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Description

Head-up display

Field of the invention

The present invention relates to the field of automotive ap-
plications. In particular, this invention relates to a combiner,

to a head-up display module, and to a vehicle.

Background

Head-up displays are used in a vehicle to visualize information,
such as speed and warning signals. A head-up display may comprise
a transparent screen placed in front of an end-user, which screen
serves to reflect a projected image and aids the formation of a
virtual image containing the information in front of the

end-user. An important performance aspect of the head-up displays
is the quality of the virtual image provided by the transparent

screen.

Summary of the Invention

It is an object of the present invention to provide a head-up

display with improved image quality.

The object of the present invention is solved by the sub-
ject-matter of the independent claims, wherein further em-
bodiments are incorporated in the dependent claims. It should be
noted that the following described aspects of the invention apply
for the combiner, for the head-up display module, and for the

vehicle.

According to a first aspect of the invention, there is provided
a combiner for a head-up display module for a vehicle. The

combiner comprises a transparent sheet. The transparent sheet is
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configured to reflect a projected image toward a user. The

transparent sheet has a thickness of less than 1 mm.

As an advantage, the projected double image effect - a brighter
main image and a “ghost image” with less brightness - as a result
of the reflection of two parallel surfaces of the combiner may
be reduced, thus increasing the legibility of the projected

image, such as symbols, presented to a viewer, e.g. a driver. This
is because the reduction of the thickness of the transparent sheet
(or screen) can move the ghost image in the same position as the
main image (or at least move the ghost image closer to the main
image) as seen from the viewer’s position. In other words, the
offset between the main image and the ghost image is reduced such
that the main image and the ghost image (or at least a large part
of the two images) overlap. Additionally, since the thickness of
the combiner screen is small, even in the presence of process
variability, the distance between the ghost image and the main
image may still be below the discernability threshold. This leads
to increased allowable process tolerances, and hence, in high

process yield and low cost.

As a further advantage, by using less material during the
fabrication of the head-up display screen, the costs of the screen

may be decreased.

According to an embodiment of the invention, the thickness is

constant across the transparent sheet.

As an advantage, the combiner has a simple geometry with constant
thickness. Other specific geometries, e.g. an increasing
thickness along the vertical direction of the screen, may be more

difficult to manufacture.

As a further advantage, the constant thickness of the screen
enables the combiner to be formed with the aid of a punching
process. Individual screens can be obtained from a large mother

sheet that is cut according to the required shapes. On the other



10

15

20

25

30

35

WO 2016/156560 PCT/EP2016/057192

hand, if the screen would have a special geometry, such as an
increasing thickness, the application of a punching process may
not be possible, since different parts obtained from the same
sheet would have a different average thickness, and would shift

the ghost image in different positions as seen from a driver.

As a still further advantage, the flat geometry may also reduce
the manufacturing and assembly costs given by the increased

allowable process tolerances.

According to an embodiment of the invention, the combiner further
comprises a support structure. The transparent sheet is mounted
on the support structure such that the support structure provides
mechanical support for the transparent sheet. Also, this

structure may give the transparent sheet a curvature to further

enhance the optical behaviour, or may leave it flat.

As an advantage, the support structure provides mechanical

support or mechanical strength for the transparent sheet.

According to an embodiment of the invention, the support
structure comprises a first pin and a second pin. The first and
second pins are disposed on opposing sides of the transparent

sheet.

According to an embodiment of the invention, the support

structure is a frame surrounding the transparent sheet.

Advantageously, the frame defines the shape of the combiner

screen and provides mechanical support to the transparent sheet.
The shape of the transparent sheet (or screen) may be square,
rectangular, circular, oval, and any other desired geometry. The
frame may be made from any suitable material. Contemplated

materials include metal, wood, plastics, and other compositions
that provide sufficient stiffness for supporting the transparent
sheet. The transparent sheet may also be mounted on the frame in

many ways including, for example, attaching and fastening.
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According to an embodiment of the invention, the frame and the
transparent sheet are formed of the same material and in a single

piece.

