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(67)  The present invention provides a LED driver.
The LED driver comprises a data storage for sequentially
storing data of an operation of the LED driver according
to a circular buffer. The LED driver is configured to con-
tinuously monitor and store the data of the operation of
the LED driver sequentially in the data storage. Further,
the LED driver is configured to secure, in case a trigger
occurs, at least part of the data stored in the data storage
at a point in time at which the trigger occurred and cor-
responding to a time period before the point in time from
being overwritten. Further, a luminaire comprising such
a LED driver and a LED light source; a method for oper-
ating a LED driver; and a system comprising a plurality
of LED drivers.
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Description

[0001] The presentinvention relates to a light emitting
diode driver (LED driver), a luminaire comprising such a
LEDdriverand aLED lightsource, a method for operating
a LED driver and a system comprising a plurality of LED
drivers.

[0002] A LED driveris a device used for driving a LED
light source, such as at least one LED or a LED module
comprising at least one LED. The LED driver is config-
ured to electrically supply the LED light source enabling
the LED light source to emit light. The LED driver may
control the light emission of the LED light source via the
electrical supply of the LED light source. For example,
by decreasing an electrical power supplied to the LED
light source the LED driver may decrease light intensity
of the light emission (i.e. the LED driver may perform
dimming) and vice versa.

[0003] During the operation of an LED driver several
events may occur, which may disturb or interrupt opera-
tion of the LED driver (and light emission of a LED light
source being driven by the LED driver). Such events may
even damage the LED driver. Such events may comprise
a short-circuit of the LED light source when being driven
by the LED driver, sudden voltage and/or current spikes
provided to the LED driver and/or in the LED driver etc.
[0004] Therefore, itis anobject of the presentinvention
to provide a LED driver that enables dealing with or coun-
tering events that may occur during operation of the LED
driver.

[0005] These and other objects, which become appar-
ent upon reading the following description, are solved by
the subject-matter ofthe independent claim. The depend-
ent claims refer to preferred embodiments of the inven-
tion.

[0006] According to a first aspect of the invention, a
light emitting diode driver (LED driver) is provided. The
LEDdriver comprises a data storage for sequentially stor-
ing data of an operation of the LED driver according to a
circular buffer. The LED driver is configured to continu-
ously monitor and store the data of the operation of the
LED driver sequentially in the data storage. Further, the
LED driver is configured to secure, in case a trigger oc-
curs, at least part of the data stored in the data storage
at a point in time at which the trigger occurred and cor-
responding to a time period before the point in time from
being overwritten.

[0007] With other words, the present invention propos-
es continuously monitoring data of an operation of a LED
driver and sequentially storing the continuously moni-
tored data in a data storage of the LED driver according
to a circular buffer. In case a trigger occurs, the data that
are stored in the data storage at a point in time of the
trigger and that correspond to a time period before the
point in time of the trigger may be secured from being
overwritten. This allows searching for the reasons of an
event that may occur during the operation of the LED
driver. Namely, as soon as such an event is detected the
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trigger may be caused and, thus, the aforementioned da-
ta of the data storage that are stored in the data storage
when the trigger occurred and, thus, the event occurred
may be secured from being overwritten. Since these data
comprise the data of the operation of the LED driver that
were continuously monitored during the time period be-
fore the point in time of the trigger, they may be used for
analyzing what conditions or type of data of the operation
ofthe LED driver lead to the event that caused the trigger.
This information may then be used for pre-detecting that
the event will occur before the event actually occurs by
analyzing the continuously monitored data of the opera-
tion of the LED driver, e.g. comparing the monitored data
with the secured data that lead to the event. This allows
preventing the event from occurring again in the future
by allowing the LED driver or another entity, e.g. a central
processing unit (may be a central control unit or a control
center) or a person, to perform counter measurements.
[0008] The use of the data storage is advantageous.
Namely, the data storage is configured to sequentially
store the continuously monitored data according to a cir-
cular buffer. As a result, if the data storage reaches its
maximum capacity (i.e. there is no empty storage space)
when sequentially storing the continuously monitored da-
ta, the data storage overwrites the already stored data
beginning with the oldest data stored in the data storage
(i.e. beginning with the data stored for the longest time
period in the data storage). Therefore, the continuously
stored data is stored in the data storage for a certain time
period, wherein this time period depends on the total ca-
pacity of the data storage and the speed of continuously
monitoring and storing the data sequentially in the data
storage. This is acceptable as long as no trigger (e.g.
due to an event) occurs, because in this case the data
is not required for an analysis. Since the data of the time
period before the point in time at which the triggered oc-
curred may be secured from being overwritten, the data
storage still allows an analysis of data that were moni-
tored in the past with regard to the point in time of the
trigger.

[0009] Storing the data corresponding to a time period,
e.g. the time period before the point in time at which the
trigger occurred, allows analyzing a time course of the
data, i.e. how the data changed over time. For example,
voltage data corresponding to a time period allow ana-
lyzing a time course of the voltage data during the time
period, i.e. analyzing a time course of the voltage indi-
cated or represented by the voltage data.

[0010] In the light of the above, the LED driver allows
an error analysis and search for the reasons of an event
occurring during the operation of the LED driver (e.g.
conditions that lead to the event) and, thus, is advanta-
geous for reducing or preventing events that are not de-
sired from occurring during the operation of the LED driv-
er. In addition, the LED driver allows determining what
event (e.g. what kind of event) occurred during the op-
eration of the LED driver that caused the trigger.

[0011] The data of the operation of the LED driver are
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data measured and/or obtained during the operation of
the LED driver. For example, the data of the operation
of the LED driver may be or may comprise parameters
orvalues ofthe operation of the LED driverthat are meas-
ured and/or obtained during the operation of the LED
driver. The LED driver may be configured to continuously
monitor the data of the operation of the LED driver by
continuously measuring and/or obtaining the data.
[0012] The passage "the LED driver is configured to
continuously monitor and store the data of the operation
of the LED driver sequentially in the data storage" may
mean that the LED driver is configured to continuously
monitor the data of the operation of the LED driver and
to sequentially store the continuously monitored data in
the data storage. In other words, data that is monitored
at a point in time are also stored at the point in time (op-
tionally with a negligible time delay that may be caused
by the process of storing) in the data storage.

