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(54) MAINS PARAMETER ANALYZING DEVICE FOR A LIGHTING CONTROL BUS, AND METHOD

OF OPERATING THE SAME

(57) A mains parameter analyzing device (1) for a
lighting control bus (5) is provided, comprising: a bus
terminal (11), being connectable to the lighting control
bus (5); a mains input terminal (12), being connectable
to a mains supply; a mains output terminal (13), being
connectable to a mains supply rail; a measurement unit
(14), being configured to measure, at the mains output
terminal (13), parameters of a mains power output to a
number of bus-capable lighting drivers (3); a communi-
cation unit (15), being configured to receive, via the bus
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terminal (11), indicative parameters of arespective mains
power input of the number of bus-capable lighting drivers
(3); and a processing unit (16), being configured to as-
sociate the respective bus-capable lighting driver (3) with
arespective mains power input using a machine learning
algorithm, in accordance with the indicative parameters
of the respective mains power inputs and the parameters
of the mains power output. This avoids furnishing every
bus-capable driver of a lighting system with a mains pow-
er monitoring feature.
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Description
Technical Field

[0001] The present disclosure relates to lighting tech-
nology, and in particular, to a mains parameter analyzing
device for a lighting control bus, and a method of oper-
ating the mains parameter analyzing device.

Background Art

[0002] Accordingto recent progress in standardization
of the Digital Addressable Lighting Interface (DALI), eve-
ry DALI-controlled driver of a lighting system requires a
mains power monitoring feature.

[0003] Despite the typically limited mains power ana-
lyzing accuracy, said feature entails more expensive driv-
ers and a higher system cost, as well as disregard for
non-DALI-controlled drivers, DALI controls and sensors,
and power supplies for the DALI bus.

Summary

[0004] In view of the above-mentioned drawbacks and
limitations, the present disclosure aims to improve mains
parameter analysis in bus-controlled lighting systems.
[0005] Thisisachievedbythe embodiments as defined
by the appended independent claims. Preferred embod-
iments are set forth in the dependent claims and in the
following description and drawings.

[0006] A first aspect of the present disclosure relates
to a mains parameter analyzing device for a lighting con-
trol bus, comprising a bus terminal, being connectable
to the lighting control bus; a mains input terminal, being
connectable to a mains supply; a mains output terminal,
being connectable to a mains supply rail; a measurement
unit, being configured to measure, at the mains output
terminal, parameters of a mains power output to a
number of bus-capable lighting drivers; a communication
unit, being configured to receive, via the bus terminal,
indicative parameters of a respective mains power input
of the number of bus-capable lighting drivers; and a
processing unit, being configured to associate the re-
spective bus-capable lighting driver with a respective
mains power input using a machine learning algorithm,
in accordance with the indicative parameters of the re-
spective mains power inputs and the parameters of the
mains power output.

[0007] The parameters of the mains power output may
comprise one or more of a real power, a reactive power,
an apparent power, and a power factor.

[0008] The indicative parameters of the respective
mains power inputs may comprise one or more of: a bus
address, a dim level, a timestamp, and a real power of
the respective bus-capable lighting driver.

[0009] For associating the respective bus-capable
lighting driver with the respective mains power input, the
machine learning algorithm may comprise a supervised
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learning algorithm; and the processing unit may further
be configured to train the machine learning algorithm,
using the indicative parameters of the respective mains
power inputs as input data and the parameters of the
mains power output as label data.

[0010] The machine learning algorithm may comprise
a backpropagation algorithm applied to a feedforward
artificial neural network.

[0011] For associating the respective bus-capable
lighting driver with the respective mains power input, the
processing unit may further be configured to selectively
send, via the bus terminal, the indicative parameters of
the respective mains power input to the respective bus-
capabile lighting driver.

[0012] The measurement unit may further be config-
ured to measure, at the mains input terminal, parameters
of a mains power input; and the processing unit may fur-
ther be configured to relate the parameters of the mains
power input and the parameters of the mains power out-
put.

