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Description
FIELD OF THE INVENTION

[0001] The invention relates to control of operation of
one or more light sources, in particular one or more light
emitting diodes (LED).

BACKGROUND OF THE INVENTION

[0002] A driver for driving one or more light sources
may apply a control signal, such as a pulse-width mod-
ulation (PWM) signal, for controlling the light intensity
provided by the one or more light sources, i.e. for con-
trolling the dimming operation of the one or more light
sources. A periodic PWM signal where a signal cycle of
desired characteristics with respect to its amplitude and
duration is typically applied as the control signal, such
that the duty cycle of the PWM signal is used as a basis
for determining the duty cycle of an output current pro-
vided to the one or more light sources, which in turn de-
termines the level of light intensity provided by the one
or more light sources.

[0003] However, in practical implementations the duty
cycle of the output current may deviate from that indicated
by the control signal. Possible deviation between the de-
sired duty cycle and the actually applied duty cycle may
occur e.g. due to delay in processing or inherent slow-
ness of components of the power converter or possible
other intervening entities between the control entity and
the one or more light sources. Moreover, inherent char-
acteristics of the system, e.g. ones related to operating
frequencies of the control entity, the power converter
and/or the control signal itself may have an effect on the
output current as provided to the one or more light sourc-
es, thereby resulting in a dimming behavior different from
the one intended. Disturbances in the output current may
further contribute to changes in the provided light level
that may be perceived e.g. as sudden changes in the
light level and/or flickering of light.

SUMMARY OF THE INVENTION

[0004] Itis an object of the presentinvention to provide
an approach that facilitates ensuring that the control sig-
nal as received at the one or more light sources provides
an output current resulting in the desired dimming char-
acteristics, thereby contributing to providing light at a de-
sired light intensity in an undisturbed manner.

[0005] The objects of the invention are reached by ap-
paratuses, by a method and a computer program as de-
fined by the respective independent claims.

[0006] According to a first aspect of the invention, an
apparatus for providing a control signal for a power con-
verter, the power converter being adapted to supply an
output current for driving a light source on basis of the
control signal, wherein the output current comprises a
series of cycles, each cycle consisting of an active period
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followed by a non-active period is provided. The appa-
ratus comprises a signal provision portion for providing
the control signal and a signal timing portion for adjusting
the control signal. The signal provision portion is config-
ured to setthe control signal to cause the power converter
to supply the active period of a given cycle of the output
current employing an active period of a desired duration.
The signal timing portion is configured to receive an in-
dication of the observed duration of the active period in
the given cycle of the output current, to determine the
difference between the observed duration of the active
period of the given cycle of the output current and the
desired duration of the active period of the given cycle
of the output current on basis of said indication, and to
determine the target duration of the given cycle of the
output current on basis of said determined difference to
provide a desired duty cycle in the given cycle of the
output current. The signal provision portion is further con-
figured to set the control signal to cause the power con-
verter to initiate the next cycle of the output current after
supplying the given cycle of said target duration.

[0007] According to a second aspect of the invention,
an apparatus for driving a light source is provided, the
apparatus comprising a power converter portion adapted
to receive a control signal and to supply an output current
for driving a light source on basis of the control signal,
wherein the output current comprises a series of cycles
consisting of an active period followed by a non-active
period, and an apparatus according to the first aspect of
the invention.

[0008] According to a third aspect of the invention, an
apparatus for providing a control signal for a power con-
verter, the power converter being adapted to supply an
output current for driving a light source on basis of the
control signal, wherein the output current comprises a
series of cycles, each cycle consisting of an active period
followed by a non-active period, the apparatus compris-
ing at least one processor and at least one memory in-
cluding computer program code for one or more pro-
grams, the at least one memory and the computer pro-
gram code configured to, with the at least one processor,
cause the apparatus at least to set the control signal to
cause the power converter to supply the active period of
a given cycle of the output current employing an active
period of a desired duration, to receive an indication of
the observed duration of the active period in the given
cycle of the output current, to determine the difference
between the observed duration of the active period of the
given cycle of the output current and the desired duration
of the active period of the given cycle of the output current
on basis of said indication, to determine the target dura-
tion of the given cycle of the output current on basis of
said determined difference to provide a desired duty cy-
cle in the given cycle of the output current, and set the
control signal to cause the power converter to initiate the
next cycle of the output current after supplying the given
cycle of said target duration.

[0009] According to a fourth aspect of the invention, a
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method for providing a control signal for a power con-
verter, the power converter being adapted to supply an
output current for driving a light source on basis of the
control signal, wherein the output current comprises a
series of cycles, each cycle consisting of an active period
followed by a non-active period is provided. The method
comprises setting the control signal to cause the power
converter to supply the active period of a given cycle of
the output current employing an active period of a desired
duration, receiving an indication of the observed duration
ofthe active periodin the given cycle of the outputcurrent,
determining the difference between the observed dura-
tion of the active period of the given cycle of the output
current and the desired duration of the active period of
the given cycle of the output current on basis of said
indication, determining the target duration of the given
cycle of the output current on basis of said determined
difference to provide a desired duty cycle in the given
cycle of the output current, and setting the control signal
to cause the power converter to initiate the next cycle of
the output current after supplying the given cycle of said
target duration.

[0010] According to a fifth aspect of the invention, a
computer program for providing a control signal for a pow-
er converter, the power converter being adapted to sup-
ply an output current for driving a light source on basis
of the control signal, wherein the output current compris-
es a series of cycles, each cycle consisting of an active
period followed by a non-active period, the computer pro-
gram including one or more sequences of one or more
instructions which, when executed by one or more proc-
essors, cause an apparatus at least to set the control
signal to cause the power converter to supply the active
period of a given cycle of the output current employing
an active period of a desired duration, to receive an in-
dication of the observed duration of the active period in
the given cycle of the output current, to determine the
difference between the observed duration of the active
period of the given cycle of the output current and the
desired duration of the active period of the given cycle
of the output current on basis of said indication, to deter-
mine the target duration of the given cycle of the output
current on basis of said determined difference to provide
a desired duty cycle in the given cycle of the output cur-
rent, and to set the control signal to cause the power
converter to initiate the next cycle of the output current
after supplying the given cycle of said target duration.
[0011] The computer program may be embodied on a
volatile or a non-volatile computer-readable record me-
dium, for example as a computer program product com-
prising atleast one computer readable non-transitory me-
dium having program code stored thereon, the program
code, which when executed by an apparatus, causes the
apparatus at least to perform the operations described
hereinbefore for the computer program in accordance
with the fifth aspect of the invention.