[0013] The data storage may be referred to as circular
buffer storage. The term "ring buffer" may be used as a
synonym for the term "circular buffer". The data storage
is configured to work like a circular buffer, i.e. perform
the function of a circular buffer for sequentially storing
the continuously monitored data. Thatis, the data storage
may be configured to sequentially store data and start
sequentially overwriting the data starting with the oldest
or longest stored data when the data storage is full (i.e.
there is no empty storage space).

[0014] The time period before the pointin time may be
directly before the point in time. The time period may be
adjacent to the point in time laying before the point in
time. The term "adjacent" may be understood as "directly
adjacent". Thus, the time period before the point in time
may end with the point in time at which the trigger oc-
curred. Optionally, the time period may comprise the
point in time, at which the trigger occurred. That is, the
data corresponding to the time period before the pointin
time at which the trigger occurred may comprise the data
corresponding to the point in time at which the trigger
occurred.

[0015] The term "time" or "time point" may be used as
a synonym for the term "point in time". The time period
before the point in time at which the trigger occurred may
be referred to as "first time period". The point in time at
which the trigger occurred may be referred to as "first
point in time". The passage "point in time of the trigger"
may be used as a synonym for the passage "pointin time
at which the trigger occurred".

[0016] Optionally, the LED driver may be configured
to secure, in case the trigger occurs, the data (i.e. all the
data) stored in the data storage at the point in time at
which the trigger occurred and corresponding to the time
period before the point in time from being overwritten.
[0017] The data corresponding to the time period be-
fore the point in time at which the trigger occurred are
the data of the operation of the LED driver that were con-
tinuously monitored during said time period. The data
corresponding to the point in time at which the trigger
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occurred are the data of the operation of the LED driver
that were monitored at the point in time.

[0018] Optionally, the LED driver is configured to ad-
ditionally secure, in case the trigger occurs, at least part
of the data stored in the data storage at a second point
in time after the pointin time at which the trigger occurred
and corresponding to a second time period after the point
in time from being overwritten.

[0019] In other words, the LED driver may be config-
ured to secure, in case the trigger occurs, at least part
of the data stored in the data storage at the first point in
time at which the trigger occurred and corresponding to
the first time period before the first point in time as well
as of the data stored in the data storage at the second
pointin time after the first point in time and corresponding
to the second time period after the first point in time from
being overwritten.

[0020] The second time period after the first point in
time may be directly after the first pointin time. The sec-
ond time period may be adjacent to the first point in time
laying after the first point in time. The term "adjacent"
may be understood as "directly adjacent". Thus, the sec-
ond time period after the first point in time may start with
the first point in time (i.e. with the point in time at which
the trigger occurred). In addition or alternatively, the sec-
ond time period after the first point in time may end with
the second point in time. Optionally, the second time pe-
riod may comprise the point in time, at which the trigger
occurred. The second time period may be referred to as
"time period after the point in time at which the trigger
occurred".

[0021] Optionally, the LED driver may be configured
to secure, in case the trigger occurs, the data (i.e. all the
data) stored in the data storage at the second point in
time and corresponding to the second time period after
the first point in time from being overwritten.

[0022] The data corresponding to the second time pe-
riod are the data of the operation of the LED driver that
were continuously monitored during the second time pe-
riod.

[0023] The LED driver may be configured to secure
the respective data from being overwritten by storing the
respective data in a second data storage of the LED driv-
er. In addition or alternatively, the LED driver may be
configured to secure the respective data from being over-
written by providing the respective data to outside the
LED driver. For example, the LED driver may be config-
ured to secure the respective data from being overwritten
by providing the respective data to at least one other LED
driver and/or a central processing unit (e.g. a control cent-
er).

[0024] The respective data may be the data stored in
the data storage at the first point in time at which the
trigger occurred and corresponding to the time period
before the first point in time or at least part of the afore-
mentioned data. Alternatively, the respective data may
be the data stored in the data storage at the first point in
time at which the trigger occurred and corresponding to
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the time period before the first point in time as well as
the data stored in the data storage at the second point
in time after the first point in time and corresponding to
the second time period after the first point in time or at
least part of the aforementioned data.

[0025] The second data storage may be configured to
store the respective data without overwriting data. For
example, the second data storage may be configured to
sequentially store the respective data without overwriting
data. Optionally, the second data storage may be con-
figured to delete data when controlled to do so (e.g. by
the LED driver itself or from outside the LED driver, such
as from a person or a central control unit/control center).
[0026] The LED driver may be configured to perform
a wireless and/or wired communication with one or more
entities outside the LED driver, such as at least one other
LED driver and/or a central processing unit (e.g. a control
center), for providing the respective data to outside the
LED driver.

[0027] The LED driver may be configured to be elec-
trically connected via a bus system (e.g. a wired bus)
with the at least one other LED driver and/or a central
processing unit.

[0028] The LED driver may be configured to cause the
trigger at one or more other LED drivers each being a
LEDddriver according to thefirstaspect, in case the trigger
occurs at the LED driver. The one or more other LED
drivers may be neighboring LED drivers ofthe LED driver.
Alternatively, the LED driver and the one or more other
LED drivers may be grouped in a group (e.g. functional
group).

[0029] Optionally, the LED driver is configured to ob-
tain information on an event, which caused the trigger,
by processing the secured data.

[0030] Optionally, the LED driver is configured to de-
termine what event caused the trigger (e.g. what kind of
event) by processing the secured data. The LED driver
may be configured to search for or determine the reasons
of an event that caused the trigger (e.g. conditions that
lead to the event). For this, the LED driver may be con-
figured to process the secured data. The LED driver may
be configured to pre-detect or predict occurrence of the
event in the future by analyzing the continuously moni-
tored data using the obtained information and/or the se-
cured data. For example, the LED driver may be config-
ured to pre-detect or predict occurrence of the event in
the future by comparing the continuously monitored data
with the secured data (that were secured due to the trig-
ger caused by the event).

