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(57) A vehicle has driver information system 2 having at least one instrument 4, which has a front plate and an
illumination device 6. At least one light-transmitting area 30 is arranged in the front plate and the illumination device
6 is arranged behind the front plate. The illumination device 6 is able to emit light through the at least one light-
transmitting area 30 of the front plate 10. A polarization filter 7 is arranged between the front plate 10 and the
illumination device 6. The polarization filter 7 is oriented opposite to a polarization direction of a windshield 3 of the
vehicle 1 so that reflections are not transmitted to vehicle occupants 19.
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VEHICLE HAVING AT LEAST ONE INSTRUMENT IN A DRIVER
INFORMATION SYSTEM AND A METHOD FOR AVOIDING REFLECTIONS
OF AN INSTRUMENT IN A WINDSHIELD OF A VEHICLE

Description
A vehicle having at least one instrument in a driver information system is specified.

Like an audio device, a driver information system typically has multiple illuminated dis-~
plays. In particular in darkness, these illuminated displays may reflect in the windshield.
These reflections are undesirable, since they may obstruct the view of the driver, which

could result in a hazard to the street traffic in particular when driving in darkness.

A motor vehicle with display device is known from the publication DE 10 2005 051 956 A1.
In this display device, a background illumination has an extensive optical fiber body ar-
ranged on the rear side of the display screen, into which the illuminants couple light. For
this purpose, the side of the optical fiber body facing toward the rear side of the display
screen has a microstructure, which is oriented in such a manner that light provided for the
background illumination of the display does not have any component in the direction of the
windshield of the motor vehicle. In order to achieve this, a complex angled structure is
arranged on the top side of the extensive optical fiber body, which is connected with high
manufacturing costs, in particular because this prism-like microstructure must have exact
reflection angles, so as not to emit any component of the light in the direction toward the

windshield.

In addition, the rear side of the optical fiber body must also either be arranged at an acute
angle to a reflector of the display device or the reflector must be structured corresponding
to a Fresnel film. These structural measures of an extensive optical fiber body both on its
front side and also of the reflector on its rear side cause substantial tool costs of the opti-
cal fiber or the reflector and increase the overall costs of this display device.
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The object of the application is to provide a simple and cost-effective possibility for sup-
pressing reflections of an illuminated display of a driver information system on the wind-
shield.

This object is achieved by the subject matter of the independent claims. Advantageous
refinements of the application result from the dependent claims.

A vehicle having a driver information system is specified, the driver information system
having at least one instrument. The instrument has a front plate and an illumination de-
vice, at least one light-transmitting area being arranged in the front plate. The illumination
device is arranged behind the front plate and can therefore emit light through the light-
transmitting area of the front plate. A polarization filter is arranged between the front plate
and the illumination device, which has a polarization direction which is oriented opposite
to a polarization direction of a windshield of the vehicle.

A reflection of the light-transmitting areas of the instrument through which light shines can
thus be prevented by a suitable relationship between the polarization direction of the light
emission and the polarization direction of the windshield, so that at least a reduced reflec-

tion occurs.

The undesired reflection in the windshield of areas of an instrument of the driver informa-
tion system through which light shines can thus be provided by a suitable polarization di-
rection of the polarized light emission of the operating elements. For example, reflections
of areas through which light shines, such as operating elements of an instrument, can be
avoided if the polarization filter is arranged behind the front plate having the operating

elements.

For example, the driver information system can be implemented as a dashboard and the
instrument can be implemented as a communication device, input device, playback de-

vice, measuring device, or audio device.

In one embodiment, the light emitted by the areas of the front plate of the instrument
through which light shines is linearly polarized, so that a linearly polarizing filter can be
rotated in front of the illumination device until reflections on a multilayer windshield are

suppressed as substantially as possible.
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In a further embodiment, it is provided that light emitted from the areas through which light
shines is circularly polarized, so that a circularly polarizing filter can be rotated in front of
the illumination device until reflections on a multilayer windshield are suppressed as much
as possible. It is decisive that both polarization methods are advantageously oriented op-
timally in relation to the orientation of linearly or circularly polarizing filters in relation to a

vehicle windshield.