[0012] The exemplifying embodiments of the invention
presented in this patent application are not to be inter-
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preted to pose limitations to the applicability of the ap-
pended claims. The verb "to comprise" and its derivatives
are used in this patent application as an open limitation
that does not exclude the existence of also unrecited fea-
tures. The features described hereinafter are mutually
freely combinable unless explicitly stated otherwise.
[0013] The novel features which are considered as
characteristic of the invention are set forth in particular
in the appended claims. The invention itself, however,
both as to its construction and its method of operation,
together with additional objects and advantages thereof,
will be best understood from the following detailed de-
scription of specific embodiments when read in connec-
tion with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014]

Figure 1 illustrates an example of a pulse-width mod-
ulation signal.

Figure 2 schematically illustrates an exemplifying ar-
rangement in accordance with an embodiment of the
invention.

Figure 3 schematically illustrates an exemplifying
driver apparatus in accordance with an embodiment
of the invention.

Figure 4 schematically illustrates an exemplifying
driver apparatus in accordance with an embodiment
of the invention.

Figure 5 schematically illustrates an exemplifying
controller portion in accordance with an embodiment
of the invention.

Figure 6 illustrates an example of a relationship be-
tween an input PWM signal and an output PWM sig-
nal.

Figure 7 illustrates an example of adjustment of the
duration of a cycle of the input PWM signal.

Figure 8 illustrates a method in accordance with em-
bodiment of the invention.

Figure 9 schematically illustrates an apparatusin ac-
cordance with an embodiment of the invention.

Figure 10 schematically illustrates a buck converter

as example of a power converter portion in accord-

ance with an embodiment of the invention.
DETAILED DESCRIPTION

[0015] Figure 2 schematically illustrates an exemplify-
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ing arrangement 200 comprising a controller portion 210,
a power converter portion 220, a feedback portion 230
and one or more light sources 240. The controller portion
210 is configured, among other things, to provide a con-
trol signal 215 for providing indication of a desired light
intensity or a desired light level to the power converter
220. The controller portion 210 is preferably configured
to receive an input signal for controlling its operation, e.g.
by indicating the desired light intensity or the desired light
level to be indicated in the control signal 215. The power
converter portion 220 is configured to receive operating
power input and the control signal 215 and to prepare
and supply an output current 225 based at least in part
on the operating power and on the control signal 215.
The operating power may originate, for example, from a
suitable external source of electric current, depending on
the type and characteristics of the power converter por-
tion 220. Hence the external source may be an AC
source, such as the mains current or another source of
AC, or the external source may be a DC source, possibly
derived on basis of the mains current or another AC
source. The feedback portion 230 is configured to ob-
serve or monitor the output current 225 and to provide
information on one or more observed characteristics of
the output current 225 to the controller portion 210 in a
feedback signal 235. Consequently, the controller portion
210 is configured to adjust the characteristics of the con-
trol signal 215 in accordance with the feedback signal
235.

[0016] The output current 225 is provided for the one
ormore light sources 240 in order to provide lightintensity
in accordance with the duty cycle of the output current
225. In particular, the light intensity provided by the one
or more light sources may be directly proportional to the
duty cycle of the output current 225 with e.g. the 100 %
duty cycle resulting in the one or more light sources 240
providing their full light intensity and e.g. 30 % duty cycle
resulting in the one or more light sources 240 providing
30 % of their full light intensity. The mapping between
the duty cycle and the proportion of full light intensity is
not necessarily direct as in the example provided here-
inbefore, but depending on the characteristics of the one
or more light sources 240 the mapping from a duty cycle
into a corresponding percentage of the full light intensity
of the one or more light sources 240 may follow an in-
creasing function different from direct one-to-one map-
ping exemplified hereinbefore.

[0017] The control signal 215 may be, in principle, any
signal that may be employed to control the operation of
the power converter such that the output current 225 ex-
hibits a desired duty cycle or at least approximates the
desired duty cycle. An example of such a control signal
is a periodic or a quasi-periodic signal exhibiting a se-
quence of periods, i.e. cycles, with each cycle comprising
an on-period having the duration t,, during which the
control signal 215 is at a ’high’ level and an off-period
having the duration t,g during which the control signal
215 is at a ’low’ level. In more generic terms, the on-
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period may be considered to represent the active period
of a cycle and the off-period may be considered to rep-
resent the non-active period of the cycle, and such a con-
trol signal hence exhibits a sequence of alternating active
periods and non-active periods. Consequently, the con-
trol signal 215 may cause the power converter portion
220 to supply the output current 225 at a predetermined
level in response to an active period of the control signal
215 and to supply the output current 225 at zero level
during anon-active period of the control signal 215, there-
by providing the output current 225 exhibiting a duty cycle
approximating that of the control signal 215.

[0018] As anexample in this regard, the control signal
may be a pulse-width modulation (PWM) signal, as illus-
trated by an example in Figure 1. The example provided
in Figure 1 schematically illustrates a periodic square
wave PWM signal exhibiting a sequence of periods, i.e.
cycles, with each cycle exhibiting an active period having
the duration £, during which the PWM signal is at a 'high’
level and a non-active period having the duration {,gdur-
ing which the PWM signal is at a 'low’ level. Moreover,
the PWM signal exhibits a constant or essentially con-
stant cycle duration t.. The duty cycle D of a single cycle
of the PWM signal may be determined as the ratio of
duration of the active period and the overall duration of
the cycle, i.e. as

p =1t
tC

[0019] Although Figure 1 depicts a PWM signal with a
constant duty cycle, the duty cycle of a PWM signal may
vary or may be varied over time. If considering a plurality
of cycles having active periods with durations {,,(i), non-
active periods with durations t (i) and overall cycle du-
ration t, with i=1...N, the overall duty cycle D), may be
defined as

1 ton(i
Dy = NZ?[:l (L)-

te

[0020] In other words, the duty cycle may be deter-
mined as the ratio of the duration of the active periods of
one or more cycles and the overall duration of the one
or more cycles of the PWM signal.

[0021] While the example of Figure 1 illustrates an ide-
al square wave PWM signal as example of a signal suit-
able as the control signal 215, a control signal comprising
a sequence of alternative active periods and non-active
periods different from a PWM signal may be employed.
In particular, the control signal 215 may be a square wave
signal different from a PWM signal or the pulses of the
control signal 215, typically representing the active peri-
ods of the control signal 215, need not have a square
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wave shape or an approximation thereof. Hence, various
types of control signals, possibly exhibiting pulse shapes
different from square wave pulses (or approximations
thereof), applicable for controlling the power converter
portion 220 may be employed. Moreover, the cycle du-
ration of the control signal 215 need not be fixed but it
may vary from cycle to cycle.