As an advantage, the same material, such as plastics, is used to
provide the mechanical support as well as the required low

thickness of the combiner screen, i.e. the transparent sheet.

According to an embodiment of the invention, the support

structure is provided as a part of a vehicle dashboard module.

As an advantage, no additional separate mechanical support may
be required. The transparent sheet may be integrated or removably

mounted on the vehicle dashboard module.

According to an embodiment of the invention, the transparent
sheet comprises a first surface and a second surface for re-
flecting the projected image. The first and second surfaces are

configured to have different reflectivity.

As an advantage, by adjusting the reflectivity of the first and
second surfaces, the brightness of the main virtual image may be
increased and the brightness of the ghost image may be reduced.
This may further increase the quality of the main virtual image

and enhance the legibility of the symbols presented to the driver.

According to a second aspect of the invention, a head-up display
module for a vehicle is provided. The head-up display module

comprises an image projector and a combiner according to one of
the embodiments described above and in the following. The image
projector is configured to project an image toward the combiner.
The combiner is configured to reflect the projected image toward

a user.
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According to a third aspect of the invention, a vehicle is
provided that comprises a head-up display module according to the

second aspect, or its embodiments.

According to a fourth aspect of the invention, a cockpit display
for an airplane is provided that comprises a head-up display

module according to the second aspect, or its embodiments.

In the following application, the term “head-up display”, also
referred to as a “HUD”, may concern a means for providing
information to a vehicle driver optically, without the driver
having to move his field of view from the road significantly. The
HUD may be projected directly onto the car windscreen, or
alternatively it may be projected onto a combiner screen resting

on top of the car dashboard, for example.

The term “combiner”, or combiner HUD, may refer to a transparent
screen, e.g. a small plastic screen, between the steering wheel
and the windscreen for reflecting a projected image to a user,
such as a driver. The combiner may blend the data displayed with
the scenery in a way that it appears as a virtual image in a
distance of about e.g. 2 meters in front of the driver. It is noted
that the combiner as outlined in the following description
relates to a separate combiner, in contrast to windshield HUDs,
which project the virtual image to the windscreen, i.e. the

windshield.

The term “projected image” relates to the image projected to the
combiner screen, which image may contain navigation information
and the vehicle's current speed. In addition, projected image may
incorporate current speed limits and other local traffic

regulations, provided optionally by a camera-based traffic sign

recognition system.

The term “transparent”, or translucent, means that the
transparent sheet is clear, or transparent enough to allow light

to pass through, or to allow the viewer to see through.
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Therefore, it may be seen as a gist of the invention that the
thickness of combiner HUDs is reduced, which allows the double
image effect (due to the reflection of the two parallel surfaces
of combiner HUDs) to be reduced or even cancelled. Further,
combiner HUDs have a simple geometry of constant thickness, which
may allow a high throughput fabrication process and reduced

manufacturing and assembly costs.

These and other aspects of the present invention will become
apparent from and elucidated with reference to the embodiments
described hereinafter.

Exemplary embodiments of the present invention will now be
described in the following, with reference to the following
drawings.

Brief description of the drawings

Fig. 1 shows a side-view of an exemplary embodiment of a combiner.

Fig. 2 shows a schematic view of an exemplary embodiment of a

combiner with a mechanical support in form of pins.

Fig. 3A shows a schematic view of an exemplary embodiment of a

combiner with a mechanical support in form of a frame.

Fig. 3B shows a side-view of Fig. 3A.

Fig. 4 shows a schematic view of an exemplary embodiment of a
combiner with a mechanical support in form of a vehicle dashboard

module.

Fig. 5 shows a schematic view of an exemplary embodiment of a

head-up display module.
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Fig. 6 shows a schematic view of an exemplary embodiment of a

vehicle.

