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(57) Abstract: The invention s directed to a lighting device (100)
with motion sensing capability, which comprises a lighting mod-
ule (102) comprising a lighting unit (104), a control-signal input
unit (106) configured to receive lighting control signals (108) and
a lighting control unit (110) for controlling the lighting unit bases
on the received lighting control signals. It further includes a mo-
tion sensing module (112) comprising a sensing-signal input unit
(114) for receiving sensing signals (116), and a sensing control
unit (118) for determining a motion of a subject or object (1) with-
ina sensing volume (2) using the RF-sensing signals. The lighting
control unit, upon receiving a predetermined lighting control sig-
nal (108.1), is configured to generate and provide a sensing-mod
ule control signal. Upon receiving the sensing module control sig-
nal (119), the motion-sensing module is configured to operate ina
low power operation mode ensuring the functionality of the light-
ing module.
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Lighting device with motion sensing capability

FIELD OF THE INVENTION
The present invention is directed to a lighting device with integrated motion
sensing capability. The invention is further directed to a method for controlling operation of

such a lighting device and to a computer program.

BACKGROUND OF THE INVENTION

Lighting control systems, also referred to as “smart lighting”, incorporate
communication between various system inputs and outputs related to lighting control with the
use of one or more central computing devices. Lighting control systems are widely used on
both indoor and outdoor lighting of commercial, industrial, and residential spaces.

US 2022/0295621 A1 describes a radar-based motion detection systems to
achieve power reduction of a radar sensor by operating the radar sensor in a sub-sampling
manner in an illumination control system. By combining the information related to the
detection area and the state of a lighting device, the sampling frequency of a radar sensor is
configured. A balance between power reduction and motion detection performance is

achieved therefrom.

SUMMARY OF THE INVENTION

Motion detection, for instance, fall detection for elderly care, is extremely
important for future health care. This functionality can be integrated with smart lighting in
lamps and luminaires and as such will find its way in professional health care institutes and
homes of consumers. The integration with smart lighting in one device will give challenges
for optimal functionality in the power domain.

The inventors have realized that, when a smart lighting compatible lighting
device is used together with a motion detection module in one device, reliable operation
could be hampered as the algorithms of the motion detection tend to consume a lot of
processing power. It would therefore be beneficial to provide lighting devices that improve a

control of the lighting device with integrated motion sensing capability.
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According to a first aspect of the present invention, a lighting device with
motion sensing capability is disclosed. The lighting device comprises a lighting module that
includes a lighting unit configured to provide light, in particular for illuminating a volume or
a room, a control-signal input unit that is configured to receive lighting control signals for
controlling an operational state of the lighting unit, and a lighting control unit configured to
control the operational state of the lighting unit in dependence on the received lighting
control signals. For realizing the motion sensing, the lighting devices includes a motion
sensing module that comprises a sensing-signal input unit configured to receive sensing
signals, and a sensing control unit connected to the sensing-signal input unit and configured
to determine a motion of a subject or object within a sensing volume using the received
sensing signals. The sensing volume is therefore define as the region of space in which a
motion of the subject or object causes a detectable impact on the r sensing signals.

According to the invention, the lighting control unit, upon receiving a
predetermined lighting control signal, is configured to generate and provide to the motion
sensing module a sensing-module control signal for operating the motion sensing module in a
low power operation mode for a low-power time span. Further, the motion sensing module,
upon receiving the sensing module control signal, is configured to operate, in particular the
sensing control unit, in the low power operation mode for the low power time span.

Therefore, when the lighting module receives one of a set of one or more
predetermined lighting control signals, in particular a lighting control signal indicative of a
control operation of the lighting module requiring a given power amount that is not
compatible with a power amount required by the motion sensing module for determining the
motion of the subject or object in the sensing volume, the lighting control unit provides the
sensing-module control signal instructing the motion sensing module to operate in the low
power operation mode. Non compatible is to be understood as the impossibility to perform
both the lighting control operation and the motion sensing operation at the same time due to
the limited available power. Thus, when the expected control operation of the lighting
module specified by the received lighting control signal may enter in conflict with the
determination of motion carried out by the motion sensing module, the provision of the
sensing-module control signals puts the motion sensing module in a low power mode that
enables the lighting control unit to control the operation of the lighting module with the
necessary power resources.

