wO 2022/018043 A1 |0 0000 KOO0 0 0 00

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
27 January 2022 (27.01.2022)

(10) International Publication Number

WO 2022/018043 Al

WIPO I PCT

(51) International Patent Classification:

B60Q 1/14 (2006.01) B600Q 1/00 (2006.01)
F218 41/153 (2018.01) B600Q 1/08 (2006.01)
F218 41/663 (2018.01)

(21) International Application Number:
PCT/EP2021/070179

(22) International Filing Date:
19 July 2021 (19.07.2021)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

FR2007599 20 July 2020 (20.07.2020) FR

(71) Applicant: VALEO VISION [FR/FR]; IP Department 34,
Rue Saint André, 93012 BOBIGNY Cedex (FR).

(72) Inventors: ALMEHIO, Yasser; Valeo Vision - Service
PI 34 rue Saint André, 93012 Bobigny - Cedex (FR).
EL IDRISSI, Hafid; Valeo Vision - Service PI 34 Rue
Saint André, 93012 Bobigny - Cedex (FR). KARRAY,
Marouene; Valeo Vision - Service PI 34 Rue Saint An-
dré, 93012 Bobigny - Cedex (FR). TALEB, Rabih; Valeo
Vision - Service PI 34 Rue Saint André, 93012 Bobigny -
Cedex (FR).

(74) Agent: VALEO VISIBILITY; IP Department 34, rue Saint
André, 93012 BOBIGNY Cedex (FR).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
KP,KR,KW,KZ,LA,LC,LK, LR, LS, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US,UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
with international search report (Art. 21(3))

(54) Title: METHOD FOR OPERATING AN AUTOMOTIVE LIGHTING DEVICE AND AUTOMOTIVE LIGHTING DEVICE

fig 2b

(57) Abstract: This invention provides a method for operating an automotive

lighting device (1) comprising a plurality of solid-state light sources (2). The
method comprises predefining a plurality of use cases, each use case being as-

sociated to a case light pattern, providing the lighting device projecting a pre-
liminary light pattern (5), providing a plurality of sensors (4), configured to
sense some external data, processing the external data to classify the environ-
ment around the lighting device in one of the predefined use cases and project-
ing a new light pattern (6) corresponding to the case light pattern associated to
the selected use case.
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Description

Title: Method for operating an automotive lighting device

and automotive lighting device

This invention is related to the field of automotive lighting devices, and more

particularly, to the management of the light patterns provided by these devices.

Digital lighting devices are being increasingly adopted by car makers for middle and
high market products.

These digital lighting devices usually comprise solid-state light sources, the operation

of which may involve a high power consume.

Temperature control in these elements is a very sensitive aspect, and is usually carried
out by derating, which means decreasing the current value which feeds the light source
so that the output flux and the operation temperature decreases accordingly. This
causes that the performance of the light sources must be heavily oversized to face
these overheating problems, so that the operation values may be decreased while still

maintaining acceptable values.

This question is even more important in new electric vehicles, where energy saving is
crucial, since it has a direct impact on the operation range of the vehicle and therefore
on the CO2 emission values.

Further, there are some scenarios where a different light pattern is needed, to increase

visual comfort if the surrounding environment allows it.

The invention provides an alternative solution for managing the optimal light pattern
and for optimizing the lighting system energy consumption in an automotive lighting
device by a method for operating an automotive lighting device according to the

invention. Preferred embodiments of the invention are defined in dependent claims.

Unless otherwise defined, all terms (including technical and scientific terms) used
herein are to be interpreted as is customary in the art. It will be further understood that
terms in common usage should also be interpreted as is customary in the relevant art

and not in an idealised or overly formal sense unless expressly so defined herein.
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In this text, the term “comprises” and its derivations (such as “comprising”, etc.) should
not be understood in an excluding sense, that is, these terms should not be interpreted
as excluding the possibility that what is described and defined may include further

elements, steps, etc.

In a first inventive aspect, the invention provides a method for operating an automotive
lighting device comprising a matrix arrangement of light pixels, the method comprising

the steps of:

predefining a plurality of use cases, each use case being associated to a case
light pattern;

- providing the lighting device projecting a preliminary light pattern;

- providing a plurality of sensors, configured to sense some external data;

- processing the external data to classify the environment around the lighting
device in one of the predefined use cases; and

- projecting a new light pattern corresponding to the case light pattern associated
to the selected use case.

The term "solid state" refers to light emitted by solid-state electroluminescence, which
uses semiconductors to convert electricity into light. Compared to incandescent
lighting, solid state lighting creates visible light with reduced heat generation and less
energy dissipation. The typically small mass of a solid-state electronic lighting device
provides for greater resistance to shock and vibration compared to brittle glass
tubes/bulbs and long, thin filament wires. They also eliminate filament evaporation,
potentially increasing the lifespan of the illumination device. Some examples of these
types of lighting comprise semiconductor light-emitting diodes (LEDs), organic light-
emitting diodes (OLED), or polymer light-emitting diodes (PLED) as sources of

illumination rather than electrical filaments, plasma or gas.