Detailed description of the embodiments

Fig. 1 shows a side-view of an exemplary embodiment of a combiner
10. The combiner comprises a transparent sheet 12. The
transparent sheet 12 is configured to reflect a projected image,

indicated with a white arrow 15, to a user 16, e.g. a driver.

The transparent sheet 12 has a thickness of less than 1 mm. In
a further example, the thickness is less than 500 um. In a still

further example, the thickness is less than 250 um.

The required thickness of the transparent sheet 12 is dependent
on the desired image quality. Based on the desired quality factor
Q, given D, the distance between the user 16 and the projected
double image 22 or 24, ni, the refractive index of the combiner
12, no, the refractive index of air and o, the incidence angle
of the light beams coming from the image 15 towards the combiner
12, the combiner thickness t is upper-bounded by the following

inequality:

z n
t<D - —. — .
180 ¢ n, sin(2- &)

The gquality factor Q is defined as the size of the minimum details
that can be correctly perceived by the human eye. In an em-
bodiment, the quality factor Q has a value of 1/60, which is 60
individual elements per one degree of field of view. In a further
example, the quality factor Q has a value of 1/90. In yet another
example, the quality factor Q has a value of 1/120.

The transparent sheet 12 comprises two parallel surfaces, i.e.
a first surface 18 and a second surface 20. During operation, an

image 15 (see also Fig. 5) incorporating e.g. general driving
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information like speed limits and navigation directions and

urgent warning signals, is projected to the first surface 18 of
the combiner screen (also the second surface 20), which in turn
reflects the projected image toward the user 16, or the so-called
eye box — the area where the eyes of the drivers are located. The
user 16 thus observes the projected image 15 in such a way that
it appears to be about e.g. two meters away - or, in other words,
a virtual image. However, as both surfaces 18 and 20 take part
in the reflection process, the user 16 will observe two virtual
images - a main virtual image 22 (brighter image) and a ghost
virtual image 24 with a reduced brightness. For illustration

purposes, the main virtual image 22 is indicated with a solid
white arrow, while the ghost virtual image 24 is indicated with
a dotted white arrow. The presence of the ghost virtual image 24
reduces the legibility of the information in the main virtual

image 22 presented to the user 16.

The distance between the main virtual image 22 and the ghost
virtual image 24 depends on the thickness of the transparent sheet
12. By reducing the thickness of the transparent sheet 12, the
ghost virtual image 24 moves toward to the main virtual image 22.
If the thickness is small enough, the main virtual image 22 and
the ghost virtual image 24 overlap with each other and the
distance between them is small enough to be indiscernible from
the nominal viewing distance, i.e. in the driving position. For
example, for a viewing distance of 2 meters between the virtual
image projected by the combiner and the viewer, a person with a
very good visual acuity of, for example, 20/10 may not be able
to make a distinction between the main and the ghost virtual
images, if they are separated by less than 290 pm. If the combiner
is placed at half this distance, i.e. 1 meter, and the angle
between the combiner and the line of sight is 45 degrees, the
required thickness for the transparent sheet of the combiner is
around 190 um. It is noted that these values are merely exemplary.
Any other values that meet the quality criteria for double image
suppression imposed by the application are still in the spirit

of the present invention.
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As an option, as shown in Fig. 1, the thickness is constant across
the transparent sheet 12. In other words, the combiner 10 has a

simple geometry of constant thickness.

The thin, flat geometry of the transparent sheet, i.e. the

combiner screen, of the combiner provides a high image quality
by suppressing double virtual images with increased allowable
process tolerances, thus allowing for the use of a high throughput

fabrication process and low manufacturing and assembly costs.

It will be appreciated that the transparent sheet can be made from
a thin sheet of transparent material having certain rigidity or
from a plastic transparent foil. It is noted that the term
“plastic” is used to denote the physical properties of the
material - that is, it’s the behavior under mechanical forces -
and may not refer to the chemical composition of the material.
The transparent sheet is fabricated in an appropriate manner. For
example, individual combiners may be produced from a large foil
by a blade cutting process or from an initial mother sheet, from
which individual pre-shaped screens are punched and then hot

pressed to the desired thickness.

