wo 20107142764 A2 [ A A0KO OO RO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 ID 000 1.0 0 YA
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #

16 December 2010 (16.12.2010) WO 2010/142764 A2
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO5B 37/02 (2006.01) kind of national protection available). AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS i CBRB’ CBI(J}, g;l’ DB]IE{ > DBI\(V ’];313[{ > ]];é’
PCT/EP2010/058151 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
10 June 2010 (10.06.2010) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

091624627 10 June 2009 (10.06.2009) gp (84) Designated States (unless otherwise indicated, for every
09164468.2 2 July 2009 (02.07.2009) EP kind of regional protection available): ARIPO (BW, GH,
61/234,548 17 August 2009 (17.08.2009) Us GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,

ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

(71) Applicant (for all designated States except US): ILEDS TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
GMBH [DE/DE]; Geschwister-Scholl-Allee 82, 14532 EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
Kleinmachnow (DE). LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,

(72) Tnventors; and SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,

(75) Tnventors/Applicants (for US only): MOKHTARI, GW, ML, MR, NE, SN, TD, TG).
Ramin, Lavae [DE/DE]; Geschwister-Scholl-Allee 82, Published:
14532 Kleinmachnow (DE). LANG, Ortwin [DE/DE];
Ziegeleistr. 2, 30880 Laatzen (DE).

(74) Agent: KINKELDEY, Daniela; Bird & Bird LLP, Pacel-
listra3e 14, 80333 Miinchen (DE).

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: LIGHTING UNIT, NETWORK OF LIGHTING UNITS AND METHOD FOR CONTROLLING THE LIGHT INTEN-
SITY OF A LIGHTING NETWORK COMPRISING AT LEAST ONE LIGHTING UNIT

(57) Abstract: The invention relates to a
lighting unit comprising a lighting ele-
ment comprising at least one LED, a pro-

23 20 cessing unit for controlling the light Inten-
‘,J sity of the at least one LED, an ambient
sensor for measuring at least one ambient
2)4 A 2)4 parameter within a predetermined range of
i 23, 231 T the lighting unit, a data storage unit con-
- a EET 1 e 2 taining at least one light intensity value
6; 1231 For a predetermined period of time con-
23, ] ﬂ . ; nected with a time value, a time registra-
231 - - tion device for providing a time value,
wherein the processing unit is adapted
' 28 such that one of the at least one light in-
\\J 2)4 2)4 tensity values is chosen depending on the
28 T 1B 1 |18, 2 | provided time value and the light intensity
— - — is controlled on basis of the chosen light
27 \ :231 intensity value and the at least one mea-
- 22??1 27 EL ‘e ] 1 sured ambient parameter.
)
24
k,\

FIG. 2 2



WO 2010/142764 PCT/EP2010/058151

Lighting unit, network of lighting units and methed for conirolling the Hght intensity
of a lighting network comprising at least one Hehting uwnit

The present invention relates to a lighting unit, network of lighting units and method for

controlling the light intensity of a lighting network comprising at least one lighting unit.

For providing an ilumination on streets, railway stations, harbours, parking places or other
exterior scenarios currently different systems are discussed. In regard to effectivensss one
aspect is the use of LEDs (light emiiting diode), which snsures a reduction of power
consumption and mainfenance costs in respect to usual lighting means by increasing the
comfort, life ume and functionality. A further aspect is an effective conirol of local
networks of individual lighling elements, e.g. of lanterns, street lamps or lamps in a

railway or metro station,

It is one object of the invention to provide a possibility for an effective Hlumination

particularly for exterior scenarios which is cost and energy efficient.

This object is solved by what is disclosed in the independent claims. Advantageocus

embodiments ave described by the dependent claims,
Preferred embodiments are:

A lighting unit comprises a lighting element with at least one LED, The light intensity of
the at jeast one LED is controlled by a processing unit, Further, an ambient parsmeter is
measured by an ambient sensor and is delected within a predetermined range of the
lighting unit. This predetermined range may be defined by the light cone of the lighting

element or 8 range of the ambient sensor.

The lighting element may comprise oy ong LED or a group of LEDs, The number and
also the type of used LED may vary depending on the purpose, e.g. the degired brightness,

the number of existing lanterns, the height of a strest lantern and the area to be iluminated.

The lighting unit further comprises a data storage unit wherein at least one light intensity
value i1s stored for a predetermined time imterval. E.g. a first light intensity value is
provided for the time inderval between & o'clock in the evening and midnight, where a

maximum of lumination might be needed. At twilight times between § and 8§ o’clock in
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the evening, as well as in corresponding moming hours, different illumination values are
provided, according o which the brighiness is dimmmed in relation to the maximum value,
For the daylight time between 8 o'clock in the moming and 5 o'clock in the evening a light

intensity value may correspond to 0% of the maxirmwm value as no Hlumination is needed.

in particuler, for defining the illumination values, apart from the time interval also the

season may be taken into account.

Preferably the light intensity values can be adapted according to the actual requirements
such as winter, summer, position, weather or other factors that influence the required
illumination for a predetermined time interval. In the case of a lighting network this may
be done by providing external control data to the lighting unit. Thus, the lightning network
allows various settings and conditions but may additionally include one pre-defined
condition based on customer needs which may be applied every time the light is being
switched on by the grid. This ensures the usage of the lightning network in the sawe way

as any other existing system in the past.

A corresponding time interval is chosen by use of a time registration device, by which a
time value is provided. The time value, e.g. % o’clock in the evening, Hes within the time
interval between 8 o’clock in the evening and midnight, which is chosen accordingly and

thus the light intensity value for this time interval is chosen.

The time registration device may measure the time value itself or receive a time value.

Particularly, the time registration device may be contained in the processing unit.