In the following, embodiments of the lighting device of the first aspect of the

invention will be discussed.
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In a preferred embodiment, the predetermined lighting control signal or
signals, which, when received at the lighting control unit, triggers or trigger the generation
and provision of the sensing module control signal for operating the motion sensing module
in the low power operation mode include all available lighting control signals. In an
embodiment, the start of the reception of a lighting control signal triggers the generation and
provision of the sensing module control signal, without the need to wait for full reception and
command decoding before providing the sensing module control signal. The low power time
span is, for instance, at least a time span necessary for receiving and decoding the lighting
control signal, in a case where the currently received lighting control signal is compatible
with the operation of the motion sensing module.

In an embodiment, the lighting device is an, at least partially, wirelessly
controlled lighting device. The operation of the lighting module can be controlled by
providing wireless lighting control signals in according with a suitable wireless
communication protocol, such as, for example WiFi, Zigbee, Bluetooth, BLE, Thread, or any
other suitable wireless communication protocol. The lighting device may be signally coupled
to other lighting devices or lighting control units via a digital addressable lighting interface
(DALI). In another embodiment, the lighting device may additionally or alternatively be
controlled by so-called smart switching techniques based on detection of interruption in a
power line and controlling the light accordingly.

The predetermined time span can be a fixed time span that depends on the
lighting control signal received or the lighting control unit, upon determining that the
operation instruction has been carried out may be configured to generate and provide to the
motion sensing module a sensing-module control signal for operating the motion sensing
module in a normal power operation mode, thereby finishing the low-power time span.

In an embodiment, the lighting device further comprises a wired connection
between the lighting module and the motion sensing module, in particular between the
lighting control unit and the sensing control unit. The wired connection is configured to
transmit the sensing module control signal from the lighting control unit to the motion
sensing module. A wired connection is preferred because of the low power impact compared
to a wireless connection.

In another embodiment, wherein the motion sensing module comprises a radar
sensor configured to detect motion in the sensing volume. Radar is a well-known detection
system that uses radio waves to determine the distance, angle, or velocity of moving objects.

A radar system works by radiating energy into space and monitoring the echo or reflected
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signals from the objects in the surround area, or the detection area. Typically, a radar sensor
system has a transmitter that emits radio waves, or radar signals, into space in predetermined
directions. When the radar signals come into contact with an object or a subject, they are
usually reflected back or scattered in many directions, depending on the material and surface
of the object or subject and also the injection angles of the radar signals. Some of the radar
signals penetrate into the target or are absorbed by the target, to certain levels. Some of the
radar signals that are reflected back towards the radar system are captured by a receiver in the
radar system, which are the desirable ones that make the radar sensor system work. If an
object or subject within the sensing volume is moving either toward or away from the
transmitter, there is a corresponding change in the frequency of the reflected radio waves,
caused by the Doppler effect. In a simple example, by comparing the frequency shifts
between the emitted signals and the received echoes from the detection area, the radar system
can derive the relative speed between the radar system and the moving object based on the
Doppler effect. In addition to speed measurement, distance from a moving target and
orientation of the moving target can also be derived. Depending on the operation mechanism,
different methods may be used to derive a certain type of information. For a pulse radar,
distance measurement can be based on the time-of-flight principle, whereas for a continuous
wave radar the frequency shift of the received signal as compared to the transmitted signal is
proportional to the distance travelled. An orientation of a moving target with regard to the
radar sensor may be derived by employing certain kinds of antennas or antenna array.

In an alternative embodiment, the motion sensing module is configured to
determine the motion within the sensing volume by analyzing a signal quality parameter of
the received sensing signals, such as a received signal strength indication (RSSI) of the
received signals or a channel state information (CSI) of a communication link between a
signal emitter and a signal receiver.