[0022] Hence, in general the control signal 215 may
be considered to be at the ’high’ level or active when
electric current and/or a voltage of the control signal 215
meets one or more predetermined criteria, whereas the
control signal 215 may be considered to be at the 'low’
level or non-active when the electric current and/or the
voltage of the control signal 215 fails to meet the one or
more predetermined criteria. As an example of the one
or more predetermined criteria, the control signal 215
may be considered to meet the predetermined criteria
when its electric current exceeds a threshold current
and/or when its voltage exceeds a threshold voltage.
Conversely, in such an exemplifying case the control sig-
nal 215 fails to meet the predetermined criteria when its
electric current fails to exceed the threshold current
and/or its voltage fails to exceed the threshold voltage.
Consequently, in general the control signal 215 may be
considered to comprise a series of cycles, with cycle i
having overall duration (i) and consisting of an active
period having duration t,,(i), a non-active period having
duration f,4(i). The duty cycle of a single cycle of such a
control signal may be determined as

-~ _ ton(®
PO= "

whereas the duty cycle for a plurality of cycles may be
determined as

_ BN ton @)

D .
N TSN ()

[0023] The controller portion 210, the power converter
portion 220 and the feedback portion 230 may be con-
sidered as portions of a driver apparatus 250 for driving
the one or more light sources 240, as schematically il-
lustrated in Figure 3. The driver apparatus 300 typically
comprises further portions or components in addition to
ones schematically illustrated in the arrangement 200.
As an example, the driver apparatus 300 comprises an
arrangement for coupling the one or more light sources
240 to the driver apparatus 300, in particular an arrange-
ment for coupling the one or more light sources 240 such
that the output current 225 is provided as the driving sig-
nal for the one or more light sources 240 either directly
or via one or more intervening components or elements.
For clarity and brevity of description, the arrangement for
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coupling the one or more light sources 240 to the driver
apparatus 300 may be referred to as the output of the
driver apparatus 300.

[0024] The driver apparatus 300 may further comprise
afeedback arrangement between the output of the driver
apparatus 250 and the power converter portion 220 in
order to provide a feedback signal further controlling the
operation of the power converter portion 220, as known
in the art. This feedback signal may be provided by the
feedback portion 230 or the driver apparatus 250 may
be provided with a dedicated feedback circuitry for this
purpose.

[0025] Moreover,thedriverapparatus 300 typically fur-
ther comprises an arrangement for coupling the power
converter portion 220 to a source of operating power. In
case the power converter portion 220 requires a DC volt-
age and the source of operating power, such as the mains
current, provides an AC voltage, the driver apparatus 300
may comprise a rectifier circuitry for converting the AC
voltage into a DC voltage. Furthermore, depending on
the type of the driver apparatus 300 and the one or more
light sources 240 it is arranged to drive the driver appa-
ratus 300 may further comprise a power factor correction
circuitry.

[0026] The one or more light sources 240 may be for
example one or more LED light sources and hence the
driver apparatus 300 may be LED driver apparatus for
driving one or more LED light sources. In general, the
one or more light sources 240 may be any dimmable
lights sources for which the dimming functionality may
be provided by supplying the output current 225 compris-
ing alternative periods of electric current at a predeter-
mined level and periods of zero current and the driver
apparatus 300 may be provided as a driver apparatus
having characteristics suitable for driving the one or more
light sources 240 of the respective type.

[0027] As a variation of the exemplifying driver appa-
ratus schematically illustrated in Figure 3, the controller
portion 210 may be provided in a controller apparatus
400, whereas the power converter portion 220 and the
feedback portion 230 may be considered as portions of
a driver apparatus 300’ for driving the one or more light
sources 240, as schematically illustrated in Figure 4. The
differences to the arrangement involving the driver ap-
paratus 300 include that the control signal 215 is now
passed between the control portion 210 at the controller
apparatus 400 and the power converter portion 220 at
the driver apparatus 300’, whereas the feedback signal
235 is passed between the feedback portion 230 at the
driver apparatus 300’ and the control portion 210 at the
controller apparatus 400. Otherwise the operation of the
arrangement illustrated in Figure 4 is similar to that de-
scribed in context of the arrangement 200 and the driver
apparatus 300.

[0028] As an exemplifying further variation of the ar-
rangements illustrated in Figure 3 and 4, the feedback
portion 230 or one or more components thereof may be
provided outside the driver apparatus 300, 300, e.g. as



9 EP 2 739 120 A1 10

a dedicated feedback apparatus or a feedback module
that may be coupled to the driver apparatus 300, 300’
and/or to the controller apparatus 400.

[0029] Figure 5 schematically illustrates the controller
portion 210. The controller portion 210 comprises a signal
provision portion 212 for composing and providing the
control signal 215 and a signal timing portion 214 for
adapting or adjusting the characteristics of the control
signal 215 in accordance with the feedback signal 235.
The controller portion 210 may be considered as an ap-
paratus for controlling the power converter portion 220
by providing the control signal 215 thereto, where the
power converter portion 220 is configured to receive the
control signal 215 and to determine the output current
225 for driving the one or more light sources 240 with the
output current 225 determined at least in part on basis
of the control signal 215. Moreover, as described here-
inbefore, the output current comprises a series of cycles,
each cycle consisting of an active period and a non-active
period. In particular, each cycle may be considered to
consist of an active period followed by a non-active pe-
riod.

[0030] In the following, the operation of the controller
portion 210 is described by using a control signal exhib-
iting a sequence of alternating active periods and non-
active periods, e.g. a control signal as described herein-
before. This choice is made for clarity and brevity of de-
scription, while control signal of different type or charac-
teristics may be applied within scope of the present in-
vention.

[0031] The signal provision portion 212 is configured
to provide the control signal 215. In particular, the signal
provision portion 212 is configured to initiate the active
period of a given cycle of the control signal 215, the given
cycle comprising an active period of a desired duration.
Preferably, if assuming a nominal cycle duration t,, the
cycle k of the control signal 215 is initiated at a desired
duty cycle D;,(k), the cycle k hence exhibiting the active
period having the desired duration t,,(k) = D;,(k) X tqr
Moreover, the non-active period of cycle k may be initi-
ated immediately after completion of the active period
thereof. The non-active period has a nominal duration
toi(k) = tror - ton(k), but the duration of the period { (k)
may be modified in response to an indication received in
the feedback signal 235, as will be described in more
detail hereinafter. In more generic terms, the signal pro-
vision portion 212 is configured to set the control signal
215 into a state that instructs the power converter portion
210 to initiate and supply the cycle k of the output current
225 such that the duration of the active period of the cycle
k employs or at least approximates the desired duration.
[0032] The desired duty cycle D,,(k) may be deter-
mined, for example, on basis of an input signal provided
to the signal provision portion 212. As an example, the
input control signal may originate from a user-operable
control interface that enables adjusting the dimming lev-
el, whichin turn causes the controller portion 210 to cause
the signal provision portion 212 to adjust the desired duty
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cycle D;,(k) of the input control signal 215 in accordance
with the input control signal. As another example, the
desired duty cycle D;,(k) may be determined on basis of
one or more input signals originating from one or more
sensors. Such sensors may be e.g. light sensors config-
ured to sense the prevailing level of ambient light and
the processing portion 210 may be configured to deter-
mine the current desired duty cycle D;,(k) in dependence
of the observed level of ambient light. Details of deter-
mining the desired duty cycle on basis of control input
from a user-operable control interface, from a sensor or
from other source are outside of the scope of the present
invention and such arrangements are known in the art.
[0033] While in theory an observed duty cycle D, (k)
of the output current 225 is equal or essentially equal to
the desired duty cycle D;,(k), in a real-life situation there
may be a difference e.g. due to processing applied in the
power converter portion 220 or e.g. in other portions or
elements of the driver apparatus 300, 300'. In case the
observed duty cycle D, (k) is equal or substantially equal
to the desired duty cycle D;,(k), the signal provision por-
tion 212 is, typically, configured to continuously provide
the control signal 215 exhibiting active periods of duration
t,n(k) using the reference cycle duration .. The ob-
served duty cycle D, (k) of the output current 225 or a
parameter indicative thereof may be determined on basis
of the feedback signal 235, as briefly referred to herein-
before and described in more detail hereinafter.

