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Description
TECHNICAL FIELD OF THE INVENTION

[0001] Theinvention relates to a luminaire and a meth-
od for estimating the ambient temperature of the lumi-
naire.

BACKGROUND OF THE INVENTION

[0002] Temperature sensors integrated in luminaires
can be used in order to estimate the ambient temperature
of the luminaire. However, the temperature reading of
the temperature sensor can be affected by any heat de-
veloped by the lighting means and the electronics of the
luminaire itself.

[0003] Thus, the output value of the temperature sen-
sor typically does not reflect the ambient temperature of
the luminaire, but rather the combined effect of the am-
bient temperature and the heat developed by the lumi-
naire components, such as LEDs, driver or other com-
ponents.

[0004] Document WO 2019/020431 A1 discloses sys-
tem, methods, and apparatuses for compensating sen-
sor data from a luminaire based on ambient temperature
estimate that is generated from operating characteristics
of the luminaire.

[0005] Thus, itis an objective to provide an improved
luminaire, which avoids the above-mentioned disadvan-
tages.

SUMMARY OF THE INVENTION

[0006] The object of the present invention is achieved
by the solution provided in the enclosed independent
claims. Advantageous implementations of the present in-
vention are further defined in the dependent claims.
[0007] According to a first aspect, the invention relates
to a luminaire comprising lighting means, a control cir-
cuitry and an integrated temperature sensor functionally
connected to the control circuitry, wherein the control cir-
cuitry is configured to compensate a temperature signal
from the temperature sensor by a compensation value
AT in order to obtain an estimate for an ambient temper-
ature of the luminaire, wherein the control circuitry is con-
figured to use at least one operating parameter of the
lighting means of the luminaire to obtain the compensa-
tion value AT, in particular based on the current and his-
toric state of the luminaire.

[0008] In particular, the control circuitry is not integrat-
ed in a housing of the luminaire, but is an external unit
connected to the luminaire.

[0009] Forinstance, the control circuit can be integrat-
ed in an external device that has access to the current
and historic states of the luminaire.

[0010] This provides the advantage that the ambient
temperature of the luminaire can be estimated more pre-
cisely.
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[0011] In an embodiment, the at least one operating
parameter comprises a duration of operation of the lumi-
naire, the temperature signal, or a dimming level of the
luminaire.

[0012] This provides the advantage that the ambient
temperature of the luminaire can be estimated more ac-
curately taking into account the physical properties of the
luminaire.

[0013] In a further embodiment, the control circuitry is
further configured to use machine learning models such
as random forest in order to obtain the compensation
value AT.

[0014] This provides the advantage that the ambient
temperature of the luminaire can be estimated on the
basis of precise models.

[0015] In a further embodiment, the control circuitry is
further configured to use the temperature signal or the
dimming level of the luminaire in order to perform a train-
ing phase for the machine learning models.

[0016] This provides the advantage that the precision
of the models used to estimate the ambient temperature
of the luminaire is high.

[0017] In a further embodiment, the control circuitry is
further configured to use a trained neural networkin order
to obtain the compensation value AT.

[0018] This provides the advantage that the ambient
temperature of the luminaire can be estimated on the
basis of precise models.

[0019] In a further embodiment, the control circuitry is
further configured to use the temperature signal or the
dimming level of the luminaire in order to perform a train-
ing phase for the trained neural network.

[0020] In a further embodiment, the luminaire is a free
standing luminaire.

[0021] In a further embodiment, the training phase of
the machine learning models is performed at a manufac-
turing stage of the luminaire.

[0022] In a further embodiment, the control circuitry is
configured to correct air state parameters such as hu-
midity and/or air quality on the basis of the compensation
value AT.

[0023] In a further embodiment, the temperature sen-
sor is configured to generate a voltage that varies linearly
with temperature.

[0024] According to a second aspect, the invention re-
lates to a method for estimating an ambient temperature
of a luminaire, comprising: compensating a temperature
signal from a temperature sensor by a compensation val-
ue AT in order to obtain an estimate for an ambient tem-
perature of the luminaire, and using atleast one operating
parameter of lighting means of the luminaire to obtain
the compensation value AT.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The invention will be explained in the followings
together with the figures.
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Fig. 1  showsaluminaire according to anembodiment;
and
Fig. 2  shows a method for estimating an ambient tem-

perature of a luminaire according to an embod-
iment.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0026] Aspects of the present invention are described
herein in the context of a luminaire.