In another embodiment, the lighting device further comprises a power supply
unit for connection to an AC mains supply on one side, and to the lighting module and the
motion sensing module on the other side. The power supply unit, for example, in an
embodiment, a AC/DC converter, is configured to provide operative DC power for operation
of the lighting device in an operation mode, and stand-by DC power for operation of the
lighting device in a stand-by mode.

In a preferred embodiment, the motion sensing module, upon receiving the
sensing module control signal, in particular from the lighting control unit, is configured to

operate in a stand-by mode using the stand-by DC power provided by the power supply unit.
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The motion sensing module can be configured as an infrared sensing module,
an ultrasound sensing module or any other suitable sensing module. In a preferred
embodiment, the motion sensing module is configured as a radiofrequency based sensing
module having a sensing-signal input unit configured to receive radiofrequency sensing
signals and a sensing control unit connected to the sensing-signal input unit and configured to
determine the motion of the subject or the object within the sensing volume using the
received radiofrequency sensing signals. Preferably, the motion sensing module, when
operating in the low power mode, is configured to receive the sensing signals, in particular
the RF-sensing signals, and store signal data pertaining to the received sensing signals, in
particular for processing after the low-power time span has lapsed and the motion sensing
module returns to normal operation.

Preferably, during the low-power time span where the motion sensing module
is operating in the low power mode, the motion sensing module, in particular the sensing
control unit, is configured to stop the reception of the sensing signals and/or a processing of
the received sensing signals for the determination of the motion of a subject or object within
the sensing volume using the received sensing signals, in particular the received RF-sensing
signals. Since the evaluation of the data associated with the received sensing signals is
particularly intense in terms of power consumption, stopping the evaluation of the sensing
signals for determining the motion enables the use of the necessary power to perform the
control of the operational state of the lighting unit. This can be done by stopping reception of
the sensing signals or by stopping the evaluation of the received sensing signals, which are
preferably stored and evaluated at a later time when the motion sensing module is no longer
being operated in the low power operation mode.

In an embodiment, the lighting control unit is preferably configured to monitor
a reduction of a power amount provided for operating the lighting device and to provide the
sensing module control signal upon determining that a detected reduction has exceeded a
predetermined threshold amount.

This is particularly advantageous for lighting devices that can be to some
extent controlled using smart switching, which is based on phase detection i.e. detecting
interruptions in the power supply and controlling the lighting unit accordingly. Preferably, at
least a subset of the lighting control signals for controlling operation of the lighting unit are
received via a power line for providing operational power, such as operational DC power or
stand-by power from a power supply to the lighting device. In the case of smart switching the

operational state of the lighting unit can be controlled by performing a predetermined number
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of power off-power on cycles within a predetermined time span. For lighting devices without
motion sensing capabilities the power decay time before full shut down in the lighting unit is
normally very long because of the low power consumption of the lighting control unit.
However, with the extra power consumption of the motion sensing module, the smart switch
functionality can be hampered as the control logic for controlling the operation of the lighting
unit, which is based on the duration of mains switch-off intervals, is affected.

For instance, in an embodiment, the subset of lighting control signals include
as a predetermined number of off-on cycles during a predetermined time span of a power
signal received via the power line. Thus, in this particular embodiment of the lighting device,
the lighting control unit is configured to control operation of the lighting unit in dependence
on a number of power off-power on cycles, wherein two consecutive cycles have to be
performed within a predetermined time span to be considered part of the same lighting
control signal. For instance a single power off-power on cycle can be associated to a lighting
control signal to operate the lighting unit according to first lighting parameters (e.g., a first
light intensity, a first color temperature and/or a first light spectrum. Two power off-power
on cycles can be associated to a lighting control signal to operate the lighting unit according
to second lighting parameters and three cycles can be associated to a lighting control signal to
operate the lighting unit in a stand by-mode, e.g. to turn off the lighting unit but operate the
lighting control unit for monitoring reception of further lighting control signals.

