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(57) Abstract: A luminaire system comprising: a support compris-
ing a plurality of light sources for creating a light beam; at least one
optical receiver configured for detecting light originating from said
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a control means operatively connected to said at least one optical
receiver for obtaining data related to said detected light. Fig 1
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LUMINAIRE SYSTEM FOR DETERMINING WEATHER RELATED INFORMATION

FIELD OF INVENTION

The present invention relates in general to a luminaire system for lighting purposes and for
determining weather related information. Particular embodiments relate to a luminaire system in

the form of a luminaire head or in the form of an outdoor lamp post.

BACKGROUND

LLamp posts - also known as street lights, light poles, or street lamps - with a dedicated device
having an integrated emitter and receiver for determining weather information are known in the art.
LLamp posts comprising a twilight sensor for determining when it is dark, are also known in the art.

LLamp posts with a camera for traffic monitoring, are also known in the art.

Examples of such lamp posts are described in WO 2014/180647, US 9,900,962, and WO
2014/133946.

SUMMARY

The object of embodiments of the present invention is to provide a luminaire system for lighting
purposes, whilst at the same time being capable of performing accurate determination of weather
conditions, for example in terms of visibility and/or precipitation conditions and/or a state (e.g.

reflectivity) of the surface intended to be illuminated and/or a distance between the light sources

and said surface.

According to a first aspect the present invention provides a luminaire system comprising: a support
comprising a plurality of light sources for creating a light beam; at least one optical receiver
configured for detecting a portion of said light beam which is reflected or back-scattered (e.g. by
diffusing sources in the air, such as rain, fog, etc., or by a surface to be illuminated, such as a road
surface); a control means operatively connected to said at least one optical receiver for obtaining
data related to said detected light beam portion. The control means is further configured for
determining, based on the obtained data, information related to at least one of: ambient visibility,
precipitation, a state of the surface intended to be illuminated by the luminaire system, a distance

between the plurality of light sources and said surface.



10

15

20

25

30

35

WO 2020/053342 PCT/EP2019/074380

In that manner the light sources and the at least one optical receiver are integrated in a
luminaire system in an improved manner compared to prior art solutions.

It is an advantage of embodiments of this luminaire system, that it not only allows to
provide a light beam for illumination purposes, but also allows to determine weather conditions
such as for example visibility conditions (e.g. qualitatively and/or quantitatively) and/or
precipitation conditions (e.g. dry, rain, fog, snow) and/or a state of the surface to be illuminated
(dry, flooded, covered by ice, by snow, by mud, etc.) and/or a distance between the plurality of
light sources and said surface.

At least a portion of the light rays of the light beam are visible light rays. The light beam
may be delimited by an irregular conical surface, and may contain light rays in different spectra.
The light beam may be formed by different sub-beams of light rays, e.g. different sub-beams of
light rays in different spectra.

It is a particular advantage of embodiments of this luminaire system that it does not use a
dedicated integrated emitter-receiver device for determining weather conditions, but that it can use
one or more of the standard light sources already present on the support in existing luminaires, or
one or more specific light sources added to an existing support with light sources and chosen for
allowing a good detection by the optical receiver. The system also allows using as the optical
receiver a sensor or receiver for purposes other than mere weather-related purposes. This is
especially true when using an image sensor or a camera both for traffic monitoring for example as
well as for determining weather conditions.

The luminaire system may be comprised in a luminaire head, in which case the control
means may also be embedded in the luminaire head, may be mounted on top of the luminaire head,
e.g. on top of a housing of a luminaire head, and more generally may be provided anywhere in
and/or on the luminaire head. It is an advantage that such luminaire system is compact and easy to
install, since only a power cable needs to be connected to this luminaire system. Alternatively or
additionally, the control means may be arranged outside of the luminaire head, for example inside
a lighting pole of a streetlight system, at a distance of the lighting pole, etc.

The portion of the light beam which is reflected or back-scattered and received by the
optical receiver will be different depending on e.g. diffusing sources in the air, such as rain, fog,
etc., the conditions of the surface to be illuminated, etc. More in particular, any characteristics such
as the polarization and/or the intensity and/or the color of the light beam may be different
depending on the properties of environment through which the light beam passes. These
differences will allow deriving information about any one or more of ambient visibility,
precipitation, a state of the surface intended to be illuminated by the luminaire system, a distance

between the plurality of light sources and said surface.
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Preferred embodiments thereof are disclosed in the dependent claims.

According to an exemplary embodiment the luminaire system comprises a housing accommodating
the support and the at least one optical receiver. The housing may correspond with the housing of

the luminaire head. In that manner a compact integrated system is obtained.

According to an exemplary embodiment the optical receiver comprises one or more optical
receiving elements, wherein each optical receiving element is configured to measure a light
intensity of the detected portion of the light beam. When a plurality of optical receiving elements is
present, the optical receiving elements may be arranged according to a regular pattern, for example
an array with at least one row and at least two columns of optical receiving elements. Preferably
the optical receiver comprises a row of optical receiver elements extending along a line, and such
that, in the mounted positon of the luminaire system, the light emitted by at least one of the
plurality of light sources is received on said line. Changes in ambient visibility and/or precipitation
and/or changes in a state of a surface to be illuminated and/or changes regarding the distance
between said surface and the plurality of light sources, will influence the intensity and/or direction
and/or the color and/or the polarization of the light beam which is reflected by diffusing sources
and/or said surface. When a plurality of optical receiving elements is used both intensity and
direction changes may be detected, optionally in combination with color and/or polarization
changes, allowing to determine information related to any one of the above mentioned conditions.
For example, the measured intensity may indicate that it has started raining or that a surface is
covered with snow. Also, depending on the distance between the surface and the plurality of light
sources, a light beam reflected on said surface will be received at a different location of the optical
receiver. When the optical receiver comprises a plurality of optical receiving elements arranged
across a surface of the optical receiver, depending on said distance, different optical receiving
elements will detect the reflected light beam, and the detection performed by the plurality of

optical receiving elements will allow determining information about the distance.

According to an exemplary embodiment the control means is configured to control the plurality of
light sources to be subsequently in at least a first state and a second state different from the first
state, and to control the at least one optical receiver such that the detection is performed at one or
more first moments in time in the first state and at one or more second moments in time in the
second state. Based on a difference between the detected signals in the first state and in the second
state, an accurate indication of the information related to ambient visibility and/or precipitation
and/or the state of the surface to be illuminated and/or a distance between the plurality of light

sources and said surface, can be obtained. Indeed, in that manner, the influence of external light
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sources of the environment can be eliminated. For example, the first state may correspond to an
activated state of at least one of the plurality of light sources, and the second state may correspond
to a deactivated state of the at least one of the plurality of light sources. In another embodiment, the
first state may correspond to an activated state of at least one of the plurality of light sources, and
the second state may correspond to a dimmed state of the at least one of the plurality of light
sources. In yet another embodiment, the first state may correspond to a deactivated state of at least
one of the plurality of light sources, and a second state may correspond to a dimmed state of the at
least one of the plurality of light sources. In yet another embodiment, the first state may correspond
to a first dimmed state of at least one of the plurality of light sources, and the second state may
correspond to a second dimmed state of the at least one of the plurality of light sources, said
second dimmed state being different from said first dimmed state. In another embodiment, the first
state may correspond to an activated state (optionally dimmed) of only some of the plurality of
light sources, and the second state may correspond to an activated (optionally dimmed) or
deactivated state of all of the plurality of light sources. In another embodiment, the first state may
correspond to at least one of the plurality of light sources emitting a first portion of a modulated
light beam, and the second state may correspond to the at least one of the plurality of light sources
emitting a second portion of a modulated light beam. The skilled person understands that many
variations are possible as long the difference between the obtained data in the first and second state

allows reducing or eliminating the influence of external light sources.

