® O

Octrooicentrum ™ 2009458
Nederland
(2C OCTROOI
Aanvraagnummer: 2009458 @) IntCl:
HO05B 33/08 (2006.01)

Aanvraag ingediend: 13.09.2012

® ® 6

Aanvraag gepubliceerd:

Octrooi verleend:
18.03.2014

Octrooischrift uitgegeven:
26.03.2014

Octrooihouder(s):
EldoLAB Holding B.V. te Eindhoven.

Uitvinder(s):
Marc Saes te EINDHOVEN.
Petrus Johannes Maria Welten te OSS.

Gemachtigde:
Ir. H.V. Mertens c.s. te Rijswijk.

® 6

LED fixture and LED lighting arrangement comprising such LED fixture.

An LED fixture comprises:

- at least one LED;

- an electrical power terminal, electrically
connected to the LED, the electrical power
terminal for electrically connecting the LED to an
LED driver,

- a storage device for storing data in relation to the
LED, and

- a data processing device, electrically connected
to the storage device for storing data in the
storage device and reading data therefrom, the
data processing device being arranged and
connected for providing data communication via
at least one of the electrical power terminal and
the LED.
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Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.



10

15

20

25

30

P31333NLO0/HSE

LED fixture and LED lighting arrangement comprising such LED fixture.

FIELD OF THE INVENTION

The invention relates to an LED fixture and a LED lighting arrangement comprising
such LED fixture.

BACKGROUND OF THE INVENTION

In general, LED based lighting applications are powered from a lighting grid via a so-
called LED driver or ballast. Such an LED driver or ballast can e.g. comprise a Buck or Boost
power converter or the like.
LED based lighting applications often comprise a plurality of LED fixture (or LED engine)
which can be independently controlled or adjusted by a user (via one or more user
interfaces). Therefore, LED based lighting applications may, in general, comprise a plurality of
LED drivers or ballasts for powering the plurality of LED fixtures. Typically, an LED driver for
powering an LED fixture may comprise a power converter (converting an input power such as
obtained from a mains supply to an output power suitable for powering the LED fixture) and a
control unit for controlling the power converter. As an example, the control unit can e.g.
control an output characteristic of the power converter (e.g. a current level of the output
power) based on an input signal received from a user interface.

As LED fixtures in general allow for a variety of illumination parameters to be adjusted,
a (digital) communication system is often provided between the plurality of LED drivers and
user interfaces. Examples of such systems can e.g. comprise communication busses using
DALI or 1-10V protocols. As such, an LED based lighting application can in general comprise
a plurality of LED fixtures, which can e.g. be powered by a plurality of LED drivers (e.g.
connectable to a mains power supply), and one or more user interfaces, the LED drivers
and/or LED fixtures and user interfaces being connected by a communication bus such as a
DALI communication bus. The communication between the various components connected to
the communication bus can e.g. be controlled by a (master) control unit connected to the bus.
Such a master control unit, such as a DALI master may also be used to configure the lighting
application.

The LED fixture may be exchangeable and form a separate module that may be
connected to the LED driver. Such exchangeability may provide a problem with reproducibility

of intensities, colors and other characteristics of the lighting application as a whole. For
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example neighboring fixtures may have aged and have lower intensity at nominal current than

the exchanged fixture

SUMMARY OF THE INVENTION

It would be desirable to enhance a functionality of the LED fixture.

Accordingly, according to an aspect of the invention, there is provided an LED fixture
comprising:

- at least one LED;

- an electrical power terminal, electrically connected to the LED, the electrical power terminal
for electrically connecting the LED to an LED driver,

- a storage device for storing data in relation to the LED, and

- a data processing device, electrically connected to the storage device for storing data in the
storage device and reading data therefrom, the data processing device being arranged and
connected for providing data communication via at least one of the electrical power terminal
and the LED.

The LED fixture may hence provide additional functionality based on the ability to store data
(exemplary embodiments will be provided below) an/or to enable communication. Additional
electrical connections (for example between the LED fixture and the driver) may be avoided,
thereby enabling compatibility with existing solutions. For data communication, use may thus
be made of elements that are already available in the LED fixture, namely the connection to
the driver via which the driver drives the LED, and/or via a driving of the LED, which may for
example provide signaling to the user, or data modulated onto the LED light output, which
may be detected and demodulated by a corresponding receiver. Hence, the LED fixture may
provide additional functionality (e.g logging data, storing data, detecting error conditions or
defects, and communicate in relation thereto, substantially without adding additional
interfaces for communication, as the communication takes place via the existing connection
with the driver and/or optically via the LED. The data in relation to the LED may comprise
The data in relation to the LED, as stored in the storage device may comprise any data
having a relation to the LED, such as LED configuration data, LED operating data, examples
of which will be provided in this document.

The storage device may comprise any type of data storage device, such as a digital
memory (e.g. a RAM memory, a programmable ROM memory, etc.). The data processing
device may comprise any type of data processing device, such as a microcontroller,
microprocessor, or any other programmable device, such as an FPGA, PLD, etc. The data

processing device and memory may form separate items, however may also be integrated
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into a single electronic device. The LED or LEDs of the fixture may for example comprise one
or more separate LEDs or a plurality of LEDs on a same substrate. The LEDs, the memory
and/or processing device may be integrated, e.g. on a single substrate, so as to form a single
unit. The electrical power terminal (which may also be referred to as an electrical power
contact, electrical contact or a driver interface) may comprise a single electrical contact (such
as a pin, socket, connector, SMD connection, or a plug in type, a soldered type, etc. ) or a
plurality of such electrical contacts. The LED fixture may also be referred to in this document
as an LED unit, LED module, LED lighting module, etc. The LED fixture forms an electronic
circuit, the data processing device being connected into this circuit in such a way that the data
processing device is able to communicate (e.g. communicate with the driver, communicate
with an external device, provide an indication to an operator) via the electrical power terminal,
i.e. the interface of the LED fixture towards the LED driver and/or via the LED. The data
processing device may thereto be connected, e.g. by means of an electric switch, controllable
current source, etc., to for example change an LED current, bridge an LED, switch a terminal
of the electrical power terminal, or any other suitable circuit connection. The data
communication may be one directional, i.e. sending or receiving, or bi-directional.

In an embodiment, the data processing device is electrically connected to the electrical
power terminal and being arranged for communication with the driver via the electrical power
terminal. Thereby, data communication with the LED driver is provided without requiring
additional electrical connections between the LED fixture and the driver.

In an embodiment, the data processing device is arranged for sending data to the LED
driver by:

- detecting a LED driver output voltage decrease; and

- sending the data to the LED driver by modulating an impedance of the electrical power
terminal when an LED driver output voltage decrease has been observed.

The LED fixture may thus send data to the driver at the moment when a driving pulse by the
driver has ended, which may be detected by the data processing device by detecting when an
output voltage of for example an output capacitor of the driver decays.

Some possibilities for receiving by, the LED fixture, data from the driver, are provided
below

In an embodiment, the data processing device is arranged for receiving data from the
LED driver by
- detecting a magnitude of an LED driver current as provided by the LED driver,

- comparing the magnitude of the detected LED driver current with a value expressing a
nominal LED driver current;
- deriving a data bit from the detected LED driver current substantially matching, subceeding

or exceeding the nominal maximum current.
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A deviation from the nominal current may hence be applied by the driver to form a bit value.
For example, the data processing device may be arranged for determining the data bit value
from whether or not the detected LED driver current exceeds the nominal maximum current,
whereby the exceeding or not exceeding is translated into a 0 or 1 bit value. Alternatively, the
data processing device is arranged for determining the data bit value from whether or not the
detected LED driver current substantially matches the nominal maximum current, whereby
the matching or not matching is translated into a 0 or 1 bit value. A pattern of e.g. alternatingly
too low and too high LED drive current may be applied, so as to keep the LED driver current
value in average at its nominal level, hence having less or no effect on average light output.
Alternatively, the data processing device may be arranged for determining a value in bits from
a deviation of the LED drive current from its nominal value. The processing device may
compare the LED drive current to predefined ranges and determine the bit value from the
comparison.

In a further embodiment, the data processing device is arranged for receiving data from
the LED driver by:

- detecting the LED driver output voltage;

- detecting if the LED driver output voltage is in a voltage range above zero and below an
LED forward ON voltage;

- comparing, when the LED driver voltage has been detected to be in the voltage range, the
LED driver voltage to a threshold, and deriving a data bit from the exceeding or not exceeding
of the threshold.

In a still further embodiment, the data processing device is arranged for receiving data
from the LED driver by:

- detecting the LED driver output voltage

- determining a polarity of the LED driver output voltage

- deriving data from the LED driver output voltage if the polarity is inverse to a forward LED
driving voltage.

In order to enable the data processing device of the LED fixture to control a LED light
output, in an embodiment, the data processing device is in a circuit connection with the LED
for controlling a light output of the LED. In order to change the LED light output, the LED
fixture may comprise a switch, connected in series with the LED, a control input of the switch
being electrically connected to the data processing device for enabling the data processing
device to control the switch.

Alternatively, the LED fixture may transmit data to the LED driver (for example via the
electrical power terminal) so as to instruct the LED driver to provide the desired LED driving
to achieve the desired LED light output. In an embodiment, the data processing device is

arranged to provide optical data transmission by the LED fixture by:
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sending an instruction signal via the electrical power terminal to the driver, the instruction
signal to make the driver drive the LED accordingly to optically transmit the data.

Generally, the control by the data processing device of the LED light output may be
used either to allow the processing device to adapt a setting of a light intensity (for example to
compensate for aging of the LED) or to allow the LED fixture itself to set the light output, for
example to provide signaling, e.g. an optical signaling of an error condition, end of life, etc.

