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(57) Abstract: The invention relates to a lighting unit

(1) for illuminating an interior comprising a housing
/ (13) with a bottom side (2) and a top side (3), a direct
illumination lighting element (4) arranged at the bot-
tom side with at least one warm light LED unit (8)
providing white light with a first colour temperature
and at least one cold light LED unit (9) providing
white light with a second colour temperature, an indi-
rect illumination lighting element (5) arranged at the
top side comprising at least a first LED (10) and a
second LED (16) having different colours and at least
one amber coloured LED (11), a connection element
for connecting the lighting unit to a control unit.
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Lighting unit, lighting network and method for lighting an interior

The invention relates to a Hghting unit for illuminating an interior, a network thersof and a

method for lighting an interior using at least one lighting unit.

An effective bi-functional lighting unit provides light for working snd other conditions in
addition to light for situation dependent ilhumination of interiors. These lighting units creating
the required light for a certain task on the one hand and a comfortable atmosphere on the other
hand are currently discussed. In relation to effectiveness the use of LEDs (light emitiing

diodes) provides the possibility of a reduction of the power consumption.

it is therefore an object of the invention to provide a possibility for illuminating an interior

effectively and situation dependent without a high power consumption.

This object is achieved by what is disclosed in the independent claims. In particular,
according to the invention the power consumption and maintenance cost are reduced while

increasing comfort, life time and functionalities.
Preferred embodiments are:

A lighting unit for illuminating an imerior, which comprises a housing with a side, the
predominant divection of which is towards the bottom and & fop side, the predominant
direction of which is towards not the bottom, i.e. the top or ceiling of an interior or the side
walls of an interior. For providing a direct illumination, a direct llumination lighting element
is arranged at the bottom side. Preferably, by the direct {llumination element illumination is
provided predominantly without any previous reflections at elements external to the iighting

unit inside the interior.

The direct illumination lghting element comprises at least one warm light LED unit, from
which Hght with a warm colour temperature, preferably in the range between 1,500 and 3,500
Kelvin is emitted. Further, the direct illumination lghting slement comprises at least one cold
light LED unit from which light with a temperature above 3,500 Kelvin is emitted. The LED

unit may comprise one or more LED contained in one or more housings.
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A direct illumination lighting element is e.g. used to provide a working light at a desk. By
mixing the light from the warm light LED unit and the cold Light LED unit the desired colour

temperature can be achieved in addition to sefting a desived intensity.

Further, ai the top side an indirect Hlumination lighting element 1s provided from which light
iz emitted towards the ceiling or side walls in order to illuminate the interior as 8 whele.

Preferably this is achieved by at least one reflection of the emitted light e.g. at the ceiling.

The LED light is a focused light and using only one sided light for the desk would provide a
perfect working Hight but feaves the rest of the room in a darker situation than consumers are
used to have which also causes problems with cleaning processes for buildings. With this
combination of upper and lower light highest working light quality for the desk is achieved

and the necessary room lightning is provided, so that additional light systems are not required.

The indirect ilflumination lghting element comprises at least a first LED and at least second
LED, which have different colowrs so that particularly a white colour can be produced.
Further, the indirect illumination lighting element comprises at least one amber coloured LED
in order to provide a natural colour in the interior as far as possible. Preferably, the first and
the at least second LED may be contained together with the amber coloured LED in one
common housing. Thus due to the small distances a geod mixing can be achieved. Further,

less space is required for the accommodation of the varicus LEDs.

Further, a connection slement is provided for connecting the Hghting unit to 8 control unit 7.
This connection element may provide a wired connection or a wireless connection between

lighting unit and eontrof unit.

Particularly, for a wired conmection the control data can be transformed directly over the
existing current cables. This allows using an already fixed netwerk infrastructure, which is
available anyway at the lighting units as power has to be provided. According to an
advantagecus embodiment the control unit is positioned outside a housing of the lighting unit
and the wired connection from the lighting unit to the contro! unit is realised by the power
cable. Such systems would allow the central management of various light systems from a
central control point in the building or be integrated in other existing building control

systems.
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The lighting unit provides an effective illumination of a room in the sense that e.g. working
light on the one hand and an overall ilumination of a room on the other hand can be provided
with a satisfving consumption of power, considersble production costs, a wide range of

possibilities to adapt 1 requirements of different wnteriors, and a long hifetime,

According to an advantageous embodiment the lighting unit further compnises a control onit
by which the light intensity of the lighting unit is cootrolled. The control umt may be
positioned inside the lighting unit, e.g. in or at the housing or, in the case of suepended lamps,
at a point where the lighting unit is fixed at the ceiling or af a position at the cable providing

elecirical current to the Hghting unit.