According to a further developed embodiment the control means is configured to control the
plurality of light sources between at least a first state and a second state different from the first
state, and to control the at least one optical receiver such that the detection is performed first at one
or more first moments in time in the first state, subsequently at one or more second moments in
time in the second state, and next at one or more third moments in time again in the first state. This

allows to further increase the accuracy.

According to an exemplary embodiment the control means is configured to activate and deactivate
at least one light source of said plurality of light sources, and to control the at least one optical
receiver such that the detection is performed at one or more first moments in time when said at
least one light source is activated and at one or more second moments in time when said at least
one light source is deactivated. Based on a difference between the detected signals when the at
least one light source is activated and deactivated an accurate indication of the information related
to ambient visibility and/or precipitation and/or the state of the surface to be illuminated and/or a
distance between the plurality of light sources and said surface, can be obtained. Indeed, in that

manner, the influence of external light sources of the environment can be reduced or eliminated.
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According to an exemplary embodiment, the control means is further adapted
- for activating, preferably in a repeating manner, at least one of the plurality of light sources
for emitting a light beam, preferably during a first time period smaller than 100 ms, in a
non-lighting-mode of the luminaire system; and/or
- for deactivating, preferably in a repeating manner, at least one of the plurality of light
sources, preferably during a first time period smaller than 100 ms, in a lighting-mode of
the luminaire system.
Preferably, the control means is configured to control the at least one optical receiver such that the
detection is performed both during the first time period and outside of the first time period. By only
briefly activating or deactivating at least one of the plurality of light sources, the normal operation
of the plurality of light sources is not hindered, and an accurate determining of the information can
be achieved based on a detection by the optical receiver in two different states of the at least one of

the plurality of light sources.

According to an exemplary embodiment, the control means is further adapted
- for repeatedly activating at least one of the plurality of light sources for emitting a light
beam, preferably during a first time period smaller than 100 ms, and for deactivating said
at least one light source, preferably during a second time period in between two first time
periods, said second time period being larger than 900 ms, in a non-lighting-mode of the
luminaire system; and/or
- for repeatedly deactivating at least one of the plurality of light sources, preferably during a
first time period smaller than 100 ms, and for activating said at least one light source,
preferably during a second time period in between two first time periods, said second time
period being larger than 900 ms, in a lighting-mode of the luminaire system.
The control means is configured to control the at least one optical receiver such that the detection
is performed during the first and second time periods. By repeatedly activating and deactivating at
least one of the plurality of light sources, a very accurate and continuous determining of the
information can be achieved based on repeated detections by the optical receiver in different states

of the at least one of the plurality of light sources.

The first time period may be smaller than 10 ms or even smaller than 1 ms, especially in case of
light emitting diodes (LEDs). More generally, the first time period may be relatively small as long
as it is sufficient for performing the detection. It is an advantage that LEDs can be activated and
deactivated in a fast manner and that an optical receiver has a sufficiently short reactivity time,

such that detection can be performed in a manner which is invisible to the human eye. Such
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detections may be repeated for example 1 to 60 times per hour, 24 hours/day, 7 days/week, while
requiring only a limited amount of power. It is noted that the frequency may vary depending on
e.g. the weather conditions, and that the detections may also be performed on demand, see further.
The second time period may be larger than 10 seconds, or larger than 30 seconds, or larger than 1

minute, or larger than 5 minutes, or larger than 1 hour.

According to an exemplary embodiment, the luminaire system further comprises a drive means for
powering said plurality of light sources. The control means may be adapted for activating or
deactivating or otherwise controlling the drive means, for example for operating the drive means in
a modulated or pulsed manner. The control means or a portion thereof may be integrated in the
same housing as the drive means, or may be added as one or more pluggable modules to the driver
housing. Alternatively, the drive means and the control means may be separate modules included

in separate housings.

According to an exemplary embodiment, the drive means is adapted for providing a modulated
power signal to all or to at least one of the plurality of light sources for creating a modulated light
beam or a light beam with a modulated component, and the luminaire system further comprises a
demodulator for demodulating a signal obtained from the at least one optical receiver, and the
control means is further adapted for extracting said information based on the demodulated signal.
Any suitable modulation technique may be used, for example pulse-width-modulation (PWM) or
amplitude modulation (AM). According to an exemplary embodiment, the modulated power signal
is a pulse-width modulated (PWM) power signal. The demodulator may be provided anywhere in
the luminaire system, e.g. in or on the luminaire head, in or on the light pole, or at a location
remote from the light pole.

The modulated power signal will be transmitted and/or reflected and/or scattered in a different
manner depending on e.g. the weather conditions, a condition of the road surface, a distance
between the road surface and the plurality of light sources, etc. Thus, also the demodulated signal
will be different depending on these conditions, and will allow deriving information about those
conditions. Further, by using a modulated power signal, the light source will be in different states
which is useful for calibration purposes, and in particular for removing the influence of external

light sources.

According to an exemplary embodiment, the control means may be configured to control the
plurality of light sources and the at least one optical receiver, such that a detection is performed on
demand, e.g. when the weather conditions fulfil certain criteria. To that end the control means may

be configured to receive external data, e.g. weather related data, and to control the plurality of light
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sources and the at least one optical receiver accordingly. In addition or alternatively, the luminaire
system may comprise one or more sensors capable of sensing weather related data, and the

detection may be performed when the sensed weather data fulfills certain criteria.

According to an exemplary embodiment each or at least some of the plurality of light sources
comprise a plurality of light emitting elements. It is an advantage of using a plurality of light
emitting elements that failure of one of these elements does not necessarily imply failure of the

entire light source.

According to an exemplary embodiment each or at least some of the plurality of light emitting
elements are light emitting diodes. It is an advantage that light emitting diodes (known as LEDs)
have a high power efficiency, thus providing a power-efficient illumination system. Another
advantage of LLEDs is that they can be activated during a very small time period (e.g. in the order
of 1 ms or even less). For example, when determining weather conditions during daytime, one or
more light sources of the plurality of light sources may be activated during a very short time period

which is not visible to the naked eye.

According to an exemplary embodiment at least one of the plurality of light sources comprises a
laser. The advantage of using a laser is that a narrow collimated beam can be obtained, so that the
power density is higher. Depending on the type of optical receiver, it may be advantageous to use
either a narrow collimated beam (such as a laser) or a wider beam (such as a LED). More
generally, the at least one light source and the at least one optical receiver may be matched to each
other in order to improve the detection results. It is noted that it is also possible to use a

combination of different types of light sources for the detection.

According to an exemplary embodiment the luminaire system further comprises a plurality of
optical elements associated with the plurality of light sources. These optical elements may be
flexible optical elements or rigid optical elements. These optical elements are typically arranged in
front of the light sources, and thus also mechanically protect the light sources or light elements. At
least one of these optical elements may be shaped to spread or diffuse the light being emitted into a
relatively wide beam. At least one of these optical elements may be shaped so as to direct the light
beam being emitted into a relatively narrow beam. By orienting the relatively narrow beam in an

appropriate direction the detection by the optical receiver can be improved.