Applying nonreflective films to the inner sides of side windows and/or even windshields
can therefore be omitted. The instrument described herein advantageously utilizes the
linearly or circularly polarizing properties of windshields, and a polarization direction of a
polarization filter in front of the illumination device is arranged rotated inside the instru-
ment in relation to the polarization direction of the linearly or circularly polarizing proper-
ties of the windshield in such a manner that a desired suppression of the reflection of the

areas through which light shines is achieved.

In one embodiment, the polarization direction of the polarized light display is oriented op-
posite to the polarization direction of a windshield of the vehicle. In the case of linear pola-
rization, the polarization directions can thus be rotated by 90° to one another and there-
fore any mirror image on the windshield is extinguished. In the case of circular polariza-
tion, a rotational direction reversal can occur upon the reflection on a multilayer wind-
shield, attenuation up to complete cancellation of the reflection being able to occur de-

pending on the intensity of the light reflected with rotational direction reversal.

In the case of linear polarization, only the polarization filter for the light-transmitting areas,
which is newly integrated into the instrument, must form a polarized light display, which is
rotated by 90° in relation to the polarization direction of the linear polarization of the wind-
shield. If a polarization filter does not meet this requirement from the beginning, an extin-
guishing angle can advantageously be detected by a polarization measurement filter, us-
ing which the angle difference is ascertained to correct the orientation of the polarization

filter.

In the case of such a correction of the polarization directions, it is to be considered that
both the driver and also the passenger are not restricted in the visibility of areas through
which light shines. In addition, it is necessary for the visibility when using polarized sun-
glasses to also be unrestrictedly possible through the correction of the linear polarization
direction of the polarization filter. Corresponding experiments have shown that an optimi-
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zation between these three requirements, firstly suppression of reflections in the wind-
shield, secondly visibility for driver and passenger, and thirdly recognizability of the linear-
ly polarized light emission of the areas even using polarized sunglasses, can be success-

fully achieved.

The illumination device can be installed on a circuit board. This has the advantage of sim-
ple activation and deactivation of the illumination device via the preinstalled components
of the circuit board.

The polarization filter integrated in the instrument can be a transparent plastic film having
linearly or circularly oriented molecular chains. Such a polarization filter is arranged ap-
propriately oriented in front of the illumination device, which can have a background illu-
mination, whose light source is arranged on side edges of the circuit board, and reflectors
on the circuit board being irradiated by the edge-side light source. The light is thus advan-
tageously deflected in the direction of the light-transmitting areas of the front plate and

through the polarization filter.

In a further embodiment, it is provided that the illumination device has a plurality of light-
emitting diodes distributed on the circuit board. The distribution and number of the light-
emitting diodes on the circuit board corresponds to the distribution and number of the
light-transmitting areas of the front plate. An individual illumination, and its brightness, of
each operating element and each display surface of the front plate, for example, can

therefore be set.

In one embodiment, the front plate has operating elements, which can have light of the
illumination device shine through them. These operating elements can be knobs, buttons,
or dials, for example. The light-transmitting areas can be arranged in the operating ele-
ment itself and/or on the edge of the operating element, in order to light through and/or

lluminate the knob.

In a further exempliary embodiment, the instrument also has a pressure-sensitive mat,
which is arranged behind the front plate. In this exemplary embodiment, the pressure-

sensitive mat is arranged between the front plate and the polarization filter.

The instrument can be an input device, a playback device, a measuring device, or an au-

dio device.
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A method for avoiding reflections from an illuminated instrument of a driver information
system in a windshield of a vehicle is also specified. A vehicle having a windshield and a
driver information system having at least one instrument is provided. The instrument has,
arranged one behind another, a front plate having at least one light-transparent area and
an illumination device. An extinguishing angle is ascertained by rotating a polarization
direction of a polarization filter in front of the front plate having light-transmitting areas,
through which light shines, until the reflection of the at least one unpolarized light-
transmitting area is extinguished on the windshield. A polarization filter is adapted and
installed in the instrument at the ascertained extinguishing angle between the front plate

and the illumination device.

After such an extinguishing angle is ascertained, it applies to an entire series of vehicles
or to a special vehicle type, so that the extinguishing angle and therefore the manufactur-
ing of instruments are advantageously not to be adapted individually for each individual
vehicle, but rather the entire series of the vehicle type can be equipped with the appro-

priately adapted instrument.