[0034] The signal provision portion 212 is preferably
configured to provide the control signal 215 on basis of
a predetermined timer or clock, hence on basis of a ref-
erence signal exhibiting a predetermined sampling fre-
quency o The sampling frequency £, enables ex-
pressing the reference cycle duration t,,sand the duration
of the active period t,,(k) as respective number of tim-
er/clock ticks, determined as t ;X f o0 @nd (k) X foyo ek
respectively. The reference cycle duration ¢, is prefer-
ably selected to constitute an integer number of tim-
er/clock ticks. In case the duration of the active period
t,n(k) determined on basis of the desired duty cycle D, (k)
as t,,(k) = D;,(k) x t,;sdoes not provide an integer number
of timer/clock ticks t,,,(k) x f,. it is preferably rounded
to the nearest integer number of timer/clock ticks.
[0035] A cycle frequency fg e, i.e. the number of cy-
cles per second, of the control signal 215 is typically in
the range from 100 Hertz to 1 kilohertz. Unnecessary low
cycle frequency fcyc,e is likely to cause flickering of light
in the one or more light sources 240, while on the other
hand unnecessarily high cycle frequency f, is likely to
increase disturbances due to operation of the power con-
verter portion 220 or other components of the driver 300,
300, thereby possibly increasing deviation between the
desired duty cycle D,,(k) and the observed duty cycle
Dout(k)'

[0036] The power converter portion 220 is preferably
configured to supply the output current 225 during the
active periods of the cycles of the control signal provided
thereto. Hence, the power converter portion 220 may be
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configured to convert the operating power provided
thereto at a first voltage into a second voltage for provi-
sion at the output of the power converter 220 during active
periods of the control signal 215. Consequently, the out-
put current 225 exhibits alternating periods of active and
non-active periods such that the periods of the output
current 225 corresponding to the active periods of the
control signal 215 exhibit a non-zero current, preferably
a predetermined non-zero current, whereas the periods
of the output current 225 corresponding to the non-active
periods of the control signal 215 exhibit zero current or
essentially zero current. In this regard, the control signal
215 may be configured to control operation of one or
more switches of the power converter portion 220 e.g.
such that the operation of the power converter portion
220 is enabled or active only during active periods of the
control signal 215 while the operation of the power con-
verter portion 220 is disabled or inactive during non-ac-
tive periods of the control signal 215.

[0037] Alternatively, the power converter portion 220
may be configured to continuously convert the operating
power provided thereto at a first voltage into a second
voltage for provision at the output of the power converter
portion 220 and to generate and supply the output current
225 on basis of the converted voltage, i.e. the second
voltage, in dependence of the control signal 215 such
that the periods of the output current 225 corresponding
to the active periods of the control signal 215 exhibit a
non-zero current whereas the periods of the output cur-
rent 225 corresponding to the non-active periods of the
control signal 215 exhibit zero current or essentially zero
current. In this regard, the control signal 215 may be con-
figured to control operation of output of the power con-
verter portion 220 e.g. such that the output of the power
converter portion 220 is enabled or active only during
active periods of the control signal 215 while the output
of the power converter portion 220 is disabled or inactive
during non-active periods of the control signal 215.
[0038] As a variation of the approaches for the control
signal enabling or disabling the operation or output of the
power converter portion 220, the operation may be re-
versed from the one described hereinbefore such that a
non-active period of a cycle of the control signal 215 re-
sults in an active period of the corresponding cycle output
current 225 whereas an active period of a cycle of the
control signal 215 results in a non-active period of the
corresponding cycle of the output current 225.

[0039] The power converter portion 220 may be em-
bodied as a step-down converter configured to convert
the operating power provided as input thereto at the first
voltage into adriving signal exhibiting the second voltage,
which second voltage is lower than the first voltage. A
step-down converter may be embodied as a buck con-
verter or another suitable converter for converting a first
DC voltage into a second DC voltage, which second DC
voltage is lower than the first DC voltage. Such power
converters are known in the art. As an example in this
regard, Figure 10 schematically illustrates a buck con-
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verter that may be applied as the power converter portion
220. The exemplifying buck converter receives the op-
erating power via the input V,, and comprises a switch
S, adiode D, aninductor L and a capacitor C. The driving
circuitry DRV is arranged to operate, i.e. to periodically
open and close, the switch S in a suitable mannerin order
to result in a desired output current to be provided via
the inductor L to the light emitting diode D, gp coupled to
the exemplifying buck converter. As referred to herein-
before, the input control signal 215 may be provided as
an input to the driving circuitry DRV, and the driving cir-
cuitry DRV is configured to operate the switch S to pro-
vide the output current 225 during active periods of the
control signal 215, while on the other hand the driving
circuitry DRV is configured to keep the switch S in open
state during non-active periods of the control signal 215,
thereby providing the output current 225 as zero current
or current that is essentially zero. Suitable driving circuits
are known in the art, and further details regarding the
operation logic of the driving circuit DRV are outside the
scope of the present invention.

[0040] However, due to delay caused by processing in
the power converter 220, an active period of the control
signal 215 and the corresponding active period of the
output current 225 may be not be temporally aligned.
Moreover, the processing applied at the power converter
portion 220 may also result in distortions and variations
in the amplitude of the output current 225, e.g. in the level
of electric current and/or in the voltage of the output cur-
rent 225. Possible other portions of the driver apparatus
300, 300’ may incur further disturbances causing further
deviation between the cycles of the control signal 215
and the corresponding cycles of the output current 225
as provided at the output of the driver apparatus 300,
300’. An origin of the delay may be for example a capac-
itor within the power converter portion 220 taking some
time to be fully charged in order to start supplying an
output current when the power converter portion 210 is
activated. Another example of an origin of delay within
the power converter portion 210 is an inductive element
which typically results in delay in both activating and in-
activating the power converter portion 220 or operation
thereof.