Preferably, the conirol unit conirols the light intensity of the lighting unit by providing an
internal control signal to the direct or indivect illumination element from which i is
transmitied to a subunit such as warm light LED unit, cold light LED unit, first LED, second
LED or amber LED. Alternatively or additionally, the control signal is directly provided to
gach of these LEDs or LED units. This allows an accurate confrol of brightness or intensity or

fight colour.

The bi-functional lighting unit offers all possible settings for different light situations which
can be pre-defined based on customer needs or be adjusted in real time. One pre-defined
setting as “standard” condition may be provided for. This would in this case be the setting
used when turning on the light switch, The standard condition can be re-defined by customers
at any time and allows the usage of the lighting network comprising the highting units like all
existing systems by simply turning on and off the power switch in the wall. The lighting
network does not require any additional ingtallation works on the wall and will simply replace

any existing lights connected with power cables.

For this control the lighting unit may be equipped with an electrical circult, which provides in
response to the internal control signal an adequate e.g. driving current. There may be provided

one common electrical circuit for all LEDs or LED units.

Alternatively, a separate electrical cireuit may be provided for individual LEDs or group of
LEDs,

ILEDS.0018
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Instead o additionally to a wireless connection the connection element may provide a
transnussion interface for a connsction to a DALT bus system or any other digital addressable

lighting interface, across which the light intensity can be controlled.

According to further embodiments the connection element is either adapted for wireless or
wired transmission or both. Particularly, for a wired transmission a power line communication

might be used, where control signals are transferred across the power line.

According to another advantageous embodiment the lighling unit further comprises 8
movement detector which provides s signal to the connection element if a movement within &
predetermined range of the lighting unit, e.g. 2 delection cone of the movement detector, a
light cone defined by the lighting unit, is detected. This allows a fiwther reduction of the
energy consumption in that the light is switched off if no movement is detected or if is
switched between different dimuming levels. By placing a3 movement detector in or at the
lighting unit, the movement is measured basically at the same position where the light is
emitted. Thus, the measurement has a high relevance for controlling the light intensity.
Further, a threshold may be applied to the movement detector, thus that e.g. {lving insects or
movement of curtains do not lead to the movement detector providing an output signal or that

the output signal is not transmitted further, e.g. from the connection element or control unit.

Additionally, it allows a coordinated setting of intensity of at least two lighting units, if the
movement detected by at least one lighting unit is commuunicated o the at least other lighting
unit by use of the connection element. This information may be communicated either directly
between the lighting units or via a central master control unit. The central master control umt

may be a separate unit or part of a lighting unit, e.g. contained in its control unit.

A further advantageous embodiment 18 a lighting network comprising at least two hghting
units which are controiled by a master control unit which sends an external control signal to at
least one of the control units. Such a lighting network can be used to create a predetermined

illumination for an interior by seiting brightness and/or the temperature to a desired value.

The external control signal is preferably transmitted directly from the master control unit to

the at least two lighting units. This allows a fast control,

{LEDS D016
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Alternatively, the externally control signal is transmitted from the master control unit to a
neighboured lighting unit and there from to the next nsighboured lighting unit. This allows in
the case of wircless transmission a further reduction of sending power, In the case of wired
fransmission, 8 simple protocol can be used without excessive overhead data defining the
modus of the transmission, L.e the data to be transferved are essentially the load data used for
the control. The wired transmission of the external control signal can be particularly via the

power line,

Thus in general, the external control signal may be transmitted either wireless or wire-bound.
For special applications a parallel iransmission via a wireless connection and via a wired
connection is desirable. A wire-bound transmission of the control signal can be realised

particularly across the power lines, thus using already existing transmission structures.

According to another embodiment an external control signal may be provided to the control
unit of a lighting unit which then provides an internal control signal to at least one of direct
orfand indirect Hhumination Hghting clement or Individual or groups of LEDs, such as first
LED, at least second LED and amber LED, Thus the light intensity and light temperature for

the direct illumination lighting element can be set on basis of the internal control signal.
The internal control signal may be transmitted either wirelessly or wire-bound.