The ascertainment of the extinction angle is performed by means of a linearly or circularly
polarized polarization measurement filter, which is rotated in relation to the unpolarized
light emission of the light-transmitting areas until the rotated polarization direction of the
polarization measurement filter is opposite to the polarization direction of the linearly or
circularly polarized mirror image on the windshield and therefore the mirror image is atte-
nuated or disappears entirely.

The extinguishing angle can be ascertained in consideration of the visibility of the pola-
rized light emission of the light-transmitting operating elements to the driver and passen-
ger. Furthermore, it is possible to ascertain the extinguishing angle in consideration of the
visibility of the polarized light emission of the operating elements to the driver having pola-

rized sunglasses.

The application will be explained in greater detail on the basis of the appended drawings.

Figure 1 shows a schematic view of a vehicle;
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Figure 2 shows a part of the vehicle shown in Figure 1 having driver information sys-
tem and instrument;

Figure 3 shows a schematic outline of the superposition of a polarized light emission
of operating elements or display surfaces of the instrument and the pola-
rized light of the windshield;

Figure 4 shows the Fresnel formula for a linear polarization and reflection on a glass
surface and a graph of the dependence of the reflection on the angle of in-

cidence;
Figure § shows the polarization by reflection on a glass surface;
Figure 6 shows a schematic outline of circularly polarized light of a polarizing film

and the interaction with a windshield;

Figure 7 shows a schematic outline of a communication playback device having in-
tegrated polarization film to reduce reflections on a windshield of the ve-
hicle shown in Figure 1.

Figure 1 shows an example of a vehicle 1 having a driver information system 2 and a
windshield 3. An instrument is arranged in the driver information system 2, whose pola-
rized light emissions of operating elements and display surfaces can no longer reflect in

the linearly polarizing windshield 3.

Figure 2 shows a part of the vehicle 1 shown in Figure 1 having a cross-section through
the driver information system 2, the instrument 4, and the windshield 3. The instrument 4
is implemented in the exemplary embodiment shown as a communication playback de-
vice. The driver information system 2 is a dashboard in the exemplary embodiment
shown, which does not have an optical screen in the direction toward the windshield 3, so
that a mirror image 18 of illuminated operating elements 8 can be projected on the wind-
shield 3 in particular when traveling at night, which could irritate vehicle occupants 19, of

which an ellipse 20 is symbolically shown here.

In order to avoid this, the polarization direction ap of a polarized light emission 9 is
oriented opposite to a polarization direction ar of the windshield 3 of the vebhicle, in that a
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polarization filter is integrated in the instrument 4, which is rotated opposite to the orienta-
tion of the polarization direction ag of the windshield 3 in such a manner that the annoying

reflections on the linearly polarizing windshield 3 are suppressed at least for the driver.

During the setting of the optimum reflection-free polarization direction o of the polarized
light emission 9 in relation to the polarization direction ar of the windshield 3, however, it
is taken into consideration that the polarized light emission 9 is still clearly recognized
through sunglasses having vertically polarizing sunglasses lenses, and both driver and
also a passenger can still recognize the polarized light emission 9. For this purpose, fol-
lowing Figures 3 to 6 show the fundamental requirements of this antireflection treatment of
the windshield 3.

Figure 3 shows a schematic outline of the superposition of the polarized light emission of
the operating element and the linearly polarized light of the windshield 3, the intensity Er
of the reflection being given by a Fresnel formula shown in Figure 4 and the intensity Eg
being a function of an angle of incidence on the windshield 3. The polarization direction
ag, as shown in Figure 3, is given by the direction of extension of a polarization film having
long-chain molecules, the light effects being extinguished in the area of a superposition 21
of the polarization direction of the polarized light emissions with the polarization direction
of the mirror image on the windshield 3, which is shown here by a black non-illuminated

surface 22.

