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(67)  The present invention is related to a method, a
computer program code, and an apparatus for reducing
burn-in effectsinadisplay. Theinvention is further related
to a display and an image generator, which make use of
such a method or apparatus. In a first step, an image to
be displayed is obtained (10). Furthermore, a target po-

sition for the image in a display area is determined (11).
The target position varies over time around a nominal
position. Then the image is preprocessed (12) for display
at the determined target position. Finally, the preproc-
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Description

[0001] The presentinvention is related to a method, a
computer program code, and an apparatus for reducing
burn-in effectsinadisplay. Theinvention is further related
to a display and an image generator, which make use of
such a method or apparatus.

[0002] The number, size and resolution of displays that
are used in vehicles continuously increase. Currently
OLED (Organic Light Emitting Diode) displays are often
used in consumer applications, as they provide a very
good optical performance and are high in demand by
consumers, even considered as a premium add-on. How-
ever, they have amajor drawback that limits their usability
in automotive products, where the same performance
has to be delivered for an extended period.

[0003] The main drawback of OLED displays is the rel-
atively quick degradation of the light output as a function
of the operation time. This leads to an effect called image
burn-in. Assuming some of the display pixels are driven
such that they produce a bright image, the aging effect
will start to degrade their light output. The longer the pix-
els are kept in operation, the more their light output will
degrade. Because of this, if large parts of the display’s
surface are turned into a bright state at a later time, e.g.
to show a white image, the pixels that already operated
for an extended time will appear darker then the sur-
rounding pixels. They will thus be noticeable to the end
user as a permanent darker pattern correlated with the
previously shown images.

[0004] To overcome this problem, a number of design
techniques at the pixel level have been deployed in order
to minimize the effect of aging on the brightness level.
These techniques imply modifications of the actual pixel
construction, the pixel materials or the driving scheme.
However, these techniques can only reduce the amount
of degradation of the light output versus the operating
time, without eliminating the degradation completely.
[0005] For example, US 2017/0069266 A1 discloses
a method for compensating luminance degradation of an
OLEDdisplay. Inorderto compensate forluminance deg-
radation of a pixel, the capacitance of the pixel is deter-
mined. The determined capacitance of the pixel is then
correlated to a current correction factor for the pixel. The
current correction factor serves as a basis for compen-
sating a pixel drive current, which is used for driving the
pixel.

[0006] Empirical analyses show that after an initial pe-
riod of aging lasting only several hours, in which the deg-
radation follows a non-linear pattern, for the rest of the
lifetime of the display, for a constant pixel drive current,
the degradation basically shows a linear behavior. There-
fore, the maximum light output of a given pixel can be
estimated based on its on-time. This offers the possibility
to mask the non-uniform degradation of the pixels by log-
ging the on-time of each pixel and adjusting the image
that is to be displayed accordingly. For example, parts
of the image that are to be seen on the aged pixels can
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be driven with a higher current in such a way that the
resulting brightness matches those parts of the image
that are not affected by burn-in. Another possibility is to
dim those parts of the image that are to be shown on the
non-aged pixels by the same amount as that induced by
the aging process for those parts of the image that are
to be shown on the aged pixels. Finally, there is also the
possibility to use a combination of both approaches.
[0007] Pixel on-time logging may be performed digit-
ally, in a circuit separated from the display, e.g. with the
aid of an image processor and a storage device. Alter-
natively, it may be performed in-cell, directly on the dis-
play, e.g. based on the effects on the active pixel’s elec-
trical properties caused by aging.

[0008] Even with the described techniques the display
lifetime is still limited, as the decrease in brightness of
the entire display is governed by the few pixels that are
turned on for extended periods of time. For the first ap-
proach, where the driving current of the aged pixels is
progressively increased during the display lifetime, the
design target for the non-aged display must be higher
than the required brightness. For instance, if the display
has to provide a maximum brightness of 1000 cd/m2 in
normal operation, the design target of the display needs
to be set to a higher value, such as 1500 cd/m2. Since
the display brightness is directly correlated with the pixel
driving current, the pixel cells must be designed to sup-
port a higher operating current. At the beginning of the
operational life, all pixels are driven with the current for
achieving the target 1000 cd/m2. However, as the pixels
start to degrade, their operating current needs to be in-
creased to compensate the degradation of their light out-
put. This, in turn, accelerates their degradation. As a con-
sequence, their operating current must be increased
even further, resulting in an accelerated degradation of
the display. If alinear degradation curve is used to assess
the display lifetime and yields an estimated useful span
of 50000 hours, the actually achievable lifetime may be
half or even a quarter of that figure due to the burn-in
masking technique, i.e. 10000 to 25000 hours.