In another embodiment, the lighting control unit is further configured to
monitor a time that lapses between two power off-power on cycles and to control the lighting
parameters based thereof.

Therefore, in order to keep smart lighting functionality in a lighting device
with motion sensing capabilities (e.g. with a radar module integration) a simple interface to
control the motion sensing module (e.g. radar module) in standby or deep sleep while
keeping functionality is provided.

According to a second aspect of the invention, a method for controlling
operation of a lighting device with motion sensing capability is disclosed. The method
comprises:

- receiving lighting control signals for controlling an operational state of the
lighting unit;

- controlling the operational state of the lighting unit in dependence on the
received lighting control signal;

- recelving sensing signals, in particular radiofrequency sensing signals.
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- determining motion of a subject or object within a sensing volume using the
received sensing signals; and

- upon receiving a predetermined lighting control signal at a lighting control
unit, generating and providing to a motion sensing module a sensing module control signal
for operating the motion sensing module in a low power operation mode for a low-power
time span; and

- upon receiving the sensing module control signal, operating the motion
sensing module in the low power operation mode for the low power time span.

Thus, the method of the second aspect shares the advantages of the lighting
device with motion sensing capability of the first aspect of the present invention.

In the following, embodiments of the method of the second aspect will be
described.

In an embodiment, the method further comprises, upon receiving the sensing
module control signal from the lighting control unit, operating the motion sensing module in
a stand-by mode using stand-by DC power provided by a power supply unit.

In another embodiment, the method additionally or alternatively comprises
monitoring a reduction of a power amount provided for operating the lighting device and
providing the sensing module control signal upon determining that a detected reduction has
exceeded a predetermined threshold amount.

In yet another embodiment the method further comprises receiving at least a
subset of the lighting control signals via a power line for providing operational power from a
power supply to the lighting device.

A third aspect of the present invention is formed by a computer program
comprising instructions which, when executed by a lighting device (i.e. by the lighting
control unit in combination with the sensing control unit) according to the first aspect of the
invention, cause said lighting device to carry out the method of the second aspect of the
invention.

It shall be understood that the lighting device of claim 1, the method of claim
10, and the computer program of claim 15, have similar and/or identical preferred
embodiments, in particular, as defined in the dependent claims.

It shall be understood that a preferred embodiment of the present invention can
also be any combination of the dependent claims or above embodiments with the respective

independent claim.
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These and other aspects of the invention will be apparent from and elucidated

with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following drawings:

Fig. 1 shows a schematic block diagram of a lighting device with motion
sensing capability according to a first embodiment of the invention,

Fig. 2 shows a schematic block diagram of a lighting device with motion
sensing capability according to a second embodiment of the invention,

Fig. 3 shows power vs. time curves for known lighting devices with and
without motion sensing capabilities in response to an input consisting of two consecutive
power off-power on cycles,

Fig. 4 shows a flow diagram of a method for controlling operation of a lighting
device in accordance with an embodiment of the invention, and

Fig. 5 shows a flow diagram of a method for controlling operation of a lighting

device in accordance with another embodiment of the invention

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows a schematic block diagram of a lighting device 100 with motion
sensing capability according to a first embodiment of the invention. 1. The lighting device
100 comprises a lighting module 102 for illuminating a space or room and a motion sensing
module 112 for performing the motion sensing operation, which involves determining
whether an object or subject 1 is moving within a sensing volume 2. The sensing volume 1 is
defined as that volume in space in which a motion of an object or subject affects the sensing
signals 116 that are received in a discernible manner. In this particular example, the motion
sensing module is a RF-based motion sensing module. In other examples, the motion sensing
module is an infrared motion sensing module, and ultrasound motion sensing module, a
camera-based motion sensing module or any other suitable motion sensing module.