[0041] One reason for variation in amplitude and du-
ration of the active periods coming out from the power
converter portion 220 is the internal switching operation
applied e.g. in a buck converter and other switched mode
power supplies. Such a power converter applies an (in-
ternal) switching frequency that typically is in the order
of tens or hundreds of kilohertz, e.g. in a range from 50
to 250 kilohertz. This switching operation of the power
converter may result in a periodic ripple during the active
periods of the output current 225 at the (internal) switch-
ing frequency of the power converter. Moreover, since
the (internal) switching frequency, which is controlled by
a dedicated control logic partially relying on feedback
from the load the power supply is feeding, e.g. the one
or more light sources 240, is typically not fully constant,
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the reaction time in changing from an active period to a
non-active period within a cycle of the output current 225
may exhibit small variations due to varying (internal)
switching frequency, possibly resulting in deviation be-
tween the desired duty cycle D;,(k) and the observed
duty cycle D, (k). This, in turn, is likely to result in vari-
ation of light level provided by the one or more light sourc-
es 240, especially on low values of the desired duty cycle
Din(k)-

[0042] Figure 6 schematically illustrates an example
of deviation in duration between the control signal 215
and the output current 225. Due to the delay and/or the
distortions, for a given cycle k the beginning of the active
period of the control signal 215, denoted as T, (k), is
typically not temporally aligned with the beginning of the
active period of the respective cycle of the output current
225, denoted as T, (k) and/or the end of the active
period of the control signal 215, denoted as T, ;,(k), is
typically not temporally aligned with the end of the active
period of the respective cycle of the output current 225,
denoted as T,_.«(k). The time difference in the begin-
ning of the active period for the given cycle k may be
denoted as tysr 5 (k) = Tp-out(K) - Typ-in(k) @nd the time
difference in the end of the active period may be denoted
as yir.an(k) = Tan-out(K) - Tan-in(K)-

[0043] Asbrieflyreferred to hereinbefore, the feedback
portion 230 is configured to observe or monitor the output
current 225 and to provide information on one or more
observed characteristics of the output current 225 to the
processing portion 210 in a feedback signal 235. As an
example in this regard, the feedback portion 230 may be
configured to provide an a feedback signal 235 that
serves as an indication of the beginning of an active pe-
riod Typoui(k) in the output current 225 and/or as an in-
dication of the end of an active period T,_,,:(k) in the
output current 225. As another example, the feedback
portion 230 may be configured to provide the feedback
signal 235 comprising an indication of observed duration
of the active period in a given cycle of the output current
225. Preferably, the feedback portion 230 is configured
to provide the feedback signal 235 regarding each cycle
of the output current 225.

[0044] In particular, the feedback portion 230 may be
configured to carry out zero-current detection in the out-
put current 225 and to provide the controller portion 210
with the feedback signal 235 indicative of the zero-current
being detected in the output PWM signal 225. In contrast,
while non-zero current is being detected, the feedback
signal 235 may indicate current different from zero being
detected in the output current 225. Hence, the change
of the feedback signal 235 from a state indicating non-
zero current into a state indicating zero current serves to
indicate the end of an active period in the output current
225 and the change of the feedback signal 235 from the
state indicating zero current into the state indicating non-
zero current serves to indicate the beginning of an active
period in the output current 225. As a variation of such
approach, instead of detecting current of exactly zero,
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the detection may monitor and detect current exceeding
or falling below a predetermined threshold and change
the state of the feedback signal 235 accordingly. Detec-
tion of a zero current or a current falling short of the pre-
determined may rely, for example, on one or more current
sensing resistors coupled to a circuit arrangement con-
figured to convert the sensed level of electric current into
a suitable feedback signal 235. Such arrangements are
known in the art.

[0045] As another example, the feedback portion 230
may be configured to detect the output current 225 ex-
hibiting a voltage and/or alevel of electric current meeting
predetermined criteria to qualify as an active period and
to provide to the processing portion 210 a feedback signal
235 indicative of such voltage and/or level of electric cur-
rent being detected in the output current 225. Conse-
quently, the processing portion 210 may determine the
beginning and/or end of an active period in the output
current 225 on basis of the feedback signal 235 provided
thereto.

[0046] The feedback signal 235 may be provided from
the feedback portion 230 to the signal timing portion 214
using a physical electrical connection between these por-
tions. Additionally or alternatively, the feedback signal
235 may be provided to the signal timing portion 214, via
an arrangement that enables physical separation be-
tween the feedback portion 230 and the controller portion
210. Such an arrangement may comprise, for example,
an optocoupler for transferring the feedback signal 235
as light waves or a transformer arrangement for trans-
ferring the feedback signal 235 by electrical induction.
Such an arrangement may be provided as part of the
feedback portion 230 or in the signal path between the
feedback portion 230 and the controller portion 210.
[0047] The signal timing portion 214 is configured to
receive an indication of the observed duration of the ac-
tive period in the cycle k of the output current 225. As an
example, the indication provided in the feedback signal
225 may directly indicate the observed duration of the
active period in the cycle k of the output current. As an-
other example, such indication may comprise an indica-
tion of the end of an active period in cycle k of the output
current 225, which is a cycle of the output current 225
corresponding to cycle k of the control signal 215. Such
indication may be received in the feedback signal 235 or
such an indication may be derived on basis of the feed-
back signal 235. Additionally, the signal timing portion
214 may be configured to receive an indication of the
beginning of the active period in cycle k of the output
current 225 corresponding to the cycle k of the control
signal 215.

[0048] The time difference in the beginning of the ac-
tive period ty;,,(k) typically remains constant or essen-
tially constant from cycle to cycle, and hence it may not
be necessary for the signal timing portion 214 to receive
and/or the feedback portion 230 to provide information
required to determine 4., (k) and/or for the signal timing
portion 214 to determine ty,,(k) even in case the de-



15 EP 2 739 120 A1 16

termination of the duration of the active periodin the cycle
k relies on indication(s) regarding the end and/or begin-
ning of the active period. Instead, as an example, the
information required to determine the value of ¢y ,(k)
may be provided only during one or more initial cycles of
the output current 225, the value of ¢ (k) determined
onbasis of the information provided for these initial cycles
and the determined value of {4, (k) used subsequently.
As a variation of such an approach, the information re-
quired to determine the value of . ,,(k) may be provided
periodically and the value of {4 (k) updated accord-
ingly. In other words, the value of td,-ff_up(k) may be deter-
mined on basis of one or more cycles preceding the cycle
k. for subsequent use in determination of the observed
duration of the active period in the cycle k of the output
current 225. On the other hand, the signal timing portion
214 may be configured to determine the value of ¢ ¢ (k)
for the cycle k on basis of indication(s) determined on
basis of the cycle k of the output current 225.