The processing unit is adapted such that one light intensity value is chosen dependent on
the provided time value and further the light intensity is controlled on the basis of the
chosen Hght intensity value and a measured ambient parameter. The ambient parameter
may be e.p. the surrcunding light intensity, particularly in order (o contrel the illumination
for cloudy or sunny days, 8 movement measurement in order to detect whether there are
atty activities in the area of the lighting unit so that # can be determined whether an
illumination is required. Further, the ambient parameter may be a destruction or removal of
at least one part of the lighting unit in order to detect any theft or act of vandalism at the
lighting unit. Further, the ambient parameter can comprise a measurement of the quality of
the LED, e.g. the required brighiness for a given driving current at a predetermined
distance from the LED,
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The existence of an ambient sensor in a lighting unit provides — if a network of lighting
units is considered — ambient data relsting to the positions, which are 1o be lluminated,
Thus, without further separate measurement units the ambient data can be gathered exactly

at the position where they are needed for an adequate lhamination.

Apart from other advantages such as lifetime, robustness and low power consumption the
use of LEDs for illuminating an exterior is that the emitted light is scattered significantly
{ess than with usual light sources. Thus, the light pollution can be reduced. Further, the
LEDs can be chosen such that a low colour temperature is achieved, Thus, insects are less
atiracted by the lighting unils and therefore not destroyed. Purther, the lighting uanils are

soiled less with the remains of insects.

Each lighting unit may furthermore be squipped with different reflectors and/or lids. Each
lighting unit is suitable for a broad range of light situations and heights. The LED lighting
power can be adjusted for various required brightness, The provision of a reflector allows
for adjusting the light from each LED to be assersbled into a desired light cone for a
desired distance of the lanterns or to minimize the number of lanterns and lighting systems
required and optimizing the costs. Additionally, customers can purchase different lids to
adjust the colour, design or optical size of the lighting vnit. Once the lighting units are
installed, the lights will be adjusted for the existing ground sifuations by easily adjusting
the LED brightness from a wireless point. In particular, data provided by the ambient
sensor orfand a further sensor positioned at the lighting unit, in particular in a reflection
unit or in the processing umit, or a component of any of these sensors may be used for

adjusting the LED brightness.

In particular, if the lighting unit is placed on a pole, the LED brightness or intensity may be
adjusted to varlous pole heights and pole distances easily. This allows the use of one

lighting unit for different applications and thus reduces costs during production,

According to another embodiment the lighting untt further comprises a wireless
transpission unit for receiving and/or additionally sending data. Thus, external control
information can be received by the lighting umit to respond e.g. to centrally given
instructions. Further, data can be sent from 8 lighling vnit to 2 central unit or another
fHighting unit in regard to measured ammbient parameters, such as movement, fatlures ete. at

the lighting unit,
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According to a further embodiment the transmission umit is adapted for wirgless
fransmission. Thus the lighting unit can be used flexibly, as no wired infragtructure s

required.

According to a hurther embodiment, the wireless transimission unit is adapted for short
range transmission, Le. 8 fransmission to another lighting uniy, particularly a neighboured
lighting unit. Thus, & communication between lighting units can be established, e.g. for the

exchange of anvbient parameters.

According o another advantageous embodiment the wireless transmission wnil is adapted
for short range transrission as well as for long range travsmussion. By the short range
iransmission, €.g. up fo 8 few hundred meters, the communication between individual
lighting units can be cnsured, By the long range transmission, c.g. realised by mobile
communmications standards, such as GSM or UMTS, a2 communication with a central
control unit can be ensured. The central contrel unit may be accessed directly by this long

range communication standard or vis at least one further network, e.g. an interne! network.

According to a further embodiment, the iransmission unit is adapted - alternatively or
additionally - for {ransmission via a wired connection, Thus particularly an already existing
connection, such as the power line connection can be wsed for {fransmission of signals,

particularly control signals, from and to the lighting unit.

in the case that the transmission unit is adapted for both, wireless and wired transmission,
wired networks can be used where existing in order to reduce radiation or enhance the
ransmission. On the other hand a high flexibility is ensured by the wireless {ransmission
unit, 5o that structures of lighting units that do not follow the predetermined structures of

existing wired networks can be used,

According o another embodiment the control is set up on basis of or by using at least one
ambient parameter for an open loop or a closed loop control of the light intensity of the
lighting element or each individual LED. Thus, it can be responded quickly to a required
brightness. Alternatively or additionally an accurate control taking into regard the

brightness due to the actually emitted light can be provided.

According to another embodiment an internal control gignal may be provided by the

processing unif o an electrical cirenit for controlling the light intensity of the lighting
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slement or the LED. This intemal conirol signal is bit angle modulated to provide an
effective and easy comtrol. Particularly in response to the internal comtrol signal the
electrical circuit may provide the driving current to each LED separately or to a group of
LEDs or to the lighting clement as a whole, Alternatively, a driving voliage may be

provided,

Particularly AC or DO current may be provided to an individual LED, a2 group of LEDs or
the lighting wut, An electrical circut! of the highting vnit may be arranged such that either
AT or DC power can be received. Alternatively, an AC/DC switch may be provided for
selecting either AC or BC power. According to an advantageous embodiment the lighting
unit may comprise a power conversion unit for providing solar or wind energy to the
Hghting unit, Particularly, further energy storing uniis, such as batferies, are provided in
order o compensate for times when e.g. there is no wind or sun. Thus, the lighting unit

needs not to be connected to a power network,

According to a further embodiment a lighting network is formed which comprises at least
two Hghting units which communicate with each other by use of their fransmission units.
One of the two lighting units acts as a master lighting unit which provides exiernal control

data to at least one other Highting unit which acts as a slave lighting unit,

Particularly the transmission unit is formed by a wireless transmission unit. The masier
lighting unit may create the external control data by itself or receive them via its wireless
transmission unii, which is particularly also adapted for a long range transmission, such as

a wircless telecommurndcation transmission.

Alternatively or additionally the transmission unit is adapted for transmission via a wired

connection, which allows an effective transmission in fixed structures.

