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Description

TECHNICAL FIELD

[0001] The present disclosure relates to the field of
lighting systems, lighting management and LED convert-
ers, in particular LED converters that share a current or
voltage supply with other electrical loads. More precisely,
the disclosure relates to improved monitoring of system
data of the lighting system, and to identification and com-
pensation of anomalies and errors in such systems.

BACKGROUND

[0002] In conventional lighting systems, automation
protocols (e.g., a Digital Addressable Lighting Interface
(DALI) protocol) can be monitored to detect errors (e.g.,
lamp faults) in the lighting system and to respond to these
errors. The detection of errors is however limited to those
errors detectable by parameters and commands, which
are supported by said automation protocols. Moreover,
the conventional lighting systems are limited to indicating
the presence of single, delimited errors or faults of the
LED converters.

[0003] Therefore, there is a need for improved error
detection and mitigation in lighting systems.

SUMMARY

[0004] Inview of the above-mentioned problem, an ob-
jective of embodiments of the present disclosure is to
improve error detection and compensation in convention-
al lighting systems.

[0005] This or other objectives may be achieved by
embodiments of the present disclosure as described in
the enclosed independent claims. Advantageous imple-
mentations of embodiments of the present disclosure are
further defined in the dependent claims.

[0006] A first aspect of the present disclosure provides
a system for lighting anomaly identification, comprising
a first LED converter configured to obtain first system
data available in the first LED converter, at least one (i.e.
ormore) second LED converter configured to obtain sec-
ond system data available in the second LED converter,
and a control device configured to identify a lighting
anomaly based on the first system data and the second
system data, wherein the first system data and the sec-
ond system data is obtained in a sensor-less manner.
[0007] This ensures that, with the LED converter data
being determined in a sensor-less manner inside the re-
spective LED converter, itis possible to draw conclusions
about a condition in the lighting system and to react to it.
Moreover, information from several LED converters (also
LED converter parameters) can be used as a basis for
detecting inferences in the lighting system and can be
reacted to, if necessary.

[0008] In particular, obtaining the first system data and
the second system data in a sensor-less manner means
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that the first system data and the second system data
are obtained without using a sensor. Such a sensor e.g.
is a dedicated sensor for a single or combined measure-
ment purpose, such as at least one of: a voltage sensor,
a current sensor, a frequency sensor.

[0009] In particular, obtaining the first system data and
the second system data in a sensor-less manner means
that that respective data is determined indirectly, e.g.,
based on other data thatis available inside the respective
LED converter.

[0010] In particular, the control device can be com-
prised by an LED converter (e.g., the first LED converter
or the second LED converter).

[0011] In particular, the lighting anomaly comprises at
least one of: an error or fault in an LED converter, a de-
viation of a switching frequency, a deviation of an output
voltage, a deviation of an output current, interference with
a current or voltage source, interference with a load.
[0012] In an implementation form of the first aspect,
the first system data comprises at least one of: an oper-
ating frequency of the first LED converter, an output volt-
age of the first LED converter, an output current of the
first LED converter; and/or the second system data com-
prises at least one of: an operating frequency of the sec-
ond LED converter, an output voltage of the second LED
converter, an output current of the second LED converter.
[0013] This ensures that detailed system data can be
gathered and analyzed by the control device. Itis in par-
ticular possible to get a more detailed insight in the light-
ing system compared to only relying on DALI bus com-
mands.

[0014] In particular, the operating frequency is a
switching frequency of an LED converter.

[0015] In another implementation form of the first as-
pect, the first LED converter comprises a first sensor-
less circuit configured to obtain the first system data,
and/or the second LED converter comprises a second
sensor-less circuit configured to obtain the second sys-
tem data.

[0016] Thisensures thatthe more detailed system data
can be in fact obtained inside the LED converter, without
relying on e.g., a DALI bus information.

[0017] In another implementation form of the first as-
pect, the first sensor-less circuit comprises at least one
of: a micro-processor, an ASIC, an FPGA; and/or the
second sensor-less circuit comprises at least one of: a
micro-processor, an ASIC, an FPGA.

[0018] This ensures that circuits of existing semicon-
ductor chips can be exploited for the purpose of sensor-
less obtaining of system data.