[0013] The measurement unit may further be config-
ured to filter the mains power output with respect to the
mains power input.

[0014] A second aspect of the present disclosure re-
lates to a power supply for a lighting control bus, com-
prising a mains parameter analyzing device of the first
aspect.

[0015] A third aspect of the present disclosure relates
to a bus-capable lighting driver, comprising a bus termi-
nal, being connectable to a lighting control bus; a mains
input terminal, being connectable to a mains supply rail;
and a communication unit, being configured to send, via
the bus terminal, indicative parameters of a mains power
input via the mains input terminal;

[0016] The bus-capable lighting driver may further
comprise a measurement unit, being configured to meas-
ure indicative parameters of a mains power input via the
mains input terminal.

[0017] The indicative parameters of the mains power
input may comprise one or more of: a bus address, a dim
level, a timestamp, and a real power of the bus-capable
lighting driver.

[0018] A fourth aspectof the present disclosure relates
to a method of operating a mains parameter analyzing
device for a lighting control bus, the method comprising:
measuring, at a mains output terminal being connectable
to a mains supply rail, parameters of a mains power out-
put to anumber of bus-capable lighting drivers; receiving,
via a bus terminal being connectable to the lighting con-
trol bus, indicative parameters of a respective mains pow-
er input of the number of bus-capable lighting drivers;
and associating the respective bus-capable lighting driv-
er with a respective mains power input using a machine
learning algorithm, in accordance with the indicative pa-
rameters of the respective mains power inputs and the
parameters of the mains power output.

[0019] The method may be performed by a mains pa-
rameter analyzing device of the first aspect.
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Advantageous Effects

[0020] The present disclosure provides a mains pa-
rameter analyzing device for a lighting control bus, which
avoid furnishing every DALI-controlled driver of a lighting
system with a mains power monitoring feature. Instead,
the mains parameter analyzing device disclosed herein
is provided centrally, for example in a cabinet in connec-
tion with a power supply for the DALI bus. In other words,
the mains parameter analyzing device replaces the plu-
rality of mains power monitoring features of awhole DALI-
controlled lighting system. This entails a lower compo-
nent count respective lower system cost, a higher meas-
urement accuracy, and a higher system efficiency. In ad-
dition, every DALI-addressable device, such as DALI
controls, DALI sensors and DALI bus power supplies,
and even non-DALIl-addressable drivers may be moni-
tored as well. Also "special events" such as transients
on the mains supply may be measured and/or filtered,
resulting in a higher system robustness.

[0021] The technical effects and advantages de-
scribed above in relation with the mains parameter ana-
lyzing device equally apply to the method of operating
said device and to the bus-capable lighting driver respec-
tively having corresponding features, as well as to the
power supply comprising said device.

Brief Description of Drawings

[0022] The above-described aspects and implementa-
tions will now be explained with reference to the accom-
panying drawings, in which the same or similar reference
numerals designate the same or similar elements.
[0023] The features of these aspects and implemen-
tations may be combined with each other unless specif-
ically stated otherwise.

[0024] The drawings are to be regarded as being sche-
matic representations, and elements illustrated in the
drawings are not necessarily shown to scale. Rather, the
various elements are represented such that their function
and general purpose become apparent to those skilled
in the art.
FIG. 1 illustrates schematically an exemplary lighting
system, including a mains parameter analyz-
ing device in accordance with the present dis-
closure for a lighting control bus, a power sup-
ply for the lighting control bus, a number of bus-
capabile lighting drivers in accordance with the
present disclosure, and a number of non-bus-
capable lighting drivers;

illustrates schematically another exemplary
lighting system, including a power supply for a
lighting control bus in accordance with the
presentdisclosure, comprising a mains param-
eter analyzing device in accordance with the
present disclosure for the lighting control bus,
a number of bus-capable lighting drivers in ac-
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cordance with the present disclosure, and a
number of non-bus-capable lighting drivers;
and

illustrates schematically a flow chart of a meth-
od of operating a mains parameter analyzing
device in accordance with the present disclo-
sure for the lighting control bus.