The lighting module 102 comprises a lighting unit 104 that is configured to
provide the light for illuminating the space around the lighting device. The lighting unit 104
may comprise a LED-based light source, a halogen light source, a fluorescent light source or
any other suitable light sources 105. Particularly in the case of LED-based light sources, the
parameters of the light emitted by the lighting module may be controlled. The parameters

may include light intensity, color temperature and light spectrum. A given combination of
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parameters is referred to as a light setting. The parameters may be varied in time to create a
light effect. The lighting module 102 also comprises a control-signal input unit 106 that is
configured to receive lighting control signals 108, 108.1 for controlling an operational state
of the lighting unit 104 and a lighting control unit 110 that is signally connected to the
control-signal input unit and configured to control the operational state of the lighting unit
104 in dependence on the received lighting control signals 108. The control-signal input unit
may comprise an antenna for receiving wireless lighting control signals, in the case of
wirelessly controllable lighting devices. It may also comprise a wired connection for
receiving lighting control signals via the wired connection, as it will be explained below.

The lighting device 100 also offers integrated motion sensing capability. This
is achieved by including the radiofrequency based motion sensing module 112, which
comprises a sensing-signal input unit 114 configured to receive the radiofrequency sensing
signals 116, and a sensing control unit 118 connected to the sensing-signal input unit 114 and
configured to determine a motion of the subject or object 1 within the sensing volume 2 using
the received radiofrequency (RF) sensing signals 116. Preferably, the motion sensing module
includes a radar-based sensor 113, that uses radio waves as RF sensing signals to determine
the distance, angle, or velocity of moving objects or subjects 1. A radar-based sensor works
by radiating energy into space and monitoring the echo or reflected signals from the objects
in the surround area, referred to as sensing volume 1. Typically, a radar sensor system has a
transmitter that emits radio waves, or radar signals, into space in predetermined directions.
When the radar signals come into contact with an object or a subject, they are usually
reflected back or scattered in many directions, depending on the material and surface of the
object or subject and also the injection angles of the radar signals.

In general, the power requirements of lighting devices with motion sensing
capabilities, compared to a lighting device without motion sensing capability, are higher,
since processing the received RF-sensing signals for determining the motion of the object or
subject 1 requires a relatively high amount of power. This requirement may interfere with the
operation of the lighting module 102, especially when reception of a predetermined lighting
control signal 108.1 is associated with a high power requirement. Thus, in the lighting device
100 according to the invention, when a predetermined lighting control signal 108.1 is
received, the lighting control unit 110 is configured to generate and provide to the motion
sensing module 112, in particular to the sensing control unit 118, a sensing-module control
signal 119 indicative of a requirement for operating the motion sensing module 112 in a low

power operation mode for a low-power time span. The motion sensing module 112, upon
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receiving the sensing module control signal 119, is configured to operate in the low power
operation mode for the low power time span. Preferably, as indicated in Fig. 1, the lighting
device 100 comprises a wired connection 120 between the lighting control unit 110 and the
sensing control unit 118 that is configured to transmit the sensing module control signal 119.

By using an extra communication line, the motion sensing module can be
switched off or put into deep sleep keeping the smart lighting functionality. The reception,
and also storage of the received RF-sensing signals 116 may be kept active because typically
only data processing will require extensive power.

Fig. 2 shows a schematic block diagram of a lighting device 100b with motion
sensing capability according to a second embodiment of the invention. Those technical
feature of the lighting device 100b of Fig. 2 that have an identical or similar functionality to
those of lighting device 100 of Fig. 1 will be referred to using the same reference numbers.
The following discussion will be focused on those technical features distinguishing the
lighting device 100b of Fig. 2 from lighting device 100 of Fig. 1.

The lighting device 100b further comprises a power supply unit 122 for
connection to an AC mains supply 124, on one side, and to the lighting module 102 and the
motion sensing module 112, on the other side. The power supply unit 122 is in this example
configured as an AD/DC converter that is configured to provide operative DC power for
operation of the lighting device 100b in an operation mode, and stand-by DC power for
operation of the lighting device 100b in a stand-by mode.

Stand-by mode, also referred to as sleep mode, is a low power mode for
electronic devices. These modes save significantly on electrical consumption compared to
leaving a device fully on and, upon resume, allow the user to avoid having to reissue
instructions or to wait for a machine to reboot.