Such a lighting network has the advantage of an effective overall control because only the
master lighting unit has to be addressed in order io change the light intensity for any
Highting unit in the network. Thus, the number of long range transmission is reduced and
also only a master lighting unit needs a wireless transmussion unit adapted for long range

transrmission. Thus, the production costs for slave lighting units can be reduced.
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Alternatively or additionally in the case of a wired transmission only the master lighting
unit can be connected to a long range network, in order to avold to many participants and

therefore a high traffic in the long range network.

Further, e.g. in comparison o a network for which each individual lighting wnit which i3
not equipped for performing a long range transmission, is controlled via communication to
a central control umit, the size of the network can be increased, because a slave lighting unit
needs only (o communicate to a neighboured lighting unit or & lighting unit being within

the range of s wireless transmission urit,

Alternatively or additionally in the case of a wired connection a simple structure of the

fixed network suffices 1o allow for an effective commundcation,

Further, as & local control for a predetermined area is hidden in a master lighting unit, it is
more difficult {o destroy a Hghting network than if, e.g. the local control was positioned in

a highly visible or at least better visible position.

According fo an advantageous embodiment an anti-theft system is included. Particularly
the anti-theft svstem works such that a lighting unit works only in its lighting network.

Further, in case of a theRt, a theft message may be sent o a neighboured lighting unit,

According to another advantageous embodiment the master lighting unit in a lighting
network receives one or more ambient parameters from one or more slave lighting anits.
The master lighting unit uses this or these ambient parameter{s} in order to create external
conttrel data, These external control data are then sent to one or more specified slave
lighting unit{s). Thus, the ambient data for the relevant areas to be Hluminated are available
for the lighting network and not e.g. data from sensors at positions not relevant for the
lighting network. Further, no additional sensor data have to be used and thus the lighting

network can be operated independently from other networks.

Alternatively or additionally, the ambient parameters may be sent from the master lighting
unit to a central control unit, which uses it for creating the overall control information or
protocols. According to another embodiment external control data are created by using
overall control information from a central control unit, e.g. & web server or a local control

master, .8, a laptop, PC, PDA, etc.
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The overall control information may particularly refer to individual lighting units or to &
group of slave lghting units depending on the master lighting unit to which the control

information was sent.

According to another embodiment information is transferred from a lighting unit to 2
neighboured lighting unit. Thus, the transmission range can be reduced and accordingly the
sending power in order to reduce interferences or radiation exposure of persons staying in

the area of the lighting unit or lghting network,

In an advantageous embodiment a substitute master lighting unit is provided which
replaces the original master lighting unit in case of a failure. Thus, the network can be
operated more relisbly. Alternatively, less reliable components can be used which are less

XPETISIVE.

According to a further embodiment the master lighting unit has an interface by which an
access network can be accessed. Particularly, the access network may be an internet
network and the interface a web interface. By providing this interface commumication
outside the lighting network can be established n order to remotely confrol the light
intensity in the lghting network, eg. from a central control. Further, the range of the

network can be increased.

Acgcording to an advantageous embodiment external control data provided to a slave
lighting unit are stored in the data storage unit of the slave lighting unit in addition to the
already existing data or by overwriting the already stored data. Thus, s flexibility of the
lighting behaviour can be achieved by providing data adapted to different situations, e.g.

summer or winter with different sunshine times.

According to a further embodiment 8 network is formed which comprises the lighting
network, an access network and a server vnit, Data ave transferred between server unit and
lighting unit via at least one master lighting unit, by which a connection can be provided
via the sccess network, Thus, advantageously overall control information can be provided
in a server unit. The server wnit may be a web server unit which receives the information
by a user or via an interface to a further program, ¢.g. an SAP software, Further, the server
unit mayv be a local control device, such as a laptop or PDA. The overall control

information is transferred to at least one master lighting unit, The master lighting unit
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creates exiernal control data using the overall comtrel information which are then

transmitied from the master lighting unit o one or more slave Highting uniis.

Particularly by the fwrther program parameters such as desired consumed energy or cost

objectives are used for establishing the overall control information.

According to an advantageous embodiment the ambient dala may be used for remote
maintenance protocols for individual or groups of lighting units. Further, it may be used for
cadastral protocols describing mumber, position, state of individual lighting units. Further,

it may be used for failure notices or for the creation of overall control information.

According to an advantageous embeodiment a lght primary contrel umt is formed which
provides ilumination control information to at least one master lighting unit. The
illumination control information is based on information provided by the master lighting
unit, which again may collect information fom dependent slave lighting units, and by
central control information, such as the desired lumination scenario, Therefore, for this
central comtrel information e.g. the required illumination, the target costs, may be
considered. The nformation collected from the master and slave lighting units may

particularly comprise data from movement detectors.
A desired illumination scenaric may be e.g. village fair or public holiday.

Further aspects and advantages of the invention are described in relation t¢ accompanying

drawings of which show:

Figure 1; a schematic drawing of the setup of a lighting unt;
Figure 2 a schematic drawing of a lighting network;
Figure 3 a perspective view of a lighting onit.

In Figure 1 a lighting unit | comprising several LEDs 2 is depicted. The light intensity of
each LED 2 is controlled by a processing unit 3. The processing unit 3 provides an internal
contrel signal 9 to an electrical circuit 7 by which a predetermined current is supplied to an
imdividual LED 2 or a group of LEDs 2.
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The internal control signal 9 is particolarly bit angle modulated. For this modulation a
signal is produced, the binary value of which corresponds to the desired intensity of a

single LED 2 or a group of LEDs 2.

The processing unit 1 comprises or is connected to an internal or an external data storage
unit 5. This data storage umit 3 contains data in relation to the light intensity, particularly
the Hght inteasity for a predetermined time interval at each day of 3 year. The data storage
contents can be overwritten. Alernatively, the data storage unit 18 a read-only memory

(ROM).