FIG. 3

Detailed Descriptions of Drawings

[0025] FIG. 1 illustrates schematically an exemplary
lighting system, including - from left to right - a mains
parameter analyzing device 1 in accordance with the
present disclosure for a lighting control bus 5, a power
supply 2’ for the lighting control bus 5, a number of bus-
capabile lighting drivers 3 in accordance with the present
disclosure, and a number of non-bus-capable lighting
drivers 4.

[0026] The mains parameter analyzing device 1 com-
prises a bus terminal 11, a mains input terminal 12 and
a mains output terminal 13.

[0027] The busterminal 11 of the mains parameter an-
alyzing device 1 is connectable to the lighting control bus
5 being represented by a block arrow to the right of the
bus terminal 11.

[0028] The lighting control bus 5 may be a Digital Ad-
dressable Lighting Interface (DALI) bus, in particular.
[0029] The mains input terminal 12 of the mains pa-
rameter analyzing device 1is connectable to a mains/grid
supply being represented by a block arrow to the left of
the mains input terminal 12 and being indicated by a sine
wave symbol.

[0030] The mains output terminal 13 of the mains pa-
rameter analyzing device 1 is connectable to a mains
supply rail/line/connection being represented by a block
arrow to the right of the mains output terminal 13 and
also being indicated by the sine wave symbol.

[0031] The mains parameteranalyzing device 1 further
comprises a measurement unit 14, a communication unit
15 and a processing unit 16.

[0032] The measurement unit 14 of the mains param-
eter analyzing device 1 is configured to measure, at the
mains output terminal 13, parameters of a mains power
output to the number of bus-capable lighting drivers 3,
and optionally to the number of non-bus-capable lighting
drivers 4 shown to the right of FIG. 1, if any.

[0033] As such, the parameters of the mains power
output to the whole installation is measured centrally. In
other words, the mains parameter analyzing device 1 re-
places the plurality of mains power monitoring features
of a whole DALI-controlled lighting system.

[0034] This entails a lower component count respec-
tive lower system cost, a higher measurement accuracy,
and a higher system efficiency. In addition, every DALI-
addressable device, such as DALI controls (not shown),
DALI sensors (not shown), DALI bus power supplies 2,
DALI-addressable drivers 3, and even non-DALI-ad-
dressable drivers 4 may be monitored as well.
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[0035] Inparticular, the parameters of the mains power
output may comprise one or more of: a real power, a
reactive power, an apparent power, and a power factor.
[0036] The optional powersupply 2’ forthe lighting con-
trol bus 5 in FIG. 1 may include a direct current (DC)
power supply, such as a familiar DALI power supply if
the lighting control bus 5 comprises a DALI bus.

[0037] The respective bus-capable lighting driver 3 of
the number of bus-capable lighting drivers 3 shown in
FIG. 1 comprises a bus terminal 31 and a mains input
terminal 32.

[0038] The bus terminal 31 of the respective bus-ca-
pable lighting driver 3 is connectable to the lighting control
bus 5 being represented by a block arrow to the left of
the bus terminal 31.

[0039] The mains inputterminal 32 respective bus-ca-
pable lighting driver 3 is connectable to the mains supply
rail being represented by a block arrow to the left of the
mains input terminal 32 and being indicated by the sine
wave symbol.

[0040] The respective bus-capable lighting driver 3 fur-
ther comprises a communication unit 35, and may further
comprise a measurement unit 34.

[0041] The communication unit 35 of the respective
bus-capable lighting driver 3 is configured to send, via
the bus terminal 11, indicative parameters of a mains
power input via the mains input terminal 12.

[0042] In particular, the indicative parameters of the
mains power input may comprise one or more of: a bus
address, a dim level, and a timestamp of the respective
bus-capable lighting driver 3.