In an embodiment, the data processing device is arranged to provide optical data
transmission (i.e. optical communication) by the LED fixture by:

- powering and depowering the LED from the electrical power terminal so as to make the LED
optically transmit the data accordingly.

Optically receiving data may be performed by the LED fixture comprising a photo
amplifier having an output thereof electrically connected to an input of the data processing
device. The photo amplifier may be formed by the LED (acting as a photodiode) and an
electronic amplifier having an input thereof connected to the LED, so as to use the LED as a
photodiode.

The optical data transmission may be applied for different uses, as will be described in
this document. In an embodiment, the data processing device is arranged for activating the
LED in case a predetermined operating condition is established, so as to allow to signal the
predetermined operating condition, for example to a user.

In an embodiment, the data processing device is arranged for storing an accumulated
operating time of the LED fixture in the storage device, the data processing device being
arranged for generating an end of life signal using the accumulated operating time. Hence,
the operating condition of end of life of the LED fixture may be signaled. The data processing
device may be arranged for transmitting the end of life signal by activating the LED (e.g. pulse
wise powering the LED from the power provided by the drive at to the electrical power
terminal, so as to e.g. provide signaling pulses, e.g. pulse wise activating a red LED of the
fixture for signalling). The data processing device may in an embodiment be arranged for:

- connecting for a signaling time period by means of the switch the LED to a supply for
generating a signaling optical pulse.

In order to signal a possible defect by having exceeded a safe operating region, in an
embodiment, the data processing device is arranged for:

- detecting an operating parameter of the LED

- comparing the detected operating parameter to a safe operating rating; and

- disconnecting the LED from the electrical power terminal in case a safe operating rating is
exceeded. The operating parameter may comprise at least one of. LED temperature, LED
current, LED voltage, LED power, LED current as a function of temperature. Furthermore, the

operating parameter may comprise at least one of an accumulated number of power-ups, an
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occurrence of error conditions, an occurrence of LED driver changes, the processing device
being arranged for storing the operating parameter (or a derivative thereof) in the storage
device.

In an embodiment, the data processing device is arranged for gathering and storing in
the storage device at least one of LED operating voltage data, LED operating current data,
LED operating temperature data, LED optical output data, LED position data, audio data,
video data and for deriving a control signal from the stored data.

In an embodiment, the data processing device is arranged for controlling at least one of
a LED intensity and LED color or other LED fixture output characteristic (such as controlling a
heat sinking by a cooler, driving an actuator for controlling a position and/or direction of a light
bundle emitted by the fixture, providing an optical filter in an optical beam of at least one LED
of the fixture, etc.) using the data stored in the storage device. For example an intensity
correction over a lifetime of the LED may be performed thereby, Thereto, in an embodiment,
the data processing device is arranged for controlling the LED intensity using the operating
parameter as stored in the storage device, the operating parameter preferably comprising the
accumulated operating time of the LED. The LEDs may be controlled such as to dim an
intensity thereof when new, and gradually reduce the dimming when the LEDs age.

In order to take account of an intensity level when determining the operating time, in an
embodiment, the processing device is arranged for determining an accumulated operating
time of the LED, detecting a dimming level of the LED and correcting the accumulated
operating time for the dimming level. As a possible alternative, the processing device is
arranged for adding a number of LED current drive pulses provided to the LED, and for
determining an accumulated operating time of the LED from the accumulated number of LED
drive pulses. The processing device may be arranged for determining the accumulated
operating time per LED group of the LED fixture.

A defective LED may be detected, for example from an operating voltage thereof not
matching an operating voltage the LED would have when working properly, and once the
broken LED is detected, appropriate actions may be taken by the fixture. For example,the
data processing device may be arranged for detecting if an LED of the fixture is defective,
and for controlling the LED intensity on the basis thereof. Also, the data processing device
may be arranged for detecting if an LED of the fixture is defective (e.g. provides a short
circuit) , and for de-activating the defective LED on the basis thereof.

In a further embodiment, the processing device is arranged to read from the memory
device an identification of the LED fixture, and to transmit the identification via at least one of
the electrical power terminal and the LED. The identification of the LED fixture may hence be

stored and read out, e.g. automatically. The identification may comprise at least one of LED
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fixture manufacturer identification, LED fixture model name/type identification, LED fixture
serial number, LED fixture configuration data.

In an embodiment, the data processing device is arranged for sending data to the
driver in response to receiving from the driver a polling signal, so as to for example allow the
LED fixtures to work in a slave mode under control of the LED driver acting as a master..

The data processing device may be arranged for sending in response to receiving the
polling signal, a response signal for indicating to the LED driver that the LED fixture has an
event to report, the data processing device further being arranged to send data to the LED
driver concerning the event, in response to receiving from the LED driver a message
comprising an identifier of the LED fixture. The communication of the LED driver and the LED
fixture or devices may be arranged in an alternating fashion, the LED driver, operating as
master, can provide a polling signal to the lighting devices (operating as slaves) whereupon
the lighting devices can send a response signal in order to inform the LED driver whether or
not the lighting devices have an event to report; such event e.g. corresponding to the
provision of data, such as control signal based on configuration data or operating data. The
An effect of providing a polling signal (by the LED driver) and a response signal (by any of the
LED fixtures) may be that the amount of power needed to perform the polling may be
minimalized. Further, when the polling signal is not followed by a response signal, the data
processing device of the LED driver does need not start the query because there is no event
to report. This has been found to be particularly useful since minimizing power is needed to
achieve the very strict standby or low power requirements of the lighting industry. The
avoidance of unnecessary data traffic may also be particularly useful since the bandwidth of
the communication between driver and LED fixture can be low, i.e. down to 1 bit per light
modulation period which can subceed 100 bit per second.

The data processing device may be arranged to synchronize an operation of the LED
fixture with a rate of the polling signal received. In an embodiment, the polling signal is
provided by the LED driver at a predetermined rate. This rate can e.g. be related to a refresh
rate of set-points of an output characteristic of the LED fixture or, via the driver, to some
external rate such as the image capturing rate of a camera. The polling signal may be applied
by the LED fixture for synchronization as well. As such, in case the LED fixture comprises a
sensor, the sensing by the sensor of e.g. an ambient condition or a characteristic of the LED
fixture takes place in synchronism with the polling signal. By doing so, one can ensure that,
assuming the output characteristics of the LED fixture are refreshed at the same rate, an
output characteristic of the LED fixture is not altered during a sensing operation of for

example a sensor.



10

15

20

25

30

35

-8-

According to an aspect of the invention, there is provided an LED lighting arrangement
comprising
- an LED fixture according to the invention, and
- an LED driver for driving the LED fixture.
The same or similar effects as may be achieved with the LED fixture according to an
embodiment of the invention may also be achieved with the LED lighting arrangement

according to the invention. Also, the same or similar preferred embodiments may be provided.

The above and other aspects of the invention will be further explained with reference to the
appended drawing and corresponding description, showing non-limiting embodiments,

wherein;

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 schematically depicts a circuit diagram of an LED fixture in accordance with an
embodiment of the invention;

Figure 2 schematically depicts a block diagram of series connected LED fixtures in
accordance with figure 1;

Figure 3 schematically depicts a circuit diagram of a part of an alternative embodiment of the
LED fixture in accordance with figure 1;

Figure 4 schematically depicts a circuit diagram of another LED fixture in accordance with an
embodiment of the invention; and

Figure 5 schematically depicts a block diagram of a lighting arrangement in accordance with

an embodiment of the invention.

Throughout the figures, the same or similar reference numerals refer to the same or similar

items.

DETAILED DESCRIPTION of EMBODIMENTS

In accordance with an aspect of the invention, an LED-module (i.e. an LED fixture) may
comprise a chip that may measure and log LED-module relevant (internal and/or external
[when measurable]) data into a memory area within that chip.

When the LED module is sent back to a manufacturer because of problems, the manufacturer
can perform an analysis on the data in the memory part of the chip and can judge if there are

grounds to perform the repair for money instead of under warranty, or to learn under what
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type of circumstances or with what type of driving their LED-modules fail and subsequently
improve the design of the LED-module(s).
The LED fixture may also communicate with the LED driver during the normal operational

mode (that is giving light of certain intensity/color; dimming ; shows; ....).

Note that LED-modules are often used with a socketing system such that the LED-module
can be easily exchanged by pulling it from its socket and inserting another LED-module. This
gives the opportunity to place the data processing device and storage device in the socket
and/or in the actual LED-module. For some functions, placing it in the socket may be
advantageous. There may be N sockets in a system with 0 to M LED-modules devices in
them.
The combination of a storage device and data processing device may also be used in another
lighting related object, such as an occupancy sensor, an actuator, etc. Note that these
sensors can either be connected directly to the LED-fixture, or that they can be separate
nodes in a network etc. Examples are:

- occupancy sensor

- temperature sensor,

- fan,

- etc.

The combination of data processing device and storage device may thus also be installed into
a module that has no direct lighting element for radiating light (i.e. a sensor module, a fan, a
positioning actuator) or mixed forms such as LED-modules having a fan or other type of
cooling element, having internal or externally connected sensors and actuators.

The communication between a LED module and its controlling or connecting environment

(driver, analysis environment, socket), can be electrical, optical, capacitive, inductive, RF etc.