Further, the colour of the indirect illumination lighting element can be adjusted by adjusting
the intensity of the first LED, second LED and/or amber LED separately. Thereby, also the
brightness of fight emitted by the indireet tllumination may be adjusted together with the

colour.

According to ancther embodiment an overall control signal may be provided to a master
control unit, which containg information on the oversll illumination of an infenor, eg. a
lighting scenario such as conference or deskiop work. In the master control unit then an
external control signal is created by using this overall condrol signal and the external control

signal is provided to at least one of the lighting units.

According to another smbodiment the internal control signal or the extemsal control signal is
created wsing in addition or only the movement detector signal, such that an interior is

tlluminated only when actually a person is inside the interior.,

ILEDS.0016
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Advantageous embodiments are described in the dependent claims.

Further aspects and advantages of the invention are disclosed in relation with the

accompanying drawings of which show:

Figure I an individual lighting unit;

Figure 2: a lighting network comprising several lighting units;
Figure 3: a processing of a movement detector signal;

Figure 4: an embodiment of a lighting unit as a suspended lamp;
Figure & a cross section of the lighting unit of Figure 4,

Figure 6: a top view on an smbodiment of a bottom side PCB| and

Figure 7: a top view on a top side PUB 30,

In Figure 1 a lighting unit 1 is depicted which is formed as a suspended lamp fixed on a
ceiling. A housing 13 of the lighting unit | has a botiom side 2 directing towards the floor of

an interior and a top side 3 directing towards the ceiling of an interior,

Alternatively the lighting unit | may be formed as a lamp standing on a surface. In particular
the suspended lamp of Figure 4 may be equipped with a foot element on one end, which can
be placed on a surface. Thus one side corresponding to a top side 3 of the lamp may be
directed towards a wall of the interior, the other side corresponding to the bottom side may be

directed towards the interior.

Due 1o the setup of the lighting unit 1 orfand the form of the housing 13 the bottom side and
the top side are defined such that the predominant direction is top or bottom, but parts of the
side may be directed under an angle alpha in relation to the vertical line 17, thus that also light

is not only emitted in vertical divection, even if a spreading of light cones {5 neglected.

According to another embodiment, not shown, the bottom side is defined by the direction,
where a direct iBumination is to be achieved and the fop side by the direction where no direct
illumination is to be achisved. This may e.g. reguired for concert halls, where the orchestra is

positioned at some elevated position.

ILEDS.M016
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On the bottom side 2 a direct illumination lighting element 4 is positioned. This direct
Hlumination lighting clement 4 may be positioned at one or various distinet areas or may be
distriputed over the whole botiom side. The design of the direct illumination lighting clement
4 depends on the desired purpose, e.g. whether a desk is to be illuminated for computer work

or e.g. a larger conference room is o be illuminated for a roseting.

Further, an indirect illumination lighting element 5 is positioned on the top side 3 of the
Hghting unit !, The indirect illumination lighting olement § may be postiioned at one or
various distinct positions or be distributed over the whole top side. The design of the indirect
illumination lighting slement depends on the desired illumination, e.g. brightness, the size and
also the form of the interior. The latter influences the way the hight is reflected. Therefore
according to an advantageous embodiment at least the indirect illumination lighting element §
is formed such, that a major part of the emitted light hits the ceiling of side walls in a

predetermined angle, preferably perpendicularly.

Further, a connection element & is provided for establishing a connection between the lighting
unit 1 and a control unit 7. The connection element is preferably a wireless sending and

transmitting unit or & wired conpection.

According to a further embodiment for a wired connection the connection element is adapted
for power line communication, Thus a wired connection is established to the power line cable

and the conirol signals are sent across the power line cable,

According to a further advanfageous embodiment the connection element & provides a

conmnection to the control unit 7 of another lighting unit 1 or a central control unit.

The wireless transmission unil is & transmission unit which works in the vegime around
2.4 GHz and vses an encryption of at least § bit. Alternatively, other frequency bands are used
which are suitable in respect o range, interferences, allowed frequency bands and radiation

EXPOSUEES.

According to another embodiment a transmission wnit for wired transmission is particularly

adapted for & power line transmission.