In a particular embodiment, the optical elements comprise lenses, collimators, reflectors, diffusers,

or any combination thereof. In an advantageous embodiment, the optical elements comprise lenses.
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For example, the plurality of light sources may be an array of LEDs arranged on a PCB, and an
array of lenses may be integrated in one integral lens plate which is arranged over the array of
LEDs. The array of lenses may be an array of the same lenses or different lenses. For example, a
majority of the lenses may be shaped to spread or diffuse the light being emitted into a relatively
wide beam, whilst a minority of the lenses may be shaped so as to direct the light beam being

emitted into a relatively narrow beam.

According to an exemplary embodiment the control means is further configured to control the
plurality of light sources and/or the at least one optical receiver based on the determined
information. For example, the control means may change a state of the plurality of light sources in
case of a certain degree of fog and/or in case the determined visibility is lower than a certain
threshold value. For example, one or more light sources of the plurality of light sources may be
activated or deactivated or dimmed, the shape of the light beam may be changed, the color or color
temperature of at least a portion of the light beam may be changed, the intensity of at least a
portion of the light beam may be changed, etc. For example, the at least one optical receiver may
be controlled such that the frequency of the detection is varied based on the determined

information.

According to an exemplary embodiment, the support is or comprises a printed circuit board (PCB).
In some embodiments the housing of the luminaire head may form the common support for the
plurality of light sources. In other embodiments two PCB’s may be provided each containing one
or more of the plurality of light sources, and the two PCB’s may be mounted on the housing or on

a common heat sink.

According to an exemplary embodiment, the at least one optical receiver is arranged at a
predefined distance from the plurality of light sources. This allows an optical shield to be placed
between the light sources and the optical receiver. The plurality of light sources and the optical

receiver may be arranged on the same support or on a different support.

According to another exemplary embodiment, the at least one optical receiver is arranged at a
predefined distance from the support. This allows thermal and supply voltage decoupling of the
light sources and the optical receiver. This also allows an optical shield to be placed between the

support and the optical receiver.

According to an exemplary embodiment, the luminaire system further comprises a receiver optical

element associated with the at least one optical receiver, e.g. a receiver lens. The receiver optical
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element may be adapted to make the receiver receptive to only a narrow region. In an example with
areceiver lens, the receiver lens may have an angular opening of less than 60°, less than 50°, less
than 40° or even less than 10°. In other embodiments the receiver lens may be configured to have
a wide angular opening, e.g. between 100° and 180°. The receiver optical element is preferably
arranged and/or oriented for receiving reflected and/or back-scattered light emitted by at least one

of the light sources, e.g. a LED light source or a LASER light source.

According to an exemplary embodiment, the receiver optical element may have a first portion for
guiding visible light to a first region of the at least one optical receiver, and a second portion for
guiding the reflected or back scattered light to a second region of the at least one optical receiver.
The first portion and the second portion may be lens portions having a different curvature.
Preferably the first region occupies a major portion of the at least one optical receiver, for example
in the range from 80% to 95% of the surface area of the at least one optical receiver. Preferably the
second region occupies a minor portion of the at least one optical receiver, for example in the range
from 5% to 20% of the surface area of the at least one optical receiver. The second portion may be
located in the center of the receiver optical element, or near an edge, or may be a peripheral portion

of the receiver optical element.

According to an exemplary embodiment, the plurality of light sources comprises at least one first
light source adapted for generating light having a first spectrum, and at least one second light
source adapted for generating light having a second spectrum different from the first spectrum.
The at least one optical receiver may be sensitive to only the first spectrum, or to only the second
spectrum, or to both the first and the second spectrum. The at least one optical receiver may
comprise a first optical receiver and a second optical receiver having a different sensitivity than the

first optical receiver.

According to an exemplary embodiment, the second spectrum has light components in one or more
of the following bands: the ultra-violet (UV) band, the visible spectrum band, the near-infra-red
(NIR) band, and the infra-red (IR) band, wherein said light components contain in one or more of

said bands at least 5% of the total power of said light components.

According to an exemplary embodiment, the second light source is a laser, or a pulsed laser.

According to an exemplary embodiment, the luminaire system further comprises a separate feeding

means for powering said at least one optical receiver. Alternatively the drive means may be used to

power both the plurality of light sources and the optical receiver.
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According to an exemplary embodiment, the at least one optical receiver comprises a photodiode,
and/or an array of photo diodes, and/or an image sensor and/or a camera (e.g. a camera including
an image sensor). For example, when the optical receiver is an image sensor, the optical receiver
comprises a plurality of optical receiver elements in the form of pixel sensors. It is an advantage of
luminaire systems with a more advanced optical receiver, e.g. an image sensor, that it not only
allows to illuminate a scene and allows to determine weather conditions, but also allows to capture
real images or even video at a frame rate in the range from 2 Hz to 50 Hz. Such a luminaire system
can be used for example to monitor traffic and/or parking conditions in addition to illuminating and
determining weather conditions. When the at least one optical receiver comprises a first and a
second optical receiver, the first and second optical receiver may be different, and may be any one

of the types mentioned above.

According to an exemplary embodiment, the camera may comprise a 2D- image camera, and/or a
3D-image camera, and/or a time-of-flight (TOF) camera, and/or a stereo-vision-camera, and/or an
infra-red (IR) camera, and/or a near-infrared (NIR) camera, and/or a camera capable of detecting
both visible light and infrared light. It is an advantage of using IR or NIR light that it is invisible to
the human eye, hence is not disturbing a pedestrian or driver of a vehicle when emitting light.

It is another advantage of using IR or NIR light that it can also be used during the daytime without
illuminating the environment. It is a particular advantage of using modulated NIR or IR light that it
can be used to differentiate between radiation emitted by the sun (as a slowly varying component,
for example typically having frequency components lower than 10 Hz) and the modulated light (as
a rapidly varying component, for example having frequency components higher than 100 Hz or
higher than 1 kHz). In this way, e.g. weather conditions can be reliably determined, despite the

presence of sun light.

In embodiments of the invention, the control means may be located in, on or near the luminaire
head and/or at a remote location, e.g. in a remote server or in a segment controller controlling a
plurality of luminaire heads. The control means may comprise different control portions (e.g.
distinct controllers) which do not necessarily have to be at the same location, e.g. some
calculations may be done locally in the luminaire head and other calculations may be done in a
remote server. For example controlling the drive means may be done locally, whilst the processing
of the obtained data may be done remotely. One or more control portions may be integrated in the
same housing as the drive means or may be added as one or more pluggable modules to the driver
housing. Alternatively, the drive means and the one or more control portions may be separate

modules included in separate housings.



10

15

20

25

30

35

WO 2020/053342 PCT/EP2019/074380
11

According to an exemplary embodiment, the control means is adapted for determining said
information based on a spatial analysis of image information obtained from the camera and/or the

image sensor.

According to an exemplary embodiment with a camera and/or an image sensor, the control means
is adapted for determining said information based on spectral analysis of image information

obtained from the camera and/or the image sensor, for example based on color information.

According to an exemplary embodiment, the luminaire system further comprises a memory
operatively connected to the control means, and the control means is adapted for storing data
received from the at least one optical receiver at different moments in time, and/or for storing data
processed by the control means and/or for storing reference data and/or for storing calibration data,
and is further adapted for determining said information based on a correlation, e.g. a temporal

correlation of said stored data.