Further, the lighting unit 1 comprises an ambient sensor 4 for measuring an ambient
parameter 8. This ambient sensor 4 is particularly & movement detector for measuring a
movement within 3 predetermined range of the lighting unit, e.g. within the light cone

defined by the lighting unit L.

Alternatively or additionally, the ambient sensor 4is a light intensity measuring unit for
measuring the light intensity of a single LED 2 or a group of LEDs 2. By comparison with
a reference value for the light intensity a deviation to the reference value can be
determined and can be corrected. Allermnatively or additionally a sensor for measuring a
light intensity of a single LED 2 or a group of LEDs 2 18 mtegrated in a reflector unit 30 ag

depicted in Figure 3

The deviation of the intensity from a reference value and 3 correction of the intensity is in

particular controlled and managed by the processing unit 3.

Alternatively or additionally the ambient sensor 4 comprises a melering component to
measure the power conswmption of the lighting unit 1. Therefore according fo an
advantageous embodiment a counter may be posttioned along the connection {0 the power
supply, .g. in front of a transformer, Thus the power consumption can be supervised, in
order to detect e.g. deficiencies leading t0 & higher power consumption than expected or in

arder to control the costs.

Alternatively or additionally the processing unit 3 may comprise a metering component for

measuring the power consumption, in particular by using a counter as described above.

In particular the metering component sllows a remole read-out, e.g. comprises an e

metering component.
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Further, in particular if a solar power conversion unit with a further energy storing unit is
used for powering the lighting unit 1, the amount of energy for the lighting unit 1 for
periods where no energy can be converted, .g. during the night, can be determined. Thus
energy not needed may be used otherwise, e.g. for cooling pwrposes or powering another

lighting unit 1.

Alternatively or additionally the processing unit 3 o/ and the ambieni semsor may
comprise a femperature sensor. The data thereof may be used for controlling the
temperature of the Hghting unit 1. Thus, for ensuring the desired brighiness the lighting
unit 1 can be cooled or the current provided to the LED 2 or group of LEDs 2 may be

adjusted.

The temperature sensor may be placed in pariicular in vicinily of the LED 2 or group of
LEDs 2 in order to ensure an accurate measurement of the relevant temperature, thus e.g.
the temperature sensor may be placed on a PCB (printed cirouit board), on which also the

LED 2 or group of LED 2 are positioned.

The lighting umt 1 further comprises a local wireless transmission wnit 6 for sending or
receiving data particularly in a range of less than 300 meters. Via this local wireless
fransmission unit & a network of two or more lighting units can be established, Particularly
in case of master lighting units the unit includes an additional GPRS or comparable
transmission standards for connecting the lighting unit § over longer distances. Thus, the
wireless {ransmission onit comprises at least a2 module for establishing & connection in a
short range, €.g. up to a few hundred meters, and optionally & module for a long range

connection, &.g. a wircless telecommunications connection such as e.g. UGPRS.

The Lighting unit 1 further comprises a e registration device 10 which measures or
recelves points of time. By using these points of time provided by the time registration
device 10 a time interval can be chosen by the processing unit 3 and the light intensity

value corresponding to the chosen time interval can be taken from the data storage unit 5.

Particularly, the fime registration device 10 can be contained in the processing unit 3.
Alternatively, the time registration device 10 may receive points in time by use of the

fransmission unit 6 adapted for wireless transmission, which are measured externally.
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One LED 2 or a group of LEDs 2 form the lighting element 11, The number of LEDs 2
depends on the desived purpose of the lighting unit 1, e.g. for a high desired light imensity
a higher number of LEDs 2 may be used. Alternatively or additionally, the number of
LEDs 2 depends on height of the lantern from which a certain area on the ground is to be

luminated,

Further, the lighting clement 11 may comprise a group of LEDs 2 of the same type. This
facilitates the control of the lighting unit, because each of the LEDs has approximately the
same characteristics. Alternatively, different types of LEDs may be used in order to
achieve a desired colour. Also, LEDs 2 of different brighiness might be used. The lighting
clements 11 may be set up by an array of LEDs 2, which are arranged immediately
neighboured to each other. Alternatively, the LEDs 2 may be distributed on several distingt

greas at the lighting unit 1.

if the lighting unit 1 is used for the illumination of a street or a railway station, an LED 2
or & group of LEDs 2 1s used which emit light with a high blue fraction, i.e. cool Hght, e.g.
correspoending to a temperature range above circa 3,500 K. This has the advantage that

insects are less attracted by this cool light than it would be the case with warmer light.

The lghting unit { s contained in a lamp hat This ensures a compact setup of all
components. Alternatively, e.g. for a street lighting the lighting unit may be distributed

over the lamp hat and the rod for supperting the lamp hat,

The wircless transmission unit § is a {ransmission unit which works in the regime around
2.4 GHz and uses an encryption of at least 128 bit. This ensures that common wireless
transmission units can be used which makes the production cheaper. Further, it ensures that
the necessities for establishing a network of strest Jamps with a Hmited range betwesn one
street lamp and another street lamp are met. Alternatively, other frequency bands are used

which are suitable in respect {0 range, interferences and allowed frequency bands.

According to a further, not depicted embodiment, the transmission unit § s adapted -
alternatively or additionally — for wired transmission. Thus data between at least one slave
lighting unit and at least one master can also be transferred over power cables through
power line technology, where they are available and where # is advantageous o use the

prescribed fixed structures of the existing fixed network. By using power lines to which a
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Highting unit is connected anyway this lines can be used two-fold and no additional

network infrastructure has to be provided.

The electrical circuit 7 for driving the LED 2 or a group of LEDs 2 ig designed to nun

alternatively on sither DC or AC power.

