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EMERGENCY LIGHTING

(57) Bidirectional communication and control system
(1) for emergency lighting comprising a central power
system (2), CPS, connected to mains (3) a number of
emergency lamp modules (4), ELMs, each connected to
at least one luminaire or one string (5) of luminaires
and/or at least a sensor module (6), SM, those modules
(4,6) connected to each other and to the CPS (2) via a
powerline communication (7), PLC, for bidirectional com-

BIDIRECTIONAL COMMUNICATION AND CONTROL SYSTEM VIA POWERLINE FOR

munication between CPS and each ELM/SM, wherein at
least one communication unit (8), CU, is connected be-
tween CPS and ELMs/SM to coordinate communication
between CPS and ELMs/SM and to communicate with
CPS and ELMs/SM, which CU (8) comprises at least a
filter unit (9), a PLC modem (10), a coupling transformer
(11), and a transmitter and/or receiver filter unit (12, 13).
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Description

[0001] The present invention discloses a bidirectional
communication and control system via powerline for
emergency lighting using a powerline and further com-
prising a central power system CPS connected to the
mains, a number of emergency lamp modules ELMs
and/or sensor modules SMs. The ELMs are connected
to at least one luminaire or one string of luminaires, such
as LEDs. The corresponding ELMs and SMs are con-
nected to each other by powerline and to the central pow-
er system CPS, wherein such powerline communication
PLC is used for bidirectional communication between
CPS and each ELM/SM. The purpose for using such PLC
is to remove double wiring for power and data commu-
nication and keep only the power cable or powerline to
transmit the data along with power between devices.
[0002] However, such known bidirectional communi-
cation and control system for emergency lighting offer
limited connectivity solutions between CPS, ELMs and
SMs. For example, increased affordance, adaptive evac-
uation, monitor/non-monitored ELMs in same end circuit
upgrade, and few others are not directly possible by
present communication technologies without, for exam-
ple adding additional hardware and firmware solutions
or some other additional modules.

[0003] Therefore, it is an the object of the application
to improve such bidirectional communication and control
system for emergency lighting such that true bidirectional
communication between CPS and ELM/SM is possible
for all types of network topologies and which is possible
for both Vac or Vdc powerlines,at least in the ranges of
175 Vac to 275 Vac or 150 Vdc to 290 Vdc. Moreover,
one particular architecture of the bidirectional communi-
cation and control system for emergency lighting should
be provided which is also usable for all types of network
topologies.

[0004] According to the present invention, there is a
single solution to cover CENB, namely, CENELEC B fre-
quency band and FCC-2, which means upper FCC fre-
quency band. The CENELEC B frequency band has fre-
quencies of about 95kHz to 125kHz and the upper FCC
frequency band has frequencies in the range of 150kHz
to 500kHz.

[0005] According to the present invention, such bidi-
rectional communication and control system for emer-
gency lighting described above is improved to solve
those objects in that there is at least one communication
unit CU connected between CPS and ELMs/SMs to co-
ordinate communication between CPS and ELMs/SMs
and to communicate with CPS and ELMs/SMs, which CU
comprises at least a filter unit, a PLC modem, a coupling
transformer, as well as transmitter and receiver filter
units.

[0006] The corresponding communication unit may be
directly assigned to the CPS or may even be partof same.
The filter unit is used to attenuate frequencies, in partic-
ular the carrier frequencies. For example it can be real-
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ized as an impedance upper and EMI filter unit. The cor-
responding PLC modem transmits, receives, encodes
and decodes data, and the coupling transformer couples
transmitter data and decouples receiver data. Corre-
sponding transmitter and/or receiver filter units are used
to filter transmitter data to be coupled with powerline via
coupling transformer and/or the receiver filter unit filters
receiver signals exceptthe carrier frequency. In particular
the transmitter filter unit is optional.

[0007] Consequently, according to the present inven-
tion, there is a configurable, modular solution proposed,
which can work on more than one narrow band frequen-
cies, such as CENELEC B (CENB), but which can also
be used for the corresponding FCC-2 frequencies. In
general, it is usable for all types of network topologies
and allows to bidirectional communication for corre-
sponding AC and DC power sources.