[0031] For example, the LED driver may analyze data
of a supply voltage (e.g. mains voltage) of the LED driver
of the secured data and thereby detect a sudden voltage
spike or rise of voltage over a threshold. Due to this de-
tection, the LED driver may determine or come to the
conclusion that the event of an over voltage at a LED
light source when driven by the LED driver, which caused
the trigger, is caused by the sudden voltage spike or rise
of voltage over the threshold.
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[0032] The LED driver may be configured to provide,
in response to a request from outside, e.g. from at least
one other LED driver, a central processing unit (e.g. a
control center) and/or a person (e.g. user), a result of
processing or analyzing the secured data to outside the
LED driver, e.g. to the at least one other LED driver, the
central processing unit (e.g. a control center) and/or the
person (e.g. user).

[0033] Optionally, the LED driver is configured to re-
ceive data of an operation of at least one other LED driver
corresponding to a respective time period, during which
the secured data have been continuously monitored by
the LED driver, from outside the LED driver. Forexample,
the LED driver may be configured to receive the data of
the operation of the at least one other LED driver corre-
sponding to the respective time period, during which the
secured data have been continuously monitored by the
LED driver, from the at least one other LED and/or a
central processing unit (e.g. a control center).

[0034] The respective time period may comprise or be
the first time period optionally comprising the first point
in time. Alternatively, the respective time period may
comprise or be the first time period and the second time
period. The respective time period may optionally com-
prise the first pointin time and/or the second pointin time.
[0035] Optionally, the LED driver is configured to ob-
tain information on an event, which caused the trigger,
by processing the secured data and the received data.
[0036] Optionally, the LED driver is configured to de-
termine what event caused the trigger (e.g. what kind of
event) by processing the secured data and the received
data. The LED driver may be configured to search for or
determine the reasons of an event that caused the trigger
(e.g. conditions that lead to the event). For this, the LED
driver may be configured to process the secured data
and received data (e.g. correlate the secured data and
received data). The LED driver may be configured to pre-
detect or predict occurrence of the event in the future by
analyzing the continuously monitored data using the ob-
tained information and/or the secured data and received
data (e.g. correlating the secured data and received da-
ta). For example, the LED driver may be configured to
pre-detect or predict occurrence of the event in the future
by comparing the continuously monitored data with the
secured data (thatwere secured due to the trigger caused
by the event) and the received data.

[0037] Optionally, in case the at least one other LED
driver is also a LED driver according to the first aspect
and the event also caused the trigger at the at least one
other LED driver, the LED driver may be configured to
combine or correlate the secured data and the received
data for determining the reasons of the event (e.g. con-
ditions that lead to the event) and/or what event caused
the trigger (i.e. what kind of event). The LED driver may
be configured to pre-detect or predict occurrence of the
event in the future by analyzing the continuously moni-
tored data using a correlation of the secured data and
the received data.
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[0038] The LED driver may be configured to provide,
in response to a request from outside, e.g. from at least
one other LED driver, a central processing unit (e.g. a
control center) and/or a person (e.g. user), a result of
processing or analyzing the secured data and received
data to outside the LED driver, e.g. to the at least one
other LED driver, the central processing unit (e.g. a con-
trol center) and/or the person (e.g. user).

[0039] The data of the operation of the LED driver, op-
tionally of the LED driver and the at least one other LED
driver, may comprise at least one of the following: one
or more electrical parameters input to the respective LED
driver, one or more electrical parameters output by the
respective LED driver, one or more external commands
received by the receptive LED driver, communication da-
ta of communication means of the respective LED driver,
and one or more internal operation parameters of the
respective LED driver.

[0040] The term "respective LED driver" may corre-
spond or be the LED driver according to the first aspect
or the aforementioned at least one other LED driver.
[0041] For example, the one or more electrical param-
eters input to the respective LED driver may comprise or
may be an input voltage and/or input current. For exam-
ple, the one or more electrical parameters output by the
respective LED driver may comprise or may be an output
voltage and/or output current. For example, the one or
more external commands received by the receptive LED
driver may comprise or may be a dimming command.
For example, the one or more internal operation param-
eters of the respective LED driver may comprise or may
be a frequency of a feed-back control, one or more inter-
nal commands, a temperature inside the LED driver, a
frequency behavior of an internal driver stage, an error
of a feedback control of an internal driver stage, an op-
eration mode of the respective LED driver and/or an op-
eration frequency of the respective LED driver.

[0042] The input voltage and the input current may be
mains voltage and mains current, respectively, input to
the LED driver or provided to the input of the LED driver.
The input voltage and the input current may be the volt-
age and current, respectively, with which the LED driver
is electrically supplied from an external energy source,
such as an AC source (e.g. mains) and/or DC source
(e.g.abattery orasupply bus). In addition or alternatively,
the one or more electrical parametersinput to the respec-
tive LED driver may comprise or may be an input power
(electrical power).

[0043] The LED driver may provide the output voltage
and/or output currentto a LED light source when the LED
driver drives the LED light source (e.g. the LED light
source is electrically connected to an output of the LED
driver for being driven and, thus, electrically supplied by
the LED Driver). The output voltage and the output cur-
rent may be referred to as LED voltage and LED current,
respectively. In addition or alternatively, the one or more
electrical parameters output by the respective LED driver
may comprise or may be an output power (electrical pow-
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er).

[0044] The one or more external commands may be
DALI and/or DALI-2 commands, i.e. commands accord-
ing to the DALI and/or DALI-2 standard. DALI ("Digital
Adressable Lighting Interface"), also referred to as DALI
Edition 1, and DALI-2, also referred to as DALI Edition 2
being the follow-up standard of DALI, are well known
standards in the field of lighting. In addition or alterna-
tively, the external commands may be commands of any
other known standard, such as the ZigBee standard etc.
The LED driver may comprise communication means for
receiving the external commands. The communication
means may be or may be referred to as communication
circuit, communication module or communication inter-
face. The communication means may be configured to
communicate wirelessly and/or wired (via a data bus)
with one or more entities (e.g. at least one other LED
driver, a central processing and/or control unit, and/or a
control center) outside the LED driver. In addition or al-
ternatively, the one or more external commands may
comprise or may be, for example, a light color change
command, a command for setting an operation mode of
the LED driver, a command for setting an electrical pa-
rameter, e.g. an output voltage, output current and/or out-
put power, acommand for setting an operation frequency
of the LED driver and/or any other command(s) known
in the field of lighting.