[0027] The present invention is described more fully
hereinafter with reference to the accompanying draw-
ings, in which various aspects of the present invention
are shown. This invention however may be embodied in
many different forms and should not be construed as
limited to the various aspects of the present invention
presented through this disclosure. Rather, these aspects
are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the present
invention to those skilled in the art. The various aspects
of the present invention illustrated in the drawings may
not be drawn to scale. Rather, the dimensions of the var-
ious features may be expanded or reduced for clarity. In
addition, some of the drawings may be simplified for clar-
ity. Thus, the drawings may not depict all of the compo-
nents of a given apparatus.

[0028] Various aspects of a luminaire will be present-
ed. However, as those skilled in the art will readily ap-
preciate, these aspects may be extended to aspects of
luminaire without departing from the invention.

[0029] It is further understood that the aspect of the
present invention might contain integrated circuits that
are readily manufacturable using conventional semicon-
ductor technologies, such as complementary metal-ox-
ide semiconductor technology, short "CMOS". In addi-
tion, the aspects of the present invention may be imple-
mented with other manufacturing processes for making
optical as well as electrical devices. Reference will now
be made in detail to implementations of the exemplary
aspects asillustrated inthe accompanying drawings. The
same references signs will be used throughout the draw-
ings and the following detailed descriptions to refer to the
same or like parts.

[0030] NowreferringtoFig. 1, aluminaire 100 is shown
according to an embodiment.

[0031] The luminaire 100 comprises lighting means
102, a control circuitry 104 and anintegrated temperature
sensor 106 functionally connected to the control circuitry
104, wherein the control circuitry 104 is configured to
compensate a temperature signal from the temperature
sensor 106 by a compensation value AT in order to obtain
an estimate for an ambient temperature of the luminaire
100, wherein the control circuitry 104 is configured to use
at least one operating parameter of the lighting means
102 ofthe luminaire 100 to obtain the compensation value
AT.
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[0032] The temperature sensor 106 can be configured
to generate a voltage which varies linearly with temper-
ature. The temperature sensor 106 can internally be con-
nected to an input channel which is configured to convert
the output sensor voltage into a digital value.

[0033] The temperature sensor 106 can provide good
linearity but it should be calibrated in order to obtain over-
all good accuracy of the temperature measurement. As
the offset of the temperature sensor 106 varies from chip
to chip due to process variation, the uncalibrated internal
temperature sensor 106 can be suitable for applications
that detect temperature changes only.

[0034] In order to be able to provide measurements
with the necessary level of accuracy for the respective
application, measurementdistortions should be compen-
sated for. Machine learning (ML) models, such as a 'ran-
dom forest’, can solve this compensation task, butrequire
appropriate training data input. One way to generate this
input can be to expose one instance of the luminaire 100
under consideration to varying environmental conditions
(temperature, humidity, volatile organic compounds,
CO2, etc.), and measure the system response, while also
collecting ground truth information within the lab, but out-
side the luminaire 100. Based on the data collected, and
taking luminaire 100 state history into account, powerful,
highly accurate models (+- 0,5 degrees C in >90% of
cases) can be trained and later applied. Both currenttem-
perature as observed within the luminaire 100 by the tem-
perature sensor 106, and luminaire state (dim level) as
observed in the past few hours, can be processed by ML
model, e.g., a ‘random forest’, that has been trained on
said two variables and actual temperature outside the
luminaire 100 (ground truth).

[0035] Thismodelcanbeimplementedtorunonalight-
management system, on the temperature sensor 106, if
computing capability is sufficient, or in the cloud, if that
is more appropriate.

[0036] Embodiments of the invention provide the ad-
vantage that use is made of machine learning models to
accurately approximate the physical characteristics of
the luminaire 100, i.e., approximate the difference in tem-
perature between inside and outside the luminaire 100.
[0037] Moreover, embodiments of the invention pro-
vide the advantage that, there is provision of accurate
temperature, regardless of the fact that the temperature
sensor 106 measurements can heavily be distorted by
waste heat from the luminaire 100.

[0038] Moreover, the invention renders the installation
of stand-alone temperature sensors 106, along with all
the required wiring setup, redundant. It can also allow to
integrate a temperature sensor 106 within any device
that emits heat, while providing accurate temperature
measurements.

[0039] Fig. 2 shows a method 200 for estimating an
ambient temperature of a luminaire 100 according to an
embodiment.

[0040] The method 200 comprises the steps of:
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- compensating 201 a temperature signal from a tem-
perature sensor 106 by a compensation value AT in
order to obtain an estimate for an ambient temper-
ature of the luminaire 100; and

- using 202 atleast one operating parameter of lighting
means 102 of the luminaire 100 to obtain the com-
pensation value AT.

[0041] All features of all embodiments described,
shown and/or claimed herein can be combined with each
other.

[0042] While various embodiments of the present in-
vention have been described above, it should be under-
stood that they have been presented by way of example
only and not limitation. Thus, the breadth and scope of
the present invention should not be limited by any of the
above-described embodiments. Rather, the scope of the
invention should be defined in accordance with the fol-
lowing claims and their equivalence.