ILEDR.OGIS
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According to a further embodiment the transmission unit is adapted for wireless and wired
transmission. This allows a high flexibility in regard to the swrroundings the light unit 1 is

used,

Further, the hghting unit comprises a not shown electrical cireuit for driving the LEDs or
groups of LEDs. This circuit is designed to ron alternatively on etther DC or AC power, In
case of AC power input the circuit includes an AC-DC converter following by a constant
current source which can comprise an electronic component for controlling the operating
current of a LED or a group of LEDs by using & signal with bit angle modulation other than
the pulse width modulation. This signal is e.g. the internal control signal. In case of DC power
inpat the AC-DC converter will be by-passed. This enables the light units to be able to use
hoth DC and AC power for example by using solar andfor wind power in pavallel w0 the

generally AC network.

It is possible that AC power is not needed at all when lighting units are planned to run on DC
power networks. In this case there will be no need for the AC-DC converter. The solar or

wind power plant may be positioned at the cutside of the intenior, e.g. a roof.

In this cagse according to an embodiment wherein the transmission umit is suited for wired

transmission the DC power lines might be used for transmission of control signals.

When using bit angle modulation, the LED is driven by a pulse irain 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 s effectively
allocated a fixed range of phase angles within the drive cycle. The advantage of it angle
modulation is a simple implementation, and, as the drive signal is a 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 an advantageous embodiment a bit angle modulated internal control signal is
provided to one or meore electrical circuits which provides in response therson a driving

current 10 one or more LEDs.

The control unit 7 provides internal control signals 14 to a warm light LED unit § and a cold

light LED unit 9 or the at least one electrical circuit for providing their driving current. The

ILEDS.0016
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conirol unit is, as depicted in Figure 1, positioned within the housing 13 of the lighting unit 1.

The connection element 6 provides then a wired connection o the control unit 7.

Alternatively, the control unit 7 is positioned at the fixing point 18, where the lighting unit 1
is suspended at the ceiling. In this case, the connection element 6 may either provide a wired

connection 1o the control unit 7 or transmit a signal to the control unit 7 wirelessly.

According to another embodiment, the control unit 7 is positioned at a predetermined position
inside or cutside the exterior. This allows a control of llumination e.g. from a central position

for ssveral rooms.

The warm light LED unit 8 comprises at least one LED providing a warm light, preferably
corresponding 1o 8 temperature range between sbout 1500 and sbhout 3500 Kelvin, Further,
the direct illumination lighting element 4 comprises a cold light LED unit 9 with at least one

LED providing cold light that is preferably in a temperature range above about 3500 Kelvin,

According to an embodiment, the warm light LED unit 8 comprises at least one blue LED,
which is covered with a coloured element having a colour in the orange or red range. For the
cold light LED unit § at least one blue LED is used, which is covered with a ecloured element

in the vellow range.

Alternatively, other luminescent material is used to cover an LED which can excite the

tuminescent material,

On the top side a first LED 10 s positioned as a part of the indirect illumination lighting
element, closely together with at least a second LED 16, Therefore preferably an amay of at
feast two LEDs with colours is formed such that white light can be produced. This may be a
combination of a red, green and blue LED or a combination of 2 blue and yellow LED. By the
use of a combination of a red, green and blue LED, different colowrs can be produced

dependent on the situation for which the {llumination is desired.

In addition, an amber coloured LED 11, possibly as a2 part of a multicolowr LED 10, is
positioned on the top side. As amber is the predominant colour of the human skin, by using
amber, that is a colour between yellow and orange, the room tHurination may be defined as

comfortable and showing the people in an approximately natural light.

ILEDR.G014
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The LEDs of the warm light LED unit 8, the cold light LED unit §, the first LED 10 and the
arnber LED 11 may be put into separate glass, plastic or other transparent housings. This

allows 1o use cheap custom LEDs, so that the whole lighting unit 1 can be produced cheaply.

Abhermnatively, two or more LEDs may be pit into 2 common housing, so that so called
multicolour LEDs are formed. Thas, the various LED chips are contained in one component
50 that on the one hand less space i3 needed on a printed circuit board, and on the other hand a
very good mixing of various colowrs can be achieved. Particularly a red, green and blue LED

may be contained in 8 common housing.

Additionally, a movement detector 12 may be instalied on the bottom side 2 of the lighting
unit 1, If a mevement is determined within the sensitive area of the movernent detector, e.g. a
predetermined cone extending from the liphting wait 1, a movement detector signal 15 is

provided to the control unit 7 via the connection slement & or directly.

An internal control signal 14 for controlling the brightness of the illomination provided by the

lighting urit may be sent either via the connection element 6§ or directly to at least one or all

 of the following: the warm light LED unit 8, cold Bght LED unit ¥, fust LED 10 and amber

LED 11. Thus, a desired brightness and colour of the iHhumination can be achieved.