According to an exemplary embodiment, the luminaire system further comprises wired or wireless
or optical communication means for communicating with other systems, such as vehicle systems,
other luminaire systems, mobile devices, sensor systems, etc., and/or for communicating with a
remote server, and the control means is further adapted for transmitting the determined information
or data (e.g. unprocessed data) obtained from the at least one optical receiver through the
communications means. It is an advantage that the luminaire system may be part of a larger
system, allowing for example gathering weather information by a plurality of luminaire systems
positioned at many different locations, thereby allowing accurate determination of weather
conditions over a large region, without having to install dedicated devices. In another example, the
luminaire system may be operatively connected to and adapted for transmitting the determined
information or data to unmanned/autonomous vehicles, such as autonomous cars, thereby allowing

the vehicles to adapt e.g. their speed and/or their headlamp in consequence.

According to an exemplary embodiment, the control means is further adapted for receiving
information from at least one other luminaire system and/or from a remote device, e.g. a remote
server, a vehicle, etc., and the control means is configured to further control the plurality of light
sources and/or the at least one optical receiver based on the information received via the
communication means. Such a communication system allows the control means of a certain
luminaire to change the light emitted by the plurality of light sources (e.g. by activating,

deactivating, dimming, changing of the shape of the light distribution, changing of the color or
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color temperature of the emitted light, etc.) based not only on information from its own (local)
optical receiver, but also based on information obtained e.g. from at least one other optical
receiver, e.g. an optical receiver of a neighboring luminaire, or optical receivers of two neighboring
luminaires; and/or based on information, e.g. weather information received from a remote device.
In the latter case the decision to change the light emitted by the plurality of light sources may for
example be based on majority voting or any other suitable decision scheme. Examples of similar
possible control techniques are described in Belgian patent application BE 2018/5172 in the name
of the applicant, the content of which is included herein in its entirety by reference. It is also
possible that a remote server decides when to change the light emitted by the plurality of light
sources for individual luminaires or for a plurality of luminaires based on information obtained
from said plurality of luminaires. Also, the control means may be configured to only activate the
optical receiver of a luminaire in the event that predetermined information, such as predetermined
weather information, is received. Further, the control means may be configured to determine, based
on received weather information, whether the performed detection by the optical receiver is

accurate. This may allow determining when an optical receiver is faulty.

According to an exemplary embodiment, the luminaire system further comprises a housing
accommodating said support and said at least one optical receiver; which housing may be adapted
for preventing a direct optical path between the plurality of light sources and the at least one
optical receiver. In this way crosstalk caused by direct light entering the optical receiver can be

avoided or reduced.

According to an exemplary embodiment, the housing comprises a cavity accommodating said at
least one optical receiver. It is an advantage of this embodiment that a discrete light shield can be

avoided, since the cavity walls may act as an optical shield.

According to another exemplary embodiment, the housing further comprises a light shield arranged
between the plurality of light sources and the at least one optical receiver. The light shield may be

a metal sheet.

According to an exemplary embodiment, the luminaire system is a luminaire head. In this
embodiment the support and the optical receiver are incorporated inside the luminaire head. It is
advantageous to embed both the support with the light sources and the optical receiver in the
luminaire head (as opposed to somewhere in the pole), that such a luminaire head can be provided
as a single module which can be produced and tested as a single entity, and in case of failure can

be easily and rapidly replaced as a whole.
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According to an exemplary embodiment, the luminaire system is a subsystem of a lamp pole, the
lamp pole comprising a luminaire head accommodating at least said support and said at least one
optical receiver, the lamp pole further comprising a support pole for supporting said luminaire

head. This system can be used as a streetlight, for example.

BRIEF DESCRIPTION OF THE FIGURES

The accompanying drawings are used to illustrate presently preferred non-limiting exemplary
embodiments of devices of the present invention. The above and other advantages of the features
and objects of the invention will become more apparent and the invention will be better understood
from the following detailed description when read in conjunction with the accompanying drawings,
in which:

Figure 1 schematically illustrates a first exemplary embodiment of a luminaire system according to
the present invention;

Figure 2 schematically illustrates a portion of a variant of the luminaire system of Figure 1 as
another embodiment of the present invention;

Figure 3 illustrates a typical sensitivity diagram of a semiconductor image sensor for different
wavelengths, known in the art;

Figure 4 schematically illustrates a specific example of an optical receiver and lens arrangement as
may be used in embodiments of a luminaire system according to the present invention;

Figure 5 schematically illustrates another specific example of an optical receiver and lens
arrangement as may be used in embodiments of a luminaire system according to the present
invention;

Figure 6 shows an exemplary hardware block diagram of a luminaire system according to the
present invention; and

Figure 7 schematically illustrates another example of an optical receiver and lens arrangement as

may be used in embodiments of a luminaire system according to the present invention.

DESCRIPTION OF EMBODIMENTS

Figure 1 schematically illustrates an exemplary embodiment of a luminaire system 23. The
luminaire system comprises a support 24 comprising a plurality of light sources 6 for creating a
light beam 4, which is directed downwardly in Figure 1. Optionally optical elements 5 such as
lenses are provided to guide the light emitted by the plurality of light sources 6. The optical

elements 5 may be integrated in a plate. For example, there may be provided a lens plate with
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integrated lenses 5 for some or all of the plurality of light sources 6. The optical elements 5 may be
the same or different. The luminaire system 23 further comprises at least one optical receiver 2
configured for detecting a portion 11 of the light beam 4 which is reflected or back-scattered by
diffusing sources 33, such as e.g. snowflakes or rain drops or smoke particles, or by a surface to be
illuminated, e.g. a road surface, a pavement, etc. Characteristics of this reflected or back-scattered
light 11 are indicative of weather conditions, in particular visibility and/or precipitation (e.g. snow,
rain, fog, etc.). As explained in detail below with respect to figure 7, the characteristics of this
reflected or back-scattered light 11 may also be indicative for the state of the surface (e.g. covered
with snow, covered with water, etc.) and for the distance between the plurality of light sources 6

and the surface.

The luminaire system 23 further comprises a control means 20 (not shown in Figure 1 but see
Figure 6). The control means 20 is operatively connected (wired or wirelessly) to said at least one
optical receiver 2 for obtaining data related to said detected light portion 11, and is configured for
determining information related to ambient visibility and/or related to precipitation and/or related
to a state of the surface to be illuminated, and/or related to the distance between the plurality of

light sources and the surface, based on the obtained data.

The control means 20 may be further configured to control the plurality of light sources 6 and/or
the at least one optical receiver 2, based on the determined information. For example, if it is
determined that visibility is below a certain threshold value, for example in case of fog, the light
sources 6 may be activated (or "switched on"), even during the day. In other cases, the light
sources 6 may be dimmed, e.g. to improve visibility. Also, the light sources 6 may be individually
controlled so as to change the light distribution, or the position of the optical elements 5 relative to
the light sources 6 may be changed to change the light distribution. For example, the light rays may
be cut off at high angles to avoid glare in case of fog, e.g. in a similar manner as for the headlight
of a car moving from a normal lighting to anti-fog lighting. During the night, when the light
sources are normally on, the light sources may be deactivated (or “switched off””) during a short
time period, for improving the determination. Also, in some embodiments, the frequency of the

detection may be changed based on the determined information.