This method is aimed to find the optimal light pattern to be projected by a lighting
device. Predetermined use cases are defined and a corresponding light pattern is
projected when the method identifies that the vehicle is under one of the predefined
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use cases. An optimal light pattern is therefore found without an excessive

computational cost, since there is a reasonable number of predefined use cases.

In some particular embodiments, the step of processing the external data to classify
the environment in one predefined use case is performed periodically with a period
lower than 2 seconds, and particularly lower than 0.5 seconds.

This feature involves a quick adaptation to changes in the environmental conditions of
the vehicle.

In some particular embodiments, the step of processing the external data to classify
the environment in one predefined use case is carried out by a control unit which is

previously configured to classify the environment by means of:

- training the control unit to classify a situation into a predefined use case with a
training dataset; and

- testing the control unit comparing the chosen predefined case with optimal
expected results.

This way of training the control unit is useful since provides the control unit with the

ability to classify a situation into a predefined use case in an improved way.

In some particular embodiments, the step of associating a case light pattern to each
predefined case is carried out by a control unit which is previously configured to design
a case light pattern by means of:

- training the control unit to design a case light pattern in response to a training
dataset; and

- testing the control unit comparing the chosen case light pattern with optimal
expected results.

This way of training the control unit is useful since provides the control unit with the
ability to design the case light patterns in an improved way.

In some particular embodiments, the step of training the control unit comprises the use

of a machine learning algorithm.
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This machine learning algorithm may be used both in the design of the case light
patterns and/or in the classification of each situation into a predefined use case. Each
one of the two options follows its own machine learning algorithm. Once the
corresponding results are validated, the values of the control unit are used to the
corresponding steps of the method of the invention.

In some particular embodiments, the external data comprises information of at least
one of outside luminous intensity, numbers of cars around and distance with respect
to them, current vehicle speed, road type (city, highway), global positioning coordinates
or presence and colour of surrounding traffic lights.

All of these features will influence in the particular use case to be selected. For
example, the presence of a high number of vehicles and a traffic light in red will lead
to “red traffic light”. But the same vehicles arrangement without a traffic light will led to

“traffic jam”.

In some particular embodiments, the plurality of sensors comprise at least two of an
external light sensor, a lighting functionality activation sensor, cameras, radar, lidar or

infrared sensors.

These are examples of data which may be used by the machine learning algorithm to

provide the new light pattern.

In a further inventive aspect, the invention provides a data processing element
comprising means for carrying out the steps of a method according to the first inventive
aspect and a computer program comprising instructions which, when the program is
executed by a control unit, cause the control unit to carry out the steps of a method
according to the first inventive aspect.

In a further inventive aspect, the invention provides an automotive lighting device

comprising:

- a matrix arrangement of solid-state light sources;

- aplurality of sensors configured to provide some external data; and

- a control unit for performing the steps of the method according to the first

inventive aspect.
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This lighting device provides the advantageous functionality of efficiently managing the
energy consumed by the light sources, by means of an accurate new light pattern

provided by the control unit.

In some particular embodiments, the matrix arrangement comprises at least 2000
solid-state light sources.

A matrix arrangement is a typical example for this method. The rows may be grouped
in projecting distance ranges and each column of each group represent an angle
interval. This angle value depends on the resolution of the matrix arrangement, which
is typically comprised between 0.01% per column and 0.5° per column. As a
consequence, many light sources may be managed at the same time.

To complete the description and in order to provide for a better understanding of the
invention, a set of drawings is provided. Said drawings form an integral part of the
description and illustrate an embodiment of the invention, which should not be
interpreted as restricting the scope of the invention, but just as an example of how the

invention can be carried out. The drawings comprise the following figures:

fig 1shows a general perspective view of an automotive lighting device according to

the invention.

fig 2a and fig 2b show the effect of two different light patterns involved in a method
according to the invention.

In these figures, the following reference numbers have been used:
1 Headlamp

2 LED

3 Control unit

4 Sensors

5 Original light pattern

6 New light pattern

100 Automotive vehicle
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The example embodiments are described in sufficient detail to enable those of ordinary
skill in the art to embody and implement the systems and processes herein described.
It is important to understand that embodiments can be provided in many alternate
forms and should not be construed as limited to the examples set forth herein.

Accordingly, while embodiment can be modified in various ways and take on various
alternative forms, specific embodiments thereof are shown in the drawings and
described in detail below as examples. There is no intent to limit to the particular forms
disclosed. On the contrary, all modifications, equivalents, and alternatives falling within
the scope of the appended claims should be included.

fig 1 shows a general perspective view of an automotive lighting device according to

the invention.
This headlamp 1 is installed in an automotive vehicle 100 and comprises

- amatrix arrangement of LEDs 2, intended to provide a light pattern;

- acontrol unit 3 to perform a control of the operation of the LEDs 2; and

- aplurality of sensors 4 intended to provide some external data.

This matrix configuration is a high-resolution module, having a resolution greater than
2000 pixels. However, no restriction is attached to the technology used for producing
the projection modules.

The control unit, previously to its installation in the automotive headlamp, has

undergone two training processes.

