wo 20207126329 A1 |0 000 KO0 0 00 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
25 June 2020 (25.06.2020)

(10) International Publication Number

WO 2020/126329 Al

WIPO I PCT

(51) International Patent Classification:
B60K 35/00 (2006.01)

(21) International Application Number:
PCT/EP2019/082424

(22) International Filing Date:
25 November 2019 (25.11.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
18212972.6 17 December 2018 (17.12.2018) EP
(71) Applicant: AUDI AG [DE/DE]; I/FL-G, 85045 Ingolstadt
(DE).

(72) Inventors: HELOT, Jacques; Hans-Bockler-Strasse 15,
85051 Ingolstadt (DE). MERTENS, Joris; Stauffenbergstr.
9, 85051 Ingolstadt (DE).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQ, 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, FL, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, 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, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, 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,

(54) Title: A DISPLAY DEVICE AND A VEHICLE COMPRISING THE DISPLAY DEVICE

16

Fig.1

(57) Abstract: The invention is concerned with a display device (10) comprising a display panel (11) with a first panel side (13) and
a second panel side (14). The display panel (11) is designed to display at least one graphic display object (15). The display panel (11)
comprises a pixel layer (20). The display device (10) comprises a control circuitry (53) and a sensor unit (55) which is designed to
identify a presence of at least one person (16) at a predefined threshold distance from the display device (10) and to identify if the at
least one person (16) is on the first panel side (13) or the second panel side (14). The control circuitry is adapted to enable the displaying
of the graphic display object (15) in accordance with a predefined display alignment in one of a first orientation (T1) and a second

orientation (T2) based on a physical environment condition.
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A display device and a vehicle comprising the display device

DESCRIPTION:

The invention is concerned with a display device and a vehicle with such a
display device. The display device is designed to display at least one graphic
display object on two opposite sides of a display panel such that an orienta-
tion of the at least one graphic display object is adapted according to a posi-
tion of an observer.

Nowadays a display device has become an integral part of a vehicle. The
display device usually comprises a display panel (with or without touch
screen functionality) which usually functions as a user interface. This enables
a user, who can be the driver of the vehicle, to communicate with and/or to
operate other devices in the vehicle by means of the display panel or the
touch screen. In this way, operating functions or driver assistance functions
of the other devices of the vehicle can be made available to a user for selec-
tion. Usually, display devices are integrated within a dashboard or within a
central console of the vehicle. With an increasing number of operating and
comfort functions available for the user in the vehicle, it is necessary on one
hand to enable a simplified operation of these functions and on the other
hand to present a multitude and/or different types of information in a clear
and understandable manner to the user.

In this context, it would be of advantage if the user and/or the vehicle could
communicate with other persons outside the vehicle by means of the display
panel. Furthermore, it would be of advantage if the display panel would be
accessible at different positions of the user. However, space restrictions in a
vehicle make it difficult to integrate an extra display panel for such a func-
tionality. In addition, an extra display device makes it difficult to achieve a
modern and uncluttered interior design of the vehicle. Furthermore, putting a
display device at the exterior of the vehicle makes it vulnerable, since it is
easily damaged and is more exposed to very high or very low temperatures
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making it tougher to display well. Moreover, snow and/or rain can block dis-
play content of the display panel.

Document DE 10 2012 019 506 A1 discloses a vehicle with a windowpane, a
partial area of which is used as a display area of a display instrument. The
partial area of the window pane can be switched between two states with
different light transmission behavior. However, a display of information to-
wards outside is not disclosed.

Document DE 10 2015 200 233 A1 discloses a device and method for in-
forming a driver of a vehicle, in particular a passenger motor vehicle, outside
the vehicle, during an automatic parking operation with a display which is
designed to be retractable and retractable between a retracted non-use posi-
tion and an extended display setting from and into the dashboard, and with a
drive mechanism for extending and retracting the latter. The drive mecha-
nism is additionally equipped for the taking a specific information position for
informing the driver outside the vehicle. However, a display of information
towards inside and outside the vehicle at a same time is not disclosed

Document US 2016/0236612 A1 discloses a user interface system compris-
ing a user interface control module, an image display mechanism and a sen-
sor unit. The image display mechanism comprises a projector adapted to
project a plurality of images, for example on a window panel of a vehicle,
when a driver approaches the vehicle. Thus, providing information when the
driver is outside the vehicle.

It is an object of the present invention to provide a display device for a vehi-
cle which provides a display of display contents for at least one person or a
user inside the vehicle as well as for at least one person or a user outside the
vehicle such that an orientation of the display content is adapted according to
a position of the at least one person and enables the display device to be
integrated in the vehicle in such a manner that only a small perceived space
in an interior room of the vehicle is occupied by the display device and is pro-
tected from the outside.

The object is accomplished by the subject matter of the independent claims.
Advantageous developments with convenient and non-trivial further embodi-
ments of the invention are specified in the following description, the depend-
ent claims and the figures.



10

15

20

25

30

35

WO 2020/126329 PCT/EP2019/082424

In order ensure a two-sided display of information with low requirement of
space, the invention provides a display device comprising a display panel
with a first panel side and a second panel side, wherein the display panel
allows an adjustable degree of light transmission. In other words, the display
panel can be turned transparent. In other words, when the display panel is
not actuated, it allows a view through the display into the surroundings of the
vehicle. The display panel is designed to display at least one graphic display
object, for example, a logo and/or a user interface of an app (software appli-
cation). The display panel comprises a pixel layer with a pixel matrix, wherein
in a respective non-actuated state each pixel element of the pixel matrix is
transparent. Moreover, a grid between the pixel elements may be opaque
resulting in a transparent appearance. Furthermore, the display device com-
prises a control circuitry which is designed to actuate at least one pixel ele-
ment of the pixel matrix for displaying at least one graphic display object.
Furthermore, the at least one graphic display object comprises a predefined
display alignment, such that at least one person or a user is able to perceive
the at least one graphic display object. By the term “perceive”, it is meant that
the at least one person is able to view, read and understand the at least one
graphic display object. For example, an English text message has a prede-
fined display alignment from left to right, in order to be perceivable by the
user. In a case, when the at least one graphic display object is an image, e.g.
an icon, the display alignment can be defined by a data file in which the pixel
data of the image are stored, as such the data file defines which part of the
image is to be displayed on the left side and which one on the right side.