[0008] According to the present application, itis further
possible that the CU is connected to a number of strings
in parallel, wherein each string comprises a number of
ELMs and/or SMs. Each ELM is then connected to a cor-
responding luminaire or string of luminaires.

[0009] To provide an easy possibility to change the
powerlines between mains and a secondary power
source based on requirements, the CU can be connected
to a control and switchover unit of the CPS.

[0010] Such control and switchover unit CSU is in par-
ticular configured to switch between single or three phase
mains and a second power source, in particular a battery
system.

[0011] The corresponding communication unit of the
CPS acts as a coordinator or master for communication
between CPS and ELMs/SMs. It will communicate with
a CPS system controller and will relay info and instruc-
tions between CPS and ELMs/SMs.

[0012] With respect to the different ELMs or SMs, it is
further of advantage, in case those comprise a commu-
nication unit and a corresponding driver unit, wherein all
ELMs/SMs are connected in parallel to the PLC. More-
over, each ELM and/or SM may further comprise a con-
troller or and ELM driver or SM circuitry. The ELM driver
may comprise a buck converter circuitry, a module con-
troller and at least one sensing circuitry. The buck con-
verter is generally used to convert a power level for any
connected string of luminaires. The corresponding mod-
ule controller is used to control the buck converter as well
as communicate with a communication unit to route cor-
responding instructions. Moreover, voltage, current and
temperature may be detected by the sensing circuitry for
prognostics and diagnostics of the string of luminaires
and any other ELM circuitry.

[0013] The corresponding SMwill also comprise a con-
troller to communicate sensor data with the communica-
tion unit and may have at least one sensor.

[0014] The communicationunit may have further parts,
such as for example an isolated power supply unit PSU,
PLC Modem, a transmitter line driver, TX/RX Filters and
coupling transformer wherein the isolated PSU is to pro-
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vide power to corresponding low voltage circuits. The Tx
filter and transmitter line driver are connected to PLC
modem and are in particular used to amplify and filter TX
data to be coupled with power line via coupling trans-
former. Corresponding CUs can also be part of each
ELM/SM and can be connected in parallel with corre-
sponding transmitter and receiver units of the CPS. The
coupling transformer may be used to couple Tx data and
to decouple Rx data. However, the Tx filter is optional.
[0015] The CPS may further comprise aline driver pro-
tection unit connected to the line drivers of the CUs con-
nected to ELMs/SMs and/or comprise a PLC module.
The line driver protection module takes care of thermal
and other electrical overstress protection logic for all TX
line drivers.

[0016] A corresponding ELM may be assigned to a
string of luminaires but also to aluminaire or part of same.
The corresponding SM is part of such string of luminaires
and may be integrated in an ELM or can be a stand alone
module.

[0017] Furthermore, there may be a network stabilizer
connected to at least one string of ELMs/SMs and it is
further possible according to the present application that
a communication between CPS and ELMs/SMs is a par-
allel communication between CU of CPS and CUs of
ELMs/SMs.

[0018] As already said, each SM may be a standalone
module or may be integrated in a corresponding ELM.
[0019] Itwas already said that according to the present
invention, all types of network topologies are possible,
which network topologies are for example, bus, star, dai-
sy chain or either bridge topology.

[0020] In the following, the invention will be described
with respect to the accompanied drawings.

Fig. 1  is a corresponding system architecture of the
bidirectional communication and console sys-
tem for emergency lighting;

Fig. 2  corresponds to Fig. 1 with some further details
of corresponding communication unit;

Fig. 3 is simplified model of ELM/SM architecture;

Fig. 4 illustrates the arrangementof such ELM/SMac-
cording to Fig. 3 with powerline;

Fig. 5 discloses some further detail of an ELM or SM;

Fig. 6 isanembodiment of acommunication unit; and

Fig. 7 different network topologies.