In case of AC power input the circuit includes an AC-DC converter followsd by a constant
current source which can comprise an electronic component for conirolling the operating
current of a LED 2 or a group of LEDs 2 by using a signal with bit angle modulation other

than the pulse width modulation,

In case of DC power input the AC-DC converter will be by-passed. This enables the lght
units 1o be able to use both DC and AC power for example by using solar andfor wind
power in parallel to the general AC network, It is possible that AC power is not needed at
all when unils are planned to run on DC power networks lke the ones for train systems. In

this case there will be no need for the AC-DC converter,

According to an embodiment a switch is provided in order to select between AL o DC
power. Thus, the highting unit can be used in DC power networks, driven by batteries or

solar panels as well as AC power networks.

When using bit angle modulation, the LED is driven by a pulse train that is the binary word
defining the value of a required intensity. Each bit of the pulse train is stretched by a ratio
defined by the binary significance of each bit. Each bit of the binary word is effectively
allocated a fixed range of phase angles within the drive cycle. The advantage of bit angle
modulation is a simple implementation, and, as the drive signal is 2 multiple of the
modulation frequency, a reducing of potential flicker. Also, because the LED drive signal

contains a digital code of the intensity value, other devices may recover the data,

According to another embodiment, the lighting unit 1 further comprises a solar panel. By
use of the solar panel the energy converied from light may be used in addition to otherwise
provided energy in order to drive the LED. Excess energy may be stored by use of batteries
also positioned in or at the lighting unit 1. Thus, light energy can be stoved e.g. for use

during the night or when there is no sunlight.
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Additionally or alternatively, the lighting unit 1 comprises a wind energy converter. The
power of the wind energy converter is adapted to the power consumption of the lghting

unit 1. A wind energy converter can be used e.g. when there is no sunlight,

According fo another advantageous embodiment the processing unit 3 controls the use of

wind and solar energy.

In Figure 2 a schematic drawing of a network 26 comprising a lighting network 20 is
depicted. The lighting network 20 comprises one or more master lighting units 21 and one

of more lighting units 1 which act as slave Hghting units.

A master hghting unit 21 is used for establishing a connection fo a remote countrol,
Therefore, a master lighting unit 21 has a module for 2 long range connection, e.g. a

wireless telscommunication module.

Bach highting unit 1 has & unique identification number and has access to the two or more
following and two or more preceding units. A master lighting unit 21 provides external
control information 23 to lighting units 1 which are therefore denoted as slave lighting
units. The lighting units 1 transmit the information 23 as 231 to the next neighbowrs and so
on. The ransmission stops if specified or continues until the forwarded information arrives
back at the master lighting unit 21, Preferably, information or external control data 23 are
transmitied between neighboured lighting units 1 or between a neighboured master lighting
unit 21 and a lighting unit 1. Alternatively or additionally, data are transmitted from the
master lighting unit 21 to each slave lighting unit. Anv information 23 is coded for one
speeific lighting unit 1 by its identification number or for all lighting units [ in the local
area network. Since some lighting units 1 may be in far distance from the master unit the
information is being sent to the next two units and they forward the sxternal control
information 23 as forwarded external control information 231 to the next neighbours until
the information is being received by the respectively addressed identification number,

Alternatively, the process can start in the other direction.

Alternatively or additionally to transmitting data between only the nearest lighting units
1ie. the respective lighting units that have the smallest distance to cach other, the data
may be exchanged between all neighboured lighting units or at least a group of all the
lighting units 1 which are positioned within the transmission range, wherein the lighting

units o which a transmission takes place can be defined user or situation dependently,
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For compensating a possible failure of 3 magster lighting unit 21 a substitute master lighting
unit 22 1s provided. The function of the substitute master lighting unit is as follows: the
processing unit 3 of the substitute master Lighting unit 22 monitors if external control data
23 from the master lighting unit 21 is received with a certain rate. If no external control
data are received {or a set time interval, the substinste master lighting unit 22 starts a test
sigual to find out whether this 1s due to a failure of a neighboured slave lighting unit or due
to the failure of the master lighting unit 21. If it is found that it is due to a fallure of the
master lighting unit 21, the substitute master lighting unit 22 takes the position of the

master lighting unit 21 by activating its interface 24 {0 an access network 235,

Alternatively, the master lighting unit 21 may send a signal indicating its failure upon

which the substitute master lighting unit 22 takes over.

A master ighting unit 21 has in addition to g normal or slave Lighting unit 1 an interface 24
for accessing an access network 23 by which data can be transferred to a server unit 27.
This interface 24 is particularly the module for establishing 2 long range connection. Thus,
overall control information 28 for controlling the whole lighting network 20 can be
provided from a server unit 27 via the access network 23 to sach or some, at least ong, of
the master lighting units 21, The master units can alternatively be accessed by a local
control master (laptop, PC, PDA, etc) {not shown). Both local control master and server
27 can inifiate communication process particularly via an SMS signal which can also be

received by the master lighting unit 21.

A possible embodiment of a function of the network 26 when using a movement detector

as ambient sensor 4 is provided below:

By the movement detector as ambieni sensor 4 a movement is measured as ambient
parameter 8 within the light cone of a street lamp or lantern. This movement takes place
within a predetermined time interval, e.g. 10 seconds, which is sither originally provided in
the data storage unit 5 or set by the master lighting unit 21 by sending external control
data. This time interval may be adapied to the required situations. E.g. for an illumination
at a railway station, where fast moving objects are to be detected, a shorter time interval

than for example for streets might be used.

The sensitivity for a movement within the light cone is set such that neither small animals,

such as moths, birds, cats or dogs, nor oscillating movements, such as moving trees or
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bushes are detected. By using the measurements of the neighboured lighting units {, which
all transfer thelr movement measurements as ambient parameter 8 to their local memory
storage or data storage unit 5 and can deliver the data by request to a master lighting unit
21, a direction and velocity of the movement can be determined, and the master lighting
unit 21 can send comresponding external control data 23 {o ensure a desired dllumination,
g.g. bright ilhimination, along the direction of the movement with the corresponding

velocity,

This movement detection can take place either in a predetermined time interval, e.g. during
the night when the illumination is normally off], or during the whole 24 hours. Further, a
distinction between working days and weekends may be provided. A change of brighiness
from {0 fo 100% of the maximum intensity or vice versa may be provided as well as a
change between different dimming levels, e.g. 25%, 50 %%, 75 % of the maximum intensity

etc.