The pixel layer can be designed as a transparent screen with transparent
organic light emitting diodes (TOLED). However, other technologies which
could be known to a person with ordinary skill in the related field can be used
as the pixel layer of the display panel. As has already be mentioned, in the
respective non-actuated state, each pixel element of the pixel matrix remains
transparent. If at a point of time, the graphic display object is needed to be
displayed on a particular location on the display panel, then the control cir-
Cuitry can activate a plurality of pixel elements at that particular location,
which can in turn enable the plurality of pixel elements of that particular loca-
tion to radiate a monochromatic light or a light of various colors correspond-
ing to the at least one graphic display object. The output of the at least one
graphic display object may be requested by a display signal that may be re-
ceived by the control circuitry. However, the other remaining pixel elements
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of the pixel layer may correspond to the non-activated state and hence, may
remain transparent. This can enable the rest of pixel layer, which is not oc-
cupied by the at least one graphic display object to remain transparent.

Furthermore, the invention is based on a realization to solve a problem of
communicating with at least one person, for example outside a vehicle, with-
out resorting to a second display panel, that displays towards the outside of
the vehicle, for example through the windscreen. According to the invention,
the control circuitry is designed to estimate a physical environment condition
based on control signal signaled by a sensor unit. The sensor unit is de-
signed to identify a presence of at least one person at a predefined threshold
distance from the display device. The control circuitry can in turn enable the
displaying of the at least one graphic display object with the predefined
alignment on the display panel. This is of advantage, because this enables
the activation of the display panel only at the presence of the at least one of
the person near the display device, so that it can be insured that the infor-
mation represented by the at least one graphic displayed object is only visu-
ally accessible to the at least one person, only when the person lies or ap-
proaches within the predefined threshold distance from the display device.
Furthermore, this ensures the conservation of energy, since the display panel
can be switched on or activated only in the presence of the at least one per-
son near the display device, rather than that the display panel is switched on
in a continuous manner even in the absence of any person in near the dis-
play device or when the person is far away from the display device.

Furthermore, the sensor unit is designed to distinguish if the at least one per-
son is on the first panel side or on the second panel side. To this end, the
sensor unit can comprise a camera or a capacitive sensor or a photoelectric
sensor or an inductive proximity sensor or an ultrasonic sensor or a radar
sensor. Such a sensor unit can be installed on an outer surface of a vehicle,
such that, when the at least one person lies or approaches within a prede-
fined distance from the display device, then the presence of the at least one
of person can be identified and the control signal can be sent from the sensor
unit to the control circuitry. In other words, said physical environment condi-
tion comprises the information regarding the presence of the at least one
person at within the predefined threshold distance from the display device
and regarding on which side the at least one person is positioned at a given
point of time. The at least one person can also be identified through the per-
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son’'s mobile electronic device, such as a smartphone or tablet or watch,
through which a person can be identified.

Based on the physical environment condition, the control circuitry is adapted
to enable the displaying of the at least one graphic display object in accord-
ance with the predefined display alignment in one of a first orientation and a
second orientation. In other words, on the basis the determined physical
condition, the control circuitry enables the selection of the first orientation and
or the second orientation in the respective predefined alignment of the at
least one graphic display object, that is to be displayed on a respective pre-
determined location of the display panel. Based on the selection of the orien-
tation of the graphic display object to be displayed, the graphic display object
may be outputted by the actuation of the plurality of pixel elements corre-
sponding to the predetermined location by the control circuitry, as per the
display signal. For example, an English text message (with its predefined
display alignment pointing from left to right) can presented in the perceivable
first orientation or in a horizontally mirrored second orientation. In the first
orientation, the at least one graphic display object is perceivable on the first
panel side in the predefined display alignment. In other words, the at least
one graphic display object in the first orientation comprises the predefined
display alignment, such that the at least one of person, for example, sitting
inside the vehicle, can be able to perceive the at least one graphic display
object displayed on the first panel side of the display panel. Regarding the
above example of the English text message, this text would be readable from
left to right from inside the vehicle.

However, if the at least one person is on the second panel side of the display
panel, that is outside the vehicle, then the at least one person must be able
to perceive the at least one graphic display object through the windscreen of
vehicle. If the at least one graphic display object in this case is the English
text, it must be displayed in an alignment pointing from left to right. Thus, the
at least one graphic display object is displayed in the second orientation by
the pixel layer so that the at least one person on the second panel side can
be able to perceive the at least one graphic display object with the predefined
display alignment.

For example, the graphic display object can be a text message which is to
perceivable as “XY” by at least one person or a user outside the vehicle, that
is from the second panel side (reading first X than Y when read in the cor-
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rect, predefined alignment). The text message “XY” can be outputted as a
mirrored image “YX” by the activation of the corresponding pixel elements of
the first layer on the first panel side of the display panel, so that when viewed
by the at least one person from outside the vehicle, the outputted text mes-
sage is perceived as “XY”, i.e. in the predefined alignment.

The invention also comprises embodiments that provide features which af-
ford additional technical advantages.