[0009] With the second technique for burn-in masking,
the achievable lifetime of the display may be properly
estimated based on the linear degradation curve, e.g.
50000 hours as in the previous example. However, this
approach has the drawback that there will be a continu-
ous degradation of the maximum brightness. Assuming
the same condition for the required brightness of 1000
cd/m2, since this figure must be achieved at least at the
end of life of the display, the initial brightness of the non-
aged display must still be set to higher value, such as
1500 cd/m?2.

[0010] The third technique, as it consists of a combi-
nation of the previous ones, achieves a compromise be-
tween the design target brightness and the achievable
lifetime. For example, the design target may be relaxed
to 1200 cd/m? with an achievable lifetime of 25000 to
35000 hours.

[0011] Although the above description focused on
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OLED displays, the same considerations apply to all dis-
play technologies that are affected by image burn-in.
[0012] Itis an object of the presentinvention to provide
solutions for extending the achievable lifetime of displays
that use technologies susceptible to burn-in effects.
[0013] Thisobjectis achievedbyamethodforreducing
burn-in effects in a display according to claim 1, by a
computer program code according to claim 9, and by an
apparatus for reducing burn-in effects in a display ac-
cording to claim 10. The dependent claims include ad-
vantageous further developments and improvements of
the present principles as described below.

[0014] According to a first aspect, a method for reduc-
ing burn-in effects in a display comprises:

- obtaining an image to be displayed;

- determining a target position for the image in a dis-
play area, wherein the target position varies over
time around a nominal position; and

- preprocessing the image for display at the deter-
mined target position.

[0015] Similarly, a computer program code comprises
instructions, which, when executed by at least one proc-
essor, cause the at least one processor to reduce burn-
in effects in a display by performing the steps of:

- obtaining an image to be displayed;

- determining a target position for the image in a dis-
play area, wherein the target position varies over
time around a nominal position; and

- preprocessing the image for display at the deter-
mined target position.

[0016] Thetermcomputerhastobe understood broad-
ly. In particular, it also includes electronic control units
and other processor-based data processing devices.
[0017] The computer program code can, for example,
be made available for electronic retrieval or stored on a
computer-readable storage medium.

[0018] According to a further aspect, an apparatus for
reducing burn-in effects in a display comprises:

- animage retrieving unit for obtaining an image to be
displayed;

- a positioning unit for determining a target position
for the image in a display area, wherein the target
position varies over time around a nominal position;
and

- a processing unit for preprocessing the image for
display at the determined target position.

[0019] In particular for automotive applications, among
others, parts of the display area are used to display the
same symbols for extended periods of time. Examples
of such symbols are the scales and rings of a speedom-
eter or an odometer. The present solution addresses this
issue by reducing the average on-time operation of the
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pixels of the display. This is achieved by slightly changing
the position of the displayed image over the display area.
With this approach, the average on-time of the pixels can
easily be reduced by a factor of around four. This allows
to achieve a lifetime extension for the display by a factor
of around two to four.

[0020] Even without a technique for masking the effect
of image burn-in, the described technique is capable of
achieving a less noticeable image burn-in. This results
from the reduction of the average on-time, which, reduc-
es the degradation, and from the effect of image shifting.
Image shifting is equivalent to a motion blurring effect,
which attenuates the sharp transitions that would other-
wise be easily discernible by the end user.

[0021] Inoneadvantageousembodiment, preprocess-
ing the image comprises shifting a display position of the
image in the display area. In this case the image itself
does not need to be modified, which reduces the required
processing capabilities for implementing the solution. In-
stead, the whole image is moved within the display area.
This approach is particularly well-suited for implementa-
tion in the display.