[0021] Fig. 1 illustrates one kind of architecture of cor-

responding bidirectional communication and control sys-
tem 1. This comprises a central power system CPS 2
with connection to mains 3, a control and switchover unit
CSU 14, asecond power source 15 and a communication
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unit CU ofthe CPS 2, seereference numeral 8. The mains
may be single or three phase AC and the second power
source 15 may be a battery. The controller and switcho-
ver unit CSU 14 changes the powerlines between prima-
ry, see mains, and secondary power source based on
requirements.

[0022] The CU 8 acts as a coordinator/master for com-
munication between the CPS and a plurality of emergen-
cy lighting lamp modules ELMs 4 and/or sensor modules
SMs 6. The corresponding ELMs, SMs are arranged in
parallel with respect to a corresponding powerline com-
munication PLC 7 in form of a powerline 31. Each of the
ELMs may be connected to a string of luminaire or may
also be integrated in a particular luminaire.

[0023] Fig. 2is a particular embodiment of the present
application, according to which a number of CUs 8 are
arranged in parallel and are connected to the CPS 2. For
this reason, the CPS 2 comprises a coordinator with a
transmitter unit 26 and a receiver unit 27, which are used
for transmitter paralleling and control and receiver sum-
ming. In Fig. 2, there are four corresponding communi-
cation units 8, each connected to circuitin and circuit out,
see also Fig. 6, wherein there is this particular transmitter
paralleling and control, see reference numeral 26, 32 ac-
cording to which, it is possible to send corresponding
signal from this coordinator to all four communication
units.

[0024] In the other way, there is the corresponding re-
ceiver summing, see reference numeral 27, 33, which
receives data from the ELMs/SMs and will coordinate
same by corresponding firmware so that one data will be
available on powerline, wherein the receiver summing
module will physically add signals available from all other
receiver modules of the communication units 8, to make
it available for the coordinator at the CPS for decoding.
There is a further line driver protection unit 28, which
takes care of thermal and other electrical overstress pro-
tection logic for all other line driver 25 in the different
circuits.

[0025] Moreover, there is a corresponding powerline
communication modem 10, which allows a correspond-
ing powerline communication.

[0026] The CPS further comprises an isolated power
supply 24 to submit corresponding power to the PLC mo-
dem 10, corresponding line drives 25 of the communica-
tion unit 8, etc.

[0027] InFig. 3, a simplified illustration of an emergen-
cy lighting lamp module ELM 4 or sensor module SM 6.
Those are connected with a powerline and each of the
module comprises, for example, a module communica-
tion unit MCU 16 and driver unit 17.The communication
unit 16 is used for communication with a corresponding
CU of the CPS and the driver unit 17 is used to drive any
luminaire connected to the emergency lighting lamp mod-
ule.

[0028] In Fig. 4, a number of ELMs and SMs are con-
nected in parallel with the corresponding powerline com-
munication or powerlines 31.
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[0029] In Fig. 5, corresponding emergency lighting
lamp module ELM and sensor module SM, see reference
numerals 4 and 6, are illustrated in further detail.
[0030] The corresponding ELM 4 comprises a buck
converter 19, an ELM controller 20, and a sensing cir-
cuitry 21. The buck converter 19 is used to convert a
power level received from isolated PSU, see also Fig. 2
or also following Fig. 6, and to submit same to the string
5 ofluminaires . Such string may be provided in the upper
and lower part of Fig. 5, wherein in the lower part, a cor-
responding sensor module is integrated in the ELM. How-
ever, the SM may of course be a standalone unit.
[0031] The corresponding controller 20 controls the
buck converter as well as the communication with the
communication unit to route instructions and the sensing
circuitry 21 detects voltage of the luminaire, current or
temperature for prognostics and diagnostics of the cor-
responding luminaire.

[0032] In the lower part of Fig. 5, the same parts are
illustrated for the ELM, wherein additional parts for the
SM are added, see controller 22 and sensors 23. The
sensors may be similar to the sensing circuitry 21 and
the controller will communicate corresponding sensor
data of the sensors 23 to the communication unit.
[0033] Thus, according to the present invention, the
SM can be an independent module and connected to the
powerlines. In such a case, both are connected to the
same powerlines via through connections or parallel con-
nections. Moreover, the SM may also be integrated within
the ELM.