In one embodiment, the display panel may comprises a blocking layer which
may comprise a total surface area of the same size or at least 80% of the
size of the pixel layer and can be attached to the pixel layer by a mechanical
means or glued or laminated, which can be chosen by a person with ordinary
skill in the related field. The blocking layer may comprise a plurality of prede-
termined subareas each having an adjustable degree of light transmission.
The subareas can be for example, in a quadrilateral and/or a triangular
and/or a polygonal shape. Moreover, the subareas can be of different shapes
distributed over the entire surface area of the blocking layer. The subareas
can be arranged in such a manner, that they are distributed over the entire
surface area of the blocking layer. The subareas of the blocking layer can be
designed to allow a transmission of electricity or are electrically conductive.
In order to achieve an adjustable degree of light transmission, a voltage dif-
ference can be enabled across each of the subareas. This can enable a
transformation of each of the subareas from a transparent state to an opaque
state depending on the degree of the voltage difference across that particular
subarea. For example, the blocking layer can be a so called polymer dis-
persed liquid crystal (PDLC) or a thin-film transistor screen (TFT) or a dy-
namic scattered liquid crystal (DSLC) or a suspended particle device (SPD)
or a monochrome transparent segmented liquid crystal device (LCD). For
example, in the case of PDLC or DSLC as a technology for the subareas, it is
possible to achieve different degrees of transparency dynamically by adjust-
ing the voltage difference. However, it is to be noted that PDLC, DSLC, SPD
screens are all not light emitting and can display a color or a grey tone but
cannot emit light. Such screens function when there is a backlight, since they
are not perceivable in the dark.

The control circuitry may be adapted to adjust a respective light transmission
to a predetermined individual degree for each of the plurality of the prede-
termined subareas independent of the remaining respective subareas. In
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other words, in order to transform or adjust a particular subarea from a trans-
parent state to an opaque state or in between the transparent state and
opaque state, as in the case of PDLC or DSLC, or to adjust the predeter-
mined degree of light transmission to a particular subarea, the control circuit-
ry can adjust a voltage difference across the particular subarea in such a
manner, that the particular subarea is transformed to the opaque state as per
requirement. This can be done in such a manner, that the other remaining
subareas remain unaltered and remain in the transparent state. The degree
of light transmission can be requested by a transparency signal. For exam-
ple, a particular predetermined region of the blocking layer can be located
behind the pixel matrix of the pixel layer. The degree of light transmission of
the particular predetermined region of the display panel can be adjusted by
the control circuitry, such that the respective predetermined region can be
adjusted between the transparent state, in which the degree of light trans-
mission for example is at least 40 percent and/or at least 50 percent and/or
60 percent and/or 70 percent and/or 80 percent and the opaque state, in
which the light transmission is less than 30 percent and/or less than 20 per-
cent and/or less than 10 percent. In the transparent state, a room and/or an
environment corresponding to the field of vision of the at least one person
behind the display panel (i.e. on the second panel side) can thus be visible
through the display panel in the predetermined subareas which are in the
transparent state. In a transparent state, for example, with 50 percent of light
transmission and with enough light from the outside, the display panel may
look quite transparent. In other words, at least one person or a user of the
vehicle can perceive as if there may be almost no display panel in front of the
user, this enables the at least one person to perceive a larger interior space
inside the vehicle, which in turn enables the at least one person to feel freer
or less cramped. Furthermore, when the at least one person is driving the
vehicle manually, the at least one person is then less distracted by the dis-
play panel in the transparent state than if the display panel were to appear in
the opaque state. Hence, the at least one person can perceive a larger space
in the interior room of the vehicle and is not distracted due to the presence of
the display panel in front of the user.

Furthermore, the subareas can be separated by a wire-space between each
other. This can enable a wiring across the respective subarea. The wiring
can enable the adjustment of the voltage difference across that particular
subarea. The wire-space can be about 0.1 millimeter in width. In other words,
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the subareas can be situated at about 0.1 millimeter apart from each other.
The wire-space can be larger up to 0.5 mm but preferably 0.1 mm.

Furthermore, in case of a PDLC or a DSLC screen the plurality of subareas
can be in touch with a border of the blocking layer. The subareas can be also
in form of floating elements, however, in this case the wire-space needs to be
at least 4mm wide when the PDLC or DSLC is the contact, which can lead to
an unattractive pattern. Furthermore, when the contact to the segment is
long, that is about at least 30 cm, then the width of the contact needs to be
more than 4 mm. However, the pattern can be relatively attractive if the sub-
areas touch the border, when the contact is a wire, as it can be thinner like a
segmented liquid crystal device. Furthermore, in the case of a transparent
segmented liquid crystal device, the wire-space can be much narrower,
about 0.2-0.4 mm.

In order to display the at least one graphic display object at a particular re-
gion on the display panel, the subareas of the blocking layer corresponding
to that particular region that needs to be occupied by the at least one graphic
display object can be transformed to an opaque state, if visibility of the at
least one graphic display object is only required for the first panel side. The
pixel elements, for example of the transparent OLED, of the pixel layer lying
above the subareas in the opaque state can be activated by the control cir-
cuitry so that the transparent OLEDs radiate colors according to the require-
ment of the at least one graphic display object. Hence, a display of the at
least one graphic display object on the particular region on the display panel
is enabled by means of the control circuitry.

Furthermore, in order to ensure a clear viewability, the degree of light trans-
mission of the plurality of subareas that are covered by the graphic display
object can be reduced to the opaque state, as per the transparency signal.
Furthermore, this ensures that the displayed graphic display object in the first
orientation is not displayed outside, hence, not viewable to the at least one
person outside the vehicle, since the at least one graphic displayed object is
covered by the corresponding plurality of subareas that are adjusted to the
opaque state.

Furthermore, the control circuitry may be designed to adjust a respective light
transmission to a predetermined individual degree for each of the plurality of
the predetermined subareas independent of each of the other subareas in
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accordance with the determined physical environment condition. This is of
advantage, because this can enable a display of a selected form of infor-
mation represented by the at least one graphic display object in dependence
with the predefined physical environment condition. Furthermore, in order to
ensure the clear viewability of the at least one graphic display object, which
in this case, may be a text message “XY”, from outside the vehicle, that is
through the second panel side, the degree of light transmission of the plurali-
ty of subareas that cover by the graphic display object may be increased to
the transparent state, as per the transparency signal. Furthermore, since the
environment of an interior room of the vehicle is usually dark, a dark back-
ground for the display panel can be ensured. This can enable a clear display
of the at least one graphic display object, which is displayed in the second
orientation and is perceivable by the at least one person outside the vehicle
from the second panel side, for example through the windscreen. Further-
more, such a display device can have a lower weight which is of advantage.