The first LED 10 may therefore comprise at least a second LED 16, e.g. in that the at least
first LED 10 is formed by an LED group or array comprising several LEDs. Partionlarly, the
first LED 10 18 a blue LED and the second LED is a yellow LED. Alternatively the at least
first LED} 10 and at least second LED 16 may be formed by a group of at least one red, green
and blue LED. Further, the above set-ups with blue and vellow LEDs and red, green and blue
LED may be used both for the indirect illumination unit, e.g. alternating. Thus the lighting
unii can be optimised in regard to s function, e.g. achicvable brighiness, colours, life time

ete, and costs.

In Figure 2 a lighting network 20 is depicied which comprises several lighting units 1, The
control umit 7 is positioned either inside of the housing 13 of a lighting unit 1, at the fixing
point 18 of a lighting unit 1 or at & position in between, e.g. along the cable for providing
electrical power to the lighting unil. The connection element 6, which is not depicted in
Figure 2, is adapted either for wireless transmission, so that signals ave transferred wirelessly

hetween the connection element 6 and the controel unit 7. This allows to position the control

ILEDS.0016
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units arbitranily or user-defined. Alternatively or additionally the connection eclement 6 are
adapted for wired transmission. Then power line communication can be used for transmifting
control signals, which is particularly advantageous, if the control unit 7 is positioned along the

power line,

An external control signal 23 for setting the light to a required value for a predetermined
scenario, such as meeting, press conference, presentation, computer work, or cleaning the
computer, is ransmitted from a master control unit 21 to each lighting unit 1, e.g. to the
connection unit 6, where it is received and further transferred to the control unit 7. Thus, the

light intensity of each lighting unit 1 can be adapted to the required value.
The external conirol signal 23 may be transmitted across a wired connection or wireless.

According to an embodiment the power line is used as wired connection and the external

control signal 23 is transferred across the power ling,

According to ancther embodiment the external control signal is transmitted to at least one

control unit by using a WLAN technology.

The master control unit may be a mobile remote control unit or fixed at a certain position, e.g.
at a wall of the interior, or being realised by €.z, a web server which accesses one or more
lighting units e.g. via the internet as access network, Alternatively, a fixed or mobile master

conirol unit may be accessed via the internet by 2 web server.

The external control signal 23 may therefore contain information on the brightness or light
intensity of each LED or group of LEDs. According to an embodiment this is realised by
prescribing the driving current for a LED or group of LEDs. Alternalively or additionally the
external control signal may contain information on the brightness or light intensity or colour
direct lighting element 4 or indirect lighting element 5. The control unit 7 of each lighting unit

may then assign the individual values for a LED or group of LEDs,

The transmission of the external control signal 23 can be either performed in a wired or a
wireless mode. The master control unit 21 may be positioned at a ceniral position inside the
interior, e.g. given at a switch unit positioned at an extry or at a switch unit also used for other

purposes such a3 teleconference ete., or outside, e.g. at a contrel room.

ILEDS.0018
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An overall control signal 22, defining the light situation, such as a press conference,
discussion, meeting, presentation, computer work or cleaning, is provided as the overall
control signal 22 to the master control unit 21 which then splits the information such that each
lamp or lighting unit adapts the required infensity and colour such that as a whole, in the
interior, the desired lighting situation is created. This overall control signal may be provided
by a control program, user input or e.g. by a web server or other remote conidrol entity, e.g. by
using & transmission over the internet. In general, also the overall control signal may be
transmitied in 8 wired or wireless mode. According to an embodiment, for the wired

trangmission power line communication is used.

Further in the master conirol unit 21 the external control signal 23 may be created on basis of
the overall control signal 22, Therefore, the master control unit may use also further
information, such as time or already existing brightness, e.g. due to sunshine, in the room o
be illuminated. Alternatively or additionally the master control unit may use movement

information as set out helow:

The master control unit 21 orfand at least one of the lighting units 1 is connected to the
movement detector 12, The movement detector signal 15, see Figwee 3, may be combined in

the master control unit 21 in order to adapt the extersal control signal 23

Alternatively, the movement detector signal 1S may be combined in a lighting unit 1 with the
internal control signal 14 such that the intensity or/and colowr of the llumination is changed
when a person 24 enters the detection cone 25 of a movement detector 12 positioned inorat a

Highting unit 1

Alternatively or additionally, a movement detector 12 in the master control unit 21 may
provide a movement detector signal 15 if a person enters the predetermined range defined by
the movement detector 12 and, thus, modify the external control signal 23 such that e.g. all
lighting units 1 are switched on, or switched from a power safe mode, where the light is
completely switched off or remains at a certain dimming level, to a full llumination mode or

a brighter dimming level, e.g. when a person enters a room.