The control means 20 may be located partially or fully in, on or near the luminaire head and/or
partially or fully at a remote location, e.g. in a remote server or in a segment controller controlling
a plurality of luminaire heads. The control means may comprise different control portions (e.g.
distinct controllers) which do not necessarily have to be at the same location. The control means 20

may be split e.g. as follows: an embedded control and processing means to synchronize an
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emitter/receiver and to compute local e.g. weather condition evaluation, and a separate controller
(internal/external) to decide on lighting and/or optical receiver operating conditions in response to

the determined information.

In order to activate or deactivate the light sources 6, the control means may control one or more
switches (not shown) arranged for providing power from an external supply (not shown in Figure 1
but see Figure 6) to the light sources, for example by opening or closing these switches.
Alternatively, the luminaire system 23 may further comprise a drive means 3 for powering said
plurality of light sources 6. The drive means may be arranged inside the luminaire head and/or may
be mounted in the pole. The drive means 3 may also be used to provide power to the optical

receiver 2.

The support 24 may be a printed circuit board, or another kind of holder for holding the plurality of

light sources 6.

As schematically illustrated in Figure 1, the at least one optical receiver 2 is arranged at a
predefined distance d from the support 24. The distance d may be at least 2 cm or at least 5 cm or
at least 10 cm. It is an advantage that the optical receiver 2, e.g. an optical sensor or image sensor
is not mounted on the support 24, which allows for a thermal decoupling. However, in other

embodiments the optical receiver 2 and the light sources 6 may share a common support.

The luminaire system 23 may further comprise a housing accommodating said support 24 and said

at least one optical receiver 2. The housing may have the form of a luminaire head.

The housing is adapted for preventing a direct optical path between the plurality of light sources 6
and the at least one optical receiver 2. This can be implemented in several ways. For example, in
an embodiment, the housing comprises a cavity accommodating the at least one optical receiver 2.
In this case the walls of the cavity may be sized and shaped appropriately such that no direct light
path exists between the light sources 6 and the optical receiver 2. As another example, a light
shield 26, for example in the form of a metal plate 26, may be physically arranged between the
light sources 6 and the optical receiver 2, for example about halfway between the support 24 and
the optical receiver 2. Such a metal plate 26 not only blocks direct light but also advantageously

reduces electrical interference (EMC, EMI).

In the case where the luminaire system 23 is a luminaire head, the luminaire head comprises said

support 24 and said at least one optical receiver 2 and optionally also said control means 20 or a
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portion thereof. The control means 20 may be embedded in the luminaire head and/or may be
mounted on a housing of the luminaire head, e.g. on top of the housing.

Alternatively, the luminaire system 23 may be a lamp post (also known as street light, light pole,
street lamp) comprising a pole 8 and a luminaire head, the luminaire head comprising said support
24 and said at least one optical receiver 2. Optionally, the pole 8 comprises the control means 20 or
a portion thereof. However, the control means 20 may also be arranged in the he luminaire head
and/or may be mounted on a housing of the luminaire head, e.g. on top of the housing. In both
cases, however, the control means 20 is operatively connected to the plurality of light sources 6

and to the at least one optical receiver 2.

In the example of Figure 1, each or at least some of the plurality of light sources 6 comprise a
plurality of light emitting elements (not shown). The light sources 6 may be driven jointly or
individually. The light emitting elements may be connected in series, or in parallel, or
combinations thereof, for example as two or more parallel chains, each chain comprising a

plurality of elements.

In preferred embodiments, each or at least some of the plurality of light emitting elements are light
emitting diodes, known as LEDs. These elements offer the advantage of having a high power
efficiency. LEDs are preferably driven by the drive means 3. The drive means 3 may have an input
connected to a mains supply (not shown), and an output connected to the support 24 via a cable 9.
The drive means 3 may be an AC to DC convertor providing a predefined or configurable supply
voltage, or may comprise one or more current sources adapted for providing one or more
predefined or configurable supply currents. The drive means 3 may be a separate unit, or may be

an integrated driver directly provided on the support 24.

The luminaire system 23 may further comprise a plurality of optical elements 5, associated with the
plurality of light sources 6. The optical element can for example be made e.g. from optical silicone
or from polycarbonate or from Polymethylmethacrylate (PMMA). In the example of Figure 1 the
support contains seven rows of light sources 6 and each row may contain a plurality of light
sources, but of course the invention is not limited thereto, and more than seven or less than seven
light sources 6 may also be used. The optical elements 5 may be adapted for diffusing the light rays
emitted by the individual light sources 6, thereby creating the light beam 4 having an angle ¢. For

example, the angle ¢ may be an angle in the range from about 30° to about 90°.

In the example of Figure 1, the luminaire system 23 further comprises a receiver optical element 1,

e.g. a receiver lens, associated with the at least one optical receiver 2. The receiver optical element
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1 is preferably adapted for guiding a relatively narrow beam 11 defined by an angle y towards the
optical receiver 2. For example, the angle y may be an angle smaller than 20°. In another
embodiment, the receiver optical element 1 is adapted for guiding a relative wide beam, e.g. with

an angle vy between 100° and 180°.

Figure 2 shows a view on a portion of a variant of the luminaire system 23 of Figure 1. What is
shown is a portion of a luminaire system 23' in the form of a luminaire head comprising a support
24, e.g. a PCB, comprising a plurality of light sources 6. But in contrast to the light sources of
Figure 1 which are all of the same type, the luminaire system of Figure 2 comprises at least two
different types of light sources: at least one first light source 6 adapted for generating light having a
first spectrum, and at least one second light source 12 adapted for generating light having a second
spectrum different from the first spectrum. The second spectrum may for example have light
components in the infra-red (IR) band and/or in the near-infra-red (NIR) band and/or in the ultra-

violet (UV) band. The second light source 12 may also be a laser or a pulsed laser.

The optical element 13, e.g. a lens element, which may be optionally arranged in front of the at
least one second light source 12 may be the same as the optical elements 5 arranged in front of the
at least one first light source 6, or may be different. In preferred embodiments, the optical element
13 is adapted for guiding the light emitted by the second light source 12 into a relatively narrow
beam, for example having an opening angle A in the range from about 20° to about 40°. In another
embodiment, the optical element 13 is adapted for guiding a relative wide beam, e.g. with an angle

A between 100° and 180°.

Figure 3 illustrates a typical sensitivity diagram of a semiconductor image sensor (e.g.
implemented in CMOS technology) for different wavelengths. As can be seen, a CMOS image
sensor is sensitive not only to visible light (having wavelengths from about 390 to about 700 nm),

but also to UV light and near infrared light.

Embodiments of the present invention may use for example a second light source 12 emitting at
least 5% of its power in the NIR range, and may use an optical receiver 2 sensitive in the NIR
range, and the control means 20 may be adapted for determining weather conditions based on
characteristics of the reflected or back-scattered NIR light received by said receiver 2. It is an
advantage that the human eye is not sensitive to the NIR light, thus this light does not distract for

example pedestrians or drivers.
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The optical receiver may be sensitive to visible light (having wavelengths from about 390 nm to
about 700 nm) and/or may be sensitive to NIR light (having wavelengths from about 700 nm to
about 900 nm), and/or may be sensitive to IR light (having wavelengths from about 900 nm to
about 1 mm), and/or may be sensitive to UV light (having wavelengths from about 100 nm to 400
nm),

Unless otherwise specified, with "light" is meant an electromagnetic wave having wavelengths in

the range from about 10 nm to about 1 mm.

Figure 4 schematically illustrates a specific example of an optical receiver 2 and receiver optical
element 1 as may be used in embodiments of a luminaire system 23, 23" according to the present
invention.