[0045] The communication data of communication
means of the respective LED driver may comprise or may
be data communicated by the communication means
and/or data used for communicating by the communica-
tion means. The communication means of the respective
LED driver may be as outlined above.

[0046] The one or more internal operation parameters
of the respective LED driver may comprise or may be

- one or more physical parameters, such as one or
more electrical parameters, measured inside the re-
spective LED driver;

- one or more settings of the respective LED driver
during the operation of the respective LED driver;
and/or

- at least one parameter, at least one value and/or
information resulting out of a control (e.g. a feedback
control) and/or computation performed by the re-
spective LED driver during the operation of the re-
spective LED drive.

[0047] Physical parameters measured inside the re-
spective LED driver may comprise or may be, for exam-
ple, a temperature inside the respective LED driver.

[0048] The respective LED driver may comprise one
or more LED driver stages forming an electrical supply
circuit electrically connected between an input of the re-
spective LED driver and an output of the respective LED
driver. A LED light source may be electrically connected
to the output of the respective LED driver for being driven
and, thus, electrically supplied by the respective LED



9 EP 4 271 137 A1 10

driver, in particular the electrical supply circuit of the re-
spective LED driver. The one or more LED driver stages
may comprise or may be at least one actively switched
power converter, such as at least one actively switched
AC/DC converter and/or at least one actively switched
DC/DC converter. Examples of actively switched con-
verters comprise boost converters, buck converters, fly-
back converters, resonant converters etc. The electrical
supply circuit of the respective LED driver may comprise
filter means (e.g. an EMI filter), rectification means (e.g.
a full-wave rectifier circuit and/or half-wave rectifier cir-
cuit) and/or power factor correction means (PFC means),
such as passive PFC means and/or active PFC means.
The active PFC means may be implemented by an LED
driver stage of the one or more LED driver stages com-
prising at least one actively switched power converter.
Additionally or alternatively, the electrical supply circuit
of the respective LED driver, e.g. the one or more driver
stages, may comprise any other one or more electrical
components known in the art for implementing an LED
driver, e.g. an electrical supply function of an LED driver.
[0049] In addition or alternatively, physical parameters
measured inside the respective LED driver may comprise
or may be, for example, a voltage, current and/or power
of at least one of the aforementioned electrical compo-
nents, such as the atleast one driver stage (e.g. a voltage
across an inductor of an actively switched power con-
verter, a current through the inductor etc.); a frequency
behavior of at least one driver stage; and/or any other
physical parameter(s9, such as electrical parameter(s),
that may be measured or obtained in a LED driver.
[0050] The one or more settings of the respective LED
driver during the operation of the respective LED driver
may comprise ormay be, forexample, an operation mode
of the respective LED driver, operation frequency of the
respective LED driver, maximum allowable output volt-
age, output current and/or output power and/or any other
known setting(s) of a LED driver.

[0051] An operation mode of the respective LED driver
may comprise, for example, an emergency operation
mode and a normal operation mode, in case the LED
driveris an emergency LED driver foremergency lighting.
In addition or alternatively, the operation mode of the
respective LED driver may comprise, for example, a
mode for controlling switching of an actively switched
power converter, such as a continuous conduction mode
(CCM), discontinuous conduction mode (DCM) and bor-
derline conduction mode. The operation mode of the re-
spective LED driver may, additionally or alternatively,
comprise or be any other operation mode(s) known for
operating a LED driver.

[0052] The respective LED driver may comprise con-
trol means for controlling components of the respective
LED driver (e.g. communication means and/or electrical
supply circuit of the respective LED driver). The control
means may comprise or be a controller, microcontroller,
processor, microprocessor, application-specific integrat-
ed circuit (ASIC), field-programmable gate array (FPGA)
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and/or any other known control means type(s). The con-
trol means may be configured to analyze and/or process
the data of the operation of the respective LED driver.
Therefore, the control means may be referred to as con-
trol and processing means.

[0053] The at least one parameter, at least one value
and/or information resulting out of a control (e.g. a feed-
back control) and/or computation performed by the re-
spective LED driver during the operation of the respective
LED drive may comprise or be, for example, an error of
a feedback control performable by the control means of
the respective LED driver and/or a frequency behavior
of a driver stage of the electrical supply circuit due to the
control of the driver stage by the control means.

[0054] Inthelightofthe above, the data ofthe operation
of the respective LED driver may comprise or may be
physical parameters, such as electrical parameters, that
are

- provided or input to the respective LED driver,

- provided or output by the respective LED driver,
and/or

- measured inside and/or at the LED driver.

[0055] Physical parameters measured at the LED driv-
er may be for example a temperature, light condition,
humidity, electromagnetic pollution etc. of an environ-
ment of the LED driver.

[0056] In addition or alternatively, the data of the op-
eration of the respective LED driver may comprise or may
be at least one parameter, at least one value and/or in-
formation received and/or transmitted by the LED driver
during the operation of the LED driver, wherein the at
least one parameter, at least one value and/or informa-
tion may impact the operation of the LED driver and/or
may be caused by the operation of the LED driver.
[0057] In addition or alternatively, the data of the op-
eration of the respective LED driver may comprise or may
be one or more settings of the LED driver during the op-
eration of the respective LED driver, wherein the one or
more settings may change during the operation of the
respective LED driver.

[0058] In addition or alternatively, the data of the op-
eration of the respective LED driver may comprise or may
be at least one parameter, at least one value and/or in-
formation resulting out of a control (e.g. a feedback con-
trol) and/or computation performed by the respective
LED driver during the operation of the respective LED
driver.

[0059] Optionally, the LED driver is configured to re-
ceive the trigger from outside the LED driver. For exam-
ple, the LED driver is configured to receive the trigger
from at least one other LED driver and/or a central
processing unit (e.g. a control center). Optionally, the
LED driver is configured to receive the trigger from a per-
son (e.g. a user).

[0060] The LED driver may be configured to provide
the secured data to outside, e.g. to at least one other
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LED driver, a central processing unit (e.g. a control cent-
er) and/or a person (e.g. user), in response to a request
received from outside (e.g. from the at least one other
LED driver, the central processing unit (e.g. the control
center) and/or the person (e.g. user)).