[0019] In another implementation form of the first as-
pect, the first LED converter is configured to transmit the
first system data to the control device in a wireless or
wired manner, and/or the second LED converter is con-
figured to transmit the second system data to the control
device in a wireless or wired manner.

[0020] This ensures thatthe system data can be trans-
mitted inside a lighting system in a versatile and reliable
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manner.
[0021] In particular, the wired manner comprises a DA-
LI bus. In particular, the wireless manner comprises at
least one of: WiFi, Bluetooth, LiFi, NFC.

[0022] In another implementation form of the first as-
pect, the first LED converter is configured to transmit only
a subset of the first system data to the control unit, and/or
the second LED converter is configured to transmit only
a subset of the second system data to the control device.
[0023] This allows for increased efficiency of transmis-
sion.

[0024] In another implementation form of the first as-
pect, the first LED converter is configured to increase the
subset of the first system data depending on a firstanom-
aly condition, and/or the second LED converter is con-
figured to increase the subset of the second system data
depending on a second anomaly condition.

[0025] This ensures that transmission of system data
is yet efficient but reliable and sufficient enough, if re-
quired.

[0026] In particular, an anomaly condition comprises
anindication of an anomaly or error that requires detailed
analysis.

[0027] In another implementation form of the first as-
pect, the first LED converter is configured to transmit the
first system data to the control device at a low transmis-
sion rate, and/or the second LED converter is configured
to transmit the second system data to the control device
at a low transmission rate.

[0028] This allows for increased efficiency of transmis-
sion.
[0029] In another implementation form of the first as-

pect, the first LED converter is configured to increase the
transmission rate of the first system data depending on
a third anomaly condition, and/or the second LED con-
verter is configured to increase the transmission rate of
the second system data depending on a fourth anomaly
condition.

[0030] This ensures that transmission of system data
is yet efficient but reliable and sufficient enough, if re-
quired.

[0031] In particular, an anomaly condition comprises
anindication of an anomaly or error that requires detailed
analysis.

[0032] In another implementation form of the first as-
pect, the control device is configured to adjust an oper-
ating parameter of the first LED converter and/or the sec-
ond LED converter based on the identified lighting anom-
aly to compensate the lighting anomaly.

[0033] This ensures thata lighting error cannot only be
detected, but also mitigated, based on the sensor-less
system data.

[0034] In another implementation form of the first as-
pect, the control device is configured to: compare the first
system data and the second system data; determine a
deviation of at least one of: an operating frequency of the
first LED converter, an output voltage of the first LED
converter, an output current of the first LED converter;
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and to compensate the anomaly, adjust, based on the
determined deviation, an operating parameter of the sec-
ond LED converter.

[0035] This provides a precise instruction of how to de-
termine and mitigate an error.

[0036] In particular, the deviation may be a decrease
or an increase, compared to the corresponding values
of the second LED converter.

[0037] In particular, if the deviation is a decrease com-
pared to the corresponding values of the second LED
converter, the control device is configured to control the
second LED converter to LED currentincreasing change
an operating frequency of the second LED converter, an
output voltage of the second LED converter, and/or an
output current of the second LED converter, so that an
LED connected to the second LED converter gets bright-
er and compensates the decreased brightness ofan LED
connected to the first LED converter.

[0038] In another implementation form of the first as-
pect, the operating parameter of the first LED converter
comprises at least one of: an operating frequency, an
output voltage, an output current; and/or the operating
parameter of the second LED converter comprises at
least one of: an operating frequency, an output voltage,
an output current.

[0039] These are operating parameters suitable for er-
ror detection.
[0040] In another implementation form of the first as-

pect, the first LED converter and the second LED con-
verter are identical regarding at least one of: a converter
type, a converter topology, an output power, an output
load, a voltage of a supplied LED, a current of a supplied
LED, a bus voltage, a switching frequency.

[0041] This ensuresthatanomalies can be determined
more precisely, since a deviating operating parameter in
an otherwise identical LED converter may indicate the
presence of an error.

[0042] A second aspect of the present disclosure pro-
vides a method for lighting anomaly identification, the
method comprising the steps of obtaining, by a first LED
converter, first system data available in the first LED con-
verter, obtaining, by a second LED converter, second
system data available in the second LED converter, and
identifying, by a control device, a lighting anomaly based
on the first system data and the second system data,
wherein the first system data and the second system data
is obtained in a sensor-less manner.