In the embodiment of Figure 4, the optical receiver 2 comprises an image sensor 14 having a pixel
array 15 with a plurality of pixels 32. The image sensor 14 may be part of a digital camera, which

typically further comprises readout circuitry, and may further comprise an image compressor, etc.

The image sensor may for example be part of a HD camera or of a megapixel camera. The HD
camera may have a resolution of at least 1280x720 pixels or at least 1920 x 1080 pixels and a
frame rate of at least 25 or 30 Hz. The megapixel camera may have a resolution of at least

1280x720 pixels or at least 1920 x 1080 pixels and a frame rate of at least 3 Hz or at least 5 Hz.

Also other kinds of cameras or image sensors may be used, for example a 2D- image camera, or a
3D-image camera, or a time-of-light (TOF) camera, or a stereco-vision-camera, or an infra-red (IR)
camera, or a near-infrared (NIR) camera, or a camera capable of detecting both visible light and

infrared light, etc.

In the embodiment of Figure 4, a receiver optical element 1, e.g. a lens is arranged in front of the
pixel array 15 for guiding incident light towards the pixel array 15. For example, the angle o may

be a value in the range from about 20° to about 150°.

Figure 5 schematically illustrates a variant of the optical receiver and receiver lens arrangement
shown in Figure 4, where the optical element 1, e.g. a lens, associated with the image sensor 14 has
a first portion 18 for guiding visible light for capturing visible image information to a first region
16 of the image sensor 14, and where the lens 1 has a second portion 19 for guiding reflected or
back scattered light to a second region 17 of the image sensor 14. The first portion 18 occupies a
major portion of the lens area, for example at least 80%, while the second portion 19 occupies only

a minor portion of the lens area, for example at most 20%. The first region 16 occupies a major



10

15

20

25

30

35

WO 2020/053342 PCT/EP2019/074380
19

portion of the pixel array 15, for example at least 80%, while the second region 17 occupies only a
minor portion 17 of the pixel array 15. This allows simultaneous capturing of visible image
information, such as e.g. traffic information, while at the same time capturing image data for
determining weather related information, such as visibility and/or precipitation and/or state of the
surface to be illuminated. In the example of Figure 5 the second portion 19 is arranged in the center
of the lens 1, but that is not required. In an alternative embodiment, the second lens portion 19 is
arranged off-center, for example at an edge or near the periphery of the lens 1. The second portion
19 preferably has another curvature than the first portion 18, and more in particular a smaller
radius of curvature in order to focus the reflected or back scattered light to the second region 17.
This will allow making the second region 17 smaller, whilst maintaining a good accuracy. In the
example of Figure 5, the second lens portion 19 defines an angle 3 for example in the range from

about 20° to about 40°. The angle o may be the same as in Figure 4.

Figure 6 shows an exemplary hardware block diagram of a luminaire system 23 according to the
present invention. As described above, the luminaire system 23 comprises a plurality of light
sources 6a, 6b, and at least one optical receiver 2, e.g. two optical receivers, and a control means
20. The plurality of light sources 6a, 6b may be mounted on a support 24, for example a PCB.

The control means 20 may be a programmable device such as a programmable processor or a
programmable microcontroller with internal and/or external memory, for example volatile memory
(RAM) and non-volatile memory (e.g. ROM or EPROM of FLLASH). The non-volatile memory
may comprise computer executable instructions for determining weather related information, based
on information obtained from the optical receiver 2, e.g. light sensor, or NIR sensor or image

SENsor.

The control means 20 is operatively connected to the optical receiver 2 in order to obtain data
indicative of characteristics, for example an amplitude or a power spectrum of a light portion 11
which is reflected or back-scattered by e.g. particles 33 acting as diffusing sources or by the
surface to be illuminated, but originating from one or more of the light sources 6a, 6b. This data
may be received for all optical receiver elements (e.g. pixels of an image sensor) of the at least one

optical receiver 2.

The light sources 6a, 6b may be activated or deactivated by means of one or more switches (not
shown) or by means of a drive means 3. The drive means 3 may provide one or more predefined or
controllable voltages and/or may provide one or more predefined or controllable currents. The
drive means 3 may be controlled by the control means 20, for example based on the determined

weather condition, and/or based on information received from a remote device, e.g. a remote server
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28, and/or based on information obtained from other luminaire systems 27, for example
neighboring lamp poles. The luminaire system 23 may optionally comprise a separate feeding
means 34 for powering or controlling the at least one optical receiver 2. Alternatively the drive

means 3 may be used.

In some embodiments, the luminaire system comprises at least two optical receivers: a first optical
receiver having a first sensitivity spectrum, and a second optical receiver having a second

sensitivity spectrum different from the first sensitivity spectrum.

The luminaire system 23 may further comprise wired or wireless or optical communication means
29 operatively connected to the control means 20, and adapted for communicating with one or
more other luminaire systems 27, and/or for communicating with a remote server 28.

The control means 20 may be further adapted for transmitting the determined information or for
transmitting the data, for example unprocessed data obtained from the at least one optical receiver
2, for example light sensor data or NIR sensor data or image or video stream data, through the
communications means 29. The control means 20 may be further adapted for receiving information
from at least one other luminaire system 27, for example from a neighboring lamp post, and/or
from the remote device 28 such as a remote server, and may be configured to control the plurality
of light sources 6, for example to activate (e.g. turn ON) or deactivate (e.g. turn OFF) or dim or
change the shape of the light distribution or change the color or color temperature of the emitted
light, based on the information received via the communication means 29. In case of conflicting
information obtained from the optical receiver 2 and/or neighboring luminaire systems and/or the
remote device 28, the control means may apply a majority voting technique in order to determine
whether or not to activate or deactivate or dim or otherwise control the light sources 6 and/or the at
least one optical receiver 2. Also, the control means 20 may be configured to only activate the
optical receiver 2 of a luminaire in the event that predetermined information, such as
predetermined weather information, is received. Further, the control means 20 may be configured
to determine, based on received weather information, whether a detection by the at least one optical

receiver 2 is accurate.

The control means 20 may be configured to control the light sources 6 to be subsequently in at
least a first state and a second state different from the first state, and to control the optical receiver
2 such that the detection is performed at one or more first moments in time in the first state and at
one or more second moments in time in the second state. For example, the first state may
correspond to an activated state of at least one of the light sources 6, and the second state may

correspond to a deactivated state of the at least one of the light sources 6. In another embodiment,
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the first state may correspond to an activated state of at least one of the light sources 6, and the
second state may correspond to a dimmed state of the at least one of the light sources 6. In yet
another embodiment, the first state may correspond to a deactivated state of at least one of the light
sources 6, and a second state may correspond to a dimmed state of the at least one of the light
sources 6. In yet another embodiment, the first state may correspond to a first dimmed state of at
least one of the light sources 6, and a second state may correspond to a second dimmed state of the
at least one of the light sources 6, said second dimmed state being different from the first dimmed
state. In another embodiment, the first state may correspond to an activated (optionally dimmed)
state of some of the light sources 6, and the second state may correspond to an activated (optionally
dimmed) or deactivated state of all of the light sources 6. In another embodiment, the first state
may correspond to at least one of the light sources 6 emitting a first portion of a modulated light
beam, and the second state may correspond to the at least one of the light sources 6 emitting a

second portion of a modulated light beam.