[0061] Optionally, the trigger occurs when an event
during the operation of the LED driver irrespective of the
data is detected. For example, the event may be a short-
circuit of an LED light source when the LED light source
is driven by the LED driver.

[0062] In addition or alternatively, the event may be,
for example, at least one of the following: a disturbance
of the external energy supply electrically supplying the
LED driver, failure or malfunction of one or more compo-
nents of the LED driver, an improper operation or use of
the LED driver outside the operation boundaries for the
LED driver, a sudden change of output power of a LED
light source when the LED driver drives the LED light
source, etc.

[0063] Optionally, the LED driver is configured to de-
tect the event during the operation of the LED driver ir-
respective of the data. In addition or alternatively, the
LED driver may be configured to receive from outside
the LED driver information that the event during the op-
eration of the LED driver irrespective of the data is de-
tected. For example, the LED driver may be configured
to receive from at least one other LED driver and/or a
central processing unit (e.g. a control center) the infor-
mation that the event during the operation of the LED
driver irrespective of the data is detected.

[0064] Optionally, the trigger occurs when an event in
the data stored in the data storage irrespective of the
operation of the LED driver is detected.

[0065] For example, the event may be a voltage spike
in inputvoltage data stored in the data storage. In addition
or alternatively, the event may be, for example, at least
one of the following: a current spike in current data (e.g.
input current data), a sudden change in an operation fre-
quency of frequency data, sudden change in temperature
data etc. In other words, the event may be a sudden
change of one or more different data of the data, an ab-
normal pattern of one or more different data of the data
and/or one or more different data of the data reaching a
certain value or threshold.

[0066] Optionally, the LED driver is configured to de-
tect the event in the data stored in the data storage irre-
spective of the operation of the LED driver by analyzing
the data stored in the data storage.

[0067] Theabove description ofthe LED driver accord-
ing to the first aspect may be valid for the above men-
tioned at least one further LED driver. The aforemen-
tioned processing unit (central processing unit) may be
or may be part of a control center.

[0068] In order to achieve the LED driver according to
the first aspect of the invention, some or all of the above
described optional features may be combined with each
other.

[0069] According to a second aspect of the invention,
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a luminaire is provided. The luminaire comprises a LED
driver according to the first aspect of the invention, as
described above, and a LED light source. The LED driver
is configured to electrically supply the LED light source.
[0070] The above description with regard to the LED
driver according to the first aspect of the invention is cor-
respondingly valid for the luminaire according to the sec-
ond aspect of the invention.

[0071] The LED light source may be at least one light
emitting diode (LED) and/or a LED module comprising
at least one LED. Any known LEDs may be used for im-
plementing the LED light source (e.g. organic LEDs, in-
organic LEDs etc.).

[0072] With regard to the luminaire, the passage "out-
side the LED driver" may mean "outside the luminaire".
With regard to the luminaire, the processing unit (central
processing unit) outside the LED driver described in the
description of the LED driver of the first aspect, may be
or may be part of control means of the luminaire.
[0073] The luminaire according to the second aspect
of the invention achieves the same advantages as the
LED driver according to the first aspect of the invention.
[0074] In order to achieve the luminaire according to
the second aspect of the invention, some or all of the
above described optional features may be combined with
each other.

[0075] According to a third aspect of the invention, a
method for operating a LED driver is provided. The meth-
od comprises continuously monitoring and storing data
of an operation of the LED driver sequentially in a data
storage according to a circular buffer. Further the method
comprises, in case a trigger occurs, securing at least part
of the data stored in the data storage at a point in time
at which the trigger occurred and corresponding to a time
period before the point in time from being overwritten.
[0076] The above description with regard to the LED
driver according to the first aspect of the invention is cor-
respondingly valid for the method according to the third
aspect of the invention.

[0077] The method according to the third aspect of the
invention achieves the same advantages as the LED driv-
er according to the first aspect of the invention.

[0078] In orderto achieve the method according to the
third aspect of the invention, some or all of the above
described optional features may be combined with each
other.

[0079] According to a fourth aspect of the invention, a
system is provided. The system comprises a plurality of
LED drivers according to the first aspect of the invention,
as described above. At least one LED driver of the plu-
rality of LED drivers is configured to provide, in case the
trigger occurs at the LED driver, the secured data to a
control center and/or at least one other LED driver of the
plurality of LED drivers. In addition or alternatively, at
least two LED drivers of the plurality of LED drivers are
configured to provide, in case the trigger occurs at one
or more of the at least two LED drivers, the respective
secured data to a control center and/or the respective
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other LED driver of the at least two LED drivers.

[0080] The above description with regard to the LED
driver according to the first aspect of the invention is cor-
respondingly valid for the system according to the fourth
aspect of the invention.

[0081] The atleast one LED driver may be configured
to communicate with the at least one other LED driver
wirelessly and/or wired. The atleast two LED drivers may
be configured to communicate with each other wirelessly
and/or wired. The at least two LED drivers may be con-
figured to communicate with the control center wirelessly
and/or wired. The plurality of LED drivers may be config-
ured to communicate with each other and/or the control
center via a wireless and/or wired communication. The
control center may be part of the system. The plurality of
LED drivers may be electrically connected via a bus sys-
tem (e.g. a wired bus) with each other. The plurality of
LEDdrivers and the control center may optionally be elec-
trically connected via a bus system (e.g. a wired bus)
with each other.

[0082] Optionally, the control center is configured to
determine what event caused the trigger at the at least
one LED driver from which the control center received
the secured data (e.g. what kind of event) by processing
the received secured data. The control center may be
configured to search for or determine the reasons of an
event (e.g. conditions that lead to the event), which
caused the trigger at the at least one LED driver from
which the control center received the secured data. For
this, the control center may be configured to process the
received secured data. The control center may be con-
figured to provide the result of processing the received
secured data to the atleast one LED driver and optionally
to one or more other LED drivers of the plurality of LED
drivers.