In the lighting device 100b, the motion sensing module 112, upon receiving
the sensing module control signal 119 from the lighting control unit 110 is configured to
operate in a stand-by mode using the stand-by DC power provided by the power supply unit
122.

Preferably, when operating in the low power mode, the motion sensing module
112 is configured to receive the radiofrequency sensing signals 116 and store signal data SD
pertaining to the received radiofrequency sensing signals 116. The signal data SD is the
indicative of the information comprised by the radiofrequency sensing signal which is useful
for the determination of the motion. More preferably, the motion sensing module 112, when

operating in the low power mode, is configured to stop the determination of the motion of a
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subject or object 1 within the sensing volume 2 using the received radiofrequency sensing
signals 116. During start-up and normal operation, the motion sensing module 112 is
connected to the power supply 122 and functionality is guaranteed. Only during operation of
the lighting module as indicated by a predetermined light control signal 108.1 e.g. during
smart switching, as it will be explained in the following, motion sensing module 112 is
“stalled” via the enable/data connection 120. Via this simple interface the total lighting
device power consumption is radically reduced during smart switching and as such will not
disturb the smart lighting functionality. This enables simple integration into smart lighting
platforms of the standalone modules that re-uses the power interface of the lighting device.

Preferably, at least a subset of the lighting control signals 108.1 are received
via a power line 126 for providing operational power from a power supply 122 to the lighting
device 100b. Further, the subset of lighting control signals preferably include a
predetermined number of off-on cycles during a predetermined time span of a power signal
received via the power line. This will be further explained with reference to Fig. 3 below.

Fig. 3 shows power vs. time curves for lighting devices with and without
motion sensing capabilities in response to an input consisting of two consecutive power off-
power on cycles. In the upper diagram, the state of a switch is indicated. When the switch is
closed, power is provided from the AC mains supply to the lighting device. When the switch
is open, transmission of power is interrupted.

The middle curve shows the impact of power interruption on a lighting device
without motion sensing capability. The power decay time before full shut down in the lamp is
normally very long because of the low power consumption of the controller micro. Therefore,
if the switch is closed again within a given time window, the DC power available Ppc for the
lighting device suffices, i.e. it remains above a minimum required DC power (Puin) and its
operation is not interrupted. This fact is used for the so-called smart switching functionality,
where a number of power off-power on cycles where the power is switched between Pon and
Porr is monitored. A given number of cycles is associated to a command for operation of the
lighting device, or in other words, to a lighting control signal. The variation of the power
amount with time is therefore a suitable lighting control signal received via the power line
126.

However, if motion sensing functionality is added, which requires a higher
power for operation, the same power off-power on cycle results in the available DC power

Ppc decreasing below the minimum required DC power Puin, and the number of cycles
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cannot be longer monitored, thereby interfering with the intended control of the lighting
module via smart switching.

Preferably, a lighting control unit 110 of the lighting device 100 or lighting
device 100b is therefore configured to monitor a reduction APpc of the power amount Ppc
provided for operating the lighting device 100 and to provide the sensing module control
signal 119 upon determining that a detected reduction has exceeded a predetermined
threshold amount APw. The threshold amount should be set at a value large enough to filter
out minor power variations due to fluctuations in the supply. Further, the maximum values of
tofr1 and tofr2 are set as those time values for which the available DC power Ppc reaches the
minimum required power Puin and the maximum value of ton1 is selected to be, for example
0.5 seconds, 1 second, 2 seconds or 5 seconds.

