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Calibration method for an automotive glazing

FIELD OF THE INVENTION

[0001] The present invention relates to the field of calibration for a glazing intended to

be used in front of a lidar.

BACKGROUND OF THE INVENTION

[0002] The trend in the automotive industry is to use lidar (for light detection and
ranging, sometimes also written ladar) in order to assist the driver, or even to replace
the driver for autonomous vehicles. The lidar indeed allows to detect obstacles located
near the vehicle and to assess the distance between the vehicle and each obstacle.
The current trend is to integrate the lidar inside the vehicle, as it allows to protect the
lidar from external environment. The lidar can be mounted behind a window of the
vehicle, such as behind the windshield, behind a sidelite (a sidelite is understood as a
window placed on the left or the right of a vehicle) or even behind the rearlite (window
at the back of a vehicle). Such kind of mounting is described in WO02018015312A1,
WO02018178278A1 or WO2018178284A1. The lidar can also be mounted behind an
exterior glass trim element, as described in WO2018015313A1, WO2018178281A1 or
WO2018178286A1. An exterior trim element includes bumper, window/door seal,
pillar, wheel well, wheel arch, fender, headlight, mirror body and roof cover. Such
exterior trim element can also be deployable, meaning it can pop out from the vehicle
only when needed. Vehicle manufacturers use these exterior trim elements to add
aesthetics, increase function, and add flexibility to the vehicle design. The lidar can
also be mounted in a housing placed on the vehicle, the housing being closed by a
transparent (to the operating wavelength of the lidar) cover in front of the lidar, as
described in WO2019030106A1.

[0003] In order to detect an obstacle and to determine its distance to the vehicle, a
lidar emits a signal in the infrared wavelength range in the direction of the object and
measures the propagation time round trip of the signal. It illuminates the scene within
its field of view and measures the propagation time when signal bounces back to the
lidar. However, the presence of the glazing on the trajectory of the signal generates
errors, due to glass imperfections, in the evaluation of the position of the object by the

lidar.
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[0004] Classically, these errors are corrected by calibrating the lidar already installed
behind the glazing using calibration charts. In the document DE102017003634, the
lidar is calibrated using a fluorescent pattern allowing to film the points of intersection
between the target and the signal emitted by the lidar. However, such solution adds a
long and costly step during the quality control of the vehicle and uses cumbersome

equipment using special patterns having geometric tolerances to control.

[0005] WO0O2021152256A1 describes a method for analyzing a glazing for a correction
intended to be used by a lidar configured to emit, according to a given angle of
emission, light waves intended to pass through the glazing of the vehicle. It allows to
obtain an angular correction map for a lidar by using existing glass characterization
method, such as the thickness. However, the thickness evaluation methodology does
not address all the glass imperfections, such as local defects, impact of glass
curvature, impact of an interlayer in case of a laminated glazing, impact of the use of

a wedge, impact of any polarization change.

[0006] There is therefore a need to define a method remedying the aforementioned

drawbacks.

SUMMARY OF THE INVENTION

[0007] The present invention concerns a method to determine a correction table for
an automotive glazing intended to be used in front of a lidar, the automotive glazing

having a representative collection of zones, the method comprising the steps of:

i. For each zone of the representative collection of zones on the automaotive
glazing, define at least 3 incident light beams , each of the incident light beam
having a vertical component and a horizontal component, the at least 3

incident light beams being produced by a laser diode or an LED,;

ii. Foreach incident light beam, measure a vertical and a horizontal angles of
incidence, based on, respectively, the vertical and the horizontal components

of the incident light beam;

iii. For each component of each incident light beam, measure a vertical and a
horizontal beam deviation due to the presence of the automotive glazing and
establish a vertical deviation angle table and a horizontal deviation angle

table, such measurement being done by a CCD camera connected to a
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vi.

processing unit;

For each component of each vertical deviation angle table and each
horizontal deviation angle table, interpolate the beam deviation in between

the collection of zones which have been measured at step iii.;

Establish a vertical angular transfer function based on the interpolation of all
vertical deviation angle tables of respectively the at least 3 vertical
components and the at least 3 horizontal components, and a horizontal
angular transfer function based on the interpolation of all horizontal deviation
angle tables of respectively the at least 3 vertical components and the at

least 3 horizontal components;

Compile the angular transfer functions in a single correction table able to be

used for calibration of the lidar coupled to the automotive glazing.