The data processing device and memory may allow the fixture to measure quantities, log
quantities, communicate off-line with an analysis environment. The measured quantities may
be internal to the module, or quantities may be measured from I/O connections on the module
(f.e. for sensors and actuators, where quantities may for example comprise time, voltages,
currents, temperatures, optical quantities, audio quantities, video quantities, positional
quantities (position, speed, acceleration, jerk, linear as well as angular, or derivatives such as
vibration and shock), trends in these quantities, etc. The communication can be any known

communication (wired/protocols; optical, RF; chemical; via movement; etc.)
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In an embodiment the LED fixture according to the invention may also send messages to the
user by coding the light it produces, for example it may control the RED LED to flash when
the guaranteed life time of the LED-module has been reached or when a protection limit has
been exceeded (i.e. temperature or current , etc.)

In an embodiment, the fixture will be able to perform functions using one or more of the
measured quantities as input and producing one or more results, where one or more of the
said results are logged into the memory

In an embodiment, the results of the said functions can also be used to control internal and
external quantities, i.e. the intensity of light, the balance between a warm white and a cold
white LED group, etc.

In an embodiment the fixture may also communicate on-line with suitable drivers, as
described in more detail elsewhere in this document. In an embodiment the method (protocol)
for on-line communication with the driver and off-line communication are the same. Same
protocol may provide the least HW overhead and/or product family members. Different
protocols may be applied also.

In an embodiment the communication via light can be bi-directional, i.e. enabled by a
photodiode[ needs reverse bias and strong light (laser?) ] in the LED-module, or by using
one of the LED’s as a photodiode.

The functions available for bidirectional lighting communication can be the same as all other
communication between the LED-module and other objects/users (such as driver/analysis
environment etc.).

In an embodiment, the LED-module has multiple LED-groups. Each group may have its own
data processing device and storage device. LEDs in a group can be switched in series or in

parallel. Any mix is possible.

A bidirectional data communication over the LED power lines, i.e. between the LED driver

and the LED fixture, via the electrical power terminal, is described below.

As the LED power lines are used, there may be a dependency between the data
communication and the power delivery from driver to LED-unit. As the power delivery to the
LED-unit can be done in different modes, the data communication may need more modes
also. Below first the possible methods of data communication are given in the power delivery
mode of “0% to 100% pulse code modulation”. The data communication during the existence
of other power delivery modes is given afterwards so that it can refer to principles discussed
next.

a. From LED-fixture (i.e. LED unit) to driver:
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At the end of a power pulse: lower current/voltage a fixed step with a steep slope
f.e. from 100% to 80%.

After a fixed short period after event i. stop driving said power pulse from the driver
(recessive on capacitor voltage). Then the voltage on the output capacitor will start
decreasing from 80% down to 0 according to an exponential curve.

The LED-unit’s controller will detect the negative slope from say 100% to 80% and
wait the said fixed period.

After said wait time in iii., the LED-unit may short the LED power lines or not.
When shorting, this can be given the significance of a 1 bit, when not shorting the
significance of a ‘0’-bit.

The control unit in the driver detects the different curves after event ii. One curve
form will be the standard exponential curve when the LED-unit does not short, f.e.
conforming to a ‘0’-bit. The other curve-form will exhibit a sudden steep negative
edge due to the shorting by the LED-unit, f.e. conforming to a ‘1’-bit. In this way,
the driver’s control unit can receive the data from the LED-unit.

There are several ways the driver’s control-unit can detect the difference between
the 2 curve form. These are for example, but not limited to these:

a. placing a threshold detection at a fixed time after the stopping of the power
pulse where with 1 curve the curve-amplitude is higher than the threshold
and with the other curve, the threshold is lower.

b. Calculating a moving average of the slope of the curve and placing a
threshold on this slope value for detection of the difference between the two
curve-forms. The threshold can be dynamically adjusted depending on the
slope value to compensate for the exponential curve form. When the slope
stays close to the predicted value, the LED-unit did not short the LED power
lines. When the slope suddenly has a higher absolute value, the LED-unit did
short the LED power lines.

In this way 1 bit per power pulse can be transferred. Note also that there must be
at least 1 period within the total LED control period T (e.g. lasting 3.3ms) that the
value of the current to the LED-unit is at its low level and at least 1 period within
said period T where it is at its high level, in order to have at least 1 event of
stopping the power to the LEDs and thus at least 1 communication opportunity per
period T. The raw data rate with this method will therefore be 1/T bit/second or

higher when communicating on every pulse within the period.

From driver to LED-unit

In one embodiment, the current dimming technique (having multiple levels of

current through which duty cycling between 2 values of current amplitude become
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possible) is used to make the current amplitude 1 step higher than the nominal
level on a high power pulse to signal the LED-unit that a new period T has started.
For example, the amplitude of the current to the LED-unit on the concerned
channel may be raised from 100% to 110%.

The LED-unit will detect this higher level with a peak-detector either directly
measuring the current or measuring a derivative value, f.e. a voltage.

Because of the use of the peak-detector:

1. The 110% period can be short, thus not giving a noticeable visual effect (or
it can be compensated by lowering a further part of a power pulse from f.e.
100% to 90%).

2. Enables the LED-unit to be relative slow to detect the peak value stored in
the peak detector.

3. Enables the control-unit in the driver to be relatively slow and use hardly
any of the processor’s performance for creating the peak value.
Performance for an immediately following communication is not needed,
thus enabling the driver to use all its resources for light modulation (such
as dimming).

After having detected the peak, the LED-unit can sync its time-base to the period T
of the driver.

At a fixed time ts within period T, the LED-unit can reset its peak-detector and start
waiting for a second peak value of 110% in the period until T ends.

At a fixed time which is slightly larger than ts, the driver may raise the amplitude of
the current a second time within period T to communicate f.e. a ‘1’ bit to the LED-
unit, or it cannot raise the current a second time, to communicate f.e. a ‘0’ bit to
the LED-unit.

The LED-unit will either detect a second peak within T or not, thus receiving a ‘1’-
or a ‘0’-bit.

In an embodiment, the driver may send current pulses that cause a voltage
amplitude at the connected one or more LEDs that is lower than the Vf of the said
connected LEDs such that said LEDs do not radiate light. In this way
communication between driver and LED-unit can take place in any no-light period
during modulation or any reserved no-light period during communication.

With respect to viii even the low voltage used may cause the said LEDs to radiate
some light because of the LEDs U-I curve in combination with the LEDs I-radiation
transfer curve. To prevent that a circuit with a transistor can be used to short

circuit the LED at voltages or currents lower than a threshold that lies above the
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voltage/current used for data communication but lower than the voltages/currents
used for lighting.

The LED-unit would need to have a threshold detector between 0V and the
current/voltage level used for data communication to receive the bits, and a
threshold detector above the current/voltage level used for data communication to
detect the difference between lighting pulses and data communication pulses.
Having the basic ability to send 0 and 1 values to the LED-unit, any serial data
communication protocol can be used to communicate between driver and LED-
unit. For example, a start-code could be used to signal the start of a data frame
and an end-code to stop the datagram. This can be augmented with a frame check
sequence and agreements on the data contents. In this way, messages can be
distributed over multiple dark periods in the light. When the driver always has a
minimum of 1 or more dark periods a minimum data rate is always possible. A very

efficient protocol would diminish the minimally needed dark period percentage.

In an embodiment, the driver may communicate to the LED-unit by using pulses
that are inverse (i.e. polarity reversed) to the lighting pulses. An advantage of this
method is that the LEDs will not radiate during data communication because they
are reverse biased. The opposite direction may be detected by the LED-unit which
may thus distinguish data communication form lighting pulses. Extra hardware
may be needed to use this method. This extra hardware can be added in different
embodiments. F.e. a simple diode with a high break-down voltage can be used to
protect the LEDs. In another embodiment, 2 anti-series zener diodes can be

placed across the LEDs to protect them.

In an embodiment, data can be communicated by using 3 levels of pulse
amplitudes by the driver where the LED-unit judges each pulse to have the
nominal amplitude or not. When nominal this indicates i.e. a ‘0’ bit, when at the
level above nominal or at the level below nominal, a ‘1’ bit is communicated. The
driver could keep the average light output substantially constant over a longer time
period by using the lower than nominal amplitude when the average light output is
higher than targeted by the modulation and by using the higher than nominal
amplitude when the average light output is lower than targeted by the modulation.
When at 100% modulation, this would mean that only 1 bit per T can be
communicated with 1 bits that would be alternately at the higher than nominal
value or at the lower than nominal value. At 0% modulation, no communication

would be possible unless either the switching off to 0% is done by the LED-unit on
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command of the driver (the driver itself would stay at minimal contrast to be able to
communicate to the LED-unit), or one could use 3 amplitudes of the pulses that
are below the LEDs Vf threshold where light is being radiated.

2. A possible protection of the LED-unit’'s LED chains in case of a reverse polarity is

described below.

a. A series FET can be connected in series with the series chain of LEDs in the
typically targeted LED-unit.
b. This enables functionality such as:
i. start-up EOL indication
Based on the LED-unit counting the total amount of time that the
LED unit was in use, it can signal it has reached the end of its
guaranteed lifetime by flashing one of the LEDs, f.e. the red one.
C. This provides active protection against:
i. too high temperatures
ii. too high Iforward
iii. too high dissipation (the time integral of the forward current
over a certain time period)
iv. too high or too low other critical values, such as Vforward.

3. Some possible functions of the LED-unit’s LED chains in case of a reverse polarity is

described below.

a. Across the power bus, functional co-operation between the driver and the
LED-Unit can be done. Part of this functionality can be standardized either as
part of the LEDcode-3 bus standard or as an extra layer on top of that.

b. Below a number of functions will be detailed. Some functions can be carried
out independently by the LED-unit with or without status reading and/or
supervisory control by the driver, or stand-alone by the driver or as a co-
operation between the 2. More functions than the ones mentioned are

possible.

3A.  Some possible LED-unit stand-alone functions (with or without the driver

monitoring or controlling at a higher level) are described below.