Fig. 4 shows a flow diagram of a method 200 for controlling operation of a
lighting device with motion sensing capability in accordance with an embodiment of the
invention. The method comprises, in a step 202, receiving lighting control signals for
controlling an operational state of a lighting unit. The method further comprises, in a step
204, controlling the operational state of the lighting unit in dependence on the received
lighting control signal. The method also comprises, in a step 206, receiving radiofrequency
sensing signals and, in a step 208, determining motion of a subject or object within a sensing
volume using the received radiofrequency sensing signals. Thus, steps 202 and 204 are for
controlling the lighting function of the lighting device and steps 206 and 208 are for
controlling the motion sensing function of the lighting device. The method further comprises,
in a step 210, determining whether a received lighting control signal is one of a
predetermined set of lighting control signals that are associated with a predetermined power
requirement. In this case, the method includes, in a step 212, generating and providing to a
motion sensing module, a sensing module control signal for operating the motion sensing
module in a low power operation mode for a predetermined low-power time span. Preferably,
in an exemplary method, step 210 comprises determining whether a lighting control signal is
received. Thus, in this alternative method, every receivable lighting control signal belongs to
the predetermined set of lighting control signals and the mere reception of a lighting control
signals causes the generation and provision of the sensing module control signal without the
need to wait to receive and decode the lighting control signal, which in some cases could
result in a depletion of the available DC-power. Finally, the method includes, in a step 214,
receiving (in particular via a wired connection, the sensing module control signal, and, in

response to its reception, and in a step 216, the method comprises operating the motion
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sensing module in the low power operation mode for the predetermined low power time span.
Preferably, the step 216 is performed using stand-by DC power provided by a power supply
unit.

Fig. 5 shows a flow diagram of a method 200b for controlling operation of a
lighting device in accordance with another embodiment of the invention. In the method 200,
the step 202b includes receiving the lighting control signals via a power line, for example as
discussed with reference to Fig. 3. Optionally, the method comprises, in a step 204b
controlling operation of the lighting unit using smart switching techniques, where a given
number of interruptions of the power supply is indicative of a predetermined instruction. The
method also comprises, in a step 210b, monitoring a reduction of a power amount provided
for operating the lighting device and providing the sensing module control signal upon
determining that a detected reduction has exceeded a predetermined threshold amount.

In summary, the invention is directed to a lighting device with motion sensing
capability, which comprises a lighting module comprising a lighting unit, a control-signal
input unit configured to receive lighting control signals and a lighting control unit for
controlling the lighting unit based on the received lighting control signals. It further includes
a RF-based motion sensing module comprising a sensing-signal input unit for receiving
radiofrequency sensing signals, and a sensing control unit for determining a motion of a
subject or object within a sensing volume using the RF-sensing signals. The lighting control
unit, upon receiving a predetermined lighting control signal, is configured to generate and
provide a sensing-module control signal. Upon receiving the sensing module control signal,
the motion-sensing module is configured to operate in a low power operation mode ensuring
the functionality of the lighting module

Other variations to the disclosed embodiments can be understood and effected
by those skilled in the art in practicing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims.

In the claims, the word "comprising" does not exclude other elements or steps,
and the indefinite article "a" or "an" does not exclude a plurality.

A single unit or device may fulfill the functions of several items recited in the
claims. 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.

A computer program may be stored/distributed on a suitable medium, such as

an optical storage medium or a solid-state medium, supplied together with or as part of other
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hardware, but may also be distributed in other forms, such as via the Internet or other wired
or wireless telecommunication systems.
Any reference signs in the claims should not be construed as limiting the

scope.
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CLAIMS:

I. Lighting device (100, 100b) with motion sensing capability, the lighting
device (100) comprising:
- a lighting module (102) comprising a lighting unit (104) configured to provide
light, a control-signal input unit (106) configured to receive lighting control signals (108) for
controlling an operational state of the lighting unit (104), and a lighting control unit (110)
configured to control the operational state of the lighting unit (104) in dependence on the
received lighting control signals (108); and
- a motion sensing module (112) comprising a sensing-signal input unit (114)
configured to receive sensing signals (116), and a sensing control unit (118) connected to the
sensing-signal input unit (114) and configured to determine a motion of a subject or object
(1) within a sensing volume (2) using the received sensing signals (116);

wherein the lighting control unit (110), upon receiving a predetermined
lighting control signal (108.1), is configured to generate and provide to the motion sensing
module (112) a sensing-module control signal (119) for operating the motion sensing module
(112) in a low power operation mode for a low-power time span, and,

wherein the lighting control unit (110) is configured to monitor a reduction
(APpc) of a power amount (Ppc) provided for operating the lighting device (100) and to
provide the sensing module control signal (119) upon determining that a detected reduction
has exceeded a predetermined threshold amount (APth), and

wherein the motion sensing module (112), upon receiving the sensing module
control signal (119), is configured to operate in the low power operation mode for the low-

power time span.