[0043] Inanimplementationform ofthe secondaspect,
the first system data comprises at least one of: an oper-
ating frequency of the first LED converter, an output volt-
age of the first LED converter, an output current of the
first LED converter; and/or the second system data com-
prises at least one of: an operating frequency of the sec-
ond LED converter, an output voltage of the second LED
converter, an output current of the second LED converter.
[0044] In another implementation form of the second
aspect, the method further comprises obtaining, by a first
sensor-less circuit of the first LED converter, the first sys-
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tem data, and/or obtaining, by a second sensor-less cir-
cuit of the second LED converter, the second system
data.

[0045] In another implementation form of the second
aspect, the first sensor-less circuit comprises at least one
of: a micro-processor, an ASIC, an FPGA; and/or the
second sensor-less circuit comprises at least one of: a
micro-processor, an ASIC, an FPGA.

[0046] In another implementation form of the second
aspect, the method further comprises transmitting, by the
first LED converter, the first system data to the control
device in a wireless or wired manner, and/or transmitting,
by the second LED converter, the second system data
to the control device in a wireless or wired manner.
[0047] In another implementation form of the second
aspect, the first LED converter transmits only a subset
of the first system data to the control unit, and/or the
second LED converter transmits only a subset of the sec-
ond system data to the control device.

[0048] In another implementation form of the second
aspect, the first LED converter increases the subset of
the first system data depending on a first anomaly con-
dition, and/or the second LED converter increases the
subset of the second system data depending on a second
anomaly condition.

[0049] In another implementation form of the second
aspect, the first LED converter transmits the first system
data to the control device at a low transmission rate,
and/or the second LED converter transmits the second
system data to the control device at a low transmission
rate.

[0050] In another implementation form of the second
aspect, the first LED converter increases the transmis-
sion rate of the first system data depending on a third
anomaly condition, and/or the second LED converter in-
creases the transmission rate of the second system data
depending on a fourth anomaly condition.

[0051] In another implementation form of the second
aspect, the control device adjusts an operating parame-
ter of the first LED converter and/or the second LED con-
verter based on the identified lighting anomaly to com-
pensate the lighting anomaly.

[0052] In another implementation form of the second
aspect, the method further comprises: comparing, by the
control device, the first system data and the second sys-
tem data; determining, by the control device, a deviation
of at least one of: an operating frequency of the first LED
converter, an output voltage of the first LED converter,
an output current of the first LED converter; and to com-
pensate the anomaly, adjusting, by the control device
based on the determined deviation, an operating param-
eter of the second LED converter.

[0053] In another implementation form of the second
aspect, the operating parameter of the first LED converter
comprises at least one of: an operating frequency, an
output voltage, an output current; and/or the operating
parameter of the second LED converter comprises at
least one of: an operating frequency, an output voltage,
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an output current.

[0054] In another implementation form of the second
aspect, the first LED converter and the second LED con-
verter are identical regarding at least one of: a converter
type, a converter topology, an output power, an output
load, a voltage of a supplied LED, a current of a supplied
LED, a bus voltage, a switching frequency.

[0055] The second aspect and its implementation
forms provide the same advantages as the first aspect
and its implementation forms, respectively.

[0056] Athird aspectofthe presentdisclosure provides
acomputer program comprising instructions which, when
the program is executed by a distributed computing sys-
tem, cause the distributed computing system to carry out
the steps of the method of the second aspects or any of
its implementation forms.

[0057] The third aspect and its implementation forms
provide the same advantages as the first aspect and its
implementation forms, respectively.

BRIEF DESCRIPTION OF DRAWINGS

[0058] In the following, the invention is described ex-
emplarily with reference to the enclosed figures, in which

FIG.1  shows aschematic view of a system according
to an embodiment of the present disclosure;

FIG.2 shows aschematic view of a system according
to an embodiment of the present disclosure in
more detail;

FIG.3 shows a schematic view of another system ac-
cording to the present disclosure;

FIG.4  shows aschematic view of an operating exam-
ple according to the present disclosure;

FIG.5 shows a schematic view of another operating
scenario according to the present disclosure;

FIG.6  shows aschematicview of a method according

to an embodiment of the present disclosure.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0059] FIG. 1 shows a system 100 for lighting anomaly
identification. The system 100 in particular can be a light-
ing system, e.g., a DALI based lighting system. To allow
for lighting anomaly identification, the system 100 com-
prises a first LED converter 101. The first LED converter
is configured to obtain first system data 102 available in
the first LED converter 101. The system 100 further com-
prises a second LED converter 103 that is configured to
obtain second system data 104 available in the second
LED converter 103. The system 100 further comprises a
control device 105 that is configured to identify a lighting
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anomaly 106 based on the first system data 102 and the
second system data 104. The first system data 102 and
the second system data 104 are obtained in a sensor-
less manner.