In one embodiment, the display device may comprise a first reflective layer
and a second reflective layer, wherein the display panel may be sandwiched
between the first reflective layer and the second reflective layer. In other
words, the display panel is covered by the first reflective layer on the first
panel side and by the second reflective layer on the second panel side,
wherein both the first reflective layer any the second reflective layer can be
transparent. For example, the first reflective layer and the second reflective
layer may comprise a total surface area of the same size or at least 80% of
the size of the pixel layer/ blocking layer and can be attached to the pixel
layer on the first panel side and the blocking layer on the second panel side
by a mechanical means or glued or laminated, which can be chosen by a
person with ordinary skill in the related field. This is of advantage, because
the first reflective foil may enhance the perceivability of the at least one
graphic display object in the second orientation, whereas the second reflec-
tive foil may enhance the perceivability of the least one graphic display object
in the first orientation.

In one embodiment, the sensor unit may comprise at least one camera
and/or at least one movement sensor and/or at least one infrared sensor
and/or at least one proximity sensor. For example, the at least one camera
can locate the position of the at least one person and identify if the at least
one person is on the first panel side or on the second panel side and send
the control signal to the control circuitry. The at least one camera can be a
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part of a face recognition unit which can be used to identify a predefined user
and send the respective control signal to the control circuitry. Furthermore,
the at least one infrared sensor can be of advantage, when there is a lack of
visible light, such as during the night or fog, in this case, the position of the at
least one person can be identified by means of the at least one infrared sen-
sor and the respective control signal can be sent to the control circuitry. Simi-
larly, proximity sensors, such as radar based sensors or capacitive sensors
or laser based sensors can be used to identify the position of the at least one
person near the display device.

In one embodiment, the sensor unit may be designed to track a position of
the at least one person based on which the sensor unit may be designed to
enable the control circuitry to switch the displaying of the at least one graphic
display object from one of the first panel side and the second panel side in
accordance with the predefined display alignment in one of the respective
first orientation and the respective second orientation. This is of advantage,
because this can enable the display of the at least one graphic display object
according to the position of the at least one person, such that when the per-
son moves from one panel side to the other, such as from the second panel
side to the first panel side, for example, entering the vehicle, or from the first
panel side to the second panel side, for example, getting out of the vehicle.
The switching of the displaying of the at least one graphic display object can
ensure a continuous display of the graphic display object to the at least one
person.

In one embodiment, in accordance with the physical environment, infor-
mation represented by the at least one graphic display object can be a pre-
defined text message and/or a predefined graphic message with the at least
one graphic display object in accordance with the predefined display align-
ment in the second orientation. This is of advantage, because the predefined
text message and/or a predefined graphic message can be in for of a wel-
come message or a greeting or an advertisement or a news related mes-
sage. Furthermore, in a parking phase of the vehicle when the at least one
graphic display object can be displayed in the second orientation, then the
information represented by the graphic display object can be adapted ac-
cording a weather condition outside the vehicle and/or a traffic condition
and/or location of the vehicle. Hence, an efficient displaying of the infor-
mation represented by the at least one graphic display object can be real-
ized.
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In one embodiment, the predefined text message and/or the predefined
graphic message can comprise a personal message referring to a predefined
user, as signaled by the sensor unit comprising face recognition sensor
and/or a receiver for receiving an identification signal from a mobile device.
In other words, a face recognition sensor or other machine vision processing
sensor may be used to identify a predefined user in the proximity of the vehi-
cle. Furthermore, the data of the predefined user may be pre-stored in the
control circuitry of the vehicle or a backend server unit. Upon recognition of
the predefined user, the control circuitry can identify for example the name of
the predefined user from the data, that is pre-stored in the control circuitry
and/or can communicated with the backend server unit, which in turn can
send the related data to the control circuitry. The control circuitry can then be
adapted to enable the displaying of the a predefined text message compris-
ing the personal message on the display panel in the second orientation. A
further advantage can be that certain personal messages which can be only
meant to be displayed to a particular predefined user, can be displayed only
to that particular predefined user and not to any other person. This can ena-
ble security as well as privacy.

In one embodiment, information represented by the at least one graphic dis-
play object may be a predefined parking time with the at least one graphic
display object in accordance with the predefined display alignment in the
second orientation. In other words, when a parking place at a parking loca-
tion is found, the vehicle can be driven to the parking place and be parked.
Upon the parking of the vehicle, the control circuitry can identify the parking
of the vehicle by means of a GPS unit (global positioning system) which can
provide the location of the parking place or by an identification of a stoppage
of an engine of the vehicle for a predefined amount of time which can indi-
cate the parking of the vehicle. Upon the parking of the vehicle, the control
circuitry can trigger an adjustment of the at least one graphic display object in
accordance with the predefined display alignment in the second orientation,
such that the display panel can be visibly accessible to the at least one per-
son outside the vehicle. In this situation, the information represented by the
at least one graphic display object can be in form of a predefined parking
time. The predefined parking time may include the time of parking of the ve-
hicle as well as the amount of time remaining from the allowed amount of
time to be parked as per a digital ticket.
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The invention further comprises a vehicle comprising a display device,
wherein the display device comprises a display panel for displaying at least
one graphic display object, and a control circuitry.