2. The lighting device (100) of claim 1, further comprising a wired connection
(120) between the lighting control unit (110) and the sensing control unit (118) configured to

transmit the sensing module control signal (119).
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3. The lighting device (100) of claim 1 or 2, wherein the motion sensing module
(112) comprises a radiofrequency based motion sensing module configured to receive

radiofrequency sensing signals.

4. The lighting device (100b) of any of the preceding claims, further comprising
a power supply unit (122) for connection to an AC mains supply (124) and to the lighting
module (102) and the motion sensing module (112), the power supply unit (122) configured
to provide operative DC power for operation of the lighting device (100) in an operation

mode, and stand-by DC power for operation of the lighting device in a stand-by mode.

5. The lighting device (100b) of claim 4, wherein the motion sensing module
(112), upon receiving the sensing module control signal (119) from the lighting control unit
(110), 1s configured to operate in a stand-by mode using the stand-by DC power provided by
the power supply unit (122).

6. The lighting device (100, 100b) of any of the preceding claims, wherein the
motion sensing module (112), when operating in the low power mode, is configured to
receive the sensing signals (116) and store signal data (SD) pertaining to the received sensing

signals (116).

7. The lighting device (100, 100b) of any of claims 1-5, wherein the motion
sensing module (112), when operating in the low power mode, is configured to stop a
reception of the sensing signals and/or a processing of the received sensing signals for the
determination of the motion of a subject or object (1) within the sensing volume (2) using the

received sensing signals (116).

8. The lighting device (100) of any of the preceding claims, wherein the lighting
control unit (110) is configured to receive at least a subset of the lighting control signals
(108) via a power line (126) for providing operational power from a power supply (124) to

the lighting device (100).

9. The lighting device (100) of claim 8, wherein the subset of lighting control
signals include a predetermined number of off-on cycles during a predetermined time span of

a power signal received via the power line.
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10. Method (200) for controlling operation of a lighting device (100) with motion
sensing capability, the method comprising:

- receiving (202) lighting control signals for controlling an operational state of
a lighting unit;

- controlling (204) the operational state of the lighting unit in dependence on
the received lighting control signal;

- receiving (206) sensing signals;

- determining (208) motion of a subject or object within a sensing volume using
the received sensing signals;

- upon receiving (210) a predetermined lighting control signal at a lighting
control unit, generating and providing (212) to a motion sensing module a sensing module
control signal for operating the motion sensing module in a low power operation mode for a
predetermined low-power time span;

- monitoring (210b) a reduction (APpc) of a power amount (Ppc) provided for
operating the lighting device (100b) and providing the sensing module control signal (119)
upon determining that a detected reduction has exceeded a predetermined threshold amount
(APth), and

- upon receiving (214) the sensing module control signal, operating (216) the
motion sensing module in the low power operation mode for the predetermined low power

time span.

11. The method (200, 200b) of claim 10, further comprising, upon receiving the
sensing module control signal (119) from the lighting control unit (110), operating (216) the
motion sensing module in a stand-by mode using stand-by DC power provided by a power

supply unit.

12. The method (200b) of any of the preceding claims 10 to 11, further comprising
receiving (202b) at least a subset of the lighting control signals via a power line (126) for

providing operational power from a power supply (124) to the lighting device (100).

13. Computer program comprising instructions which, when executed by a
lighting device according to any of the preceding claims 1 to 9, cause the lighting device to

carry out the method of any of the claims 10 to 12.
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