[0060] The sensor-less manner may include that the
first system data 102 and the second system data 104
is obtained without using a sensor, e.g., a dedicated sen-
sor for a single or combined measurement purpose. Al-
though this is not illustrated in FIG. 1, the control device
105 can be comprised by an LED converter (e.g., the first
LED converter 101 or the second LED converter 103).
[0061] The lighting anomaly, e.g., may comprises an
error or faultin an LED converter, a deviation of a switch-
ing frequency, a deviation of an output voltage, a devia-
tion of an output current, interference with a current or
voltage source, interference with a load.

[0062] Information from several converters (also con-
verter parameters) can be used as a basis for inferences
in the system 100 and can be reacted to, if necessary.
[0063] The system 100 is now going to be described
in more detail in view of FIG. 2. The system 100 of FIG.
2 includes all functions and features of the system 100
as described in view of FIG. 1.

[0064] Asitisillustratedin FIG. 2, the first system data
102 optionally may comprise at least one of an operating
frequency 201 of the first LED converter 101, an output
voltage 202 of the first LED converter 101, or an output
current 203 of the first LED converter 101. Further op-
tionally, the second system data 104 may comprise at
least one of an operating frequency 204 of the second
LED converter 103, an output voltage 205 of the second
LED converter 103, or an output current 206 of the sec-
ond LED converter 103.

[0065] Further optionally, the first LED converter 101
can comprise a first sensor-less circuit 207. The first sen-
sor-less circuit 207 may obtain the first system data 102.
The second LED converter 103 may comprise a second
sensor-less circuit 208, which may obtain the second sys-
tem data 104. The first sensor-less circuit 207 may com-
prise at least one of a micro-processor, an ASIC, or an
FPGA. The second sensor-less circuit 208 may comprise
at least one of a micro-processor, an ASIC, or an FPGA.
[0066] Further optionally, the first LED converter 101
can be configured to transmit the first system data 102
to the control device 105 in a wireless or wired manner.
Also, the second LED converter 103 can be configured
to transmit the second system data 104 to the control
device 105 in a wireless or wired manner. For efficiency
of transmission, the first LED converter 101 may only
transmit a subset 209 of the first system data 102 to the
control unit. Also the second LED converter 103 may only
transmit a subset 210 of the second system data 104 to
the control device 105. The first LED converter 101 can
increase the subset 209 of the first system data 102 de-
pending on a first anomaly condition. Also, the second
LED converter 103 can increase the subset 210 of the
second system data 104 depending on a second anom-
aly condition. In an alternative or additional manner, also
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for efficiency reasons, the first LED converter 101 can
transmit the first system data 102 to the control device
105 ata low transmission rate. Also the second LED con-
verter 103 is configured to transmit the second system
data 104 to the control device 105 at a low transmission
rate. The first LED converter 101 may increase the trans-
mission rate of the first system data 102 depending on a
third anomaly condition. Also the second LED converter
103 may increase the transmission rate of the second
system data 104 depending on a fourth anomaly condi-
tion.

[0067] Further optionally, the control device 105 can
adjust an operating parameter of the first LED converter
101 and/or the second LED converter 103) based on the
identified lightinganomaly 106 to compensate the lighting
anomaly 106.

[0068] In particular, the control device 105 can com-
pare the first system data 102 and the second system
data 104 to determine a deviation of at least one of: an
operating frequency of the first LED converter 101, an
output voltage of the first LED converter 101, an output
current of the first LED converter 101. The control device
105 then can compensate the anomaly 106 by adjusting,
based on the determined deviation, an operating param-
eter of the second LED converter 103.

[0069] The operating parameter of the first LED con-
verter 101, which is to be adjusted, comprises an oper-
ating frequency, an output voltage, and/or an output cur-
rent. The to be adjusted operating parameter of the sec-
ond LED converter 103 comprises an operating frequen-
¢y, an output voltage, and/or an output current.