In one embodiment, the control circuitry may be designed to switch a display
of at least one graphic display object comprising a predefined alignment from
a first orientation to a second orientation, when a door of the vehicle is
opened. In other words, when the door of the vehicle is opened, the control
circuitry can estimate that the at least one person, who may be the driver of
the vehicle, may get out of the vehicle. Hence, the control circuitry may ena-
ble a display at least one graphic display object in the second orientation,
such that the at least one graphic display object may be perceivable from
outside the vehicle, for example through the window-screen. This is of ad-
vantage, because no additional sensor is needed. It is further thinkable, that
the control circuitry may be designed to duplicate a display at least one
graphic display object comprising a predefined alignment from a first orienta-
tion to a second orientation, when the door of the vehicle is opened.

The invention also comprises embodiments of the inventive vehicle that
comprise features that correspond to features as they have already been
described in connection with the embodiments of the display device. For this
reason, the corresponding features of the embodiments of the inventive vehi-
cle are not described here again.

The inventive vehicle is preferably designed as a motor vehicle, in particular
as a passenger vehicle or a truck, or as a bus or a motorcycle.

In the following an exemplary implementation of the invention is described.
The figures show:

Fig. 1 a schematic illustration of an embodiment of the display device;

Fig. 2 an explosion illustration of an embodiment of the display device
comprising a pixel layer and a blocking layer;

Fig. 3 an explosion illustration of an embodiment of the display device
comprising the pixel layer and the blocking layer;

Fig. 4 a schematic illustration of an embodiment of the display device;
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Fig. 5 a schematic illustration of an embodiment of the display device;
Fig. 6 a schematic illustration of an interior region of a vehicle with the
display device;
Fig. 7 a front view of the vehicle with the display device;
Fig. 8 a front view of the vehicle with the display device;
Fig. 9 a schematic illustration of the vehicle with the display device;
Fig. 10 a schematic illustration of the vehicle with the display device;
Fig. 11 a schematic illustration of the vehicle with the display device;
and
Fig. 12 a section of the display device with transparent reflective foils.

The embodiment explained in the following is a preferred embodiment of the
invention. However, in the embodiment, the described components of the
embodiment each represent individual features of the invention which are to
be considered independently of each other and which each develop the in-
vention also independently of each other and thereby are also to be regarded
as a component of the invention in individual manner or in another than the
shown combination. Furthermore, the described embodiment can also be
supplemented by further features of the invention already described.

In the figures identical reference signs indicate elements that provide the
same function.

Fig. 1 shows a schematic diagram of an embodiment of a display device 10.
The display device 10 comprises a display panel 11 with a first panel side 13
and a second panel side 14. The display panel 11 is designed to display at
least one graphic display object 15, wherein the at least one graphic display
object 15 comprises a predefined display alignment, due to which at least
one person 16 can be able to perceive the information represented by the at
least one graphic display object 15. The display panel 11 can be in form of a
touch screen and can function as a graphical user interface (GUI). The at
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least one person 16, who can be a driver of a vehicle 17, as shown in Fig. 6,
can communicate with the other devices (not shown in figures) in the vehicle
17 by means of a touch or a voice signal or a gesture or by means of a re-
mote control circuitry (not shown in figures) through the display panel 11. The
at least one graphic display object 15 may be a logo or an app or a vehicle
GUI.

As shown in Fig. 2, the display panel 11 may comprise a pixel layer 20 with a
pixel matrix and a blocking layer 21. The pixel layer 20 can be in form of a
TOLED screen. Furthermore, the display device 10 may comprise a control
circuitry 53. The control circuitry 53 may be designed to activate at least one
pixel element of the pixel matrix for displaying the at least one graphic dis-
play object 15, wherein in a non-activated state each pixel element of the
pixel matrix may be transparent.

The blocking layer 21 may comprise a plurality of subareas 19, 19’ having an
adjustable degree of light transmission. The subareas 19, 19° may be in the
form of quadrilateral shapes or triangular shapes or polygonal shapes or a
mixture of the aforementioned shapes. As shown in the Fig. 1, the subareas
19, 19° may be in triangular shapes. The subareas 19, 19’ of the blocking
layer 21 can be designed to allow a transmission of electricity or can be elec-
trically conductive. In order to achieve an adjustable degree of light transmis-
sion, a voltage difference can be enabled across each of the subareas 19,
19'. This can enable a transformation of each of the subareas 19, 19’ from a
transparent state to an opaque state depending on the degree of the voltage
difference across that particular subarea 19, 19'. Furthermore, in the case of
PDLC or DSLC, the subareas 19, 19’ can be transformed to a state between
the opaque state and the transparent state. As shown in the Fig. 1 and the
Fig. 2, the subareas 19, which are at least covered by the graphic display
object 15, are in the opaque state, whereas the other subareas 19°, which
are not at least covered by the graphic display object 15, are in the transpar-
ent state.

The voltage difference across each of the subareas 19, 19’ can be adjusted
by means of a wiring due to which each of the subareas 19, 19' may be sep-
arated or may be surrounded by a space 22 between each of them. The
space 22 can enable the wiring across the respective subarea 19, 19'. The
wiring can enable the voltage difference across that particular subarea 19,
19'. The control circuitry 53 may be adapted to adjust a respective light
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transmission to a predetermined individual degree for each of a plurality of
the subareas 19, 19’ of the blocking layer 21 independent of each of the re-
spective remaining subareas 19, 19’. For the sake of understandability the
other subarea 19’, as shown in the Fig. 1 and Fig. 2, are in the transparent
state.