[0043] Note that the sending of the indicative param-
eters of the mains power input via the mains input termi-
nal 12 may require a stimulus by the mains parameter
analyzing device 1 in the form of a corresponding query
of the respective bus-capable lighting driver 3 via the
lighting control bus 5.

[0044] The measurement unit 34, if any, of the respec-
tive bus-capable lighting driver 3 may be configured to
measure the indicative parameters of the mains power
input via the mains input terminal 12, in particular a real
power of the mains power input.

[0045] In that case the indicative parameters of the
mains power input may comprise one or more of a bus
address, a dim level, a timestamp, and the real power of
the respective bus-capable lighting driver 3.

[0046] Note thatthe measuring and sending of the real
power of the respective bus-capable lighting driver 3 is
impossible without the above-mentioned mains power
monitoring feature.

[0047] Note thatthe measuring and sending of the real
power of the respective non-bus-capable lighting driver
4 is impossible from the outset.

[0048] Returning tothe mains parameter analyzing de-
vice 1, its communication unit 15 is configured to receive,
via the bus terminal 11, the indicative parameters of the
respective mains power input of the number of bus-ca-
pable lighting drivers 3.
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[0049] Evidently, the indicative parameters of the re-
spective mains power inputs may comprise one or more
of: a bus address, a dim level, a timestamp, and a real
power of the respective bus-capable lighting driver 3.
[0050] The processing unit 16 of the mains parameter
analyzing device 1 is configured to associate the respec-
tive bus-capable lighting driver 3 with its respective mains
power input using a machine learning algorithm, in ac-
cordance with the indicative parameters of the respective
mains power inputs and the parameters of the mains
power output of the mains parameter analyzing device 1.
[0051] For associating the respective bus-capable
lighting driver 3 with the respective mains power input,
the machine learning algorithm may particularly com-
prise a supervised learning algorithm; and the processing
unit 16 may further be configured to train the machine
learning algorithm using the indicative parameters of the
respective mains power inputs (i.e., current state infor-
mation including the indicative parameters of the respec-
tive mains power inputs of the number of bus-capable
lighting drivers 3) as input data and the parameters of
the mains power output (due to the number of bus-capa-
ble lighting drivers 3 and the number of non-bus-capable
lighting drivers 4, if any) as label data.

[0052] In particular, the machine learning algorithm
may comprise a backpropagation algorithm applied to a
feedforward artificial neural network included in the
processing unit 16.

[0053] This way, the mains parameter analyzing de-
vice 1 may be able to distinguish the respective mains
power input of each bus-capable lighting driver 3 within
the installation, not only of the whole installation.

[0054] The mains parameter analyzing device 1 may
continuously listen to the lighting control bus 5 so it gets
the information of when which luminaire (i.e., included
bus-capabile lighting driver 3) has which dim level. This
information helps to distinguish the respective mains
power input per DALI address out of the mains power
output of the mains parameter analyzing device 1. As
more dimming and as more standby cycles are done, the
better the mains parameter analyzing device 1 can dis-
tinguish the respective mains power input per DALI ad-
dress.

[0055] If the mains power output of the mains param-
eter analyzing device 1 drops without any change of dim
level on the DALI bus 5, then the mains parameter ana-
lyzing device 1 may conclude that this is due to non-bus-
capable lighting drivers 4 not being connected to the DALI
bus 5 (e.g. fixed output luminaires switched by mains
switches). As more switching cycles of non-bus-capable
lighting drivers 4 are done, the better the mains param-
eter analyzing device 1 may evaluate the number of non-
bus-capabile lighting drivers 4 being connected.