A further example for a chain of action is given for a light intensity detector as ambient
sensor 4. The light intensity of the lighting element 11 or at least one individual LED 2 is
determined in a predetermined range from the lighting element 1l or the LED 2. In a
control circuit, a deviation between the reference value describing the desired light
infensity and the sctually measured light intensity s determined. The deviation is
determined in multiples of a certain unit, e.g. 5%, in order not to initiate any close loop
control for very small deviations which would lead to instabilities. If the measured
devigtion is within a certain range, e.g. 10 t© 15%, the individual lighting wnit | may
compensate this by providing different driving parameters by the electrical cireuit 7 to the

individual LED or the whole lighting element 11,

For higher deviations this deviation information is provided from the slave lighting unit to
the master lighting wmit 21 which communicates this to the server unit 27 in order to

provide data for maintenance of the lighting network 20.

According fo another embodiment an anti-thefl detector is used as ambient sensor 4. The
arti-theft sensor supervises any removal or destruction of parts of the lighting unit 1. In
case a removal or destruction is detected, a signal is provided by the anti-theft detector and
transmitted {owards the master lghting unit 21 by use of the wireless transmission unit 6,

This further facilitates the maintenance of Hghting network 20,
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According to another embodiment the ambient sensor 4 comprises alternatively or
additionally to the movement detector orfand light intensity detector orfand anti-theft
detector a device or counter for determining the power consumption. Data in regard to the
power consumnption are provided by the highting unit 1, eventually via further neighboured
lighting units 1 to the master lighting unit 21, access network 25 and server umit 27,
Overall control data 28 are created and transmitted for controlling the power consumption
in the lighting unit 1 or for distributing the power from the lghiing wnit 1 1o a cooling

device of that lighting unit 1 or to at least one further highting unit 1,

Alternatively or additionally the processing umit 3 comprises alternatively or additionally
to the movement detector orfand light intensity detector orfand anti-theft detector a device

or counter for determining the power consumption.

in particular, the ambient sensor 4 or components thereof, e.p. the metering device, may be

integrated in the processing unit 3.

A particular advantage of the described network 26 is that the control of the lighting
network 20 is realised via at least one master lighting unit 21 instead of controlling cach
individual lighting unit 1 separately. Thus, the master lighting unit 21 provides data of all
related slave lighting units, so that the master lighting unit 21 and the related slave lighting

units form a single virtual light unil.

According to a further embodiment, sach lighting unit 1, master lighting unit 21 and
substitute master lghting unit 22 hes an identification number, Further, in the data storage
unit § an identification nurnber of at least two neighboured lighting unitis 1 is stored, i.e,
the processor and successor. A signal which is dedicated to a specific lighting unit 1 or all
Hghting units {1 is sent from the master lighting unit 21 first to the directly neighboured
tighting unit 1 and also fo the next following neighbour in case any unit is not working
well. This peighboured lighting unit 1 then itransmils a message o its successor, and
fransmits back to the master Lighting wnit 21 a confirmation about the successfill or
unsuccesstul transmission. In ths way the message is transmitted from lighting unit 1
tighting unit 1 until it arvives back at the master lighting unit 21, This procedure is either
repeated until it is performed without an error or an error message is send to the master

highting unit.
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The above deacribed embodiments can be combined or some of their features may be
combined. Particolarly, several ambient detectors 4 are used and the conirol of the light

intensity considers the respective ambient detector signal.

Additionally, the ability to control a multitude of such local networks through a global
network combining all at least one local network into one global network acting as one
entity being wirelessly connected through the web, or internet, and collectively managed

by one cenfral server is realised.

Such a network may be particularly applied for a central control of individual Lighting units

at train platforms, railway tracks or raillway freight depots.

Particularly illumination data of a lamp can be supervised and analysed. Therefore, an
mdividual lighting wut sends as ambient parameter the required illumdnation data, e.g.
duration of illumination time in predetermined time intervals 0 a master lighting unit,
which collects these data from various lighting units and transmits this information further
to 8 central entity such as the server unif 27 or a maintenance computer. Allematively or

additionally, this information may be received by polling the lighting units,

In Figure 3 a perspective view of a lighting unit 1 is depicted. The LEDs are contained in a
housing which comprises ribs 29 for dissipating heat. Further, it comprises a reflector 30
for reflecting the light emitted by the LEDs or group of LEDs such that at a predefined
distance from the LED or group of LEDs or the lighting wnit, 2 uniform illumination is

achieved,

Thus, particularly the preserd invention relates o 8 wireless connected network {a WLAN
wireless local area network between lighting untis on one geographic area) comprising at
least one lighting unit acting as a master lighting unit and at least one lighting unit acting
as a slave lighting unit collectively connected to a central server through the web (GAN
global area network) or to a master controlling unit being installed on a laptop or PC
located particularly in less than 300 meters distance. The connection to the web or internet
or other networks, e.g. private LANs ete, or to the master conirolling unit is wireless. Each

lighting unit is not further than 300 meters from each other.

According to a further embodiment, which is not depicted, the af least one master lighting

unit 21 and the at least one slave lighting unit 1 and — optionally the substinde slave
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fighting umats 22 are equipped with a wireless transmission unit and the communication
between them is realised wirelessly. Additionally the master lighting units 21 and
substitute master lighting umits 22 are equipped with 2 transmission unit for wired
connection, particularly a connection via power line or fixed communication network. The

connection 1o the access network s realised via the wired connection.

This embodiment allows a2 high flexibility m positioning the individual lighting vnits 1,
substitute lighting units 22 and master lighting units 21, because already predetermined
fixed structures have not to be used. On the other hand an effective long range
communication o the access network can be established which is resistant in regard to

disturbances.