Thus the lighting units 7 or control entities in a network 20 of lighting units 1 include
additional optional intelligence based on movement sensors which may be used to evaluale

the real required light intensity.

ILEDS.0018
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In Figwre 4 another embodiment of the lighting unit 1 is depicted which is also formed as a
suspended lamp. In Figure § a cross section of the embodiment of the Hghting unit ¥ depicted
in Figure 4 is shown. A top side PCB (printed circuit board 50} is arranged within & top side
reflector element 31. On the top side PCB 50 the LED or LED arrays forming the indirect
iHumination lighting element 5 are placed. At the bottom side 2 a bottom side PCB 52 is
placed within a bottom side reflector element 53, Further, protection elements 54 are

provided, which can additionally be used for defusing the light of the LEDs.

At the bottom side 2 further 2 movement detector 12 is placed, preferably jnside the botiom
side reflector element 53, Thus the detecting cone of the movement detector 12 can basically

coincide with the highting cone of the direct illumdanation element.

The movement detector 12 detects a movement and provides this information as movement
detector signal 15 to the control unit 7. The control wmit 7 provides an internal control signal
14 to the individual or group of LEDs placed on the PCB boards, see also Figure 1. This can
be realised by providing the internal conirol signal to an electrical circuit externally or
internally in regard to the LED or group of LEDs or LED unit, The electrical circuit then
provides a corresponding driving current or driving voltage to the LED or group of LEDs or
LED unit. The control unit 7 can be formed by separated sub units, e.g. of which one controls

the direct ilumination slement 4, the other one the indirect iHhwmination element §,

Also in this embodiment the divect illumination lighting element 4 comprises a profection
slement 54, a warm light LED unit 8 and a cold light LED unit 9 placed on a bottem side
PCB board 52

The indirect illumination lighting element 5§ comprises a protection element 54, a multicolour

first LED 10 placed on a top side PCB 50 and a top side reflector element 51.

The connection element 6 is placed on a position where a good reception of external signals is

ensured and short transmission paths to the control unit 7 can be ensured.

in Figure § the bottorn side PCB 52 is depicted. In an alternating manner, warm light LED
units 8 and cold light LED units 9 comprising sach at least one LED are arranged on the
hottom side PCB 32, Thus, a desired overall colour of light from the direct illumination

fighting element 4 can be achieved.
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Alternatively the amangement of the LED uniis may be differently, e.g. areas on which
predominantly warm light LED units § arranged and those with predominantly cold light LED

units &,

The bottom side PCB board 52 may comprise several individual PCB boards, which are

connected to each other.

For connecting the individual PCBs with each other a PCB connector 55 is provided at an end
of an individual PCB board. Further, & cable connector 56 is provided for establishing
electrical connections between the individual PCB boards or to a component outside the PCB
board. Preferably, the electrical connection between the individual PCB boards is established
by the PCB connector 53, too, so that at least a part of the cable connector 56 is integrated in a

PCB connector 55,

In Figure 7 the top side PCB 30 is depicted. Each of the first LEDs 10 is a LED combination
of a red, preen and blue LED.  Added to this combination is an amber coloured LED 11,
gither separately or within the same housing. These LED groups are arranged turned in
respect to each other in order o achieve 3 more conform illumination of the interior with a
commeon mixed colour. Again, the top side PCB 50 may comprise several elements, which are

connected to each other by PCR connectors 53,

A security device 57 is provided in order to compensate 8 failure of one or more LEDYs in
order to keep the lighting unit in function, when one or more of the LED is broken. Further,
an array of resistors S8 is provided to adapt the top side PCB 50 or/and the bottom side PCB
51 for a position in the left side, the middle left side, the middle right side or the right side of

the lighting unit. Holes 59 are provided 1o fix a PUB with screws or rivets in the lighting unit.
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List of reference numbers