10

15

20

25

30

35

10.

-15-

Hour counting (as a basis for f.e. aging-compensation or EOL indication. Details
explained there. Other applications may also need this basic function, therefore
mentioned as a separate function.).
Start-Up EOL indication
Based on ‘the LED-unit counting the total amount of time that the LED unit was in
use’, it can signal it has reached the end of its guaranteed lifetime by flashing one of
the LEDs, f.e. the red one.
In an embodiment the driver can request whether or not the preset lifetime has
been exceeded from the LED-unit.
Maximum temperature detection and/or throttling and/or shut-down etc.
In an embodiment, the driver can request whether or not the maximum
temperature is reached or has ever been reached, or whether throttling is active or
has aver been active and how many hours throttling has been on, etcetera.
Maximum |-forward detection/protection.
Maximum V-forward detection/protection.
Surpassing maximum power of the LED-unit, or of the maximum power set by a
regulatory institution directly in the driver (see IPOxx) with details such as how often,
how long per event, how long averaged, date/time of occurrence, and any other
detail related to the event or the conditions in which the event took place.
Measuring |-forward as a function of temperature
Measuring Vf and determine LED temperature or LED-unit temperature from that.
Event statistics. Several events such as power-up, mode changes, errors occurring,
risky conditions occurring, driver change etc. can be counted and stored for later
factory return or other analysis, f.e. during an RMA process. Details stored per event
can be from the ID of the event and a flag remembering whether or not the event
has occurred since the last “history-reset”.
Controlling light color (light temperature) using series FETs to direct current into a
cold-white chain or in a warm-white chain or any balance between the 2. Similar can
be done with more colors.
a. The light color can be made dependent on time of day, ambient light, hours
counting, occupancy sensor (i.e. PIR switch), switches or other U-I/F controls
b. a possible method of dimming:

a) First channel 2 100% and channel 1 dimmed

b) Also dim channel 2 at lower intensity.

c) balance (warm-white vs cold-white f.e.) setting in factory

(factory calibration)

d) balance setting with LED driver.
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Dim over life (dim when LED-unit is young [aka initial dimming] and diminish
dimming over time to a) compensate for aging, b) calibrate the module to the
specified factory output level for the module-type or ¢) compensate for broken down
LEDs). The LED-unit dims in this case! Not only the driver. Can only be done with
drivers that are compatible with the dimming method of the LED-unit (f.e. the serial
FET in the LED-channels).

Serial number. The storage device can be programmed with the serial number of the

LED-module at the factory. This enables relation of all data stored in the storage
device to its production history (batch, component origine, etc.). This may pinpoint
issues in the factory or with suppliers that can subsequently be improved upon.
Defective LED detection or —compensation. When an LED is broken, it typically
shorts. Through the measurement of the Vf of this specific LED or of the total Vf of
the chain/channel the LED is part of or of the increased If at nominal supply voltage,
etc., the data processing device can detect this failure. The data processing device
can either communicate this at RMA time, or via lighting signals (flashes according
to some code), or to the driver, or the data processing device could compensate for
the situation by dimming less [see Dim over Life stand-alone function].

Make LED-module “Dim over Life” percentage dependent on the actual forward
current versus the nominal current.

Some LED-Modules already use a zener-diode or alike device to keep the current
running even when the LED they are in parallel to is an “open connection” due to a
failing LED. Adjust %dim to compensate for that. The shorting can also be done
using an active component such as an FET controlled by the data processing
device.

Reserve LEDs or chains of LEDs can be switched on to compensate for failing
LEDs/channels.

Transmit the EOL condition invisibly via the radiated light i.e. by performing invisible
modulation (amplitude or hidden in the edges of the light-pulses, etc.).

. A separate LED can be used that transmits invisible light for communicating towards

the outside world.

Transmit the type or serial number or ID or long address or short addres etc. of the
module via light to aid in the installation purposes (in case the LED-module is
connected to a driver inable to communicate with the LED-module; otherwise this
can be requested by the driver).

Module may detect which type of driver is controlling it and may then choose which
functions it activates or not (f.e. the ([in]visible) sending of the ID or alike via light is

not needed when the same info can be requested by the driver.)
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calculations can comprise integrating (or cumulating) functions, f.e. current over time
or alike.

Conditions to measure: If, V£, Ifripple, Vf-ripple, Water, Vibration, Shock, Position,
Angular position 6DOF, height/depth [air pressure measurement], driver type/serno
logging, etc. etc.

Protect against too high values in any of these measured values (i.e. If).

Change intensity and/or color depending on a positional input (position, speed,
acceleration, jerk, angle, rotation, tilt, roll, etc.)

Change intensity and/or color depending on other quantities such as temperature, If,
Vf, other?

Piezo actuator/sensor

Double: warm white/cold white balance (or other colors).

Colorshift (on purpose and/or for compensation)

actuator control: fan, radiation direction, audio (i.e. buzzer), etc.

Double: sensor read-in:

. Dim-range enhancement. Suppose “dumb driver” X can dim from 100% down-to

10%. The LED-Module with data processing device and/or storage device can
enhance this from i.e. 1005 down-to 0.1%. This may be dependent on the driving
method of the driver X

Self-learning.

Log driver (installation)changes. First XXX was my driver, then YYY was my driver,
then ..... ; possibly with time data (data processing device can have an RTC, or just
counts time. May have a memory location to keep absolute time (with a certain
uncertainty depending on the HW and SW implementation)).

Data storage, what is structure of it, what is size of it? With size there are a number

of associated functions, such as setSize(), getSize(), etc.

3B. Some possible Co-operative functions of the LED-unit’s LED chains in case of a reverse

polarity is described below.

> O N -

Store/Read LED-unit Manufacturer ID.
Store/Read LED-unit Model name and/or ID (or Type number)
Store/Read LED-unit serial number

Store/Read LED-unit properties such as:

a. number of channels

b. nominal current [possibly per channel]

¢c. maximum current and/or SOAR data [possibly per channel]
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maximum Vf [possibly per channel]
channel color
amount of LEDs in a channel [possibly per channel]

etc.

5. Store/read/manipulate “trace log”
6. See TEDS (Transducer Embedded Data Sheet) for more functions.

7. Aging Compensation

h.

Aging is the effect that LEDs have a decreasing light output over their lifetime.
Lifetime is measured as the amount of time that the LEDs have been ON at
nominal current.

The LED-unit is the best object to at least store the amount of hours in that a LED-
unit has been on, as the aging. This number will then stay with the LED-unit when
it is connected to a different driver, f.e. because the driver broke down and was
replaced or because the LED-unit was used at a different location (f.e. in stage
applications).

Note that storing aging related figures can also be done outside the LED-unit, such
as in the driver, in a local supervisory control such as a PC, in a file or a database
on that PC, in a remote database, in magnetic, electrical, optical, chemical or other
form, etc.

The measurement of figures related to aging can be from simple to complicated.
In an embodiment, only a general ON/OFF condition is measured, where this
ON/OFF condition is independent of the dimming situation. This means that the
measurement can be severely wrong when the dimming is set at 0%.

In another embodiment, the actual ON period of each supply pulse to each
separate LED is measured and the total amount over the actual lifetime is
accumulated in separate storage locations per channel.

In another embodiment, also the amount of times the LEDs from a channel have
been switched on is counted and stored as well. Any aging effects based on the
amount of actuations may then be compensated for.

With the data thus stored in the storage locations in the LED-unit (or elsewhere), a
compensation of the aging effects can be performed, either by the LED (which
may have some added intelligence), the LED-unit, the driver or any supervisory
controller at any higher hierarchical level, or it can be distributed over these and
other objects so that certain objects perform a certain part of the compensation.
The driver is currently the best object to perform the compensation, so the

remainder of this note will discuss that situation.
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p. Inthe most complicated measurement embodiment mentioned above, the driver

could compensate as follows:

for each channel, for example the Red, Green, Blue and Amber channels,
the externally requested set-point Se is increased with a factor Fo*Ch,
where Ch is the amount of ON time of the channel in question and Fo is
the compensation factor. This is a linear compensation. Note that Fo may
be made dependent on Ch to achieve progressive compensations such as
an exponential one.

for each channel an extra compensation factor can be used, where Se is
increased with a factor Fp*Ns + Fn*Ns, where Ns is the amount of times
the channel has been switched ON and OFF (we abstract from the
situation where these may differ by 1 because the LED has been switched
ON but not yet OFF, by counting only the ON edges), Fp is the
compensation factor for the positive edge and Fn is the compensation
factor for the negative edge. Note that agin, Fp and Fn can be dependent
on Ns as well as other factors such as the average current during the ON
time etc.

In an embodiment, also the |-forward through the LEDs is measured and
stored for usage in the compensation algorithm.

In an embodiment, the I-forward during a particular pulse ON period is first
combined with the ON time period and only the result is stored. This
calculation and storing can be done by the LED-unit which then needs an I-
forward measurement function, an ON-time measurement function (in an
embodiment per channel) and a calculation function. The calculation could
be multiplying using a factor Fc: Che = Ch * Fc, where Che is the effective
amount of Channel ON time in hours and Fc is the current dependent
factor. Fc can hold an offset: Fc = fctoc, where fc is a current depending
factor and oc is a current dependent offset. Several other calculations can
be used, for example involving thresholds.

An advantage of using this more complex form of measurement and
compensation per channel and for multiple channels is, that color shifting
due to aging or difference in aging between the LEDs in the separate color
channels, can be largely prevented.