According to a further embodiment, which is not depicted, the at least one master lighting
units 21, the at least one slave lighting units | and —~ optionally the substitute slave lighting
units 22 are equipped with a wired transmission unit and the communication between them
is realised via a wired connection, particularly a power line communication. Additionally
the master lighting units 21 and substitute master lighting units 22 are equipped with a
transmission unit for wircless connection and the connection o the access network is
realised via the wired connection. Alternatively the master lighting units 21 and substitute
master lighting units 22 are equipped with a transmission unit for long range wired
connection and the connection to the access network is realised via the long range wired
connection, e.g. a fixed communication network. These set-ups have the advantage that

radigtion exposure in the area of the lighting units can be avoided.

According to another embodiment a master lighting unit 21 comprises one ore more
transmission unils, e.g. at least one master lighting unit 21 or each master lighting unit is
equipped with a module for GPRS or/and UMTS transmission. In particular, the master
lighting unit 21 may have one or more different transmission units 6, which may be
managed by the processing unit 3 orfand remotely. At least one slave lighting unit 1 is
equipped with one or more transmission units, e.g. the slave lighting unit 1 is equipped
with a module for WLAN standards such as Zig Bee or/and WiFl transmission and/or other
alternatives, e.g. Bluctooth. An advantage thereof is to provide an efficient long range
communication via the telecommunication technologies esiablished in the area of the
lighting network 20 particularly in order to receive/ send information to the access network

25 and/or the server unit 27. Thus the access to the network 20 via e.g. an internet
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comnection in order to request or provide information, in particular to request internal
control signals 9 or measured ambient parameters & or fo provide overall control
information 28, is realised with a high area coverage. In particolar information can be
requested or provided to the network via a mobile connection such as mobile WiFi, which
is in particular advantageous for additional services such as VoIP (voice over IP) ,
conferencing and other internet bassed services in addition o light services. In order to
gstablish desired security measures, the access to the network 20 via & mobile internet

connection may in particular be controlled by centrally, e.g. by the server unit 27,

In particular the transmission unit 6, which is adapted for wireless transmission, such as a
WiFi component, may comprise a sender ov/and receiver, Additionally the transmission
unit 6 may comprise further elements, such as a router ov/and processor orfand 8 memory
for storing data. This has the advantage, that commercially available fransmission units &

may be used.

Further a high flexibility of the layowt of the network 20, e.g. the positioning of the slave

street lamps, is ensured by using the established short range iransmission standards.

In particnlar if 2 master lighting unit 21 or a slave lighting unit | is equipped with more
than one transmission unit, the latter can be chosen e.g. in regard to the covering of the
area in regard to the respective {ransmission, possible imterferences with other
transmissions that exist in this area or power demand. The transmission module 1o be uged
is in particular activated by using overall control information 28 provided to the master
street lamp 21, The transmission wnits may each be switched offfon based on functional or

customer needs.

For a high flexibility in choosing the most appropriate transmission mode, the master
lighting unit 21 and/or the slave lighting units and/or the substitute master lighting units 22

may be equipped with more than one ransmission module 6,

Alternatively in order to keep the production costs low the master lighting wait 21 and/or
the slave lighting units and/or the substitute master lighting units 22 are squipped with at

{east one trangmission module.
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In particular if a hierarchical structured transmuission such as ZigBes is used, a substitute
master lighting unit 22 may be used as coordinator in case of failure of 3 master lighting

unit,

Thus, the invention also relates to a network, which is — at least partially - connected via a
wired connection for transfer of signals from and to at least one lighting unit and at least
one master lighting unit and/or an access network. This wired connection is particularly
established by using the power line across which the intermal control signals andfor

external countrol signals are sent.
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List of Reference Numbers

Hghting unit

LED

processing unit

ambient sensor

data storage unit
ransmission unit

electrical cirouit

ambieni parameter

internal controf signal

time registration or scheduling device in CPU
tighting element

lighting network

master lighting unit
substitute master Hghting unit
external conirol data
interface

access network

network

server unit

overall control information
ribs

reflector

forwarded external contrel Information
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Claims
{ighting unit {1, 21, 22) comprising
a} alighting element {11} comprising af least one LED (2);

b} a processing unit (3) for controlling the light intensity of the at least one LED

2%

¢} an ambient sensor (4} for measwring at least one ambient parameter (8) within a

predetermined range of the Hghting wnit (1, 21, 22),

d} 8 data storage unit (§) containing at least ome light intensity value for a

predetermined period of time connected with a time value;
g} atime regisiration device {16} for providing a time value;
wherein the processing unit (3} is adapted such that

- one of the at least one light intensity values is chosen depending on the

provided time value and

- the light intensity is controlled on basis of the chosen Hght inlensity value and

the at least one measured ambient parameter (8).

Lighting unit {1, 21, 22) according to claim 1 further comprising a transmission

unit {6} for receiving andfor sending data.

Lighting unit (1, 21, 22} according to claim 1 or 2 wherein the ambient parameter

{8} is used for an open loop control or a closed loop control of the light intensity,

Lighting unit (I, 21, 22} according fo any of the previous claims wherein the
ambient sensor (4} is 2 movement detector for detecting a movement within g
predetermined range of the lighting onit {1} or/and a detector for measuring the
light mtensity of the at least one LED (2} or/and the lighting element (11} at a

predetermined position.



10

-
(¥ 4]

WO 2010/142764 PCT/EP2010/058151

0,

il

13

4.

23
Lighting unit {1, 21, 22) according to any of the previous claims wherein the
processing unit {3) provides an internal control signal (9} 1o an electrical circuit {7}
for controlling the light intensity of the lighting element {(11) or/and the at least one

LED (2), wherein the internal control signal (9} {s bit angle modulated.