For example, a display region 23 may be selected on the display panel 11, in
order to display the at least one graphic display object 15 on the display re-
gion 23. The control circuitry 53 is designed to activate the pixel elements of
the pixel layer 20 corresponding to the display region 23, such that the pixel
elements corresponding to the display region 23 radiate light in the respec-
tive colors associated with the at least one graphic display object 15. Howev-
er, a remaining part of the display panel 11 outside the display region 23, that
is a non-displaying region 24, may remain transparent. In this case, the pixel
elements corresponding to the non-displaying region 24 may remain in a
non-activated state due to which each of the pixel elements corresponding to
the non-displaying region 24 may remain transparent. In order to display the
at least one graphic display object 15 on the display panel 11, the control
circuitry 53 is designed to determine the respective subareas 19, which are
at least partly occupied by the at least one graphic display object 15. The
subareas 19 ,which are at least occupied by the at least one graphic display
object 15, are turned opaque by changing the voltage difference across each
of the corresponding subareas 19 corresponding to the display region 23.
The control circuitry 53 is adapted to adjust the light transmission of the said
respective subareas 19 to a degree lower than that of the subareas 19’,
which are not at least partly occupied by the at least one graphic display ob-
ject 15.

The control circuitry 53 may be designed to estimate a physical environment
condition based on a control signal 54 signaled by a sensor unit 55. The sen-
sor unit 55 may comprise at least one camera and/or at least one movement
sensor and/or at least one infrared sensor and/or at least one proximity sen-
sor (not shown in the figures). The sensor unit 55 may be designed to identify
the presence of the at least one person 16 at a predefined threshold distance
from the display device 10. Furthermore, the sensor unit 55 may be designed
to identify if the at least one person 16 is on the first panel side 13 or on the
second panel side 14. The sensor unit 55 may be designed to identify the
presence of the at least one person 16 on the first panel side 13 and/or the
presence of the plurality of persons 25, 26 on the second panel side 14 at the
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predefined threshold distance from the display device 10, as shown in Fig. 3.
The sensor unit 55 may send the control signal 54 along a path 56, as shown
by an arrow 57.

Based on the physical environment condition, the control circuitry 53 is
adapted to enable the displaying of the at least one graphic display object 15
in accordance with the predefined display alignment in one of a first orienta-
tion T1 and a second orientation T2. An output of the at least one graphic
display object 15 may be requested by a display signal 58 that may be re-
ceived by the control circuitry 53, for example from an electronic control unit
59 of the vehicle 17 along a path 60, as shown by an arrow 61. In other
words, upon receiving the control signal 54 and the display signal 58, the
control circuitry 53 may enable the display of the at least one graphic display
object 15 by actuating the corresponding pixel elements of the pixel layer 20
by means of an actuation signal 62, as shown by an arrow 63.

In the first orientation T1, the at least one graphic display object 15 may be
perceivable on the first panel side 13 in the predefined alignment. For the
sake of understandability, the at least one graphic display object 15 is in the
form of a text message “XYM?, for example, yellow in color, and with a col-
ored background 18, which can be, for example, blue in color (represented
by means of indented lines with broad spaces). The at least one graphic dis-
play object 15 can be in the first orientation T1, such that the at least one
graphic display object 15 can be perceived by the at least one person 16, on
the first panel side 13, as the text message “XYM”. In other words, the at
least one person 16, who can be seated inside the vehicle 17, can be able to
perceive the text message “XYM” represented by the at least one graphic
display object 15. For the perceivability of the at least one person 16, on the
first panel side 13, that is inside the vehicle 17, the subareas 19 may be ad-
justed to the opaque state. However, the remaining subareas 19’, which are
not at least occupied by the least one graphic display object 15 may remain
in the transparent state.

The predefined display alignment for the at least one graphic display object
15 may be that the text message “XYM” is to be perceived as “XYM” by the
at least one person 16 inside the vehicle or by a plurality of persons 25, 26
outside the vehicle, as shown in Fig. 3. However, if the test message “XYM”
is to be perceivable by the plurality of persons 25, 26, who are outside the
vehicle 17, that is on the second panel side 14, then the at least one graphic
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display object 15 representing the text message “XYM” has to be displayed
in the second orientation T2, that is as a mirror image of “XYM?, that is as
‘MYX” on the pixel layer 20. Furthermore, the subareas 19, 19’ of the block-
ing layer 21 need to be adjusted to the transparent state, so that the dis-
played text message "MYX” represented by the at least one graphic display
object 15 on the pixel layer 20 can be visible through the subareas 19, 19’ of
the blocking layer 21. Hence, the text message “MYX” in the second orienta-
tion T2 can be perceived by the plurality of persons 25, 26 outside the vehi-
cle 17 as the text message “XYM”. For example, the display device 10 can
be integrated in a dashboard 45 of the vehicle 17, as shown in Fig. 6, such
that on the first panel side 13 of the display panel 11, the at least one graphic
display object 15 can be perceivable by the at least one person 16, that is
from inside the vehicle 17 and such that the on second panel side 14 of the
display panel 11, the at least one graphic display object 15 can be perceiva-
ble by the plurality of persons 25, 26 from outside the vehicle through the
transparent windscreen 46, as shown in Fig 7, wherein the at least one
graphic display object 15 representing a predefined parking time 38, for ex-
ample “14:20”, may be displayed by the display panel 11 in the second orien-
tation T2.

The control circuitry 53 may be adapted to adjust a respective light transmis-
sion to a predetermined individual degree for each of the plurality of the pre-
determined subareas 19, 19’ independent of each of the respective remain-
ing subareas 19, 19’ in accordance with the physical environment condition.