1 lighting unit

2 bottom side

3 topside

4 direct iHomination lighting element
5 indirect  illumination lighting

element

6 connection clement

7 control unit

& warm light LED unit

9 cold light LED unit

10 multicolour LED (red, green, blue)
i1 amber LED

12 movement detector

i3 housing

14 imternal control signal

15 movement detector signal
16 second LED

17 vertical

18 fixing poim

20 lighting network

21 master control unit
22 overall control signal
23 extemal control signal

24 person

[
A

detection cone

top side PCB

top side reflector clement
52 bottom side PCB

33 bottom side reflector element

0 I ]
(T

34 protection elements
S5 PCB connector

36 cable conn ector

57 securit v device

38 a reay of remistors
39 holes
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Lighting unit (1} for tlluminating an interior comprising
- a housing {13} with a bottom side (2} and a top side (3}

~  adirect llumination lighting element (4} arranged at the bottom side (2) with at
jeast one warm light LED unit (8) providing white light with a first colour
temperature and at least one cold light LED unit {9} providing white light with

a second colour temperature;

- an indirect illumination lighting element (5) arranged at the top side (3}
comprising at least a first LED (10} and 2 second LED (16} having different

colours and at jeast one amber coloured LED (11}

~ & connecHon element (6) for connecting the lighiing unit (1) to a control unit

Q)

Lighting unit {1} according to claim I, further comprising & control unit (7} for

controlling the light intensity of the lighting unit (1},

Lighting unit (1} according to claim 2 wherein the control unit {7} is adapied such
that for controlling the light intensity of the lighting unit (I} an internal control
signal (i4) is provided for sefting the light intensity of at lsast ome of direct
Humination element (43, warm light LED unit (8}, cold light LED unit (9}, indirect
illumination element (5), first LED (10}, second LED (16} and amber LED (11}

Lighting unit {1} according to any of the previous claims wherein the connection
slement (6) is a tansmission interface for wireless transmission and/or wired

fransmission.

Lighting unit {1} according to claim 4 wherein the connection element (6} is a
fransmission interface for wired transmission for a comnection to a DALI bus

system.

Lighting unit {1} according to claim 4, wherein the transmission interface is

adapted for wired {ransmission via a power line.
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Lighting umit {1} according to any of the previous claims further comprising a
movement detector {12} for detecting 2 movement within a predetermined range of
the Lighting unit (1) which provides a8 movement detector signal (15} to the

connection clement (6).

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

{1} is fixed at a certain position, particularly as a suspended lamp,

Lighting unit {1} according to claim 7, wherein the control wmit {7} is positionad

inside or cutside the housing (13},

Lighting unit (1) according to any of the previous claims, wherein the lighting uatt

{1} comprises a foot element for placing the lighting unit (1) on a surface.

Lighting network (20) comprising at least two lighting units (1} according to any of
the previous claims and a master control unit (21} for providing an external control

gignal (23) to at least one of the control units (7).

. Lighting network {20} according to ¢laim 11, wherein the connection element (6} is

adapted for wired, particularly power line communication ov/and communication

across a DALY Interface, andfor wireless transmission.

Lighting network according to claims 11 or 12, whersin the exiernal control signal
{23) is transmitted via a wired connection, particularly a power line conpection,

from the master control unit (21} to at least one of the contro} units (7).

Lighting network sccording to claims 11 or 12, wherein the extemal control signal
{23} is transmitted in & wircless mode from the master control unit (21} to at least

one of the control units (7).

Method for lighting an interior using at least one Hghting unit (1) according o any
of the claims 2 to 10 or a lighting network {20) according to any of the claims 11 to

14 comprising the following steps:

- providing an external control signal {23} to the control unit (7);

ILEDR.G016
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- providing the internal contrel signal {14} from the control unit {7) to the direct
Humination lighting element {(4) and/or the indirect ilhwmination lghting

element {5);

- sefting a light intensity and a light {emperature for the direct illumination

5 fighting element {4) on the basis of the internal control signal (14);

- setting the colour of the indirect illumination lighting element {5} by adjusting
the mtensity of at least one of fist LED {10) and second LED (16) and by
adjusting the intensity of the amber LED (11}

16. Method according to claim 15, comprising the further steps:

10 ~  providing an overall control signal {22) containing information on a lighting

scenario;

- creating an exiernal control signal (23} in the master control wet (21) on basis

of said overall control signal (22).

17. Method according to any of the previcus claims 15 or 16 comprising the further

5 steps:
- receiving a movement detector signal (15

- ¢reating an internal control signal (14) or an external control signal (23) using

the movement detector signal.
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