[0049] With the feedback signal 235 providing indica-
tion(s) that enable detecting the moment of time when
the output current 225 changes from an active period to
a non-active period and/or vice versa and the signal tim-
ing portion 214 having access to the timing information
of the commencing and termination of the active period
of the control signal 215 supplied by the signal provision
portion 212, the signal timing portion 214 may be config-
ured to determine the observed duration of the active
period of the cycle k of the output current 225, the desired
duration of the active period of the cycle k as provided in
the control signal 215. Consequently, on basis of this
information the signal timing portion is able to determine
the difference between the observed duration of the ac-
tive period and the desired duration of the active period.
In particular, the signal timing portion 214 may be con-
figured, for the given cycle k, to determine the time dif-
ferences tyj5 (k) and/or ty 4, (k), @s described herein-
before to be employed as basis of determination of the
difference between the observed and desired durations.
[0050] Hence, in case the observed duration and the
desired duration of the active period are the same or es-
sentially the same, e.g. in case the time difference in the
beginning of a cycle {4, (k) and in the end of the cycle
tyi.an(k) are the same or essentially the same, the output
current 225 may be considered to correspond to the con-
trol signal 215 in terms of exhibiting the desired duty cycle
D;,(k) to a sufficient extent and hence corrective actions
in this regard are typically not necessary. Consequently,
the signal provision portion 212 may initiate the next cycle
of the control signal 215, i.e. cycle k+1 after the reference
cycle duration ¢, since the beginning of cycle k, i.e. at
Tup-in(k+1) = Typ.in(k) + tor in order to cause the power
converter portion 220 to supply the cycle k+1 of the output
current 225 after the reference cycle duration ¢, since
the beginning of cycle k, i.e. at Ty, o1(k+1) = Typoui(k) +
tref-

[0051] On the other hand, in case the observed dura-
tion is different from the desired duration, e.g. if the time
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differences in the beginning of a cycle td,-ff_up(k) and in
the end of the cycle t 4 4,(k) exhibit a difference, the sig-
nal timing portion 214 may be configured to adjust the
remaining part of the cycle kin response in order to bring
the duty cycle D, 4(k) of the output current 225 at or closer
to the desired duty cycle D,,(k). As an example, the ab-
solute value of the difference between the desired dura-
tion of the active period and the observed duration of the
active period in the output current 225 defined as t y5.,,(k)
=gitr.an (k) - tairr up(k) exceeding a predetermined thresh-
old may be considered as an indication of the observed
duty cycle o,,,(k) of the output current 225 being different
from the desired duty cycle o;,(k) to an extent that re-
quires corrective measures to be taken. As an example,
the predetermined threshold may be one timer/clock tick.
As another example, the predetermined threshold may
be several timer/clock ticks in case small variation in the
duty cycle of the output current 225 can be allowed. As
aspecial case, the predetermined threshold may be zero,
implying that any difference between the duration of the
active period of a given cycle of the control signal 215
and duration of the active period of the respective cycle
of the output current 225 results in adjustment of the re-
maining part of the given cycle of the control signal 215.
[0052] Consequently, the signal timing portion 214
may be configured to adjust the duration of the non-active
period of the cycle k and/or timing of the active period for
the cycle k+1 of the control signal 215 in order to force
the duty cycle of the output current 225 to the desired
value or at least closer to the desired value, i.e. to a value
matching or essentially matching the desired duty cycle
Din(k)-

[0053] In this regard, the processing portion 210 may
be configured to determine the difference between the
desired duration of the active period and the observed
duration of the active period in the output current 225 as
indicated by {;.,,(k) and to determine the adjustment
period as

tqi —on(k)
tadj (k) = Lt

ton(l) el

e.g. as the ratio between the difference between the du-
ration of the active period of the control signal 215 and
that of the output current 225 and the duration of the
active period of the control signal 215 for cycle k, multi-
plied by the reference cycle duration . Note that since
the duty cycle of the cycle k can be written as

ton(k)
D(k) = orer

the adjustment period may be determined as
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taiff-on(k)

taaj (k) = L2,

where the desired duty cycle D;,(k) may be applied as
the duty cycle D(k).

[0054] Hence, the signal timing portion 212 may be
configured to determine the target duration to be applied
for the cycle k of the output current 225 e.g. on basis of
the difference between observed duration of the active
period and the desired duration of the active period of
the cycle k and the duration of the active period of the
cycle k of the control signal 215. As an alternative, the
signal timing portion 212 may be configured to determine
the target duration for the cycle k of the output current
225 via determining a target duration for the non-active
period of the cycle k and determining the target duration
for the cycle k as the sum of the observed duration of the
active period of the cycle k in the output current 225 and
the target duration for the non-active period of the cycle
k. Moreover, the signal provision portion 212 may be con-
figured torealize the adjustment by changing the duration
of the non-active period in cycle k and hence the cycle k
of the control signal 215 by the amount indicated by the
adjustment period tadj(k) by setting the control signal 215
to cause the power converter portion 220 to initiate the
cycle k+1 of the output current 225 after having supplied
the cycle k of said target duration, e.g. after having ap-
plied the non-active period resulting in the determined
target duration for the cycle k. This is illustrated by an
example in Figure 7.

[0055] As an example, this may be realized instead of
initiating the active period of cycle k+1 of the control signal
215 after the reference cycle duration ¢, since the be-
ginning of the active period of the cycle k, i.e. at T, y(k)
+ tor Dy starting the cycle k+7 at T, jo(k) + tor + (k)
in order to, effectively, change the duration of the non-
active period t (k) of the cycle k by the amount deter-
mined by the adjustment period {,4(k). Consequently,
this results in the power converter portion 220 initiating
the active period of the output current 225 at T, (k) +
ber¥ tadj(k) thereby adjusting the duty cycle of the output
current 225 in the cycle k to a value matching or essen-
tially matching the desired duty cycle D,,(k). Hence, in
case the active period observed in the output current 225
is shorter than the respective active period indicated in
the control signal 215 the non-active period t,k), and
hence the duration of the cycle k is shortened, whereas
in case the active period observed in the output current
225 is longer than the respective active period indicated
in the control signal 215 the non-active period t k), and
hence the duration of the cycle k, is extended.

[0056] The operations for determining the difference
between the observed duration of the active period of the
cycle k of the output current 225 and the desired duration
of the active period of the cycle k, determining the target
duration for the cycle k and setting the control signal 215
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to cause supplying the next cycle, i.e. the cycle k+1, of
the output current 225 after having supplied the cycle k
of said target duration are preferably carried out for each
cycle of the output current 225.