Fig. 4 depicts the display device 10, wherein the at least one graphic display
object 15 comprises a first graphic display object 27 and a second graphic
display object 28. Information represented by the first graphic display object
27 is a text message “ABC” in the first orientation T1, so that the at least one
person 16 can be able to perceive the first graphic display object 27 on the
first panel side 13. Furthermore, information represented by the second
graphic display object 28 is a text message “XY” in the second orientation
T2, so that the plurality of persons 25, 26, who are outside the vehicle 17,
can be able to perceive the second graphic display object 28 on the second
panel side 14. Hence, in order to enable the displaying of the second graphic
display object 28 with the text message “XY”, the second graphic display ob-
ject 28 is generated as a text message “YX” on the pixel layer 20 on the first
panel side 13, so that the mirror image of “YX” is perceivable as “XY” on the
second panel side 14 by the plurality of persons 25, 26.
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Fig. 5 depicts the display device 10, as perceived by the plurality of persons
25, 26 on the second panel side 14. Furthermore, in order to enable the plu-
rality of persons 25, 26 to view the second graphic display object 28, the pre-
determined subareas 19, 19’ corresponding to the second graphic display
object 28 are adjusted to the transparent state. For the sake of understanda-
bility, the predefined subareas 19’ in the transparent state, which lie in front
of the second graphic display object 28 are depicted by dashed lines 29 in
Fig. 5. Since on the second panel side 14, the pixel layer 20 is located be-
hind the blocking layer 21 with respect to the plurality of persons 25, 26.
Moreover, in order to enable the at least one person 16 to view the first
graphic display object 27 clearly, the predetermined subareas 19, 19’ corre-
sponding to the first graphic display object 27 are adjusted to the opaque
state. Hence, the first graphic display object 27 is not perceivable by the plu-
rality of persons 25, 26, as it is covered by the corresponding predefined
subareas 19, 19’

Furthermore, the sensor unit 55 may be designed to track a position of the at
least one person 16 based on which the sensor unit 55 may be designed to
enable the control circuitry 53 to switch the displaying of the at least one
graphic display object 15 from one of the first panel side 13 and the second
panel side 14 in accordance with the predefined display alignment in one of
the respective first orientation T1 and the respective second orientation T2.

Fig. 6 depicts the vehicle 17 comprising the display device 10. The vehicle 17
can be a motor vehicle which can be driven manually or can be self-driving.
Furthermore, the display device 10 can be integrated in the vehicle 17 in
front of the windscreen 46, that is in a region in front of the at least one per-
son 16 inside the vehicle 17. It is further thinkable, that such a display device
10 can be integrated in other parts of the vehicle 17, for example on a win-
dow panels 37 of the vehicle 17 or window panels of a passenger vehicle,
such as a bus. The at least one person 16 can access the display device 10
comfortably while driving, since the display device 10 can be integrated in
front of the windscreen 46 of the vehicle 17 and can be located at a reacha-
ble distance from the at least one person 16. The at least one person 16 can
be able to perceive the external environment outside the vehicle 17 through
the windscreen 46 and through the non-display region 24 of the display panel
11 which can be transparent.
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Fig. 7 shows a front view of the vehicle 17, wherein in accordance with the
physical environment condition, information represented by the at least one
graphic display object 15 can be the predefined parking time 38, for example
“14:20”, wherein the at least one graphic display object 15 may be in accord-
ance with the predefined display alignment in the second orientation T2.

Fig. 8 shows the front view of the vehicle 17, in accordance with the physical
environment condition, information represented by the at least one graphic
display object 15 can be a predefined text message and/or a predefined
graphic message 39 with the at least one graphic display object 15 in ac-
cordance with the predefined display alignment in the second orientation T2.
Furthermore, the predefined text message and/or the predefined graphic
message 39 can comprise a personal message referring to a predefined user
(not shown in figures), as signaled by a face recognition sensor (not shown in
figures) and/or a receiver for receiving an identification signal form a mobile
device (not shown in figures). Moreover, the at least one graphic display ob-
ject 15 can correspond to a functionality of a head light 43 and/or a blinker 44
of the vehicle 17, wherein the at least one graphic display object 15 may be
in accordance with the predefined display alignment in the second orientation
T2. Furthermore, the at least one graphic display object 15 can correspond to
a functionality of a light emitting device, for example, a parking light.

Fig. 9 shows a schematic illustration of the vehicle 17, wherein the vehicle 17
can be used as a packet station or a delivery station, such that the vehicle 17
can comprise a delivery compartment 40 with a compartment door 41. The at
least one person 16 can park the vehicle 17 at a parking location and can
login to a website of a delivery company by means of the display panel 11
and order a parcel. Upon which the control circuitry 53 can send a registra-
tion signal to a backend server unit (not shown in the figures), for example to
the backend server unit of the delivery company. Upon receiving the registra-
tion signal, a booking of the vehicle 17 as a packet station can be enabled,
moreover, information about the location of the vehicle 17 and the required
parcel information can be comprised in the registration signal. Furthermore,
upon receiving the registration signal, the backend server unit can send a
signal with a booking code to the control circuitry 53.

A delivery personal of the delivery company with the parcel can travel to the
location of vehicle 17. Upon reaching the location of the vehicle 17, the deliv-
ery personal can send a matching signal to the control circuitry 53 of the ve-
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hicle 17, by means of his smart phone wirelessly. The matching signal can
comprise the booking code. The matching signal can be received by the con-
trol circuitry 53. Upon receiving the matching signal, the control circuitry 53
can send a vehicle activation signal to the electronic control unit 59 of the
vehicle 17. The electronic control unit 59 upon receiving the vehicle activa-
tion signal can open the compartment door 41, so that the delivery personal
can place the parcel inside the delivery compartment 40. Furthermore, upon
a placement of the parcel inside the delivery compartment 40, the compart-
ment door 41 can be locked by means of the electronic control unit 59. The
electronic control unit 59 can further send a delivery signal to the control cir-
cuitry 53 of the display device 10. Upon receiving the delivery signal, infor-
mation represented by the graphic display object 15 can be in form of deliv-
ery message 42, which can be displayed in the second orientation T2 and/or
the first orientation T1, in case the at least one person 16 is inside the vehicle
17, on the display panel 11 notifying that the parcel has been delivered.