[0034] With respect to voltage, current and tempera-
ture, a corresponding prognostics and health monitoring
will be possible, wherein analog signals of voltage, cur-
rent and temperature are continuously monitored at real-
time. A data analysis is performed to decide, forexample,
particular failure modes such as single or more luminaire
failure in open mode, luminaire short circuit, luminaire
over current, luminaire over voltage, luminaire degrada-
tion, and other associated circuit failures, such as open
or short, sensor malfunction, sensor failure or the like.
The light source of the luminaire may be one or more
LEDs.

[0035] Corresponding ELM status will also be contin-
uously shared with the coordinator or master of the sys-
tem/CPS over the powerline, such status is for example
on, off, runtime, power consumption or other associated
parameters.

[0036] According to the invention and the different
communication units, it is possible to upgrade or update
the corresponding firmware of the driver’s remote via the
proposed powerline communication. Such firmware up-
date is for example required to address bugs. Moreover,
it may be possible to calibrate parameters of the corre-
sponding luminaire driver. Also, those calibration param-
eters are remotely updated via the proposed powerline
communication. Corresponding prognostics and health
monitoring uses a voltage, current and temperature to
identify any failure mode or any upcoming possible failure
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for predictive maintenance.

[0037] In Fig. 6, a communication unit 8 according to
the present invention is illustrated in more detail. The
corresponding communication unit 8 comprises different
parts, such as afilter unit 9, a PLC modem 10, an optional
transmitter filter unit 12, areceiverfilter unit 13, a coupling
transformer 11, and a transmitter line driver 25. The iso-
lated PSU 20 is connected to power-in lines 26 and to
the filter unit 9, and further to the PLC modem 10, and
the transmitter line driver 25. The transmitter line driver
25 is then connected to the transmitter filter unit 12 and
this is connected to the corresponding coupling trans-
former 11. This is connected to the receiver filter unit 13
and this is further connected to PLC modem 10. The cou-
pling transformer 11 is also connected to a power-out
line 34.

[0038] The corresponding filter unit 9 is an impedance
upper and EMI filter to attenuate frequencies in particular
carrier frequencies. The isolated PSU 24 provides power
to low voltage circuits.

[0039] The PLC modem 10 transmits, receives, and
encodes and decodes data received by the powerline.
The coupling transformer 11 couples transmitter dataand
decouples receiver data.

[0040] The corresponding transmitter line driver 25
and optional transmitter filter unit 12 are used to amplify
and filter transmitter data to be coupled with a powerline
via the corresponding coupling transformer 11. The re-
ceiver filter unit 13 is used to filter receiver signal except
carrier frequency.

[0041] InFig.7, four different embodiments of network
topologies are illustrated, which can be used according
to the present invention. There is always the correspond-
ing master or coordinator connected to the different mod-
ules, wherein the topology may be ether bridge, star, bus,
or daisy chain topology. A corresponding ether bridge
topology is on the upper left side, star topology on the
lower left side, bus topology on the upper right side and
daisy chain topology on the lower right side.

[0042] Summarizing the presentinvention discloses a
bidirectional communication and control system via pow-
erline for emergency lighting which includes a central
power system CPS and emergency light lamp modules
ELMs and/or sensor modules SM. The performance of
other system known from practice can be enhanced ac-
cording to the present application. For example, bidirec-
tional communication between CPS and ELMs/SMs is
possible for both voltages used in such a system, see
AC and DC. The powerline communication is possible
for all types of network topologies and different frequen-
cies are covered, see CENB and FCC-2 mentioned
above. It is further possible to improve the PLC perform-
ance as for parallel end circuits. Transmitters and receiv-
ers are in parallel at the coordinator or master. Moreover,
aremote data analysis is possible to enable prognostics
and health monitoring of ELMs or SMs.
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Claims