[0043] Although the invention has been illustrated and
described with respect to one or more implementations,
equivalent alternations and modifications will occur to
those skilled in the art upon the reading of the under-
standing of the specification and the annexed drawings.
In addition, while a particular feature of the invention may
have been disclosed with respect to only of the several
implementations, such features may be combined with
one or more other features of the other implementations
as may be desired and advantage for any given or par-
ticular application.

Claims

1. A luminaire (100) comprising lighting means (102),
a control circuitry (104) and an integrated tempera-
ture sensor (106) functionally connected to the con-
trol circuitry (104), wherein the control circuitry (104)
is configured to compensate a temperature signal
from the temperature sensor (106) by a compensa-
tion value AT in order to obtain an estimate for an
ambient temperature of the luminaire (100), wherein
the control circuitry (104) is configured to use at least
one operating parameter of the lighting means (102)
of the luminaire (100) to obtain the compensation
value AT; characterized in that the control circuitry
(104) is further configured to use machine learning
models in orderto obtain the compensationvalue AT.

2. The luminaire (100) of claim 1, wherein the at least
one operating parameter comprises a duration of op-
eration of the luminaire (100),or a dimming level of
the luminaire (100).

3. Theluminaire (100) of claim 1 or 2, wherein the ma-
chine learning models comprise a random forest.
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4. The luminaire (100) of claim 3, wherein the control
circuitry (104) is further configured to use the tem-
perature signal or the dimming level of the luminaire
(100) in order to perform a training phase for the
machine learning models.

5. The luminaire (100) of claim 1 or 2, wherein the con-
trol circuitry (104) is further configured to use a
trained neural network in order to obtain the com-
pensation value AT.

6. The luminaire (100) of claim 5, wherein the control
circuitry (104) is further configured to use the tem-
perature signal or the dimming level of the luminaire
(100) in order to perform a training phase for the
trained neural network.

7. The luminaire (100) of any one of the preceding
claims, wherein the luminaire (100) is a free standing
luminaire.

8. The luminaire (100) of claim 4 and 7, wherein the
training phase of the machine learning models is per-
formed at a manufacturing stage of the luminaire
(100).

9. The luminaire (100) of any one of the preceding
claims, wherein the temperature sensor (106) is con-
figured to generate a voltage that varies linearly with
temperature.

10. A method (200) for estimating an ambient tempera-
ture of a luminaire (100), comprising:

- compensating (201) a temperature signal from
a temperature sensor (106) by a compensation
value AT in order to obtain an estimate for an
ambient temperature of the luminaire (100); and
- using (202) at least one operating parameter
of lighting means (102) of the luminaire (100) to
obtain the compensation value AT; character-
ized by further comprising:

- using machine learning models in order to ob-
tain the compensation value AT.

Patentanspriiche

1. Leuchte (100), umfassend Leuchtmittel (102), eine
Steuerschaltung (104) und einen integrierten Tem-
peratursensor (106), der mit der Steuerschaltung
(104) funktionell verbunden ist, wobei die Steuer-
schaltung (104) konfiguriert ist, um ein Temperatur-
signal von dem Temperatursensor (106) um einen
Ausgleichswert AT zu kompensieren, um eine
Schatzung fir eine Umgebungstemperatur der
Leuchte (100) zu erhalten, wobei die Steuerschal-
tung (104) konfiguriert ist, um mindestens einen Be-
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triebsparameter der Leuchtmittel (102) der Leuchte
(100) zu verwenden, um den Kompensationswert AT
zu erhalten; dadurch gekennzeichnet, dass die
Steuerschaltung (104) ferner konfiguriert ist, um Ma-
schinenlernmodelle zu verwenden, um den Kom-
pensationswert AT zu erhalten.

Leuchte (100) nach Anspruch 1, wobei der mindes-
tens eine Betriebsparameter eine Betriebsdauer der
Leuchte (100) oder einen Dimmpegel der Leuchte
(100) umfasst.

Leuchte (100) nach Anspruch 1 oder 2, wobei die
Maschinenlernmodelle einen Random Forest um-
fassen.

Leuchte (100) nach Anspruch 3, wobei die Steuer-
schaltung (104) ferner konfiguriert ist, um das Tem-
peratursignal oder den Dimmpegel der Leuchte
(100) zu verwenden, um eine Trainingsphase fur die
Maschinenlernmodelle durchzufiihren.

Leuchte (100) nach Anspruch 1 oder 2, wobei die
Steuerschaltung (104) ferner konfiguriert ist, um ein
trainiertes neuronales Netzwerk zu verwenden, um
den Kompensationswert AT zu erhalten.