Since the mechanical strength of such a thin structure may not
be well suited for in-vehicle applications, a support structure
may be provided for providing the desired mechanical perfor-

mances.

Fig. 2 shows an example of providing the desired mechanical
performances, in which the combiner 10 further comprises a
support structure 26. The transparent sheet 12 is mounted on the
support structure 26 such that the support structure 26 provides

mechanical support for the transparent sheet 12.

“"Mounting” the transparent sheet to the support structure may

refer to securely attaching, affixing, fastening or any other
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suitable ways to fix the transparent sheet to the support

structure.

In an example, shown in Fig. 2 as an option, the support structure
26 comprises a first pin 28 and a second pin 30. The first 28 and
second 30 pins are disposed on opposing sides of the transparent
sheet 12. In other words, the transparent sheet 12, i.e. the

display or screen, is maintained in its position with the aid of

the two pins 28, 30 placed on the sides of the display.

The term “pin” may refer to a component or a device for assisting
in holding or supporting the transparent sheet. For example, Fig.

2 shows two rod-shaped mechanical pins.

Although not shown in Fig. 2, the support structure 26 may further

comprise a third, a fourth, or more pins.

Fig. 3A shows a further example, in which the support structure

26 is a frame 32 surrounding the transparent sheet 12.

The frame 32 defines the shape of the transparent sheet 12, or
screen. Although the transparent sheet 12 has a square shape in
Fig. 2, it is to be appreciated that the shape of the screen may
also be rectangular, circular, oval, or have any other desired

geometry.

As an option, the frame 32 and the transparent sheet 12 are formed
of the same material and in a single piece. For example, as
illustrated in Fig. 3B (cross-sectional view of Fig. 3A), the
central area — i.e. the transparent sheet 12 or the screen - is
recessed with respect to the sides of the combiner 10. In this
way, the central part, i.e. the transparent sheet 12, of the
combiner 10 provides the needed thickness to produce the single
virtual image, while the external, thicker frame 32 of the same

material provides the required rigidity.
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The single piece structure may be fabricated with the aid of a
punching process that cuts pre-shaped combiners from a larger
mother sheet, followed by another processing step of hot stamping

or pressing, in which the recessed area is formed.

Fig. 4 shows a still further example, in which the support
structure 26 is provided as a part of a vehicle dashboard module
34,

For example, as shown in Fig. 4, the transparent sheet 12 of the
combiner 10 is integrated in the decorative elements of the

vehicle dashboard module 34. In this way, the transparent sheet
12 provides the screen for the HUD, while the decorative elements

provide the required mechanical strength.

It will be appreciated that transparent sheet 12 can, of course,
be mounted to the vehicle dash board module. For example, the
transparent sheet may be obtained by blade cutting from a large
roll and then it may be attached to the vehicle dashboard module
34 with the aid of a gluing process.

As a further option to the above-mentioned embodiments, surface
treatment steps are applied to the transparent sheet 12, such as
increasing the reflectivity of the first surface 18 and/or

decreasing the reflectivity of the second surface 20 in order to
increase the brightness of the main virtual image and to reduce

the brightness of the ghost virtual image.

Fig. 5 shows an example of a head-up display module 40. The head-up
display module 40 comprises an image projector 36 and the combiner
10 according to one of the above-mentioned embodiments. The image
projector 36 is configured to project an image 15 toward the
combiner 10. The combiner 10 is configured to reflect the

projected image 15 toward a user 16.

Also illustrated in Fig. 5 is a generic optical arrangement 38,

such as a series of folding mirrors 14, which is provided to
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deflect light and in turn to project the image 15 to the combiner
10.

Fig. 6 shows an example of a vehicle 100 comprising the head-up

display module 40.