Both training processes comprise some machine learning steps, where the control unit

is trained with training data provided by the plurality of sensors.

The first training process is concerning the design of different case light patterns, each

one associated to a plurality of data values. This first training process comprises

- training the control unit to design a case light pattern in response to a training

dataset; and
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- testing the control unit comparing the chosen case light pattern with optimal
expected results.

Different use cases are defined, and the optimal case light pattern is found for each
use case, due to the aforementioned algorithm.

The second training process is concerning the classification of a situation into a
predefined use case. This second training process comprises

- training the control unit to classify a situation into a predefined use case with a
training dataset; and

- testing the control unit comparing the chosen predefined case with optimal

expected results.

In this case, different situations are set, each one with different data obtained by the
sensors. The control unit is trained to identify which of the use cases fits best the

situation.

Once both training processes are finished, the control unit is installed in an automotive
vehicle 100 of fig 1, to perform the luminous control of the headlamp 1.

The operation of this lighting device would be as follows: a preliminary light pattern is
provided by the lighting device, according to the lighting functionality selected by the

vehicle user.

Each 0.2 seconds, the control unit of the lighting device receives the data from the
plurality of sensors. These data include external data of the vehicle (active lighting
functionality, outside luminous intensity, numbers of cars around and distance with
respect to them, current vehicle speed or presence and colour of traffic lights, etc). Due
to its training, the control unit will classify the environment into one use case, and

associate a case light pattern to this situation.

The headlamp will project the new light pattern, which provides an adequate lighting

at the minimum power consumption.
This process is repeated each 0.2 seconds.

fig 2a shows an example of a first light pattern 5 projected by a lighting device

according to the invention. This light pattern corresponds to a high beam pattern, which
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is adequate to the environment conditions, since no other vehicle surrounds the lighting
device.

fig 2b shows an example of a different environmental conditions. Since the vehicle 100
is approaching a traffic jam, and there is another vehicle in front of it, such light pattern
is unnecessary. The control unit detects a vehicle in front of the lighting device, located
just 1 or 2 min front of it. The control unit does not detect any traffic light in front of the
vehicle. The control unit detects, by the road signals, that the vehicle is in a highway.
Hence, due to its training, the control unit considers that the use case is “traffic jam in
a highway” and instructs the headlamp to project the corresponding light pattern. The
resulting new light pattern 6 is enough to fulfil the lighting requirements in the particular

circumstances of a traffic jam at the minimum power consumption possible.
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Claims

1. Method for operating an automotive lighting device (1) comprising a matrix

arrangement of light pixels (2), the method comprising the steps of:

0 predefining a plurality of use cases, each use case being associated to a

case light pattern;

0 providing the lighting device projecting a preliminary light pattern (5);

0 providing a plurality of sensors (4), configured to sense some external
data;
0 processing the external data to classify the environment around the

lighting device in one of the predefined use cases; and

0 projecting a new light pattern (6) corresponding to the case light pattern

associated to the selected use case.

2. Method according to claim 1, wherein the step of processing the external data
to classify the environment in one predefined use case is performed periodically with

a period lower than 2 seconds, and particularly lower than 0.5 seconds.

3. Method according to any of the preceding claims, wherein the step of processing
the external data to classify the environment in one predefined use case is carried out
by a control unit which is previously configured to classify the environment by means
of:

0 training the control unit (3) to classify a situation into a predefined use
case with a training dataset; and

0 testing the control unit (3) comparing the chosen predefined case with

optimal expected results.

4. Method according to claim 3, wherein the step of training the control unit

comprises the use of a machine learning algorithm.

5. Method according to any of the preceding claims, wherein the step of
associating a case light pattern to each predefined case is carried out by a control unit
which is previously configured to classify the environment by means of:
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0 training the control unit (3) to design a case light pattern in response to a

training dataset; and

0 testing the control unit (3) comparing the chosen case light pattern with

optimal expected results.

6. Method according to claim 5, wherein the step of training the control unit

comprises the use of a machine learning algorithm.

7. Method according to any of the preceding claims, wherein the external data
comprises information of at least one of outside luminous intensity, numbers of cars
around and distance with respect to them, current vehicle speed, road type (city,
highway), global positioning coordinates or presence and colour of surrounding traffic

lights.

8. Method according to any of the preceding claims, wherein the plurality of
sensors comprises at least two of an external light sensor, a lighting functionality

activation sensor, cameras, radar, lidar or infrared sensors.

9. Data processing element comprising means for carrying out the steps of a
method according to any of the preceding claims.

10. Computer program comprising instructions which, when the program is
executed by a control unit, cause the control unit to carry out the steps of a method

according to any of claims 1 to 8.

11.  Automotive lighting device comprising:

0 a matrix arrangement of solid-state light sources (2);

0 a plurality of sensors (4) configured to provide some external data; and

0 a control unit (3) for performing the steps of the method according to any
claims 1 to 8.

12.  Automotive lighting device (1) according to claim 11, wherein the matrix

arrangement comprises at least 2000 solid-state light sources (2).

10
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