[0083] The control center may be configured to deter-
mine, in case the control center received the secured
data fromthe atleasttwo LED drivers, what event caused
the trigger at one or more of the at least two LED drivers
(e.g. what kind of event) by processing the secured data
received from the at least two LED drivers (e.g. correlate
the secured data received from the at least two LED driv-
ers with each other). Optionally, the control center may
be configured to search for or determine, in case the con-
trol center received the secured data from the at least
two LED drivers, the reasons of an event (e.g. conditions
that lead to the event), which caused the trigger at one
or more of the at least two LED drivers. For this, the con-
trol center may be configured to process the secured
data received from the at least two LED drivers (e.g. cor-
relate the secured data received from the at least two
LED drivers with each other). The control center may be
configured to provide the result of processing the re-
ceived secured data to the at least two LED drivers and
optionally to one or more other LED drivers of the plurality
of LED drivers.

[0084] The atleast one LED driver may be configured
to provide the secured data to the control center and/or
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at least one other LED driver in response to a request
received from outside the at least one LED driver, e.g.
from the control center and/or a person (e.g. user). The
at least two LED drivers may be configured to provide
the respective secured data to the control center and/or
the respective other LED driver of the at least two LED
drivers in response to a request received from outside
the at least one LED driver, e.g. from the control center
and/or a person (e.g. user).

[0085] One or more of the plurality of LED drivers may
be configured to provide the secured data to outside, e.g.
to the control center and/or to a person (e.g. user), in
response to a request received from outside, e.g. from
the control center and/or the person (e.g. user).

[0086] The system according to the fourth aspect of
the invention may be a luminaire.

[0087] The description of the system of the fourth as-
pect, e.g. the control center, may be correspondingly val-
id for the LED driver according to the first aspect of the
invention.

[0088] The system according to the fourth aspect of
the invention achieves the same advantages as the LED
driver according to the first aspect of the invention.
[0089] In order to achieve the system according to the
fourth aspect of the invention, some or all of the above
described optional features may be combined with each
other.

[0090] It has to be noted that all devices, elements,
units and means described in the present application
could be implemented in software or hardware elements
or any kind of combination thereof. All steps which are
performed by the various entities described in the present
application as well as the functionalities described to be
performed by the various entities are intended to mean
that the respective entity is adapted to or configured to
perform the respective steps and functionalities.

[0091] In the following, the invention is described ex-
emplarily with reference to the enclosed Figures, in which
Figure 1 schematically shows a block diagram
of an example of a LED driver accord-
ing to an embodiment of the invention;
Figures 2to4  schematically show an example of a
state of a data storage of the LED driv-
er of Figure 1 for three different points

in time; and
Figure 5 schematically shows a block diagram
of an example of a system according
to an embodiment of the invention.
[0092] In the Figures, corresponding elements have

the same reference signs. The proportions and dimen-
sions of the elements shown in the Figures do not rep-
resent the components of the LED driver(s) and option-
ally a control center to scale, but are merely chosen to
describe the structure and function of the LED driver(s)
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and optionally the control center.

[0093] Figure 1 schematically shows a block diagram
of an example of a LED driver according to an embodi-
ment of the invention. The LED driver of Figure 1 is an
example of the LED driver according to the first aspect
of the invention. The description of the LED driver ac-
cording to the first aspect is correspondingly valid for the
LED driver of Figure 1.

[0094] The LED driver 1 of Figure 1 comprises a data
storage 2 for sequentially storing, according to a circular
buffer, data of an operation of the LED driver 1. The LED
driver 1 is configured to continuously monitor and store
the data of the operation of the LED driver 1 sequentially
in the data storage 2. Further, the LED driver 1 is config-
ured to secure, in case a trigger occurs, at least part of
the data stored in the data storage 2 at a point in time at
which the trigger occurred and corresponding to a time
period before the point in time from being overwritten.
[0095] Optionally, the LED driver 1 is configured to ad-
ditionally secure, in case the trigger occurs, at least part
of the data stored in the data storage 2 at a second point
in time after the pointin time at which the trigger occurred
and corresponding to a second time period after the point
in time from being overwritten.

[0096] Examples of how the LED driver 1 may secure
data stored in the data storage 2 is described in more
detail with regard to Figures 2 to 4.

[0097] Forfurtherinformation on possible implantation
forms of the LED driver 1, e.g. of the structure and/or
function of the LED driver 1, as well as on the data of the
operation of the LED driver 1 reference is made to the
corresponding description of the LED driver according to
the first aspect of the invention.

[0098] As shownin Figure 1, a LED light source 3 may
be electrically connected to the LED driver 1 (in particular
to an output of the LED driver 1) for being driven and,
thus, electrically supplied by the LED driver 1. The LED
light source 3 may be at least one light emitting diode
(LED) and/or a LED module comprising atleast one LED.
Any known LEDs may be used for implementing the LED
light source 3(e.g. organic LEDs, inorganic LEDs etc.).
[0099] The LED driver 1 and the LED light source 3
may form or be part of a luminaire 4. The luminaire 4 of
Figure 1 may be an example of the luminaire according
to the second aspect of the invention. The description of
the luminaire according to the second aspect is corre-
spondingly valid for the luminaire 4 of Figure 1.

[0100] Figures 2 to 4 schematically show an example
of a state of a data storage of the LED driver of Figure 1
for three different points in time.

[0101] Figure 2 shows the state of the data storage 2
of the LED driver 1 of Figure 1 at the pointin time T1, at
which the trigger occurred (T = T1). Thus, as shown in
Figure 2, at the point in time T1 the LED driver 1 may
secure at least part of the data D1 stored in the data
storage 2 at the point in time T1 and corresponding to a
time period P1 before the point in time T1 from being
overwritten.
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[0102] According to the example of Figure 2, the time
period P1 is directly before the point in time T1. That is,
the time period P1 ends at the point in time T1. This may
be differently, that is the time period P1 does not need
to be directly before the point in time T1. Optionally, the
time period P1 may comprise the point in time T1, at
which the trigger occurred. That is, the data D1 corre-
sponding to the time period P1 before the point in time
T1 at which the trigger occurred may comprise the data
D2 corresponding to the point in time T1.