Fig. 10 shows a schematic illustration of the vehicle 17, wherein the at least
one graphic display object 15 can be in the first orientation T1, such that the
at least one graphic display object 15 can be perceived by the at least one
person 16 inside the vehicle 17, on the first panel side 13, as a text message
‘MY”. A door 64 of the vehicle 17 may be in a closed position P1. The at
least one person 16 can be able to perceive the text message “MY” repre-
sented by the graphic display object 15. As shown in Fig. 11, the control cir-
cuitry 53 may be designed to switch a display at least one graphic display
object 15 comprising a predefined alignment from the first orientation T1 to
the second orientation T2, when the door 64 of the vehicle 17 is opened to
an open position P2. For example, the at least one person 16 may open the
door 64 to get out of the vehicle 17. In second orientation T2, the control cir-
cuitry 53 may actuate the corresponding pixel elements of the graphic display
object 15 on the pixel layer 20, as a text message “YM”, so that the message
is perceivable as “MY” from outside the vehicle 17, that from the second
panel side 14.

Fig. 12 shows a section of the display device 10, wherein the display device
10 may comprise two transparent reflective foils, namely a first reflective lay-
er 51a and a second reflective layer 51b. The transparent reflective foils may
enable a reflection of light so that an image displayed on the display panel 11
can be perceivable from both the first panel side 13 as well as from the sec-
ond panel side 14. The display panel 11 may be sandwiched between the
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first reflective layer 51a and the second reflective layer 51b. In other words,
the display panel 11 may covered by the first reflective layer 51a on the first
panel side 13 and by the second reflective layer 51b on the second panel
side 14, wherein both the first reflective layer 51a and the second reflective
layer 51b can be transparent. The first reflective layer 51a can be attached to
the pixel layer 20 on the first panel side 13 and the second reflective layer
51b can be attached to the blocking layer 21 on the second panel side 14 by
a mechanical means or glued or laminated, which can be chosen by a per-
son with ordinary skill in the related field. It is further thinkable, that the dis-
play panel 11 may comprise a touch-foil 52. Furthermore, the display panel
11 may comprise the touch-foil 52 on both sides of the display panel 11 (not
shown in the figures).

Overall, the examples show how the display device 10 enables the display of
the at least one graphic display object 15 on the display panel 11 in an effi-
cient manner, as it is provided by the invention.
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1.  Display device (10) comprising:

a display panel (11) with a first panel side (13) and a second
panel side (14), wherein the display panel (11) comprises a pixel
layer (20) with a pixel matrix, wherein in a respective non-
actuated state each pixel element of the pixel matrix is transpar-
ent; and

a control circuitry (53) which is designed to actuate at least one
pixel element of the pixel matrix for displaying at least one graph-
ic display object (15), wherein the at least one graphic display
object (15) comprises a predefined display alignment,

characterized in that

the control circuitry (53) is designed to estimate a physical envi-
ronment condition based on a control signal (54) signaled by a
sensor unit (55), wherein the sensor unit (55) is designed to:
— identify a presence of at least one person (16) at a prede-
fined threshold distance from the display device (10); and
— identify as the environment condition and signal by the
control signal (54), on which of the first panel side (13)
and the second panel side (14) the at least one person
(16) is positioned; and
based on the physical environment condition, the control circuitry
(53) is adapted to enable the displaying of the at least one graph-
ic display object (15) in accordance with the predefined display
alignment in one of a first orientation (T1) and a second orienta-
tion (T2), wherein in the first orientation (T1), the at least one
graphic display object (15) is perceivable on the first panel side
(13) in the predefined display alignment and in the second orien-
tation (T2), the at least one graphic display object (15) is per-
ceivable on the second panel side (14) in the predefined display
alignment.

2. Display device (10) according to claim 1, wherein the display panel (11)
comprises a blocking layer (21), which comprises a plurality of prede-
termined subareas (19, 19’) each having an adjustable degree of light
transmission, wherein the control circuitry (53) is adapted to adjust a re-
spective light transmission to a predetermined individual degree for
each of the plurality of the predetermined subareas (19, 19’) independ-
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ent of each of the respective remaining subareas (19,19’) in accordance
with the estimated physical environment condition.

Display device (10) according to any of the preceding claims, wherein
the display device (10) comprises a first reflective layer (51a) and a
second reflective layer (51b), wherein the display panel (11) is sand-
wiched between the first reflective layer (51a) and the second reflective
layer (51Db).

Display device (10) according to any of the preceding claims, wherein
the sensor unit (55) comprises at least one camera and/or at least one
movement sensor and/or at least one infrared sensor and/or at least
one proximity sensor.

Display device (10) according to any of the preceding claims, wherein
the sensor unit (55) is designed to track a position of the at least one
person (16) based on which the sensor unit (55) is designed to enable
the control circuitry (53) to switch the displaying of the at least one
graphic display object (15) from one of the first panel side (13) and the
second panel side (14) in accordance with the predefined display
alignment in one of the respective first orientation (T1) and the respec-
tive second orientation (T2).

Display device (10) according to any of the preceding claims, wherein in
accordance with the physical environment condition, information repre-
sented by the at least one graphic display object (16) is a predefined
text message and/or a predefined graphic message with the at least
one graphic display object (16) in accordance with the predefined dis-
play alignment in the second orientation (T2).

Display device (10) according to claim 6, wherein the predefined text
message and/or a predefined graphic message comprises a personal
message referring to a predefined user, as signaled by a face recogni-
tion sensor of the sensing unit (55) and/or a receiver of the sensing unit
(55) for receiving an identification signal from a mobile device.

Display device (10) according to any of the preceding claims, wherein
information represented by the at least one graphic display object (15)
is a predefined parking time (38) with the at least one graphic display
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object (15) in accordance with the predefined display alignment in the
second orientation (T2).

9. Vehicle (17) comprising the display device (10) according to any of the
5 preceding claims.

10. Vehicle (17) according to claim 9, wherein a control circuitry (53) is de-
signed to switch a display of at least one graphic display object (15)
comprising a predefined alignment from a first orientation (T1) to a sec-

10 ond orientation (T2), when a door (64) of the vehicle (17) is opened.
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