[0070] The first LED converter 101 and the second
LED converter 103 can be identical regarding at least
one of: a converter type, a converter topology, an output
power, an output load, a voltage of a supplied LED, a
current of a supplied LED, a bus voltage, a switching
frequency.

[0071] FIG. 3 showsanother schematicview of the sys-
tem 100 according to the present disclosure. As it is il-
lustrated, the data from multiple LED converters can be
regarded as system data. By processing the system data
(e.g., by a control device or by an LED converter itself)
itis possible to infer system (system alsoin alarger sense
by considering participants on a same power line) abnor-
malities and to react if necessary.

[0072] FIG. 4 shows a schematic view of an operating
example of the system 100, which is about maintaining
constantlight, in case of an error (thatis, a lighting anom-
aly 106). As illustrated, a control device 105 can that a
luminaire comprising a first LED converter 101 in a sys-
tem 100 is getting weaker (by checking/comparing a pa-
rameter, e.g., the converter is in limitation with the switch-
ing frequency). In order to maintain illumination, the
weakening must be intercepted. This can be realized by
the control device 105 dimming a value of the other floor
lamp comprising a second LED converter 103 (i.e., by
making the floor lamp brighter).

[0073] Anexample could be thatthefirstLED converter
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101 for the ceiling lights gets weaker (because of a prob-
lem of the converter) and a control device 105 (or the
LED converter themselves) can detect that (e.g. by
checking dedicated converter parameters like the switch-
ing frequency of the current source). With e.g., the infor-
mation of a PFC BUS voltage, the switching frequency
and an LED voltage it is possible for the system 100 to
determine the actual LED current of the ceiling lights (in
an LLC current source LED converter). By comparing the
determined value with the set value, a difference of the
LED current and consequently light output can be eval-
uated. To compensate the weaker light output the floor
lamp can be switched on at a dedicated higher dim level.
[0074] As itis going to be described in view of FIG. 5
below, there are applications where several strings with
DC voltages are distributed in parallel in a building (that
is, as a DC grid). In such a system 100, there may be
one machine and several lights on each string.

[0075] If a machine on one string has a problem, this
can have an effect on the power consumption on that
string. This in turn can lower the voltage of a string. This
drop canbe stored inthe system dataofan LED converter
101 as a warning (e.g., minimum input voltage reached).
If a control device 105 reads several LED converters 101,
103 from different strings and compares the warnings,
the control device 105 can detect a system abnormality
and draw conclusions, allowing a user to localize prob-
lems and make adjustments.

[0076] If there are several LED converters of a same
type (e.g., a same topology, or a same wattage) in one
room and the selected operating point (LED voltage and
LED current) is similar, then the LED converter parame-
ters should be similar to each other.

[0077] A control device 105 can read all "similar" LED
converters and compare relevant parameters. If e.g., a
BUS voltage (output voltage of the PFC) of an LED con-
verter 101 is too low then this may indicate a fault of the
PFC stage in this device (a mains input voltage can be
neglected since the "similar" LED converter has a nom-
inal BUS voltage, and that the problem is specific to one
device).

[0078] FIG. 6 shows amethod 600 for lighting anomaly
identification, the method 600 comprising a first step of
obtaining 601, by a first LED converter 101, first system
data 102 available in the first LED converter 101. The
method 600 comprises a second step of obtaining 602,
by a second LED converter 103 second system data 104
available in the second LED converter 103, The method
600 comprises a third step of identifying 603, by a control
device 105, a lighting anomaly 106 based on the first
system data 102 and the second system data 104, where-
in the first system data 102 and the second system data
104 is obtained in a sensor-less manner.

Claims

1. A system (100) for lighting anomaly identification,
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comprising:

- afirst LED converter (101) configured to obtain
first system data (102) available in the first LED
converter (101),

- at least one second LED converter (103) con-
figured to obtain second system data (104 ) avail-
able in the second LED converter (103), and

- a control device (105) configured to identify a
lighting anomaly (106) based on the first system
data (102) and the second system data (104),

wherein the first system data (102) and the second
system data (104) is obtained in a sensor-less man-
ner.