[0008] The present invention also concerns an automotive glazing intended to be used

in front of a lidar, the automotive glazing being linked to a correction table as obtained
through the method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The invention will now be described further, by way of examples, with reference

to the accompanying drawings, wherein like reference numerals refer to like elements

in the various figures. These examples are provided by way of illustration and not of

limitation. The drawings are a schematic representation and not true to scale. The

drawings do not restrict the invention in any way. More advantages will be explained

with examples.

[0010] Fig. 1 illustrates the basic concept of the method of the invention.

[0011] Fig. 2a, 2b, and 2c illustrates the vertical component decomposition.

[0012] Fig. 3a, 3b, and 3c illustrates the horizontal component decomposition.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0013] The present invention will be described with respect to particular embodiments

and with reference to certain drawings but the invention is not limited thereto but only

by the claims.
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[0014] While some embodiments described herein include some but not other features
included in other embodiments, combinations of features of different embodiments are
meant to be within the scope of the invention, and form different embodiments, as
would be understood by those in the art. For example, in the following claims, any of

the claimed embodiments can be used in any combination.

[0015] The present invention proposes a method to determine a correction table for
an automotive glazing. An automotive glazing refers to a glazing used on a vehicle,
and could therefore refer to a glazing used as a window of a vehicle, as a glass trim
element or as a cover for a housing placed on a vehicle. A vehicle includes car, van,

lorry, motorbike, bus, tram, train, drone, airplane, helicopter and the like.

[0016] The glazing is intended to be used in front of a lidar. Lidar is an acronym for
“light detection and ranging”. It is sometimes called “laser scanning” or “3D scanning”.
The technology uses eye-safe laser beams to create a 3D-representation of the
surveyed environment. Operating wavelength of lidar compatible with the present
invention is comprised between 750 and 1650 nm (usually referred to as near-infrared
range). More specifically, known operating wavelengths of currently produced lidars
compatible with the present invention are 850 nm, 905 nm, 940 nm, 1064 nm, 1310
nm, 1350 nm, 1550 nm, 1650 nm. An acceptable variance of 25 nm around the
nominal value of the wavelength may be considered, such that, for example, a
wavelength range of 1525 to 1575 nm may be accepted around the nominal value of
1550 nm. The glazing could alsc be used in front of the combination of a lidar and
another optical measurement system, such as a camera, an infrared camera, a radar,

distance meter.

[0017] The automotive glazing has a representative collection of zones. A zone in this
context is to indicate an area (meaning a collection of points) which is illuminated by
a light beam. The term "representative" indicates that these zones are selected to

cover a comprehensive characterization of the full sample surface.

[0018] The first step of the method is to define at least 3 incident light beams for each
zone of a representative collection of zones on the automotive glazing. The at least 3
incident light beams could be laser beams or LED beams, and produced by a laser
diode or an LED inducing photons in the near infrared range. The at least 3 incident

light beams are not necessarily the exact same wavelength as the working wavelength
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of the lidar. It is sufficient if these at least 3 incident light beams are in the same
wavelength range, usually near infrared wavelength range. Each of the at least 3
incident light beams has a vertical component and a horizontal component. The 3
incident light beams must be identical in term of optical properties (wavelength,
polarization, ...) for each zone of the representative collection of zones on the

automotive glazing.

[0019] The second step of the method is to measure, for each incident light beam, a
vertical angle of incidence and a horizontal angle of incidence based on, respectively,
the vertical component of the beam and the horizontal component of the incident light

beam.

[0020] The third step is to measure, for each component of each incident light beam,
a vertical beam deviation and a horizontal beam deviation due to the presence of the
automotive glazing. This step allows to establish a vertical deviation angle table and a
horizontal deviation angle table. Such measurement is done by a CCD camera
connected to a processing unit. It views the primary image coming from the light source

after it has gone through all the optical components.

[0021] The fourth step is to interpolate, for each vertical deviation angle table and each
horizontal deviation angle table, the beam deviation in between the collection of zones

which have been measured at second step.

[0022] The fifth step is to establish a vertical angular transfer function based on the
interpolation of all vertical deviation angle tables of respectively the at least 3 vertical
components and the at least 3 horizontal components, and a horizontal angular
transfer function based on the interpolation of all horizontal deviation angle tables of
respectively the at least 3 vertical components and the at least 3 horizontal

components.

[0023] The sixth step is to compile the angular transfer functions tables in a single
correction table able to be used for the calibration of the lidar coupled to the automotive

glazing.