8. EOL handling
qg.

In an embodiment the manufacturer decides to warn the customer that the
lifetime of an LED-unit has been exceeded by flashing i.e. the red LEDs of
said LED-unit.
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To that end, the manufacturer determines a lifetime for the LED-unit, based
on calculations or factory measurements, and determines a number of
hours that when exceeded by the actual measured lifetime in the LED-unit
leads to the flashing behavior.
In an embodiment, the set of lifetime data stored in the LED-unit is read by
the driver and used by the driver to control the channel of i.e. red channels
to show the flashing behavior.
In another embodiment, the set of lifetime data is sent to a controller at
some hierarchical level above the driver, which may either control the set-
points to the driver to show the flashing behavior, or which may instruct the
driver to control one or more of the channels to show the flashing behavior.
In an embodiment, the driver may hold an internal show generator and the
driver itself or the said controller at some higher hierarchical level may
send or select a show that subsequently shows the desired flashing
behavior.
In an embodiment, the flashing behavior can be coded, either in color orin
timing, to convey more than 1 message to the user.
i. as an example a simple 50% ON, 50% OFF repetitive cycle may
indicate the EOL condition.
ii. in another example, every second the first 400ms can be used for a
flash code. Such a flash code could start with 3 small flashes of
10% of the flash time of 400ms with pauses of 10% between them
and ending with an ON time of 30%, before the wait time of 600ms
starts to complete the second. Different flash codes can be used for
different messages. l.e. a flash code can be used for over-

temperature, over-current, over-voltage, etc.

9. Store driver details in the LED-unit (a.0. for Warranty):
w. Manufacturers typically guarantee their product during a guarantee period.

Most of the times the products proper functioning is not dependent on the
product alone, but also on how the product is installed how the product is
used and in what environment the product is used.

For manufacturers of LED modules, it may be important to know what
drivers have been used to control their LED module as drivers differ in the
way they operate the connected LEDs. Some drivers exhibit higher peak
voltages or currents than others when controlling an LED-unit at the same

externally visible light output.
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y. Inan embodiment, the LED-unit has one or more storage location where
one or more data sets can be stored. Such a data set can be written by a
driver writing i.e. the following data:

i. driver manufacturer id

ii. driverid
iii. first data the driver operated this LED-unit
iv. last data the driver operated this LED-unit

z. In an embodiment each driver uses its own access code to access its own
data-sets. The access code may be judged by the LED-unit in order to
grant access or not to the concerned storage. This is to eliminate the
possibility that other, later connected drivers, destroy the data sets from
previously connected drivers.

aa. LED module manufacturers could then categorize their guarantee period
depending on drivers used.

for example :
i. 30.000 hrs with a typical driver
ii. 50.000 hrs with an LED driver

bb.

10. RMA-support / Warranty

cc. Gathering data from the driver, driver control (max Vf, If , Pled-unit) and
environment (temp, etc.) helps a LED-unit manufacturer to analyze that
data after reading it from the LED-unit.

dd. reading the data from the LED-unit

ee. clear the data in the LED-unit

ff. Service/repair carried out on the LED-unit (Date, who, description)

11. The data processing device and/or memory can hold a model of its composition
and behavior that can be read by the driver and used for subsequent control.
The model can be from 1 single simple information item (i.e. nominal forward
current) to complex models i.e. a model with sub-models for every driving mode
(Analog current, PWM, Hydra, etc) possibly per value of certain conditions such as
temperature, nominal voltage, etc.

12. When serial number is known, the driver may a) control the device according to
data fetched from a network-service (such as a database service) relating to the
device having said serial number, b) store data about the LED-module having said
serial number into a local or remote database, ¢) find the module-type of the

device with said serial number and fetch or store data for that type.
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13. Download data processing device algorithms and configuration data (a.o.
parameters).
14. LED-module category detection (categories f.e.: constant current-compatible /
PWM-compatible /Hydra-compatible, etc.)
Based on the above functions, co-operation- or bus-protocols can be standardized to be able
to connect LED-units of different manufacture to LED drivers of different manufacture. These

protocols together with details on physical and data layers would together form a standard.

4. Some possible embodiments related to LED-modules in series are described below.

In an embodiment, multiple LED-modules can be connected in series to LED drivers.
A command may be provided from driver to module, e.g. a polling command to request the
Led fixture (i.e. Led module) to provide data or to request the LED module to indicate if is has

data to send.

Compare to CAN recessive addressing (zero bits win; so when multiple units answer at the
same time, the one with a 0 in the address at the first differing bit position wins. Similar
principle can be applied here.

DALI method: the fixture chooses initial random number to use as address. The master can
then communicate with each of them separately in 99.99x% of the cases as the addresses
will typically differ (Note the chance on double errors depends also on the amount of nodes in
a system). The master node may assign a short address a.o. for convenience and

performance improvement.

5. Some possible embodiments for power transfer over RF are described below.

The data processing device and memory device may be supplied with power from a

rectified and stabilized signal received via RF over a coil.

In another embodiment the data processing device and memory device is supplied with
electrical power by the LED driver over the LED lines, this may be advantageous in for
example the following 2 cases:

- when the LED-module is continuously driven at such a low intensity that the power
delivered to the LED lines is insufficient to keep the data processing device and
memory alive,

- or, when the periods at which the LED-module is driven via the LED lines are so

sparse in time that the device starves before the next power dot arrives.
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6. Circuit breaker apparatus
An apparatus that can break the current in a series chain of this apparatus together
with 1 or more LED-modules and supplied by a supply, i.e. of the continuous current

type.

In figure 1 a LED-module (i.e. LED fixture) 260 is shown. The 1 or more LEDs 160 are
controlled by applying a current or voltage at electrical power terminals 100 and 110, e.g. by
an LED driver (not depicted in Figure 1). As a result an LED drive current will flow through
LED 160 and impedance 180 either through impedance 190 or through switch 170 when it is
closed.

Device 140 can comprise a memory device (i.e. a storage device) and/or an intelligent device
(i.e. a data processing device) such as an analog circuit, a microcontroller, an FPGA or PLD
etcetera.

In case of a memory device it can be preprogrammed at the factory and/or it can be written to
and read from through a form of communication over the terminals 100 and 110.

In case of an intelligent device, it can measure several internal or external quantities and
store them in internal memory. l.e. it can measure the supply voltage it receives from supply
130. It can measure the approximate Vforward of the LED through impedance 150. In case
impedance 180 is known to 140 and the current through it is measured also, 140 can more
accurately calculate the forward voltage across said LED(s) 160 in case switch 170 is closed.
Controlling switch 170 is performed by device 140 via control line 220. Via switch 200,
controlled by control line 230, device 140 can short circuit the terminals 100, 110.
Furthermore, the voltage across resistor 190 can be used to calculate the current through the
LED in case impedance 180 is zero and the switch is open.

When 140 closes switch 200, current may flow through the LED-module without light being
radiated, so that LED-modules can be connected in series and a following, series connected
LED-module can be powered. Reversed polarity protection is be provided by parallel by
device 210. Device 140 senses its supply voltage, provided at connection 250 by supply 130,
at 240.

Figure 2 depicts such a series connection of LED modules, powered b a common LED
driver via the terminals 100, 110. Applications may further include: the driver may deliver an
effective LED drive current which is transformed by each of the series connected fixtures into
a corresponding LED intensity by an gain (e.g. in lumen per watt) as stored in each of the
series connected LED fixtures. Also, forward voltage correction may be provided by means of
characteristics of the LEDs as stored in each fixture, and a unique identification of each

fixture (e.g. a serial number) may be stored, e.g. for addressing purposes.
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By very fast switching of 170 with a certain balance B between the ON-time and the OFF-time
of 170, the module can dim the light radiated by 160. It depends on the type of driver
connected to 100/110 whether or not this will deliver reliable/predictable light output. With a
driver only delivering a continuous current when switched ON, this type of dimming works.
With complex drivers using a dimming strategy of their own, it is dependent on the
interference between the driver and the fast switching of 170 whether or not the resulting
behavior is as desired. To cope with these different situations, LED-modules could be
designed to fit into certain categories, where each category is optimized to deal with a certain

external behavior of the driver as observable by the LED-module on terminals 100 and 110.

By duplicating the chain 160, 170, 180 delivering a chain A and a chain B, it becomes
possible to control 170A and 170B by the device 140 in such a way that current either flows
through the A chain or through the B chain. When choosing the LEDs 160A to radiate warm
white light and LEDs 160B to radiate cold white light, and by controlling the ON-time of 1
switch which is substantially the OFF-time of the other 170 switch, it is possible to control the
color temperature of the radiated light from the temperature of the cold white LEDs to the
temperature of the warm white LEDs. An alternative embodiment is depicted in Figure 3,
where two parallel LEDs (e.g. a cold white one and a warm white one) are connected parallel
via a switch which alternates between the two LEDs 160A, 160B. An impedance 180 is
connected in series with the switch, having a similar purpose as the impedance 180 in Figure
1.

The device 140 as depicted in Figure 1 may comprise internal sensors, such as supply
voltage, time counting, and/or make use of external signals for sensing, such as the LED
drive voltage in order to determine a voltage level, count a number of pulses, etc.
Furthermore, sensors may be connected to the device 140, such as an acceleration sensor, a
temperature sensor, etc. An example is depicted in Figure 4, where sensors A and S are
depicted.

Figure 5 depicts a LED lighting arrangement (i.e. an LED lighting assembly) comprising LED
driver 300 and LED fixture 260. The LED driver drives the LED fixture via connections 100,
110. Communication (single or b-directional) between the LED driver and the LED fixture is
performed via the lines 100, 110 as described in this document. The LED driver is in this
example be provided with powering via power lines Vsup+, Vsup-. Data communication with
the driver takes place via a network connection NW. The network connection NW on the one

hand provides instructions to the driver for driving the LED fixture and on the other hand
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enables the LED fixture to communicate via the driver with for example a master, show

controller, etc.