Lighting unit {3, 21, 22} according to any of the claims 1 to 5 wherein the

transmission unit is adapted for wireless andfor wired transmission.

Lighting unit {1, 21, 22} according to claim &, wherein the Hghting onit is adapted

for power line communication as wired transmission.

Lighting wnit (1, 21, 22} according to amy of the previous claims, wherein the
ambient sensor (4} or/and the processing unit {3) comprises a metering device for
measuring a current provided to the lighting unit {1, 21, 22) ot/ and a power

consumnption of the hghting unit (1, 21, 22}

Lighting unit {1, 21, 22) according to claim §, further comprising a counter, which

is positioned along the connection o a power supply.

Lighting wnit {1, 21, 22} according to claims § or 9, the metering device being

adapted for a remote read-out,

Lighting unit {1, 21, 22} according to any of the previous claims, wherein the

ambient sensor {4) is at least partially integrated in the processing unit {3}

Lighting wnit {3, 21, 22} asccording to any of the previous claims, further

comprising a reflector unit {30} with a reflector for each LED (2) or group of LEDs
{2

Lighting unit (1, 21, 22} sccording to claim 12, wherein at least a part of the
ambient sensor {4} or fand at least a part of at least one further sensor i3 integrated
in the reflector unit (30), in particular a sensor for measuring a light intensity of a

LED (2) or group of LEDs (2).

Lighting network (20} comprising at least two lighting units {1, 21, 22) according

to any of the previous claims 2 to 13, wherein
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- data are transferrable between the at least two lighting units {1, 21, 22) by use

of the transnission units {6} and

- one of the at least two lighting units (1, 21, 22} is adapted as master lighting
unit (21} providing external control data (23} for controlling the light intensity
to the other of the at least two lighting units (1, 21, 22) adapied as slave lighting
unit {1);

Lighting network {20} according to claim 14 wherein the transmission unit (6) and

the processing unit {3} of the master lighting unit (21) is adapted such that

- at least one ambient parameter {¥) from at least one slave lighting wnit (1} is

received:
- extemnal control data (23) are created; and
- external control data (23) are sent to the at least one slave lighting unit (1}

Lighting network {20) according io claim 14 or 15 wherein the processor unit {8) of

the at least one master Hghting unit {21) is adapted such that

- external control data (23} are created by using an ambient parameter or/and

using overall control information (28).

Lighting network (20} according to any of the previous claims 14 to 16 wherein the
fighting network (20} comprises a ring of lighting units (1, 21, 22) and wherein data
are transferrable from a lighting unit {3, 21, 22} to a2 nsighboured lighting unit {1,
21, 22).

Lighting network {20) according to any of the previgus clalms 14 to 17 wherein at
feast one substitute master lighting wnit (22) is provided which acts as slave lighting
unit {1} as long as the onginal master lighting unit (21) works and which acts as

master Hghting onit if the original master lighting (21) wnit fails,

Lighting network {20} according to any of the previous claims 14 to 18 wherein the
at least one master lighting unit (21) further comprises an imterface (24) for
accessing an access network (25}, particularly a web interface for an internet

network.
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Lighting network {20} according to any of the previous claims 14 o 19, wherein
the processing unit {8) of the at least one slave lighting unit {1, 22} is adapted such
that external control data (23) provided by the master lighting unit (21} are stored in

the data storage unit {5} of the at least one slave lighting unit (1,22}

Network (26) comprising a lighting network (20) according to any of the previous
claims 14 to 20, an access network (25) and a server unit {27), wherein data are
transferred between the lighting network (20) and the server unit (237} via the at

least one master lighting unit (21} and the access network {25},

Network (26) according to claim 21, wherein overasll control information (28) for
controlling the light intensity of & light network (20} is transmitted from a web

server unit {27} via the interniet to the at least one master lighting unit (21).

. Network {26} according to claims 21 or 22, wherein the at least one slave lighting

unit (1} is provided with a transmission unit {6) for either wired or wireless
transmission and the master Hghting unit (21) 1s provided with a transmission unit

{6} for either the other of wireless or wired transmission.

Network (26) according to claims 21 or 22, wherein the at least one slave lighting
unit {1} is provided with a transmission unit {8} for either wireless or wired
transtission and the master hghting vnit (21) is provided with a transmission unit

{(6) adapted for wireless and wired transmission.

. Network (26} according to any of the claims 21 or 22, wherein the slave lighting

unit (1) and the master lighting unit (21} are equipped with a tfransmission unit {6)

for wireless orfand wired transmission.

26, Network (26) according to any of the claims 21 to 23, wherein the at least one slave

Hghting unit {1} ot/ and the at least one master lighting unit (21} or/ and the at least
one substitute master Hghting unit (22) is provided with one or more fransmission

umnis {8}

. Network (26} according to claim 26, wherein the at least one master lighting unit

{21} and/or the at least one substituie slave hghting unit (22} 1s provided with a
fransmission unit (6} for UMTS orfand GPRS and WLAN transmission, in

particular ZigBee orfand WiFL
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28. Network (28} according to claim 26 or 27, wherein the at least one slave lighting
unit {1} is provided with a transmission wt (6) for WLAN {ransmission, in

particular for ZigBee or/and WiFi orfand alternatives.

38 Network (26) according to any of the claims 26 to 28, wherein at least one
transmnission unit {8}, in particuler a transmission unit (6} for WLAN transmission,
ig used Ruother for at least one internet service, in particular voice over IP or

conferencing,

3. Method for controlling the light intensity of a lighting network comprising at least
one master lighting unit (21) and a¢ least one slave lighting unit (1) comprising the

following steps:

providing overall control information (28) in a server unit (27

- transmitting said overall control information (28) to the at least one master

fighting unit (1}

- creating external control data (23) in the at least one master lighting unit 21} or

iocal control device using the overall control information (28}

- transmifting external control data (23) from the at least one master lighting unit

(21) to at least one slave lighting unit (1).
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