Bidirectional communication and control system (1)
for emergency lighting comprising a central power
system (2), CPS, connected to mains (3) a number
of emergency lamp modules (4), ELMs, each con-
nected to at least one luminaire or one string (5) of
luminaires and/or at least a sensor module (6), SM,
those modules (4,6) connected to each other and to
the CPS (2) via apower line communication (7), PLC,
for bidirectional communication between CPS and
each ELM/SM, wherein at least one communication
unit (8), CU, is connected between CPS and
ELMs/SM to coordinate communication between
CPS and ELMs/SM and to communicate with CPS
and ELMs/SM, which CU (8) comprises at least a
filter unit (9), a PLC modem (10), a coupling trans-
former (11), and a transmitter and/or receiver filter
unit (12, 13).

System according to claim 1, wherein the CU (8) is
connected to a number of strings in parallel, wherein
each string comprises a number of ELMs and/or
SMs.

System according to claim 1 or 2, wherein the CU
(8) is connected to a control and switchover unit (14),
CSU, of the CPS (2).

System according to one of the previous claims,
wherein the CSU (14) is configured to switch be-
tween single or three phase mains (3) and a second
power source (15), in particular a battery system.

System according to one of the previous claims,
wherein each ELM and/or SM comprises a module
communication unit(16), MCU, and adriver unit(17),
wherein all ELMs/SMs are connected in parallel to
the PLC (7).

System according to one of the previous claims,
wherein each ELM and/or SM comprises a module
controller (20,22).

System according to one of the previous claims,
wherein the ELM driver unit (17) comprises a buck
converter circuitry (19), an ELM module controller
(20) and at least one sensing circuitry (21).

System according to one of the previous claims,
wherein the SMdriver unit (17) comprises a SM mod-
ule controller (22) and at least one sensor (23).

System according to one of the previous claims,
wherein the ELM driver unit (17) is connected to at
least one LED-string with a number of LEDs con-
nected in parallel.
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10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

System according to one of the previous claims,
wherein the CU (8) further comprises an in particular
isolated power supply unit (24), PSU, and a trans-
mitter line driver (25), said isolated PSU (24) con-
nected to the PLC modem (10) and to power-in lines
(26) of the CU (8) to provide power to corresponding
low voltage circuits and the transmitter line driver
(25) connected to the transmitter filter unit (12), iso-
lated PSU (24) and PLC modem (10) to amplify and
filter Tx data to be coupled with power line via the
coupling transformer (11).

System according to one of the previous claims,
wherein the module communication units (16) of
ELMs/SMs are connected in parallel with transmitter
unit (26) and receiver unit (27) of the CPS (2).

System according to one of the previous claims,
wherein the CPS (2) comprises a line driver protec-
tion unit (28) connected to line drivers (25) of the
CUs (16) and/or comprising a PLC modem (29) con-
nected to transmitter unit (26) and receiver unit (27)
and to a line driver protection unit (28).

System according to one of the previous claims,
wherein a network stabilizer (30) is connected to at
least one string of ELMs/SMs (4, 6).

System according to one of the previous claims,
wherein a communication between CPS (2) and
ELMs/SMs (4, 6) is preferably a parallel communi-
cation between CU (8) of CPS (2) and MCUs (16).

System according to one of the previous claims,
wherein the SM (6) is integrated in the ELM (4).

System according to one of the previous claims,
wherein the ELM (4) is assigned to a luminaire or is
part of the luminaire.

System according to one of the previous claims,
wherein CPS (8) and ELMs/SMs (4, 6) are connected
in a cable network topologies, such as bus, star, dai-
sy chain or either bridge topology.

System according to one of the previous claims,
wherein the system is adapted to work at least in
frequency ranges of 95kHz to 125KHz, CENB, and
150 KHz to 500 KHz,FCC-2.

System according to one of the previous claims,
wherein the system is adapted to monitor at least
voltage, current and temperature preferably in real
time for signature data analysis in particular to iden-
tify any failure mode or any upcoming possible failure
for predictive maintenance .

System according to one of the previous claims,
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wherein the system is adapted to exchange data for
at least upgrading/updating and configuring any
ELMs/SMs.
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