Although the LED fixture according to the invention may be arranged for communicating
via the electrical power terminal and/or the LED, a further communication interface may also
be provided in the LED fixture, for example a data communication connection via a separate
data communication terminal, e.g. a network connection, or a capacitive, inductive or optical

connection.

The ability for the LED fixture according to the invention to communicate, e.g. via the
lines with which it in operation is driven by the LED driver, may also be used for service and
repair purposes, e.g. to read out data as stored in the storage device, e.g. data that has been

logged in the storage device, to program the LED fixture, etc.

As required, detailed embodiments of the present invention are disclosed herein;
however, it is to be understood that the disclosed embodiments are merely exemplary of the
invention, which can be embodied in various forms. Therefore, specific structural and
functional details disclosed herein are not to be interpreted as limiting, but merely as a basis
for the claims and as a representative basis for teaching one skilled in the art to variously
employ the present invention in virtually any appropriately detailed structure. Further, the
terms and phrases used herein are not intended to be limiting, but rather, to provide an
understandable description of the invention.

The terms "a" or "an", as used herein, are defined as one or more than one. The term
“plurality”, as used herein, is defined as two or more than two. The term “another”, as used
herein, is defined as at least a second or more. The terms “including and/or having”, as used
herein, are defined as comprising (i.e., open language, not excluding other elements or
steps). Any reference signs in the claims should not be construed as limiting the scope of the
claims or the invention.

The mere fact that certain measures are recited in mutually different dependent claims
does not indicate that a combination of these measures cannot be used to advantage.

The term coupled, as used herein, is defined as connected, although not necessarily
directly, and not necessarily mechanically.

A single processor or other unit may fulfil the functions of several items recited in the

claims.
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CONCLUSIES

1. LED verlichtingseenheid omvattende:

- ten minste een LED,

- een elektrische voedingsaansluiting, elektrisch verbonden met de LED, de elektrische
voedingsaansluiting voor het elektrisch verbinden van de LED met een LED driver,

- een opslaginrichting voor het opslaan van data in relatie tot de LED, en

- een dataverwerkingsinrichting, elektrisch verbonden met de opslaginrichting voor het
opslaan van data in de opslaginrichting en het lezen van data daarvan, waarbij de
dataverwerkingsinrichting is ingericht en verbonden voor het verschaffen van

datacommunicatie via ten minste een van de elektrische voedingsaansluiting en de LED.

2. LED verlichtingseenheid volgens conclusie 1, waarbij de dataverwerkingsinrichting
elektrisch is verbonden met de elektrische voedingsaansluiting en is ingericht voor

communicatie met de driver via de elektrische voedingsaansluiting.

3. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het zenden van data aan de LED driver door:

- het detecteren van een LED driver uitgangsspanningsafname; en

- het zenden van de data aan de LED driver door het moduleren van een impedantie van de
elektrische voedingsaansluiting wanneer een LED driver uitgangsspanningsafname is

waargenomen.

4. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het ontvangen van data van de LED driver door
- het detecteren van een grootte van een LED driverstroom zoals verschaft door de LED
driver;

- het vergelijken van de grootte van de gedetecteerd LED driverstroom met een waarde die
een nominale LED driverstroom weergeeft;

- het afleiden van een databit uit of de gedetecteerde LED driverstroom in hoofdzaak

overeenkomt met, kleiner is dan of groter is dan de nominale maximale stroom.

5. LED verlichtingseenheid volgens conclusie 4, waarbij de dataverwerkingsinrichting is
ingericht voor het bepalen van de databit waarde uit of de gedetecteerde LED driverstroom

groter is dan de nominale maximale stroom of niet.
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6. LED verlichtingseenheid volgens conclusie 4, waarbij de dataverwerkingsinrichting is
ingericht voor het bepalen van de databit waarde uit of de gedetecteerde LED driverstroom

in hoofdzaak overeenstemt met de nominale maximale stroom of niet.

7. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het ontvangen van data van de LED driver door:
- het detecteren van de LED driver uitgangsspanning;

- het detecteren of de LED driver uitgangsspanning in een spanningsbereik is boven nul en
onder een LED voorwaartse AAN spanning;

- het vergelijken, wanneer de LED driverspanning is gedetecteerd als zijnde in het
spanningsbereik, van de LED driverspanning met een drempel, en het afleiden van een

databit uit het al dan niet overschrijden van de drempel.

8. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het ontvangen van data van de LED driver door:
- het detecteren van de LED driver uitgangsspanning;

- het bepalen van een polariteit van de LED driver uitgangsspanning;

- het afleiden van data van de LED driver uitgangsspanning wanneer de polariteit

omgekeerd is aan een voorwaartse LED aanstuurspanning.

9. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting in een verbinding is met de LED voor het besturen van een licht

hoeveelheid van de LED.

10. LED verlichtingseenheid conclusie 9, verder omvattende een schakelaar welke in serie
schakeling met de LED verbonden is, waarbij een besturingsingang van de schakelaar
elektrisch is verbonden met de dataverwerkingsinrichting voor het mogelijk maken dat de

dataverwerkingsinrichting de schakelaar bestuurt.

11. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het verschaffen van optische datatransmissie
door het LED verlichtingseenheid door:

- het zenden van een instructiesignaal via de elektrische voedingsaansluiting aan de driver,
waarbij het instructiesignaal ervoor zorgt dat de driver de LED overeenkomstig aanstuurt

voor het optisch verzenden van de data.
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12. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het verschaffen van optische datatransmissie
door het LED verlichtingseenheid door:

- het voeden en uitschakelen van de LED vanuit de elektrische voedingsaansluiting om

ervoor te zorgen dat de LED de data in overeenkomstig optisch verzend.

13. LED verlichtingseenheid volgens een van de voorgaande conclusies, omvattende een
fotoversterker met een uitgang daarvan die elektrisch is verbonden met een ingang van de

dataverwerkingsinrichting.

14. LED verlichtingseenheid volgens conclusie 13, waarbij de fotoversterker wordt gevormd
door de LED en een elektronische versterker met een ingang daarvan die verbonden is met

de LED, voor het gebruiken van de LED als een fotodiode.

15. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het activeren van de LED in geval een tevoren

bepaalde bedrijfsconditie is vastgesteld.

16. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het opslaan van een geaccumuleerde bedrijfstijd
van het LED verlichtingseenheid in de opslaginrichting, waarbij de dataverwerkingsinrichting
is ingericht voor het genereren van een einde levensduur signaal gebruikmakend van de

geaccumuleerde bedrijfstijd.

17. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het verzenden van het einde levensduursignaal

door het activeren van de LED.

18. LED verlichtingseenheid volgens conclusie 17, waarbij de dataverwerkingsinrichting is
ingericht voor:
- het verbinden gedurende een signaleringstijdsperiode van de LED door middel van de

schakelaar met een voeding voor het genereren van een optische signaleringspuls.

19. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor:
- het detecteren van een bedrijfsparameter van de LED

- het vergelijken van de gedetecteerd bedrijfsparameter met een veilige bedrijfswaarde; en
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- het onderbreken van een verbinding van de LED met de elektrische voedingsaansluiting in

geval een veilige bedrijfswaarde wordt overschreden.

20. LED verlichtingseenheid volgens conclusie 19, waarbij de bedrijfsparameter ten minste
een omvat van: LED temperatuur, LED stroom, LED spanning, LED vermogen, LED stroom

als een functie van temperatuur.

21. Het LED verlichtingseenheid volgens een van de conclusies 19-20, waarbij de
bedrijfsparameter ten minste een geaccumuleerd aantal voedingsinschakelingen, een
optreden van foutcondities, een optreden van LED driverwisselingen, waarbij de
dataverwerkingsinrichting is ingericht voor het opslaan van de bedrijfsparameter in de

opslaginrichting.

22. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het verzamelen en opslaan in de opslaginrichting
van ten minste een van LED bedrijffsspanningsdata, LED bedrijfsstroomdata, LED
bedrijfstemperatuurdata, LED optische uitgangsdata, LED positiedata, audiodata, videodata,

en voor het afleiden van een besturingssignaal uit de opgeslagen data.

23. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het besturen van ten minste een van een LED

intensiteit en LED kleur gebruikmakend van de data die is opgeslagen in de opslaginrichting.

24. LED verlichtingseenheid volgens conclusie 23, waarbij de dataopslaginrichting is
ingericht voor het besturen van de LED intensiteit gebruikmakend van de bedrijffsparameters
zoals opgeslagen in de opslaginrichting, waarbij de bedrijfsparameter bij voorkeur de

geaccumuleerde bedrijfstijd van de LED omvat.

25. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het detecteren of een LED van het

verlichtingseenheid defect is, en voor het besturen van de LED intensiteit op basis daarvan.

26. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het detecteren of een LED van het

verlichtingseenheid defect is en voor het deactiveren van de defecte LED op basis daarvan.
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27. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het lezen uit de geheugeninrichting van een
identificatie van het LED verlichtingseenheid, en voor het verzenden van de identificatie via

ten minste een van de elektrische voedingsaansluiting en de LED.

28. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
identificatie ten minste een omvat van de LED verlichtingseenheid fabrikant identificatie,
LED verlichtingseenheid model naam/type identificatie, LED verlichtingseenheid

serienummer, LED verlichtingseenheid configuratiedata.

29. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het bepalen van een geaccumuleerde bedrijfstijd
van de LED, het detecteren van een dimming niveau van de LED, en het corrigeren van de

geaccumuleerde bedrijfstijd voor het dimming niveau.

30. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het optellen van een aantal LED stroom
aanstuurpulsen die zijn verschaft aan de LED, en voor het bepalen van een
geaccumuleerde bedrijfstijd van de LED uit het geaccumuleerde aantal LED

aanstuurpulsen.

31. LED verlichtingseenheid volgens conclusie 29 of 30, waarbij de
dataverwerkingsinrichting is ingericht voor het bepalen van de geaccumuleerde bedrijfstijd

per LED groep van het LED verlichtingseenheid.

32. LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de
dataverwerkingsinrichting is ingericht voor het zenden van data aan de driver in antwoord op

het ontvangen van de driver van een polling signaal.

33. LED verlichtingseenheid volgens conclusie 32, waarbij de dataverwerkingsinrichting is
ingericht voor het zenden in antwoord op het ontvangen van het polling signaal, van een
antwoordsignaal voor het aangeven aan de LED driver dat het LED verlichtingseenheid een
gebeurtenis heeft om te rapporteren, waarbij de dataverwerkingsinrichting verder is ingericht
voor het zenden van data aan de LED driver met betrekking tot de gebeurtenis, in antwoord
op het ontvangen van de LED driver van een bericht omvattende een identificatie van het

LED verlichtingseenheid.
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34. LED verlichtingseenheid volgens conclusie 32 of 33, waarbij de
dataverwerkingsinrichting is ingericht voor het synchroniseren van een bedrijf van het LED

verlichtingseenheid met een frequentie van het ontvangen polling signaal.

35. LED verlichtingsinrichting omvattende
- een LED verlichtingseenheid volgens een van de voorgaande conclusies, en

- een LED driver voor het aansturen het LED verlichtingseenheid.
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EPO-Internal, WPI Data

C. VAN BELANG GEACHTE DOCUMENTEN

Categorie °| Geciteerde documenten, eventueel met aanduiding van speciaal van belang zijnde passages Van belang voor
conclusie nr.

EENHEID VAN UITVINDING ONTBREEKT
zie aanvullingsblad B

X WO 2012/091561 Al (ELDOLAB HOLDING BV 1,2,15,
[NL]; SAES MARC [NL]) 16,

5 juli 2012 (2012-067-05) ’ 22-24,
27,28,

32-35
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Octrooiaanvrage Nr.:

SN 59232
AANVULLINGSBLAD B NL 2009458

GEBREK AAN EENHEID VAN UITVINDING

De Instantie belast met het uitvoeren van het onderzoek naar de stand van de techniek heeft vastgesteld
dat deze aanvrage meerdere uitvindingen bevat, te weten:

1. conclusies: 1-8, 15, 16, 22-24, 27, 28, 32-35

LED verlichtingseenheid volgens een van de voorgaande
conclusies, waarbij de

dataverwerkingsinrichting is ingericht voor het zenden van
data aan de LED driver door:

- het detecteren van een LED driver uitgangsspanningsafname;
en

- het zenden van de data aan de LED driver door het
moduleren van een impedantie van de elektrische
voedingsaansluiting wanneer een LED driver
uitgangsspanningsafname is waargenomen.

This invention is related to a method of transmitting and
receiving data between the LED driver and the LED module.

2. conclusies: 9, 10

LED verlichtingseenheid volgens een van de voorgaande
conclusies, waarbij de

dataverwerkingsinrichting in een verbinding is met de LED
voor het besturen van een licht hoeveelheid van de LED.
This invention is related to a load modulation method, or
load power control method.

3. conclusies: 11, 12

LED verlichtingseenheid volgens een van de voorgaande
conclusies, waarbij de

dataverwerkingsinrichting is ingericht voor het verschaffen
van optische datatransmissie door het LED
verlichtingseenheid door:

- het zenden van een instructiesignaal via de elektrische
voedingsaansluiting aan de driver, waarbij het
instructiesignaal ervoor zorgt dat de driver de LED
overeenkomstig aanstuurt voor het optisch verzenden van de
data.

This invention is related to a method of transmission of
data by modulating the LED light output.

4, conclusies: 13, 14

LED verlichtingseenheid volgens een van de voorgaande
conclusies, omvattende een fotoversterker met een uitgang
daarvan die elektrisch is verbonden met een ingang van de
dataverwerkingsinrichting.

This invention is related to a method of sensing light, by
using the LED module as a photodiode.

bladzijde 1 van 3



GEBREK AAN EENHEID VAN UITVINDING Octrooiaanvrage r-:
SN 59232

AANVULLINGSBLAD B NL 2009458

De Instantie belast met het uitvoeren van het onderzoek naar de stand van de techniek heeft vastgesteld
dat deze aanvrage meerdere uitvindingen bevat, te weten:

5. conclusies: 17-21, 25, 26

LED verlichtingseenheid volgens een van de voorgaande
conclusies, waarbij de

dataverwerkingsinrichting is ingericht voor het verzenden
van het einde levensduursignaal door het activeren van de
LED.

This invention is related to a method of signalling or
indicating an end of life condition of the LED module.

6. conclusies: 29-31

LED verlichtingseenheid volgens een van de voorgaande
conclusies, waarbij de

dataverwerkingsinrichting is ingericht voor het bepalen van
een geaccumuleerde bedrijfstijd van de LED, het detecteren
van een dimming niveau van de LED, en het corrigeren van de
geaccumuleerde bedrijfstijd voor het dimming niveau.

This invention is related to a method of compensating for
LED module deterioration with age or use, by recording the
service time and corresponding power level.

Het vooronderzoek werd tot het eerste onderwerp beperkt.

Reference is made to the following document:
D1: WO 20127091561 Al (ELDOLAB HOLDING BV) 5 juli 2012

The reasons for which the inventions are not so linked as to form a
single general inventive concept, are as follows:

The prior art has been identified as doc. D1 and discloses:

LED verlichtingseenheid (fig. 6) omvattende:

- ten minste een LED (850),

- een elektrische voedingsaansluiting (805), elektrisch verbonden met de
LED, de elektrische voedingsaansluiting voor het elektrisch verbinden van
de LED met een LED driver (800),

- een opslaginrichting voor het opslaan van data in relatie tot de LED
(see page 4, lines 9-16), en

- een dataverwerkingsinrichting (810), elektrisch verbonden met de
opslaginrichting voor het opslaan van data in de opslaginrichting en het
lezen van data daarvan, waarbij de dataverwerkingsinrichting is ingericht
en verbonden voor het verschaffen van datacommunicatie via ten minste een
van de elektrische voedingsaansluiting en de LED (see page 17, line 32 -
page 18, line 9).

It follows that the following technical feature of claim 3 makes a
contribution over the prior art and can be considered as a special
technical feature:

bladzijde 2 van 3



Octrooiaanvrage Nr.:

SN 59232
AANVULLINGSBLAD B NL 2009458

GEBREK AAN EENHEID VAN UITVINDING

De instantie belast met het uitvoeren van het onderzoek naar de stand van de techniek heeft vastgesteld
dat deze aanvrage meerdere uitvindingen bevat, te weten:

éED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij
e

dataverwerkingsinrichting is ingericht voor het zenden van data aan de
LED driver door:

- het detecteren van een LED driver uitgangsspanningsafname; en

- het zenden van de data aan de LED driver door het moduleren van een
impedantie van de elektrische voedingsaansluiting wanneer een LED driver
uitgangsspanningsafname is waargenomen.

The problem solved by this special technical feature can therefore be
construed as:

how to transmit data from the LED module/engine to the LED driver,
preferably without causing any visible flickering or fluctuation of the
LED Tight output.

Also, examining the possible correspondence by technical effect, one
finds that the technical effect of the first invention is effective
transmission of data from LED module/engine to the LED driver, without
interfering with the LED power supply,

and that the technical effect of the second invention is power modulation
of the LED load (module or engine) by a series switch or modulator. A
similar analysis can be applied for the following inventions 3-6, showing
different and unrelated technical effects.

This appears to show lack of corresponding technical effect as well.
Consequently, neither the objective problem underlying the subjects of
the claimed inventions, nor their solutions defined by the special
technical features allow for a relationship to be established between the
said inventions, which involves a single general inventive concept.

In conclusion, the groups of claims are not linked by common or
corresponding special technical features and define 6 different
inventions not linked by a single general inventive concept. The
application, hence does not meet the requirements of unity of invention.
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Application number

WRITTEN OPINION NL2009458

Box No.l Basis of this opinion

1. This opinion has been established on the basis of the latest set of claims filed before the start of the search.

2. With regard to any nucleotide andior amino acid sequence disclosed in the application and necessary to the
claimed invention, this opinion has been established on the basis of:

a. type of material:
O a sequence listing
[0 table(s) related to the sequence listing

b. format of material:
O on paper
O in electronic form

c. time of filingfurnishing:
0 contained in the application as filed.
O filed together with the application in electronic form.
O furnished subsequently for the purposes of search.

3.0 In additidn, in the case that more than one version or copy of a sequence listing and/or table relating thereto
has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as flled as
appropriate, were furnished.

4. Additional comments:
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Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability 4

The questions whether the claimed invention appears to be novel, to involve an inventive step, or to be
industrially applicable have not been examined in respect of

O the entire application
K claims Nos. 9-14, 17-21, 25, 26, 29-31
because:

0O the said application, or the said claims Nos.  relate to the following subject matter which does not require
a search (specify):

L the description, claims or drawings (indicate particular elements below) or said claims Nos.  are so
unclear that no meaningful opinion could be formed (specify):

O the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed (specify):

X no search report has been established for the whole application or for said claims Nos. 9-14, 17-21, 25, 26,
29-31

O a meaningful opinion could not be formed as the sequence listing was either not available, or was not
furnished in the international format (WIPO ST25).