Leuchte (100) nach Anspruch 5, wobei die Steuer-
schaltung (104) ferner konfiguriert ist, um das Tem-
peratursignal oder den Dimmpegel der Leuchte
(100) zu verwenden, um eine Trainingsphase flr das
trainierte neuronale Netzwerk durchzufiihren.

Leuchte (100) nach einem der vorstehenden An-
spriiche, wobei die Leuchte (100) eine frei stehende
Leuchte ist.

Leuchte (100) nach Anspruch 4 und 7, wobei die
Trainingsphase der Maschinenlernmodelle bei einer
Herstellungsstufe der Leuchte (100) durchgefiihrt
wird.

Leuchte (100) nach einem der vorstehenden An-
spriiche, wobei der Temperatursensor (106) konfi-
guriert ist, um eine Spannung, die mit der Tempera-
tur linear variiert, zu erzeugen.

Verfahren (200) zum Schatzen einer Umgebungs-
temperatur einer Leuchte (100), umfassend:

- Kompensieren (201) eines Temperatursignals
von einem Temperatursensor (106) um einen
Kompensationswert AT, um eine Schatzung fir
eine Umgebungstemperatur der Leuchte (100)
zu erhalten; und

- Verwenden (202) mindestens eines Betrieb-
sparameters von Leuchtmitteln (102) der Leuch-
te (100), um den Kompensationswert AT zu er-
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halten; gekennzeichnet dadurch, dass es fer-
ner umfasst:

- Verwenden von Maschinenlernmodellen, um
den Kompensationswert AT zu erhalten.

Revendications

Luminaire (100) comprenant un moyen d’éclairage
(102), un circuit de commande (104) et un capteur
de température intégré (106) connecté fonctionnel-
lement au circuit de commande (104), dans lequel
le circuit de commande (104) est configuré pour
compenser un signal de température provenant du
capteur de température (106) par une valeur de com-
pensation AT afin d’obtenir une estimation pour une
température ambiante du luminaire (100), dans le-
quel le circuit de commande (104) est configuré pour
utiliser au moins un paramétre de fonctionnement
du moyen d’éclairage (102) du luminaire (100) pour
obtenir la valeur de compensation AT ; caractérisé
en ce que le circuitde commande (104) est en outre
configuré pour utiliser des modéles d’apprentissage
automatique afin d’obtenir la valeur de compensa-
tion AT.

Luminaire (100) selon larevendication 1, danslequel
I'au moins un parametre de fonctionnement com-
prend une durée de fonctionnement du luminaire
(100), ou un niveau de gradation du luminaire (100).

Luminaire (100) selon la revendication 1 ou 2, dans
lequel les modeles d’apprentissage automatique
comprennent une forét aléatoire.

Luminaire (100) selon larevendication 3, danslequel
le circuit de commande (104) est en outre configuré
pour utiliser le signal de température ou le niveau de
gradation du luminaire (100) afin d’effectuer une
phase d’apprentissage pour les modeéles d’appren-
tissage automatique.

Luminaire (100) selon la revendication 1 ou 2, dans
lequel le circuitde commande (104) esten outre con-
figuré pour utiliser un réseau neuronal entrainé afin
d’obtenir la valeur de compensation AT.

Luminaire (100) selon larevendication 5, danslequel
le circuit de commande (104) est en outre configuré
pour utiliser le signal de température ou le niveau de
gradation du luminaire (100) afin d’effectuer une
phase d’apprentissage pour le réseau neuronal en-
trainé.

Luminaire (100) selon 'une quelconque des reven-
dications précédentes, dans lequel le luminaire
(100) est un luminaire autoportant.
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Luminaire (100) selon les revendications 4 et 7, dans
lequel la phase d’apprentissage des modeles d’ap-
prentissage automatique est effectuée lors d'une
étape de fabrication du luminaire (100).

Luminaire (100) selon I'une quelconque des reven-
dications précédentes, dans lequel le capteur de
température (106) est configuré pour générer une
tension qui varie linéairement avec la température.

Procédé (200) d’estimation d’'une température am-
biante d’'un luminaire (100), comprenant :

- la compensation (201) d’'un signal de tempé-
rature provenant d’un capteur de température
(106) par une valeur de compensation AT afin
d’obtenir une estimation pour une température
ambiante du luminaire (100) ; et

- l'utilisation (202) d’au moins un parametre de
fonctionnement du moyen d’éclairage (102) du
luminaire (100) pour obtenir la valeur de com-
pensation AT ; caractérisé en ce qu’il com-
prend en outre :

- l'utilisation de modéles d’apprentissage auto-
matique afin d’obtenir la valeur de compensa-
tion AT.
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