[0056] If the mains power output of the mains param-
eter analyzing device 1 fails to drop upon a change of
dim level on the DALI bus 5, then the mains parameter
analyzing device 1 may conclude that the addressed
component is defect.
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[0057] In case there are bus-capable lighting drivers 3
having the above-mentioned mains power monitoring
feature, the mains parameter analyzing device 1 may be
able to obtain the indicative parameters of the respective
mains power inputs very fast and to evaluate the amount
of the other components faster as well. Since the inte-
grated mains power monitoring feature is usually is not
very accurate, the mains parameter analyzing device 1
may then fine-tune the respective mains power input over
time.

[0058] For associating the respective bus-capable
lighting driver 3 with the respective mains power input,
the processing unit 16 may further be configured to se-
lectively send, via the bus terminal 11, the indicative pa-
rameters of the respective mains power input to the re-
spective bus-capable lighting driver 3.

[0059] That is to say, the mains parameter analyzing
device 1 may even perform a "fast self- learning" proce-
dure by stimulating the respective mains power input of
the respective bus-capable lighting driver 3 (e.g., in ac-
cordance with a particular dim level) and in turn receiving
corresponding indicative parameters of the respective
mains power input of the respective bus-capable lighting
driver 3 at its bus terminal 11 as well as measuring cor-
responding parameters of the mains power output at its
mains output terminal 13.

[0060] For example, the mains parameter analyzing
device 1 may be configured to dim each single DALI ad-
dress to gather respective mains power input, and/or in-
struct a user to switch on/off singe non-DALI compo-
nents.

[0061] The measurement unit 14 may further be con-
figured to measure, at the mains input terminal 12, pa-
rameters of a mains power input, and the processing unit
16 may further be configured to relate the parameters of
the mains power input and the parameters of the mains
power output.

[0062] This way, the mains parameter analyzing de-
vice 1 may be able to detect special events such as tran-
sients on the mains supply.

[0063] The measurement unit 14 may further be con-
figured to filter the mains power output with respect to
the mains power input.

[0064] This way, the mains parameter analyzing de-
vice 1 may be able to filter detected special events such
as transients on the mains supply, resulting in a higher
system robustness.

[0065] FIG. 2 illustrates schematically another exem-
plary lighting system, including - from left toright - a power
supply 2 for a lighting control bus 5 in accordance with
the present disclosure, comprising a mains parameter
analyzing device 1 in accordance with the present dis-
closure for the lighting control bus 5, a number of bus-
capabile lighting drivers 3 in accordance with the present
disclosure, and a number of non-bus-capable lighting
drivers 4.

[0066] The mode of operation of the mains parameter
analyzing devices 1 in FIGs. 1 and 2 is the same, the
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only difference being the integration of the mains param-
eter analyzing device 1 into the power supply 2 for the
lighting control bus 5.

[0067] FIG. 3 illustrates schematically a flow chart of
a method 6 in accordance with the present disclosure of
operating a mains parameter analyzing device 1 in ac-
cordance with the present disclosure for the lighting con-
trol bus 5.

[0068] The method 6 comprises a step of measuring
61, at a mains output terminal 13 being connectable to
a mains supply rail, parameters of a mains power output
to a number of bus-capable lighting drivers 3.

[0069] The method 6 further comprises a step of re-
ceiving 62, via a bus terminal 11 being connectable to
the lighting control bus 5, indicative parameters of a re-
spective mains powerinput of the number of bus-capable
lighting drivers 3.

[0070] The method 6 further comprises a step of as-
sociating 63 the respective bus-capable lighting driver 3
with a respective mains power input using a machine
learning algorithm, in accordance with the indicative pa-
rameters of the respective mains power inputs and the
parameters of the mains power output.

[0071] The method 6 may be performed by a mains
parameter analyzing device 1 of the first aspect.