[0024] According to a preferred embodiment, the at least 3 incident light beams are
generated through an optical component intended to split an expanded collimated
incident light beam into multiple pencils of rays. An expanded collimated incident light

beam is generated via the suitable optical components. Then it is passed through an
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optical component (such as an array of micro-lenses or a plate with an arrangement
of holes or an optimized diffractive optical element) to break down the incident light
beam into multiple pencils of rays in ray optics view. Such optical component is to
produce multiple versions of the original incident light beam to have similar incident
angle on surface under test. This requires that the light beam source, collimation, and
beam expansion system in addition to the optical component/s for beam sampling are
always on the same optical axis and well aligned during both on- & off-axis

measurements.

[0025] The present invention also concerns an automotive glazing intended to be used
in front of a lidar. The automotive glazing is linked to a correction table as described

previously.

[0026] According to a preferred embodiment, the automotive glazing is a windshield,
sidelite or rearlite of a vehicle. According to another preferred embodiment, the
automotive glazing is an external glass trim element. According to another preferred

embodiment, the automotive glazing is a cover of a housing enclosing said lidar.

[0027] Referring to Fig.1, an automotive glazing (1) is intended to be placed in front
of a lidar (not shown). A representative collection of zones (10) is defined for the
automotive glazing (1). In this figure, a total of 15 zones (10) are shown for illustration
purpose. The number of zones can be significantly higher, further depending on the
dimensions of the automotive glazing. The higher the number of zones, the more
precise the method. However, increasing the number of zones also increases the time
needed to complete the method. It is therefore a compromise between the accuracy
of the method and the time needed to perform the method that define how many zones

are needed.

[0028] At least 3 incident light beams (100, 200, 300) with 3 different incident angles
are sent for each of the zones (10) of the representative collection of zones (10). Each
incident light beam (100, 200, 300) has a vertical component and a horizontal
component. Passing through the automotive glazing (1), each incident light beam
(100, 200, 300) is deviated to result into 3 transmitted light beams (1000, 2000, 3000).

[0029] For ease of explanation, the following example only refers to a single zone (10).
It further refers to a single incident light beam (100) with a vertical component (100V)

and a horizontal component (100H). Each component is treated separately, also for
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sake of clarity. The following example also refers to the transmitted light beam (1000)

corresponding to the incident light beam (100) passing through the automotive glazing
(1).
[0030] Referring to Fig.2a, the vertical component (100V) of the incident light beam

(100) is determined. It allows to measure the vertical angle of incidence (a1V).
Considering only the vertical component (100V) of the incident light beam (100), as
this incident light beam (100) passes through the automotive glazing (1), it undergoes

a deviation. This deviation results in a transmitted light beam (1000V).

[0031] Referring to Fig.2b, the vertical component (1000VV) of the transmitted light
beam (1000V) is compared with the reference transmitted light beam (1000Vref),
corresponding to the transmitted light beam as if the vertical component of the incident
light beam (100V) was not deviated by the automotive glazing (1). The reference
transmitted light beam (1000Vref) only has a vertical component. This comparison
gives the vertical deviation angle (81VV) of the vertical component (100V) of the
incident light beam (100).

[0032] Referring to Fig.2¢, the horizontal component (1000VH) of the transmitted light
beam (1000V) is compared with the normal (N), as the reference vertical light beam
(1000Vref) only has a vertical component, and therefore corresponds to the normal
(N). This comparison gives the horizontal deviation angle (81VH) of the vertical
component (100V) of the incident light beam (100).

[0033] Referring to Fig.3a, the horizontal component (100H) of the incident light beam
(100) is determined. It allows to measure the horizontal angle of incidence (a1H).
Considering only the horizontal component (100H) of the incident light beam (100), as
this incident light beam (100) passes through the automotive glazing (1), it undergoes

a deviation. This deviation results in a transmitted light beam (1000H).

[0034] Referring to Fig.3b, the vertical component (1000HV) of the transmitted light
beam (1000H) is compared with the normal (N), as the reference horizontal
transmitted light beam (1000Href) only has a horizontal component, and therefore
corresponds to the normal (N). This comparison gives the vertical deviation angle
(81HV) of the horizontal component (100H) of the incident light beam (100).