[0057] In the following, the adjustment of the cycle of
the output current 225 is further illustrated by an example
with numerical values. Assuming a desired duty cycle
D;,(k) to be 3 % with the reference cycle duration ;=4
milliseconds and employing a timer/clock running at £
=2 MHz, resulting reference cycle duration is 8000 tim-
er/clock ticks. With the desired duty cycle D;,(k) = 3 %
the desired duration of the active period is 3 % x 8000
ticks = 240 ticks and, consequently, the duration of the
non-active period is 8000 - 240 = 7760 ticks. If the dura-
tion of the active period of a given cycle of the output
current 225 is actually 199 ticks, this may be observed
in the signal timing portion 214 via the value of t,.(k),
determined on basis of information received in the feed-
back signal 235, indicating the value t (k) = (199 -
240) = -41. Consequently, the signal timing portion 214
determines the adjustment period as t,q(k) =-41/240*
8000 = -1367 ticks and provides this information to the
signal provision portion 212 to enable shortening the non-
active period of the input PWM signal 215 by -1367 ticks
in order ensure the desired duty cycle D;,(k) during the
current cycle.

[0058] The operations, procedures and/or functions
assigned to the structural units of the controller portion
210, e.g. to the signal provision portion 212 and to the
signal timing portion 214, may be divided between these
sub-portions in a different manner. Moreover, the con-
troller portion 210 may comprise further sub-portions or
sub-units that may be configured to perform some of the
operations, procedures and/or functions assigned to the
signal provision portion 212 and to the signal timing por-
tion 214 in the description hereinbefore. On the other
hand, the operations, procedures and/or functions as-
signed to the signal provision portion 212 and to the signal
timing portion 214 may be assigned to a single sub-por-
tion or to a single sub- unit within the controller portion
210.

[0059] In particular, the controller portion 210 may be
provided as an apparatus for providing a control signal
for the power converter portion 220 that is adapted to
supply the output current 225 for driving the one or more
light sources 240 on basis of the control signal 215,
wherein the output current 225 comprises a series of cy-
cles consisting of an active period followed by a non-
active period, the apparatus comprising means for setting
the control signal 215 to cause the power converter por-
tion 220 to supply the active period of a given cycle of
the output current 225 employing an active period of a
desired duration, means for receiving an indication of the
observed duration of the active period in the given cycle
of the output current 225, means for determining the dif-
ference between the observed duration of the active pe-
riod of the given cycle of the output current 225 and the
desired duration of the active period of the given cycle



19 EP 2 739 120 A1 20

of the output current 225 on basis of said indication,
means for determining the target duration of the given
cycle of the output current 225 on basis of said deter-
mined difference to provide a desired duty cycle D, (k)
in the given cycle of the output current 225, and means
for setting the control signal 215 to cause the power con-
verter portion 220 to initiate the next cycle of the output
current 225 after supplying the given cycle of said target
duration.

[0060] At least some of the operations, procedures
and/or functions assigned to the structural units de-
scribed in the context of the controller portion 210, e.g.
to the signal provision portion 212 and to the signal timing
portion 214 may be provided as steps of a method. As
an example of this regard, Figure 8 illustrates a method
800 for providing a control signal for the power converter
portion 220, which power converter portion 220 is adapt-
ed to supply the output current 225 for driving the one or
more light sources 240 on basis of the control signal 215,
wherein the output current 225 comprises a series of cy-
cles consisting of an active period followed by a non-
active period.

[0061] The method 800 comprises setting the control
signal 215 to cause the power converter portion 220 to
supply the active period of a given cycle of the output
current 225 employing an active period of a desired du-
ration, as indicated in block 810. The method 800 further
comprises receiving an indication of the observed dura-
tion of the active period in the given cycle of the output
current 225, as indicated block 820. The method 800
further comprises determining the difference between
the observed duration of the active period of the given
cycle of the output current 225 and the desired duration
ofthe active period of the given cycle of the output current
225 on basis of said indication, as indicated in block 830.
The method 800 further comprises determining the target
duration of the given cycle of the output current 225 on
basis of said determined difference to provide a desired
duty cycle Dj,(k) in the given cycle of the output current
225, as indicated in block 840. Finally, the method 800
comprises setting the control signal to cause the power
converter portion 220 to initiate the next cycle of the out-
put current 225 after supplying the given cycle of said
target duration, as indicated in block 850. Variations of
the method become apparent on basis of the description
of the details of the corresponding operations, proce-
dures and/or functions of the controller portion 210 here-
inbefore.

[0062] As a non-limiting example, Figure 9 schemati-
cally illustrates an exemplifying apparatus 900 that may
be employed for embodying the controller portion 210.
The apparatus 900 comprises a processor 910 and a
memory 920, the processor 910 being configured to read
from and write to the memory 920. The apparatus 900
may further comprise a communication interface 930 en-
abling communication with one or more another appara-
tuses. The apparatus 900 may further comprise a user
interface 840 for providing data, commands and/or other
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input to the processor 910 and/or for receiving data or
other output from the processor 910. The apparatus 900
may comprise further components not illustrated in the
example of Figure 9.

[0063] Although the processor 910 is presented in the
example of Figure 9 as a single component, the proces-
sor 910 may be implemented as one or more separate
components. Although the memory 920 is illustrated as
single component, the memory 920 may be implemented
as one or more separate components, some or all of
which may be integrated/removable and/or may provide
permanent/semi-permanent/ dynamic/cached storage.
[0064] The apparatus 900 may be embodied as a spe-
cial-purpose or as a general purpose device with a suf-
ficient processing capacity. Alternatively, the apparatus
900 may be embodied as an apparatus dedicated for
operating as the controller portion 210 described here-
inbefore.

[0065] The memory 920 may store a computer pro-
gram 850 comprising computer-executable instructions
thatcontrol the operation of the apparatus 900 when load-
ed into the processor 910 and executed by the processor
910. As an example, the computer program 850 may
include one or more sequences of one or more instruc-
tions. The computer program 850 may be provided as a
computer program code. The processor 910 is able to
load and execute the computer program 850 by reading
the one or more sequences of one or more instructions
included therein from the memory 920. The one or more
sequences of one or more instructions may be configured
to, when executed by one or more processors, cause an
apparatus, for example the apparatus 900, to implement
the operations, procedures and/or functions described
hereinbefore in context of the controller portion 210.
[0066] Hence, the apparatus 900 may comprise at
least one processor 910 and at least one memory 920
including computer program code for one or more pro-
grams, the at least one memory 920 and the computer
program code configured to, with the at least one proc-
essor 910, cause the apparatus 900 to perform the op-
erations, procedures and/or functions described herein-
before in context of the controller portion 210.

[0067] The computer program 850 may be provided
independently of the apparatus, and the computer pro-
gram 850 may be provided at the apparatus 900 via any
suitable delivery mechanism. As an example, the delivery
mechanism may comprise at least one computer reada-
ble non-transitory medium having program code stored
thereon, the program code which when executed by an
apparatus cause the apparatus at least implement
processingto carry outthe operations, procedures and/or
functions described hereinbefore in context of the con-
troller portion 210. The delivery mechanism may be for
example a computer readable storage medium, a com-
puter program product, a memory device a record medi-
um such as a CD-ROM, a DVD, a corresponding optical
media, an article of manufacture that tangibly embodies
the computer program 850, etc. As a further example,
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the delivery mechanism may be a signal configured to
reliably transfer the computer program 850.