[0103] As indicated in Figure 2, at the pointin time T1
the LED driver 1 stores the data monitored by the LED
driver at the pointin time T1. Thus, in case the data stor-
age 2 is full (no empty storage space available), the oldest
data stored in the data storage 2 are overwritten by cur-
rent data (which are in the case of Figure 2 the data D2
monitored at the point in time T1). The direction of se-
quentially storing or writing and, thus, potentially over-
writing previously stored data is indicated in Figure 2 by
an arrow in counter-clockwise direction. In the Figure 2,
the data D2 at the point in time T1 is the newest data
stored in the data storage (i.e. current data monitored by
the LED driver at the pointin time Ti), wherein in a clock-
wise direction the data gets older, i.e. was monitored and
stored more in the past with regard to the point in time
T1 (i.e. the current point in time).

[0104] Figure 3 shows the state of the data storage 2
of the LED driver 1 of Figure 1 at a second point in time
T2 (T = T2) for securing data of the data storage 2 after
the point in time T1, at which the trigger occurred. The
above description of Figure 2 is correspondingly valid for
Figure 3. As shown in Figure 3, at the second point in
time T2 the LED driver 1 may additionally secure at least
part of the data D3 stored in the data storage 2 at the
second point in time T2 and corresponding to a second
time period P2 after the point in time T1 from being over-
written.

[0105] According to the example of Figure 3, the sec-
ond time period P2 is directly after the point in time T1.
That is, the second time period P2 begins at the point in
time T1. This may be differently, that is the second time
period P2 does not need to be directly after the point in
time T1. The second time period P2 may end at the sec-
ond point in time T2. This may be differently as shown in
Figure 4, wherein the second point in time for securing
data is not the point in time T2 but another point in time
T3 after the point in time T2.

[0106] As indicated in Figure 3, at the second point in
time T2 the LED driver 1 stores the data monitored by
the LED driver 1 at the second point in time T2. Thus, in
case the data storage 2 is full (no empty storage space
available), the oldest data stored in the data storage 2
are overwritten by current data (which are in the case of
Figure 3 the data monitored at the second point in time
T2). The direction of sequentially storing or writing and,
thus, potentially overwriting previously stored data is in-
dicated in Figure 3 by an arrow in counter-clockwise di-
rection.
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[0107] Figure 4 shows the state of the data storage 2
of the LED driver 1 of Figure 1 at a second point in time
T3 (T = T3) for securing data of the data storage 2 after
the point in time T1, at which the trigger occurred. The
above description of Figures 2 and 3 is correspondingly
valid for Figure 4. As shown in Figure 4, at the second
pointin time T3 the LED driver 1 may additionally secure
at least part of the data D3 stored in the data storage 2
at the second point in time T3 and corresponding to a
second time period P2 after the point in time T1 from
being overwritten.

[0108] According to the example of Figure 4, the sec-
ond time period P2 is directly after the point in time T1.
That is, the second time period P2 begins at the point in
time T1. This may be differently, that is the second time
period P2 does not need to be directly after the point in
time T1. The second time period P2 may end at a point
in time T2 before the second pointin time T3 for securing
data, as shown in Figure 4.

[0109] As indicated in Figure 4, at the second point in
time T3 the LED driver 1 stores the data monitored by
the LED driver 1 at the second point in time T3. Thus, in
case the data storage 2 is full (no empty storage space
available), the oldest data stored in the data storage 2
are overwritten by current data (which are in the case of
Figure 4 the data monitored at the second point in time
T3). The direction of sequentially storing or writing and,
thus, potentially overwriting previously stored data is in-
dicated in Figure 4 by an arrow in counter-clockwise di-
rection.

[0110] For further information on how the LED driver
1 of Figures 1 to 4 may be configured to store and secure
data of the operation of the LED driver 1 reference is
made to the above description of the LED driver accord-
ing to the first aspect of the invention. Figure 5 schemat-
ically shows a block diagram of an example of a system
according to an embodiment of the invention. The system
of Figure 5 is an example of the system according to the
fourth aspect of the invention. The description of the sys-
tem according to the fourth aspectis correspondingly val-
id for the system of Figure 5.

[0111] The system 6 of Figure 5 comprises a plurality
of LED drivers 1a and 1b, wherein each of the plurality
of LED drivers 1a and 1b is the LED driver of Figure 1.
Therefore, the above description of the LED driver ac-
cording to the first aspect of the invention as well as the
description of Figures 1 to 4 is correspondingly valid for
the LED drivers 1a and 1b of Figure 5. The number of
LED drivers 1a and 1b of the system 6 of Figure 5 is only
by way of example and, thus, may be greater than two
LED drivers. As indicated in Figure 5, each of the LED
drivers 1a and 1b may comprise a data storage 2a re-
spectively 2b corresponding to the data storage 2 of the
LED driver 1 of Figure 1. The LED drivers 1a and 1b may
be configured to communicate with each other wirelessly
and/or wired, as indicated by the dashed dotted line. The
LED drivers 1a and 1b may be electrically connected via
a bus system (e.g. a wired bus) with each other.
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[0112] At least one LED driver of the plurality of LED
drivers 1a and 1b may be configured to provide, in case
the trigger occurs at the LED driver, the secured data to
atleastone other LED driver of the plurality of LED drivers
1a and 1b and/or to an optional control center 5. Option-
ally, the optional control center 5 may be part of the sys-
tem 6. For example, in case at the LED driver 1a the
trigger occurs, the LED driver 1a may provide the secured
data to the other LED driver 1b and/or to the optional
control center 5.

[0113] Inadditionoralternatively, atleasttwo LED driv-
ers of the plurality of LED drivers 1a and 1b may be con-
figured to provide, in case the trigger occurs at one or
more of the at least two LED drivers, the respective se-
cured data to the respective other LED driver of the at
least two LED drivers and/or the optional control center
5. For example, the two LED drivers 1a and 1b may pro-
vide, in case the trigger occurs atthe LED driver 1a and/or
the LED driver 1b, the respective secured data to the
respective other LED driver. That is, in case the trigger
occurs at the LED driver 1a and/or the LED driver 1b, the
LED driver 1a may provide the secured data (secured by
the LED driver 1a) to the LED driver 1b and the LED
driver 1b may provide the secured data (secured by the
LED driver 1b) to the LED driver 1a. In addition or alter-
natively, the two LED drivers 1a and 1b may provide, in
case the trigger occurs at the LED driver 1a and/or the
LED driver 1b, the respective secured data to the optional
control center 5.