[0022] Inoneadvantageousembodiment, preprocess-
ing the image comprises resampling the image over a
displaced grid. Also this solution allows to shift the target
position around the nominal position. Though the position
of the image in the display area does not change, the
position of the image content does. This approach is par-
ticularly well-suited for implementation in an image gen-
erator, i.e. there is no need to modify the display. A further
advantage is that image shifts at a fractional pixel level
can be achieved.

[0023] In one advantageous embodiment, the target
position varies over time at a rate of less than 0,2 pixels
per minute. A rate in this range, for instance one pixel
per six to ten minutes, is practically unnoticeable to the
user.

[0024] In one advantageous embodiment, the display
is an OLED-display or a MicroLED-display (LED: Light
Emitting Diode). Though the described solution is partic-
ularly advantageous for OLED-displays, also other dis-
play technologies are affected by burn-in effects and may
hence favorably make use of the present invention. For
MicroLED-displays also the designations MLED, mLED,
and pLED used.

[0025] Inone advantageous embodiment, a difference
between the target position and the nominal position is
smaller than 2 mm. Generally, the larger the maximum
difference is chosen, the more the average on-time will
be reduced. However, larger shifts may be visible to the
user. With a proper design of the human-machine inter-
face on the display and of the instrument that uses the
display, image displacements of up to 2 mm can be re-
alized without being noticeable to the end user. For ex-
ample, it is useful to avoid hard visual reference points
and to use black margins on the border of the image to
be displayed to conceal the image displacements.
[0026] In one advantageous embodiment, the display
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is comprised in a head-up display. In this case, the image
displacement between the nominal position and the tar-
get position may be compensated for by adjusting one
or more optical components of the head-up display. In
head-up displays the user typically has the possibility to
adjust the position of the image in the field of view by
mechanical means, e.g. by adjusting the position of one
or several mirrors or other optical elements. This possi-
bility may be exploited for the proposed technique for
decreasing the average on-time of the pixels. Due to the
adjustability the image may be shifted on the display by
larger amounts. The image shifts are then compensated
before they become noticeable by repositioning the op-
tical elements in the optical path. In this way, for the end
user the image remains basically in the same position in
the field of view.

[0027] Advantageously, a display comprises an appa-
ratus according to the invention or is configured to per-
form a method according to the invention. In this case
the apparatus does not need to modify the image itself.
Instead, the apparatus moves the whole image within the
display area.

[0028] Alternatively, animage generator comprises an
apparatus according to the invention or is configured to
perform a method according to the invention. In this case,
the position of the image in the display area does not
change, but the position of the image content or part of
the image content does. The preprocessed image is then
provided to adisplay, which does not need to be modified.
[0029] Preferably, a display or an image generator ac-
cording to the invention is used in a vehicle for providing
information to a user of the vehicle.

[0030] Furtherfeatures of the presentinvention will be-
come apparent from the following description and the
appended claims in conjunction with the figures.

[0031] Figures

Fig. 1 schematically illustrates a method for reducing
burn-in effects in a display;

Fig. 2  schematically illustrates a first embodiment of
an apparatus for reducing burn-in effects in a
display;

Fig. 3  schematically illustrates a second embodiment
of an apparatus for reducing burn-in effects in
a display;

Fig. 4  schematically illustrates an image to be dis-
played in a display area of a display;

Fig. 5 depicts an example of a cumulative on-time of
pixels of a prior art display;

Fig. 6  depicts an example of the cumulative on-time
of pixels on a display using the present solution;

Fig. 7  depicts an example of an image degradation of
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aprior artdisplay caused by burn-in effects; and
Fig. 8 depicts an example of the image degradation
of a display using the present solution.