[0068] Reference to a processor should not be under-
stood to encompass only programmable processors, but
also dedicated circuits such as field-programmable gate
arrays (FPGA), application specific circuits (ASIC), signal
processors, etc. Features described in the preceding de-
scription may be used in combinations other than the
combinations explicitly described. Although functions
have been described with reference to certain features,
those functions may be performable by other features
whether described or not. Although features have been
described with reference to certain embodiments, those
features may also be present in other embodiments
whether described or not.

Claims

1. Anapparatus for providing a control signal for a pow-
er converter, the power converter being adapted to
supply an output current for driving a light source on
basis of the control signal, wherein the output current
comprises a series of cycles, each cycle consisting
of an active period followed by a non-active period,
the apparatus comprising
a signal provision portion for providing the control
signal, configured to set the control signal to cause
the power converter to supply the active period of a
given cycle of the output current employing an active
period of a desired duration,
asignal timing portion for adjusting the control signal,
configured to
receive an indication of the observed duration of the
active period in the given cycle of the output current,
determine the difference between the observed du-
ration of the active period of the given cycle of the
output current and the desired duration of the active
period of the given cycle of the output current on
basis of said indication, and
determine the target duration of the given cycle of
the output current on basis of said determined dif-
ference to provide a desired duty cycle in the given
cycle of the output current,
wherein the signal provision portion is configured to
set the control signal to cause the power converter
to initiate the next cycle of the output current after
supplying the given cycle of said target duration.

2. Anapparatus accordingto claim 1, wherein said con-
trol signal is provided as a signal comprising a series
of cycles, each cycle consisting of an active period
followed by a non-active period, and wherein a cycle
of the control signal corresponding to the given cycle
ofthe output currentis provided with the active period
of said desired duration and having said target du-
ration.
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An apparatus according to claim 2, wherein the con-
trol signal is provided as a square wave signal.

An apparatus according to claim 2 or 3, wherein said
indication comprises an indication of the end of the
active period in the given cycle of the output current.

An apparatus according to claim 4, wherein said in-
dication of the end of the active period in the given
cycle of the output current comprises an indication
of the current provided to the light source changing
from a state indicating non-zero current into a state
indicating zero current.

An apparatus according to claim 4 or 5, wherein said
difference between said observed duration and said
determined duration is determined as the difference
between a first duration and a second duration,
wherein the first duration is time difference between
the end of the active period of the given cycle of the
output current and the end of the active period of the
corresponding cycle of the control signal, and
wherein the second duration is time difference be-
tween the beginning of the active period in a cycle
of the output current and the beginning of the active
period of the corresponding cycle of the control sig-
nal.

An apparatus according to claim 6, wherein said sec-
ond duration is determined on basis of one or more
cycles preceding the given cycle.

An apparatus according claim 6, wherein said indi-
cation further comprises an indication of the begin-
ning of the active period in the given cycle of the
output current, and wherein the second duration is
determined on basis of the given cycle.

An apparatus according to any of claims 1 to 8,
wherein determining the target duration of the given
cycle comprises

determining an adjustment period as the ratio be-
tween said determined difference and said desired
duty cycle, and

determining said target duration as a sum of a nom-
inal cycle duration and said adjustment period,
wherein said nominal cycle duration equals to the
ratio between said desired duration of the active pe-
riod and the desired duty cycle.

An apparatus for driving a light source, the apparatus
comprising

a power converter portion adapted to receive a con-
trol signal and to supply an output current for driving
a light source on basis of the control signal, wherein
the output current comprises a series of cycles con-
sisting of an active period followed by a non-active
period, and
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an apparatus according to any of claims 1 to 9.

11. Anapparatus according to claim 10, further compris-

ing a feedback portion configured to provide the sig-
nal timing portion with a feedback signal indicative
of the observed duration of the active period in the
given cycle of the output current.

12. Anapparatus for providing a control signal for a pow-

er converter, the power converter being adapted to
supply an output current for driving a light source on
basis of the control signal, wherein the output current
comprises a series of cycles, each cycle consisting
of an active period followed by a non-active period,
the apparatus comprising at least one processor and
at least one memory including computer program
code for one or more programs, the at least one
memory and the computer program code configured
to, with the at least one processor, cause the appa-
ratus to perform at least the following:

set the control signal to cause the power con-
verter to supply the active period of a given cycle
of the output current employing an active period
of a desired duration,

receive an indication of the observed duration
of the active period in the given cycle of the out-
put current,

determine the difference between the observed
duration of the active period of the given cycle
of the output current and the desired duration of
the active period of the given cycle of the output
current on basis of said indication,

determine the target duration of the given cycle
of the output current on basis of said determined
difference to provide a desired duty cycle in the
given cycle of the output current, and

set the control signal to cause the power con-
verter to initiate the next cycle of the output cur-
rent after supplying the given cycle of said target
duration.

13. A method for providing a control signal for a power

converter, the power converter being adapted to sup-
ply an output current for driving a light source on
basis of the control signal, wherein the output current
comprises a series of cycles, each cycle consisting
of an active period followed by a non-active period,
the method comprising

setting the control signal to cause the power con-
verter to supply the active period of a given cycle of
the output current employing an active period of a
desired duration,

receiving an indication of the observed duration of
the active period in the given cycle of the output cur-
rent,

determining the difference between the observed
duration of the active period of the given cycle of the
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output current and the desired duration of the active
period of the given cycle of the output current on
basis of said indication,

determining the target duration of the given cycle of
the output current on basis of said determined dif-
ference to provide a desired duty cycle in the given
cycle of the output current, and

setting the control signal to cause the power con-
verter to initiate the next cycle of the output current
after supplying the given cycle of said target duration.

A computer program for providing a control signal
for a power converter, the power converter being
adapted to supply an output current for driving a light
source on basis of the control signal, wherein the
output current comprises a series of cycles, each
cycle consisting of an active period followed by a
non-active period, the computer program including
one or more sequences of one or more instructions
which, when executed by one or more processors,
cause an apparatus to at least perform the following:

set the control signal to cause the power con-
verter to supply the active period of a given cycle
of the output current employing an active period
of a desired duration,

receive an indication of the observed duration
of the active period in the given cycle of the out-
put current,

determine the difference between the observed
duration of the active period of the given cycle
of the output current and the desired duration of
the active period of the given cycle of the output
current on basis of said indication,

determine the target duration of the given cycle
of the output current on basis of said determined
difference to provide a desired duty cycle in the
given cycle of the output current, and

set the control signal to cause the power con-
verter to initiate the next cycle of the output cur-
rent after supplying the given cycle of said target
duration.
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