Figure 4 shows the Fresnel formula for a linear polarization in the case of reflection on a
glass surface having a graph of the dependence of the reflections Rp on an angfe of inci-
dence ag. This diagram shows that at a so-called Brewster angle (ag), the reflection of a
glass surface goes toward zero in the case of an angle of incidence of approximately 57°.
l.e., the light which is emitted at a Brewster angie onto a glass surface is completely ab-
sorbed and no longer reflected by the glass. However, this would mean that the operating
elements of an instrument are to be oriented at a fixed angle such as the Brewster angle
in relation to the windshield, in order to prevent a mirror image or a reflection of the oper-
ating elements on the windshield. For this purpose, either the display screen or the wind-
shield would correspondingly be oriented according to the Brewster angle, which is not the
foundation of this application, however. Rather, the next figure, Figure 5, shows the foun-

dation of this application.
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Figure 5 shows the polarization by reflection on the glass surface of a windshield 3. The
component oriented parallel to the surface 23 of the windshield 3, having the intensity E,
is completely absorbed by the reflection surface. The intensity Er of the reflected light is
therefore zero if the light angle of incidence a, is equal to the Brewster angle of 57.3°. An
arbitrary illumination beam 24, which is an incident at an angle of incidence ag on the sur-
face 23 of the windshield 3, is linearly polarized and emitted at a reflection angle ag hav-
ing a reduced intensity Eg. However, in contrast, if already polarized light is oriented onto
the surface 23 of the windshield 3, through the linear polarization of the windshield 3, with
suitable orientation of the polarization of the polarized light display, the mirror image is
attenuated by superpositioh of the two polarization directions, and even completely extin-

guished at 90° between the polarization directions.

Figure 6 shows a schematic outline of an illumination device, which shines through a cir-
cularly polarized intermediate film 27, and the interaction with a windshield 3. For this pur-
pose, the circularly polarized intermediate film 27 is irradiated with linearly polarized light
29 from an illumination source 5 via a polarization filter 7.

Circularly polarized light 28, which is incident in the arrow direction A on the windshield 3,
is reflected with reversal of the circulation on the windshield 3 in the arrow direction B and
interferes with the incident circularly polarized light 28, so that with suitable rotation of the
circularly polarized intermediate film 27, superposition 21 and extinguishing of the refiec-
tion of the images of operating elements of the front plate on the windshield 3 is possible,
without additional measures, such as antireflection layers, being required on the wind-
shield 3.

Figure 7 shows a perspective exploded schematic outline of an instrument 4 having inte-
grated polarization filter 7 in the form of a polarization film 14 for reducing reflections on a
windshield of the vehicle 1 shown in Figure 1. The instrument 4 is a communication play-
back device and is arranged in a driver information system of the vehicle 1. The instru-
ment 4 has a front plate 10. Operating elements 8 in the form of push switches 15, rocker
switches, sliding switches, and/or rotating knobs 16 and display surfaces are arranged in
the front plate 10, the operating elements 8 cooperating with a pressure-sensitive mat 11
arranged behind the front plate 10. The front plate 10 also has light-transmitting areas 30,
which are arranged in and on the edge of the operating elements 8, in order to be able to
shine light from an illumination direction 6 of the instrument 4 through them.



.
LRI ER Y]
* L]

Sveove
L] »

10

15

20

The pressure-sensitive mat 11 has switch pins 25, which protrude from a rubber-elastic
semitransparent mat 17, and which cooperate with the operating elements 8. Further-
more, the pressure-sensitive mat 11 has openings, through which light can fall on the
light-transmitting areas 30 of the operating elements 8 and display surfaces of the front
plate 10. A polarization filter 7 made of a polarization film 14 is arranged behind the pres-
sure-sensitive mat 11. The illumination device 6 is arranged on a circuit board 12 behind

the polarization filter 7.

The circuit board 12 has a plurality of light-emitting diodes, which farm an illumination
source 5. The number and the distribution of the light-emitting diodes corresponds to the
number and the distribution of the light-transmitting areas 30 on the front plate 10. The
polarization direction of the polarization film 14 is oriented oppaosite to a polarization direc-
tion of the polarizing windshield, so that the polarizing light emission of the light-
transmitting areas 30 of the operating elements 8 and the display surfaces of the instru-

ment 4 is no longer reflected in the windshield.

