, non-
modulated timing, which 1s at 50% of the current period. In the following, the shifting
distance with respect to the normal, non-modulated timing will be indicated as the
modulation distance. The modulation distance 1s defined to be positive if the modulation
involves a delay or negative 1f the modulation involves an advance.

In the above embodiment, the absolute value ot the modulation distance can
only have one value, so that it 1s possible to encode one transmission data bit in one current

period. It 1s also possible to allow multiple possible values for the absolute value of the
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modulation distance, on order to be able to encode multiple transmission data bits in one
current period. For instance, modulation distances -2A, -A, +A, +2A can encode for two bits
(00, 01, 10, 11) 1n one current period.

In the above embodiment, only half of the commutation moments (the
negative commutation moments) are time-modulated while the other half of the commutation
moments (the positive commutation moments) are not. In the above explanation, the
commutation moments to be modulated are explained as those which are located at 50% of
cach period, while the periods are explained as being defined by non-modulated commutation
moments. However, this 18 not necessary. As explained above, the control device 130 has
available a clock signal Sc, allowing to define a time base of original non-modulated
commutation moments, having fixed mutual intervals of 0.5*Tcomm. Considering this time
base as reference, 1t 1s possible to time-modulate the negative commutation moments as well
as the positive commutation moments. This will allow for a doubling of the data rate.

In order to facilitate synchronisation of the recerver 200, 1t 1s preferred that, at
regular time intervals, a fixed data pattern 1s included 1n the data stream, known to the
receiver. Such data pattern may for mstance include a series of "01" sequences.

Summarizing, the present invention provides a method for driving a lamp 2,
which method comprises the steps of:

generating a lamp current Iconst having a constant magnitude;

defining a commutation period having a duration Tcowmwm;

defining a time base of original commutation moments, having fixed mutual
mtervals of 0.5*T comu:

recerving data to be embedded 1n the light output;

commutating the lamp current at commutation moments;

wherein individual commutations are time-modulated m order to encode said
recerved data.

Preferably, a commutation moment 1s:
- cither equal to an original commutation moment if there are no data to embed;
- or advanced over a modulation distance A with respect to the corresponding
original commutation moment 1n order to encode data having a first value "0";
- or delayed over said modulation distance A with respect to the corresponding
original commutation moment 1n order to encode data having a second value "1".

While the invention has been illustrated and described 1in detail 1n the drawings

and foregoing description, it should be clear to a person skilled in the art that such 1llustration



10

15

20

CA 02766738 2011-12-23
WO 2011/001296 PCT/1B2010/050044

3

and description are to be considered illustrative or exemplary and not restrictive. The
invention 1s not limited to the disclosed embodiments; rather, several variations and
modifications are possible within the protective scope of the mvention as defined 1n the
appending claims.

Other variations to the disclosed embodiments can be understood and effected
by those skilled 1n the art in practicing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims. In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a
plurality. A single processor or other unit may fulfill the functions of several 1tems recited in
the claims. The mere fact that certain measures are recited i mutually different dependent
claims does not indicate that a combination of these measures cannot be used to advantage.
Any reference signs 1n the claims should not be construed as limiting the scope.

In the above, the present invention has been explained with reference to block
diagrams, which 1llustrate functional blocks of the device according to the present invention.
It 18 to be understood that one or more of these functional blocks may be implemented
hardware, where the function of such functional block 1s performed by individual hardware
components, but 1t 18 also possible that one or more of these functional blocks are
implemented 1n software, so that the function of such functional block 1s 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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1. Method for driving a lamp (2), the method comprising the steps of:

generating a lamp current (Iconst) having a constant magnitude;

defining a commutation period having a duration Tcowmm;

defining a time base of original commutation moments, having fixed mutual
mntervals of 0.5*Tcomu:

recerving data to be embedded 1n the light output of the lamp

commutating the lamp current at commutation moments;

wherein individual commutations are time-modulated m order to encode said

recerved data.

2. Method according to claim 1, comprising the steps of:

calculating commutation moments on the basis of said time base of original commutation
moments and on the basis of the received data, wherein the calculated commutation moment
1S:

- cither equal to an original commutation moment if there are no data to embed,;
- or advanced over a modulation distance (A) with respect to the corresponding
original commutation moment 1n order to encode data having a first value ("0");

- or delayed over said modulation distance (A) with respect to the corresponding

original commutation moment 1n order to encode data having a second value ("1").

3. Method according to claim 2, wherein the modulation distance (A) has one

fixed value 1n order to be able to encode one bit per commutation moment.

4. Method according to claim 2, further comprising the step of selecting the value
of the modulation distance (A) from a predetermined range of possible values 1n order to be

able to encode multiple bits per commutation moment.
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5. Method according to claim 1, wherein every second commutation moment
always coincides with the time base while only the commutation moments 1n between said

second commutation moments are time-modulated.

0. Method according to claim 1, wherein all commutation moments are time-

modulated independently from each other.

7. Method according to claim 1, wherein a series of one or more received data
bits are translated to a packet containing an even number of outgoing transmission bits,
wherem 1n each packet the number of transmission bits with a first value ("0") 1s equal to the
number of transmission bits with a second value ("1"), and wherein modulation of the

commutation moments 18 always performed on the basis of the transmission bits.

8. Method according to claim 1, further comprising the step of regularly
embedding a predetermined data sequence leading to a predetermined pattern of

commutation moments for facilitating synchronisation in a receiver (200).

9. Method according to claim 1, wherein said data to be embedded includes an

identification code of the lamp concerned.

10. Driver (100) for driving a light source (2), comprising a current source (110)
for producing a constant current (Iconst) and a commutator (120) for commutating this

current, the driver being designed for executing the method of any of claims 1-9.

11. Recerver (200) for recerving light emitted by a lamp (2) driven by the driver of
claim 10, the receiver being designed to recognize intensity dips in the received light
intensity, to reconstruct a time base with mutually equal time 1ntervals on the basis of the
timing of the intensity dips, to calculate a timing difference between individual itensity dips
and the reconstructed time base, and to decode the transmitted data on the basis of the

calculated timing differences.

12. Recerver according to claim 11, for cooperating with a driver executing the

method of claim 8, the receiver being designed to synchronise the reconstructed time base on
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the basis of a predetermined pattern of intensity dips corresponding to said predetermined

pattern of commutation moments.

13. System comprising a plurality of lamps (2) driven by a corresponding plurality
of drivers (100) according to claim 10 and at least one receiver (200) according to claim 11
or 12, ecach driver executing the method of claim 9, wherein the recerver 1s designed to
recerve light from at least one lamp and 1dentify the lamp emitting the recerved light on the

basis of the decoded 1dentification code.
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