As an option, the combiner 10 of the head-up display module 40

in mounted on the vehicle dashboard module 34.

It will be appreciated that the head-up display module 40 may be
disposed in any suitable position. The head-up display module 40
may also be adjusted horizontally or vertically for optimal

viewing.

Further, it is to be appreciated that the combiner may have
different dimensions to meet different requirements, e.g. a small
combiner for deployment in compact cars. The dimensions as
illustrated in the Figures are merely for the purposes of

illustration.

According to a further embodiment (not shown), a cockpit display
for an airplane is provided that comprises a head-up display

module according to the second aspect, or its embodiments.

The preceding detailed description is merely exemplary in nature,

and is not intended to limit the application and uses.

Furthermore, there is no intention to be bound by any theory
presented in the preceding background or summary or the preceding

detailed description.

It should be noted that the term “comprising” does not rule out
a plurality of elements. It is further noted that features
described with reference to one of the above exemplary em-—
bodiments can also be used in combination with other features of

other exemplary embodiments described above.
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Moreover, while at least one exemplary embodiment has been
presented in the foregoing summary and detailed description, it

should be appreciated that a vast number of variations exist.

The exemplary embodiments outlined are examples, and are not
intended to limit the scope, applicability or configuration in

any way.

Rather, the foregoing summary and detailed description will
provide those skilled in the art with a convenient teaching for
implementing an exemplary embodiment, it being understood that
various changes may be made in the function and arrangement of
the elements described in the exemplary embodiment without
departing from the scope as set forth in the appended claims and

their legal equivalents.



10

15

20

25

30

35

WO 2016/156560 PCT/EP2016/057192

14
Claims
1. A combiner (10) for a head-up display module for a vehicle,
comprising:

a transparent sheet (12);

wherein the transparent sheet is configured to reflect
a projected image (14) toward a user (16); and

wherein the transparent sheet has a thickness of less

than 1 mm.

2. Combiner according to claim 1, wherein the thickness is

constant across the transparent sheet (12).

3. Combiner according to claim 1 or 2, further comprising:
a support structure (26);
wherein the transparent sheet (12) is mounted on the
support structure such that the support structure provides

mechanical support for the transparent sheet.

4. Combiner according to claim 3, wherein the support structure
(26) comprises:
a first pin (28); and
a second pin (30);
wherein the first and second pins are disposed on

opposing sides of the transparent sheet (12).

5. Combiner according to claim 3, wherein the support structure

(26) is a frame (32) surrounding the transparent sheet (12).

6. Combiner according to claim 5, wherein the frame (32) and
the transparent sheet (12) are formed of the same material

and in a single piece.

7. Combiner according to one of the claims 3 to 6, wherein the
support structure (26) is provided as a part of a vehicle
dashboard module (34).
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10.

11.

15

Combiner according to any one of the preceding claims,
wherein the transparent sheet (12) comprises a first
surface (18) and a second surface (20) for reflecting the
projected image; and
wherein the first and second surfaces are configured

to have different reflectivity.

A head-up display module (40) for a vehicle, comprising:

an image projector (36); and

a combiner (10) according to one of the preceding
claims;

wherein the image projector is configured to project
an image toward the combiner; and

wherein the combiner is configured to reflect the

projected image toward a user.

A vehicle (100), comprising a head-up display module (40)

according to claim 9.

A cockpit display for an airplane, comprising a head-up

display module (40) according to claim 9.
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only those claims for which fees were paid, specifically claims Nos.:

4. No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1, 2, 8-11
Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the

payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:' No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ EP2016/ 057192

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1, 2, 8-11

relating to optical design of a combiner for a head-up
display module for a vehicle

2. claims: 3-7

relating to mechanical design of a combiner for a head-up
display module for a vehicle
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PCT/EP2016/057192
Patent document Publication Patent family Publication
cited in search report date member(s) date
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US 5194989 A 16-03-1993  NONE
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