According to a further developed embodiment the control means 20 is configured to control the
light sources 6 between at least a first state and a second state different from the first state, and to
control the at least one optical receiver such that the detection is performed first at one or more first
moments in time in the first state, subsequently at one or more second moments in time in the
second state, and next at one or more third moments in time again in the first state. This allows to

further increase the accuracy.

In a particular embodiment, the control means 20 is further adapted for repeatedly activating
(during the day) or deactivating (during the night) at least one of the plurality of light sources 6
during a first time period smaller than 100 ms, or smaller than 10 ms, or even smaller than 1 ms,
and for deactivating (during the day) or activating (during the night) said at least one light source 6
during a second time period longer than 900 ms, for example longer than 30 seconds or longer than
5 minutes. Such determination may be repeated throughout the day and the night. If the duration of
the first period is sufficiently small, for example in the order of 1 ms or less,
activation/deactivation is not visible for human beings, and thus not disturbing for pedestrians or
drivers. The weather-related information may then be determined based on detection signals
received both during the first and second time period such that the influence of external light

sources can be removed.

A problem often encountered when measuring light information is that sunlight disturbs the signal
significantly. In order to improve the accuracy of the system, the drive means 3 may be adapted to

provide a modulated power signal to all or to at least one of the plurality of light sources 6 for
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creating a modulated light beam or a light beam with a modulated component. The luminaire
system would then further comprise a demodulator for demodulating the signal received by the at
least one optical receiver 2, and the control means 20 would be further adapted to extract said
information based on the demodulated signal. It is noted that the demodulator may be a hardware
component, or may be partly or fully implemented in the control means 20, for example in
software. The demodulator may be present in the luminaire head but also in another location such
as a remote server. It is noted that this embodiment corresponds with the example given above
where the first state corresponds to at least one of the light sources 6 emitting a first portion of a
modulated light beam, and the second state corresponds to the at least one of the light sources 6

emitting a second portion of a modulated light beam.

In a preferred embodiment, the modulated power signal provided by the drive means 3 is a pulse-

width modulated (PWM) power signal. Such a signal is particularly suitable for driving LEDs.

Figure 7 illustrates schematically another exemplary embodiment of a luminaire system 23 of the
invention. The luminaire system 23 comprises a support 24 comprising a plurality of light sources
6 for creating a light beam which is directed downwardly. The luminaire system 23 further
comprises at least one optical receiver 2 configured for detecting a portion of the light beam which
is reflected or back-scattered by diffusing sources 33 or by a surface S. Characteristics of this
reflected or back-scattered light are indicative of weather conditions, in particular visibility and/or
precipitation (e.g. snow, rain, fog, etc.), and/or of the state of the surface (e.g. covered with snow,
covered with water, etc.) and/or of the distance H between the plurality of light sources 6 and the
surface. The luminaire system 23 further comprises a control means (not shown in Figure 7 but see
Figure 6) operatively connected (wired or wirelessly) to said at least one optical receiver 2 for

obtaining data related to said detected light portion.

The optical receiver 2 comprises a plurality of optical receiving elements 32, e.g. corresponding
with the pixels of an image sensor, wherein each optical receiving element 32 is configured to
measure a light intensity of the detected portion of the light beam within a predetermined spectrum
or within a plurality of predetermined spectra. When a plurality of optical receiving elements 32 is
present, the optical receiving elements 32 may be arranged according to a regular pattern, for
example an array with at least one row and at least two columns of optical receiving elements 32.
Preferably the optical receiver comprises a row of optical receiver elements 32 extending along a
line, and such that, in the mounted positon of the luminaire system, the light emitted by at least one
of the plurality of light sources 6 is received on said line. This is schematically illustrated in Figure

7. A first light ray I1 is reflected on the surface S and the reflected ray O] is received in a point P1
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of the active surface area of the optical receiver 2. A second light ray 12 is reflected/back-scattered
on diffusing sources 33 and the reflected/back-scattered ray O2 is received in a point P2 of the
active surface area of the optical receiver 2. When the surface is lower than the surface S, see
surface S°, point P1 will shift to the left, see point P1’. When the surface is higher than the surface
S, see surface S”, point P1 will shift to the right, see point P1”. In other words, the location of point
P1, P1°, P1” depends on the distance H between the plurality of light sources 6 and the surface S,
S’, S” where the light is reflected. Thus, the measurements performed by optical receiver elements
32 which are arranged along a line containing points P1, P1°, P17, allow determining said distance
H. Also, the state of the surface S, S°, S” (e.g. concrete, bitume, snow, water, etc.) may influence
the measured light intensity. More generally, changes in ambient visibility and/or precipitation
and/or changes in a state of a surface to be illuminated and/or changed regarding the distance
between said surface and the plurality of light sources, will influence the intensity and/or direction
of the light beam which is reflected by diffusing sources and/or said surface. When a plurality of
optical receiving elements 32 is used, both intensity and direction changes may be detected,
allowing to determine information related to any one of the above mentioned conditions. For
example, the measured intensity may indicate that it has started raining or that a surface is covered
with snow. The control means 20 may be further configured to do a calibration upon installation.
Also, the control means 20 may be configured to be self-learning, optionally taking into account
received information, such as weather information, information about the surface, information

about the height of the luminaire, etc.

Different algorithms may be used to determine said information.

- In an exemplary embodiment, the control means 20 is adapted for determining said information
based on spatial analysis of image information obtained from the image sensor 14.

- In another exemplary embodiment, the control means 20 is adapted for determining said
information based on spectral analysis of image information obtained from the image sensor 14. As
is known in the art, individual pixels of an image sensor may be sensitive to different colors, for
example Red, Green and Blue color components.

- In yet another exemplary embodiment, the control means 20 is adapted for obtaining data from
the optical receiver 2 at different moments in time, and for storing said data or processed data
derived therefrom in a memory, and for determining said information based on a correlation, such
as a temporal correlation of the stored data.

But other techniques may also be used and the techniques described above may be combined.



WO 2020/053342 PCT/EP2019/074380

24

Whilst the principles of the invention have been set out above in connection with specific
embodiments, it is to be understood that this description is merely made by way of example and

not as a limitation of the scope of protection which is determined by the appended claims.
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CLAIMS

1. A luminaire system (23) comprising:

- a support (24) comprising a plurality of light sources (6) for creating a light beam (4);

- at least one optical receiver (2) configured for detecting a portion (11) of the light beam
(4) which is reflected or back-scattered;

- a control means (20) operatively connected to said at least one optical receiver (2) for
obtaining data related to said detected light beam portion (11), and configured for determining,
based on the obtained data, information related to at least one of: ambient visibility, precipitation, a
state of a surface intended to be illuminated by the luminaire system, a distance between the

plurality of light sources and said surface.

2. The luminaire system (23) according to claim 1, further comprising a housing

accommodating said support (24) and said at least one optical receiver (2).

3. The luminaire system (23) according to claim 1 or 2, wherein the control means is
configured to control the plurality of light sources to be subsequently in at least a first state and a
second state different from the first state, and to control the at least one optical receiver such that
the detection is performed at one or more first moments in time in the first state and at one or more

second moments in time in the second state.