[0114] As indicated in Figure 1, the plurality of LED
drivers 1a and 1b may be configured to communicate
with the control center 5 wirelessly and/or wired. The LED
drivers 1a and 1b may be electrically connected via a
bus system (e.g. a wired bus) with the control center 5.
[0115] For further information on the system of Figure
5, e.g. possible implementation forms of the function of
the LED drivers 1a and 1b and the optional control center
5, reference is made to the above description of the sys-
tem according to the fourth aspect of the invention.
[0116] In the claims as well as in the description the
word "comprising" does not exclude other elements or
steps and the indefinite article "a" or "an" does not ex-
clude a plurality. A single element or other unit may fulfill
the functions of several entities or items recited in the
claims. The mere fact that certain measures are recited
in the mutual different dependent claims does not indi-
cate that a combination of these measures cannot be
used in an advantageous implementation.

Claims

1. Alight emitting diode driver (1), LED driver, compris-
ing

- a data storage (2) for sequentially storing data
of an operation of the LED driver (1) according
to a circular buffer; wherein
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- the LED driver (1) is configured to

- continuously monitor and store the data of
the operation of the LED driver (1) sequen-
tially in the data storage (2), and

- secure, in case a trigger occurs, at least
part of the data (Di) stored in the data stor-
age (2) at a point in time (Ti) at which the
trigger occurred and corresponding to a
time period (Pi) before the point in time (Ti)
from being overwritten.

2. The LED driver (1) according to claim 1, wherein

- the LED driver (1) is configured to additionally
secure, in case the trigger occurs, at least part
of the data (D3) stored in the data storage (2) at
a second point in time (T2, T3) after the pointin
time (Ti) at which the trigger occurred and cor-
responding to a second time period (P2) after
the point in time (Ti) from being overwritten.

3. TheLEDdriver (1) according toclaim 1 or 2, wherein

the LED driver (1) is configured to secure the respec-
tive data (Di, D3) from being overwritten by

- storing the respective data (D2, D3)ina second
data storage of the LED driver (1), and/or

- providing the respective data (D2, D3) to out-
side the LED driver (1), optionally to at least one
other LED driver and/or a central processing
unit.

The LED driver (1) according to any one of the pre-
vious claims, wherein

- the LED driver (1) is configured to obtain infor-
mation on an event, which caused the trigger,
by processing the secured data (D2, D3).

The LED driver (1) according to any one of the pre-
vious claims, wherein

- the LED driver (1) is configured to receive data
of an operation of at least one other LED driver
corresponding to a respective time period, dur-
ing which the secured data (Di, D3) have been
continuously monitored by the LED driver (1),
from outside the LED driver (1), optionally from
the at least one other LED and/or a central
processing unit.

6. The LED driver (1) according to claim 5, wherein

- the LED driver (1) is configured to obtain infor-
mation on an event, which caused the trigger,
by processing the secured data (Di, D3) and the
received data.
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The LED driver (1) according to any one of the pre-
vious claims, wherein the data of the operation of
the LED driver (1), optionally of the LED driver (1)
and the at least one other LED driver, comprise at
least one of the following:

- one or more electrical parameters input to the
respective LED driver, for example an input volt-
age and/or input current;

- one or more electrical parameters output by
therespective LED driver, forexample an output
voltage and/or output current;

- one or more external commands received by
the receptive LED driver, for example a dimming
command;

- communication data of communication means
of the respective LED driver; and

- one or more internal operation parameters of
the respective LED driver, for example a fre-
quency of a feed-back control, one or more in-
ternal commands, a temperature inside the LED
driver, a frequency behavior of an internal driver
stage, an error of a feedback control of an inter-
nal driver stage, an operation mode of the re-
spective LED driver and/or an operation fre-
quency of the respective LED driver.

The LED driver (1) according to any one of the pre-
vious claims, wherein

- the LED driver (1) is configured to receive the
trigger from outside the LED driver, optionally
from at least one other LED driver and/or a cen-
tral processing unit.

The LED driver (1) according to any one of the pre-
vious claims, wherein

- the trigger occurs when an event during the
operation of the LED driver (1) irrespective of
the data is detected, for example, the event be-
ing a short-circuitofan LED light source (3) when
the LED light source (3) is driven by the LED
driver (1).

10. The LED driver (1) according to claim 9, wherein the

LED driver (1) is configured to

- detect the event during the operation of the
LED driver (1) irrespective of the data, and/or
- receive from outside the LED driver (1), option-
ally from at least one other LED driver and/or a
central processing unit, information that the
event during the operation of the LED driver (1)
irrespective of the data is detected.

11. The LED driver (1) according to any one of the pre-

vious claims, wherein
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- the trigger occurs when an event in the data
stored in the data storage (2) irrespective of the
operation of the LED driver (1) is detected, for
example, the eventbeing a voltage spike ininput
voltage data stored in the data storage (2). 5

12. The LED driver (1) according to claim 11, wherein

- the LED driver (1) is configured to detect the
event in the data stored in the data storage (2) 170
irrespective of the operation of the LED driver

(1) by analyzing the data stored in the data stor-

age (2).

13. A luminaire (4) comprising 15

- a LED driver (1) according to any one of the
previous claims, and

- a LED light source (3); wherein

- the LED driver (1) is configured to electrically 20
supply the LED light source (3).

14. A method for operating a LED driver, wherein the
method comprises:
25

- continuously monitoring and storing data of an
operation of the LED driver sequentially in a data
storage according to a circular buffer; and
- in case a trigger occurs, securing at least part
of the data stored in the data storage at a point 30
in time at which the trigger occurred and corre-
sponding to a time period before the pointintime
from being overwritten.

15. A system (6) comprising a plurality of LED drivers 35
(1a, 1b) according to any one of claims 1 to 12,
wherein

- at least one LED driver of the plurality of LED
drivers (1a, 1b) is configured to provide, in case 40
the trigger occurs at the LED driver, the secured
data to a control center and/or at least one other
LED driver of the plurality of LED drivers (1a,

1b); and/or

- at least two LED drivers of the plurality of LED 45
drivers (1a, 1b) are configured to provide, in
case the trigger occurs at one or more of the at
least two LED drivers, the respective secured
data to a control center (5) and/or the respective
other LED driver of the at least two LED drivers. 50

55
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