[0035] Referring to Fig.3¢, the horizontal component (1000HH) of the transmitted light
beam (1000H) is compared with the reference transmitted light beam (1000Href),
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corresponding to the transmitted light beam as if the horizontal component of the
incident light beam (100H) was not deviated by the automotive glazing (1). The
reference transmitted light beam (1000Href) only has a horizontal component. This
comparison gives the horizontal deviation angle (81HH) of the horizontal component
(100H) of the incident light beam (100).

[0036] Instead of only one incident light beam (100), at least 3 incident light beams
(100, 200, 300) are considered for each of the zones (10) of the representative
collection. There is therefore, for each of the zones (10) a set of 3 vertical deviation
angles (81VV, 62VV, 83VV) and 3 horizontal deviation angles (61VH, 52VH, 33VH) of
the vertical component of each incident light beam (100, 200, 300) and a set of 3
vertical deviation angles (d1HV, 82HV, 83HV) and 3 horizontal deviation angles
(61HH, 82HH, 33HH) of the horizontal component of each incident light beam (100,
200, 300).

[0037] For each incident light beam (100, 200, 300), based on the measured vertical
deviation angles (31VV, d2VV, 83VV) of the vertical component of each incident light
beam (100, 200, 300) for each of the zones (10) of the representative collection, an
interpolation is done in between the zones (10) of the representative collection. And
similarly for the horizontal deviation angles (31VH, d2VH, 83VH) of the vertical
component of each incident light beam (100, 200, 300), as well as for the vertical
deviation angles (31HV, d82HV, d3HV) and horizontal deviation angles (81HH, 82HH,
O3HH) of the vertical component of each incident light beam (100, 200, 300).

[0038] Then, for each of the zones (10) of the representative collection, as well as in
between those zones (10), an angular transfer function is established for each

deviation angles of each component of each incident light beam (100, 200, 300).

[0039] Finally a single correction table is compiled based on the four angular transfer
functions. It is that table which is then used for calibrating a lidar intended to be coupled

to the automotive glazing.

[0040] While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered
illustrative or exemplary and not restrictive. The foregoing description details certain
embodiments of the invention. It will be appreciated, however, that no matter how

detailed the foregoing appears in text, the invention may be practiced in many ways.
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Claims

1. Method to determine a correction table for an automotive glazing (1) intended

to be used in front of a lidar, the automotive glazing (1) having a representative

collection of zones (10), the method comprising the steps of:

For each zone (10) of the representative collection of zones (10) on the
automotive glazing (1), define at least 3 incident light beams (100, 200,
300), each of the light beam (100, 200, 300) having a vertical component
(100V) and a horizontal component (100H), the at least 3 incident light
beams (100, 200, 300) being produced by a laser diode or an LED;

For each incident light beam (100, 200, 300), measure a vertical (a1V)
and a horizontal (a1H) angles of incidence, based on, respectively, the
vertical (100V) and the horizontal (100H) components of the incident
light beam (100, 200, 300);

For each component of each incident light beam (100, 200, 300),
measure a vertical and a horizontal beam deviation due to the presence
of the automotive glazing (1) and establish a vertical deviation angle
table and a horizontal deviation angle table, such measurement being

done by a CCD camera connected to a processing unit;

For each component of each vertical deviation angle table and each
horizontal deviation angle table, interpolate the beam deviation in
between the collection of zones (10) which have been measured at step

iii.;

Establish a vertical angular transfer function based on the interpolation
of all vertical deviation angle tables of respectively the at least 3 vertical
components and the at least 3 horizontal components, and a horizontal
angular transfer function based on the interpolation of all horizontal
deviation angle tables of respectively the at least 3 vertical components

and the at least 3 horizontal components;
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vi.  Compile the angular transfer functions in a single correction table able

to be used for calibration of the lidar coupled to the automotive glazing

(1).

2. Method according to claim 1 wherein the at least 3 incident light beams (100,
200, 300) are generated through an optical component intended to split an
expanded collimated incident light beam (100, 200, 300) into multiple pencils of

rays.

3. Automotive glazing (1) intended to be used in front of a lidar, the automotive
glazing (1) being linked to a correction table obtained by a method according to

any of the previous claims.

4. Automotive glazing (1) according to claim 3 wherein the automotive glazing (1)

is a windshield, sidelite or rearlite of a vehicle.

5. Automotive glazing (1) according to claim 3 wherein the automotive glazing (1)

is an external glass trim element.

6. Automotive glazing (1) according to claim 3 wherein the automotive glazing (1)

is a cover of a housing enclosing said lidar.
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