The system (100) according to claim 1, wherein the
first system data (102) comprises at least one of:

- an operating frequency (201) of the first LED
converter (101),

- an output voltage (202) of the first LED con-
verter (101),

- an output current (203) of the first LED con-
verter (101); and/or

wherein the second system data (104) comprises at
least one of:

- an operating frequency (204) of the second
LED converter (103),

- an output voltage (205) of the second LED con-
verter (103),

- an output current (206) of the second LED con-
verter (103).

The system (100) according to claim 1 or 2, wherein
the first LED converter (101) comprises a first sen-
sor-less circuit (207) configured to obtain the first
system data (102), and/or wherein the second LED
converter (103) comprises a second sensor-less cir-
cuit (208) configured to obtain the second system
data (104).

The system (100) according to claim 3, wherein the
first sensor-less circuit (207) comprises at least one
of: a micro-processor, an ASIC, an FPGA; and/or
wherein the second sensor-less circuit (208) com-
prises at least one of: a micro-processor, an ASIC,
an FPGA.

The system (100) according to any one of the pre-
ceding claims, wherein the first LED converter (101)
is configured to transmit the first system data (102)
to the control device (105) in a wireless or wired man-
ner, and/or wherein the second LED converter (103)
is configured to transmit the second system data
(104) to the control device (105) in awireless or wired
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manner.

The system (100) according to any one of the pre-
ceding claims, wherein the first LED converter (101)
is configured to transmit only a subset (209) of the
first system data (102) to the control unit, and/or
wherein the second LED converter (103) is config-
ured to transmit only a subset (210) of the second
system data (104) to the control device (105).

The system (100) according to claim 6, wherein the
first LED converter (101) is configured to increase
the subset (209) of the first system data (102) de-
pending on a firstanomaly condition, and/or wherein
the second LED converter (103) is configured to in-
crease the subset (210) of the second system data
(104) depending on a second anomaly condition.

The system (100) according to any one of the pre-
ceding claims, wherein the first LED converter (101)
is configured to transmit the first system data (102)
to the control device (105) at a low transmission rate,
and/or wherein the second LED converter (103) is
configured to transmit the second system data (104)
to the control device (105) at a low transmission rate.

The system (100) according to claim 8, wherein the
first LED converter (101) is configured to increase
the transmission rate of the first system data (102)
depending on a third anomaly condition, and/or
wherein the second LED converter (103) is config-
ured to increase the transmission rate of the second
system data (104) depending on a fourth anomaly
condition.

The system (100) according to any one of the pre-
ceding claims, wherein the control device (105) is
configured to adjust an operating parameter of the
first LED converter (101) and/or the second LED con-
verter (103) based on the identified lighting anomaly
(106) to compensate the lighting anomaly (106).

The system (100) according to any one of the pre-
ceding claims, wherein the control device (105) is
configured to:

- compare the first system data (102) and the
second system data (104),

- determine a deviation of at least one of: an
operating frequency of the first LED converter
(101), an output voltage of the first LED convert-
er (101), an output current of the first LED con-
verter (101); and

- to compensate the anomaly (106), adjust,
based onthe determined deviation, an operating
parameter of the second LED converter (103).

The system (100) according to claim 10 or 11, where-
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13.

14.

15.

in the operating parameter of the first LED converter
(101) comprises at least one of: an operating fre-
quency, an output voltage, an output current; and/or
wherein the operating parameter of the second LED
converter (103) comprises at least one of: an oper-
ating frequency, an output voltage, an output current.

The system (100) according to any one of the pre-
ceding claims, wherein the first LED converter (101)
and the second LED converter (103) are identical
regarding at least one of: a converter type, a con-
verter topology, an output power, an output load, a
voltage of a supplied LED, a current of a supplied
LED, a bus voltage, a switching frequency.

A method (600) for lighting anomaly identification,
the method comprising the steps of:

- obtaining (601), by a first LED converter (101),
first system data (102) available in the first LED
converter (101),

- obtaining (602), by a second LED converter
(103), second system data (104) available in the
second LED converter (103), and

- identifying (603), by a control device (105), a
lighting anomaly (106) based on the first system
data (102) and the second system data (104),

wherein the first system data (102) and the second
system data (104) is obtained in a sensor-less man-
ner.

A computer program comprising instructions which,
when the program is executed by a distributed com-
puting system, cause the distributed computing sys-
tem to carry out the steps of the method (600) of
claim 14.
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