00 a meaningful opinion could not be formed without the tables related to the sequence listings; or such tables
were not available in electronic form.

X See Supplemental Box for further details.

Box No. IV Lack of unity of invention

. The requirement of unity of invention is not complied with for the following reasons:
see separate sheet

. This report has been established in respect of the following parts of the application:
O all parts.

& the parts relating to claims Nos. (see Search Report)
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Box No.V Reasoned statement with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

. Statement

Novelty

Inventive step

Industrial applicability

. Citations and explanations

see separate sheet
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Re ltem Il

Non-establishment of opinion with regard to novelty, inventive step and
industrial applicability

As claims 9-14, 17-21, 25, 26, 29-31 were not searched, no opinion can be given at
this stage, in respect of these claims.

Re ltem IV
Lack of unity of invention

Reference is made to the following document:

D1 WO 2012/091561 A1 (ELDOLAB HOLDING BV [NL]; SAES MARC [NL]) 5
juli 2012 (2012-07-05)

It is considered that there are 6 inventions covered by the claims indicated as follows:

1. conclusies: 1-8, 15, 16, 22-24, 27, 28, 32-35

LED verlichtingseenheid volgens een van de voorgaande conclusies,
waarbij de

dataverwerkingsinrichting is ingericht voor het zenden van data aan de
LED driver door:

- het detecteren van een LED driver uitgangsspanningsafname; en

- het zenden van de data aan de LED driver door het moduleren van een
impedantie van de elektrische voedingsaansluiting wanneer een LED
driver uitgangsspanningsafname is waargenomen.

This invention is related to a method of transmitting and receiving data
between the LED driver and the LED module.

2. conclusies: 9, 10

LED verlichtingseenheid volgens een van de voorgaande conclusies,
waarbij de

Form NL237-3 (separate sheet) (July 2006) (sheet 1)
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dataverwerkingsinrichting in een verbinding is met de LED voor het
besturen van een licht hoeveelheid van de LED.

This invention is related to a load modulation method, or load power
* control method.

3. conclusies: 11, 12

LED verlichtingseenheid volgens een van de voorgaande conclusies,
waarbij de

dataverwerkingsinrichting is ingericht voor het verschaffen van optische
datatransmissie door het LED verlichtingseenheid door:

- het zenden van een instructiesignaal via de elektrische
voedingsaansluiting aan de driver, waarbij het instructiesignaal ervoor
zorgt dat de driver de LED overeenkomstig aanstuurt voor het optisch
verzenden van de data.

This invention is related to a method of transmission of data by
modulating the LED light output.

4. conclusies: 13, 14

LED verlichtingseenheid volgens een van de voorgaande conclusies,
omvattende een fotoversterker met een uitgang daarvan die elektrisch is
verbonden met een ingang van de dataverwerkingsinrichting.

This invention is related to a method of sensing light, by using the LED
module as a photodiode.

5. conclusies: 17-21, 25, 26

LED verlichtingseenheid volgens een van de voorgaande conclusies,
waarbij de

dataverwerkingsinrichting is ingericht voor het verzenden van het einde
levensduursignaal door het activeren van de LED.

This invention is related to a method of signalling or indicating an end of
life condition of the LED module.

. conclusies: 29-31

LED verlichtingseenheid volgens een van de voorgaande conclusies,
waarbij de
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dataverwerkingsinrichting is ingericht voor het bepalen van een
geaccumuleerde bedrijfstijd van de LED, het detecteren van een dimming
niveau van de LED, en het corrigeren van de geaccumuleerde bedrijfstijd
voor het dimming niveau.

This invention is related to a method of compensating for LED module
deterioration with age or use (decreasing light output), by recording the
service time and corresponding power level.

The reasons for which the inventions are not so linked as to form a single general
inventive concept, are as follows:

The prior art has been identified as doc. D1 and discloses:
LED verlichtingseenheid (fig. 6) omvattende:
- ten minste een LED (850),

- een elektrische voedingsaansluiting (805), elektrisch verbonden met de LED, de
elektrische voedingsaansiuiting voor het elektrisch verbinden van de LED met een
LED driver (800),

- een opslaginrichting voor het opslaan van data in relatie tot de LED (see page 4,
lines 9-16), en

- een dataverwerkingsinrichting (810), elektrisch verbonden met de opslaginrichting
voor het opslaan van data in de opslaginrichting en het lezen van data daarvan,
waarbij de dataverwerkingsinrichting is ingericht en verbonden voor het verschaffen
van datacommunicatie via ten minste een van de elektrische voedingsaansluiting en
de LED (see page 17, line 32 - page 18, line 9).

It follows that the following technical feature of claim 3 makes a contribution over the
prior art and can be considered as a special technical feature:

LED verlichtingseenheid volgens een van de voorgaande conclusies, waarbij de

dataverwerkingsinrichting is ingericht voor het zenden van data aan de LED driver
door:

- het detecteren van een LED driver uitgangsspanningsafname; en

- het zenden van de data aan de LED driver door het moduleren van een impedantie
van de elektrische voedingsaansiluiting wanneer een LED driver
uitgangsspanningsafname is waargenomen.
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The problem solved by this special technical feature can therefore be construed as:

how to transmit data from the LED module/engine to the LED driver, preferably without
causing any visible flickering or fluctuation of the LED light output.

Also, examining the possible correspondence by technical effect, one finds that the
technical effect of the first invention is effective transmission of data from LED module/
engine to the LED driver, without interfering with the LED power supply,

and that the technical effect of the second invention is power modulation of the LED
load (module or engine) by a series switch or modulator. A similar analysis can be
applied for the following inventions 3-6, showing different and unrelated technical
effects.

This appears to show lack of corresponding technical effect as well. Consequently,
neither the objective problem underlying the subjects of the claimed inventions, nor
their solutions defined by the special technical features allow for a relationship to be
established between the said inventions, which involves a single general inventive
concept.

In conclusion, the groups of claims are not linked by common or corresponding
special technical features and define 6 different inventions not linked by a single
general inventive concept.

The application, hence does not meet the requirements of unity of invention.

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Prior art
Reference is made to the following documents:

D1 WO 2012/091561 A1 (ELDOLAB HOLDING BV [NL]; SAES MARC [NL]) 5
juli 2012 (2012-07-05)
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D2 WO 2011/002280 A1 (ELDOLAB HOLDING BV [NL]; SAES MARC [NL];
WELTEN PETRUS JOHANNES MARIA) 6 januari 2011 (2011-01-06)

D3 WO 2010/031103 A2 (TRIDONICATCO GMBH & CO KG [AT];
ZIMMERMANN MICHAEL [CH]; PEREIRA EDUAR) 25 maart 2010
(2010-03-25)

D4 DE 10 2007 049052 A1 (RETKOWSKI REINER [DE]; WALK JOHANNES
[DE]; WELLENHOEFER STEFAN [DE]) 23 april 2009 (2009-04-23)

2 Novelty

The present application does not meet the criteria of patentability, because the
subject-matter of claims 1, 2, 15, 16, 22-24, 27, 28, 32-35 is not new.

2.1 Claim 1

Document D1 discloses:

LED verlichtingseenheid (fig. 6) omvattende:
- ten minste een LED (850),

- een elektrische voedingsaansiuiting (805), elektrisch verbonden met de LED, de
elektrische voedingsaansluiting voor het elektrisch verbinden van de LED met een
LED driver (800), "

- een opslaginrichting voor het opslaan van data in relatie tot de LED (see page 4,
lines 9-16), en

- een dataverwerkingsinrichting (810), elektrisch verbonden met de opslaginrichting
voor het opslaan van data in de opslaginrichting en het lezen van data daarvan,
waarbij de dataverwerkingsinrichting is ingericht en verbonden voor het verschaffen
van datacommunicatie via ten minste een van de elektrische voedingsaansluiting en
de LED (see page 17, line 32 - page 18, line 9).

The teaching of claim 1 appears to be generally known in the field of LED lighting
modules, as is further illustrated by documents D2-D4. It is standard practice to
incorporate calibration data and other data relating to a LED module on the LED
module itself, such that this data can be accessed by a driving circuit.
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2.2 Dependent claims 2, 15, 16, 22-24, 27, 28, 32-34

Dependent claims 2, 15, 16, 22-24, 27, 28, 32-34 do not contain any features which,
in combination with the features of any claim to which they refer, meet the
requirements of novelty, see the search report and corresponding references.

2.3 Independent claim 35

Claim 35 defines a LED fixture or lamp including the LED engine or module of claim 1
and a suitable LED driver. All these features are known from doc. D1, see for example
fig. 6.

3 Inventive step

The combination of the features of dependent claims 3-8 is neither known from, nor
rendered obvious by, the available prior art.

Claim 3 defines a method for transmitting data from the LED engine/module to the
LED driver by modulating the load impedance at the end of a LED driver pulse. This
advantageous, as it minimizes disturbance of LED light output. It does require a
pulsed LED power supply, as data can only be sent at the end of a (LED driver) pulse.

Claim 4 defines a method for receiving data at the LED engine/driver, by detecting an
amplitude modulation of the current as delivered by the LED driver. In doc. D1 such
reception of data is based on PWM modulation of the LED drive voltage.

Claims 5 and 6 define further details of the method of claim 4.
Claims 7 and 8 define two alternative methods of receiving data at the LED driver.

None of the prior art documents D1-D4 disclose or suggest any of the above data
transmission methods, and certainly not in the context of a LED driver and a LED
module. In fact, the prior art generally does not define the actual data transmission
method in detail, or relies on a standard protocol, such as in the case of doc. D1 (uni/o
protocol).
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