Claims

1. A mains parameter analyzing device (1) for alighting
control bus (5), comprising

- a bus terminal (11), being connectable to the
lighting control bus (5);

- amains input terminal (12), being connectable
to a mains supply;

- a mains output terminal (13), being connecta-
ble to a mains supply rail;

- a measurement unit (14), being configured to

-measure, atthe mains outputterminal (13),
parameters of a mains power output to a
number of bus-capable lighting drivers (3);

- a communication unit (15), being configured to

- receive, via the bus terminal (11), indica-
tive parameters of a respective mains pow-
er input of the number of bus-capable light-
ing drivers (3); and

- a processing unit (16), being configured to

- associate the respective bus-capable
lighting driver (3) with a respective mains
power input using a machine learning algo-
rithm, in accordance with the indicative pa-
rameters of the respective mains power in-
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puts and the parameters of the mains power
output.

The mains parameter analyzing device (1) of claim 1,
the parameters of the mains power output compris-
ing one or more of:

- a real power,

- a reactive power,

- an apparent power, and
- a power factor.

The mains parameter analyzing device (1) of claim
1 or claim 2,

the indicative parameters of the respective mains
power inputs comprising one or more of:

- a bus address,

-adim level,

- a timestamp, and

- a real power of the respective bus-capable
lighting driver (3).

The mains parameter analyzing device (1) of any of
the preceding claims,

for associating the respective bus-capable light-
ing driver (3) with the respective mains power
input, the machine learning algorithm compris-
ing a supervised learning algorithm; and

the processing unit (16) further being configured
to

-train the machine learning algorithm, using
the indicative parameters of the respective
mains power inputs as input data and the
parameters of the mains power output as
label data.

The mains parameter analyzing device (1) of claim 4,
the machine learning algorithm comprising a back-
propagation algorithm applied to a feedforward arti-
ficial neural network.

The mains parameter analyzing device (1) of any of
the preceding claims,

for associating the respective bus-capable lighting
driver (3) with the respective mains power input, the
processing unit (16) further being configured to

- selectively send, via the bus terminal (11), the
indicative parameters of the respective mains
power input to the respective bus-capable light-
ing driver (3).

The mains parameter analyzing device (1) of any of
the preceding claims,
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10.

1.

12.

the measurement unit (14) further being config-
ured to

- measure, at the mains input terminal (12),
parameters of a mains power input; and

the processing unit (16) further being configured
to

- relate the parameters of the mains power
input and the parameters of the mains pow-
er output.

The mains parameter analyzing device (1) of claim 7,
the measurement unit (14) further being configured
to

- filter the mains power output with respect to
the mains power input.

A power supply (2) for a lighting control bus (5), com-
prising

- a mains parameter analyzing device (1) of any
of the preceding claims.

A bus-capable lighting driver (3), comprising

- a bus terminal (31), being connectable to a
lighting control bus (5);

- amains input terminal (32), being connectable
to a mains supply rail;

- a communication unit (35), being configured to

- send, via the bus terminal (11), indicative
parameters of a mains power input via the
mains input terminal (12).

The bus-capable lighting driver (3) of claim 10, fur-
ther comprising

- a measurement unit (34), being configured to

- measure indicative parameters of a mains
power input via the mains input terminal
(12).

The bus-capable lighting driver (3) of claim 10 or
claim 11,

the indicative parameters of the mains power input
comprising one or more of:

- a bus address,

-adim level,

- a timestamp, and

- a real power of the bus-capabile lighting driver

3).
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13. A method (6) of operating a mains parameter ana-
lyzing device (1) for a lighting control bus (5), the
method (6) comprising

-measuring (61), ata mains output terminal (13) %
being connectable to a mains supply rail, param-
eters of a mains power output to a number of
bus-capable lighting drivers (3);
- receiving (62), via a bus terminal (11) being
connectable to the lighting control bus (5), indic- 70
ative parameters of a respective mains power
input of the number of bus-capable lighting driv-
ers (3); and
- associating (63) the respective bus-capable
lighting driver (3) with a respective mains power 15
input using a machine learning algorithm, in ac-
cordance with the indicative parameters of the
respective mains power inputs and the param-
eters of the mains power output.
20
14. The method (6) of claim 13,
being performed by a mains parameter analyzing
device (1) of any of the claims 1 to 12.
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