A rear wall 13 of the instrument 4 is arranged behind the circuit board 12 and forms an
instrument housing with the front plate 10. The polarization fiiter 7 is therefore arranged
inside the instrument housing, so that an antireflection film on the outer side of the front

plate 10 can be omitted.
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List of reference numerals

vehicle

driver information system
windshield

instrument

1

2

3

4

5 illumination source
6 illumination device

7 polarization filter

8 operating element

9 polarized light emission
10 front piate

1 pressure-sensitive mat
12 circuit board

13 rear wall

14 polarization film

15 push switch

16 rotating knob

17 rubber-elastic mat

18 mirror image

19 vehicle occupant

20 ellipse

21 superposition

22 nonilluminated surface
23 surface

24 illumination beam

25 switch pin

27 circularly polarized intermediate film
28 circularly polarized light
29 linearly polarized light
30 light-transmitting area
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Patent Claims

A vehicle having a driver information system (2), the driver information system (2)
having at least one instrument (4), which has a front plate (10) and an illumination
device (6), at least one light-transmitting area (30) being arranged in the front piate
(10), and the illumination device (6) being arranged behind the front plate (10), the
ilumination device (6) being able to emit light through the at least one light-
transmitting area (30) of the front plate (10),

wherein a polarization filter (7) is arranged between the front plate (10) and the it
lumination device (6), and the polarization filter (7) is oriented opposite ta a polari-
zation direction of a windshield (3) of the vehicle (1).

The vehicle according to Claim 1, wherein the polarization filter (7) is a transparent
plastic film having linearly oriented molecular chains or a transparent plastic film

having circularly oriented molecular chains.

The vehicle according to one of the preceding claims, wherein the illumination de-

vice (6) is installed on a circuit board (12).

The vehicle according to Claim 3, wherein the illumination device (6) has back-
ground illumination, whose light source is arranged on side edges of the circuit
board (12) and irradiates refiectors on the circuit board (12).

The vehicle according to one of the preceding claims, wherein the illumination de-
vice (6) has a plurality of light-emitting diodes, which are arranged distributed be-
hind the front plate (10).

The vehicle according to Claim 5, wherein the distribution and number of the light-
emitting diodes on the circuit board (12) corresponds to the distribution and num-
ber of the light-transmitting areas (30) of the frant plate (10).

The vehicle according to Claim 6, wherein the instrument (4) also has a pressure-
sensitive mat (11), which is arranged between the circuit board (12) and the polari-

zation filter (7).
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10.

11.

12.

13.

12

The vehicle according to one of the preceding claims, wherein the polarization di-
rection of a polarized light emission (9) through the light-transmitting area (30) of
the front plate (10) is oriented opposite to the polarization direction of the wind-
shield (3) of the vehicle (1), so that an intensity of the reflection of the light-
transmitting area in the windshield (3) is minimized.

The vehicle according to one of the preceding claims, wherein the front plate (10)
has operating elements (8), through which light of the illumination device (6) may

shine.

The vehicle according to one of the preceding claims, wherein the instrument (4) is

an input device, a playback device, a measuring device, or an audio device.

A method for avoiding reflections from an illuminated instrument (4) of a driver in-
formation system (2) in a windshield (3) of a vehicle (1), which has the following
method steps:

- providing the vehicle (1) with a windshield (3) and a driver information sys-
tem (2) having an instrument (4), the instrument (4) having a front plate (10)
having at least one light-transmitting area (30) and an illumination device
(6) arranged behind the front plate (10);

- ascertaining an extinguishing angte with rotation of a polarization direction
of a polarization filter (7) in front of the front plate (10) having light-
transmitting areas (30) through which light shines, until the mirror image of
the at least one unpolarized light-transmitting area is extinguished on the
windshield (3);

- adapting and installing a polarization filter (7) at the ascertained extinguish-
ing angle between the front plate (10) and the illumination device (6) in the

instrument (4).

The method according to Claim 9, wherein the extinguishing angle is ascertained
in consideration of the visibility of the polarized light emission (9) of the light-

transmitting area to driver and passenger.

The method according to one of Claims 8 to 11, wherein the extinguishing angle is
ascertained for the use of a linear polarization filter (7), or an extinguishing rota-
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tional angle is ascertained for the use of a circularly polarized intermediate film

(27).
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