4. The luminaire system (23) according to the previous claim, wherein any one or more of the
following is applicable:

- the first state corresponds to an activated state of at least one of the plurality of light sources, and
the second state corresponds to a deactivated state of the at least one of the plurality of light
sources;

- the first state corresponds to an activated state of at least one of the plurality of light sources, and
the second state corresponds to a dimmed state of the at least one of the plurality of light sources;

- the first state corresponds to a deactivated state of at least one of the plurality of light sources, and
the second state corresponds to a dimmed state of the at least one of the plurality of light sources;

- the first state corresponds to an activated state of only some of the plurality of light sources, and
the second state corresponds to an activated or deactivated state of all of the plurality of light

SOUrces;



10

15

20

25

30

35

WO 2020/053342 PCT/EP2019/074380
27

- the first state corresponds to at least one of the plurality of light sources emitting a first portion of
a modulated light beam, and the second state corresponds to the at least one of the plurality of light
sources emitting a second portion of a modulated light beam;

- the first state corresponds to a first dimmed state of at least one of the plurality of light sources,
and the second state corresponds to a second dimmed state of the at least one of the plurality of

light sources, said second dimmed state being different from said first dimmed state.

5. The luminaire system (23) according to any one of the previous claims, wherein the control
means is configured to activate and deactivate at least one light source of said plurality of light
sources, and to control the at least one optical receiver such that the detection is performed at one
or more first moments in time when said at least one light source is activated and at one or more

second moments in time when said at least one light source is deactivated.

6. The luminaire system (23) according to any of the previous claims, wherein the control
means (20) is further adapted for repeatedly activating at least one of the plurality of light sources
(6, 12) for emitting a light beam (4, 31) during a first time period smaller than 100 ms, and for
deactivating said at least one light source (6, 12) during a second time period in between two first
time periods, said second time period being larger than 900 ms, in a non-lighting-mode of the
luminaire system; and/or

wherein the control means (20) is further adapted for repeatedly deactivating at least one of the
plurality of light sources (6, 12) during a first time period smaller than 100 ms, and for activating
said at least one light source (6, 12) during a second time period in between two first time periods,
said second time period being larger than 900 ms, in a lighting-mode of the luminaire system;
wherein the control means is configured to control the at least one optical receiver such that the

detection is performed during the first and second time periods.

7. The luminaire system (23) according to any of the previous claims, further comprising a

drive means (3) for powering said plurality of light sources (6).

8. The luminaire system (23) according to the previous claim,

wherein the drive means (3) is adapted for providing a modulated power signal to all or to
at least one of the plurality of light sources (6, 12) for creating a modulated light beam or a light
beam with a modulated component,

and wherein the luminaire system further comprises a demodulator for demodulating a

signal obtained from the at least one optical receiver (2),
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and wherein the control means (20) is further adapted for extracting said information based

on the demodulated signal.

9. The luminaire system (23) according to any of the previous claims, wherein each or at least
some of the plurality of light sources (6) comprise a plurality of light emitting elements, such as

light emitting diodes.

10. The luminaire system (23) according to any of the previous claims, further comprising a

plurality of optical elements (5) associated with the plurality of light sources (6).

11. The luminaire system (23) according to any of the previous claims, wherein the control
means (20) is further configured to control the plurality of light sources (6) based on the

determined information.

12. The luminaire system (23) according to any of the previous claims, wherein the at least one

optical receiver (2) is arranged at a predefined distance from the plurality of light sources (6).

13. The luminaire system (23) according to any of the previous claims, further comprising a

receiver optical element (1) associated with the at least one optical receiver (2).

14. The luminaire system (23) according to any of the previous claims, wherein the plurality of
light sources (6) comprises at least one first light source adapted for generating light having a first
spectrum and at least one second light source (12) adapted for generating light having a second

spectrum different from the first spectrum.

15. The luminaire system (23) according to the previous claim, wherein the second spectrum
has light components in one or more of the following bands: the ultra-violet band, the visible

spectrum band, the near-infra-red band, and the infra-red band.

16. The luminaire system (23) according to claim 14, wherein the second light source (12) is a

laser, or a pulsed laser.

17. The luminaire system (23) according to the claim 8 and any one of the previous claims,

wherein the modulated power signal is a pulse-width modulated power signal.
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18. The luminaire system (23) according to any of the previous claims, further comprising a

feeding means (34) for powering said at least one optical receiver (2).

19. The luminaire system (23) according to any of the previous claims, wherein the at least one
optical receiver (2) comprises a photo diode and/or a photodiode array and/or a camera and/or an

image sensor (14).

20. The luminaire system (23) according to the previous claim, wherein the camera comprises
a 2D- image camera, and/or a 3D-image camera, and/or a time-of-flight camera, and/or a stereo-
vision-camera, and/or an infra-red camera, and/or a near-infrared camera, and/or a camera capable

of detecting both visible light and infrared light.

21. The luminaire system (23) according to any of the claims 19 to 20,

wherein the at least one optical receiver (2) comprises a camera and/or an image sensor
(14);

wherein the control means (20) is adapted for determining said information based on
spatial analysis of image information obtained from the camera and/or image sensor (14); and/or

wherein the control means (20) is adapted for determining said information based on

spectral analysis of image information obtained from the camera and/or image sensor (14).

22. The luminaire system (23) according to any of the previous claims,

further comprising a memory (21) operatively connected to the control means (20);

and wherein the control means (20) is adapted for storing data received from the optical
receiver (2) at different moments in time, or for storing processed data based on said received data,

and is further adapted for determining said information based on said stored data.

23. The luminaire system (23) according to any of the previous claims,

further comprising wired or wireless or optical communication means (29) for
communicating with other luminaire systems (27) and/or for communicating with a remote device
(28);

and wherein the control means (20) is further adapted for transmitting the determined
information or data obtained from the at least one optical receiver (2) via the communications

means (29).

24. The luminaire system (23) according to the previous claim,
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wherein the control means (20) is further adapted for receiving information from at least
one other luminaire system (27) and/or from the remote device (28), and

wherein the control means (20) is configured to further control the plurality of light
sources (6, 12) and/or the at least one optical receiver based on the information received via the

communication means (29).

25. The luminaire system (23) according to claim 2 and any one of the previous claims,
wherein the housing is adapted for preventing a direct optical path between the plurality of

light sources (6) and the at least one optical receiver (2).

26. The luminaire system (23) according to the previous claim, wherein the housing comprises

a cavity (30) accommodating said at least one optical receiver (2).

27. The luminaire system (23) according to claim 25, wherein the housing further comprises a
light shield (26) arranged between the plurality of light sources (6) and the at least one optical

receiver (2).

28. The luminaire system (23) according to any of the previous claims,

the luminaire system (23) being a luminaire head.

29. The luminaire system (23) according to any of the claims 1 to 27,
being a subsystem of a lamp pole comprising a luminaire head accommodating at least said
support (24) and said at least one optical receiver (2), the lamp pole further comprising a support

pole (8) for supporting said luminaire head.

30. The luminaire system (23) according to any of the previous claims, wherein the support

(24) comprises a printed circuit board.

31. The luminaire system (23) according to any of the previous claims, wherein the
information comprises a distance between the surface and the plurality of light sources, wherein
the optical receiver comprises a plurality of optical receiving elements arranged across a surface of
the optical receiver, such that depending on said distance, different optical receiving elements will
detect the reflected light beam, and the detection performed by the plurality of optical receiving

elements allows determining information about the distance.
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32. The luminaire system (23) according to claim 13 and any of the previous claims, wherein
the receiver optical element has a first portion for guiding visible light to a first region of the at
least one optical receiver, and a second portion for guiding the reflected or back scattered light to a

second region of the at least one optical receiver.
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