Detailed description

[0032] The presentdescriptionillustrates the principles
of the present disclosure. It will thus be appreciated that
those skilled in the art will be able to devise various ar-
rangements that, although not explicitly described or
shown herein, embody the principles of the disclosure.
[0033] All examples and conditional language recited
herein are intended for educational purposes to aid the
reader in understanding the principles of the disclosure
and the concepts contributed by the inventor to furthering
the art, and are to be construed as being without limitation
to such specifically recited examples and conditions.
[0034] Moreover, all statements herein reciting princi-
ples, aspects, and embodiments of the disclosure, as
well as specific examples thereof, are intended to en-
compass both structural and functional equivalents
thereof. Additionally, it is intended that such equivalents
include both currently known equivalents as well as
equivalents developed in the future, i.e., any elements
developed that perform the same function, regardless of
structure.

[0035] Thus, for example, it will be appreciated by
those skilled in the art that the diagrams presented herein
represent conceptual views of illustrative circuitry em-
bodying the principles of the disclosure.

[0036] The functions of the various elements shown in
the figures may be provided through the use of dedicated
hardware, programmable logic devices, e.g. FPGAs
(Field Programmable Gate Array) or CPLDs (Complex
Programmable Logic Devices), as well as hardware ca-
pable of executing software in association with appropri-
ate software. When provided by a processor, the func-
tions may be provided by a single dedicated processor,
by a single shared processor, or by a plurality of individual
processors, some of which may be shared. Moreover,
explicit use of the term "processor" or "controller" should
not be construed to refer exclusively to hardware capable
of executing software, and may implicitly include, without
limitation, digital signal processor (DSP) hardware, read
only memory (ROM) for storing software, random access
memory (RAM), and nonvolatile storage.

[0037] Other hardware, conventional and/or custom,
may also be included. Similarly, any switches shown in
the figures are conceptual only. Their function may be
carried out through the operation of program logic,
through dedicated logic, through a programmable logic
device, through the interaction of program control and
dedicated logic, or even manually, the particular tech-
nique being selectable by the implementer as more spe-
cifically understood from the context.

[0038] Inthe claims hereof, any element expressed as
a means for performing a specified function is intended
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to encompass any way of performing that function includ-
ing, for example, a combination of circuit elements that
performs that function or software in any form, including,
therefore, firmware, microcode or the like, combined with
appropriate circuitry for executing that software to per-
form the function. The disclosure as defined by such
claims resides in the fact that the functionalities provided
by the various recited means are combined and brought
together in the manner which the claims call for. It is thus
regarded that any means that can provide those func-
tionalities are equivalent to those shown herein.

[0039] Fig. 1 schematically illustrates a method for re-
ducing burn-in effects in a display. For example, the dis-
play may be an OLED-Display or a MicroLED-Display.
In a first step, an image to be displayed is obtained 10.
Furthermore, a target position for the image in a display
area is determined 11. The target position varies over
time around a nominal position, preferably at a rate of
less than 0,2 pixels per minute. Advantageously, a dif-
ference between the target position and the nominal po-
sition is smaller than 2 mm. Then the image is preproc-
essed 12 for display at the determined target position.
Forexample, a display position of theimage in the display
area may be shifted. Alternatively, the image or parts of
the image may be resampled over a displaced grid. Fi-
nally, the preprocessed image is output 13 for display.
The display may be comprised in a head-up display. In
this case, the image displacement between the nominal
position and the target position may be compensated for
by adjusting one or more optical components of the head-
up display.

[0040] Fig. 2 schematically illustrates a block diagram
of a first embodiment of an apparatus 20 for reducing
burn-in effects in a display 40, e.g. an OLED-Display or
a MicroLED-Display. The apparatus 20 has an input 21,
via which an image retrieving unit 22 obtains an image
to be displayed. A positioning unit 23 determines a target
position for the image in a display area. The target posi-
tion varies over time around a nominal position, prefer-
ably atarate ofless than 0,2 pixels per minute. Favorably,
a difference between the target position and the nominal
position is smaller than 2 mm. The apparatus 20 further
has a processing unit 24 for preprocessing the image for
display at the determined target position. For example,
the processing unit 24 may be configured to shifta display
position of the image in the display area. Alternatively,
the processing unit 24 may be configured to resample
the image over a displaced grid. The preprocessed image
is output for display via an output 27 of the apparatus 20.
The output 27 may also be combined with the input 21
into a single bidirectional interface. Furthermore, data
generated by the apparatus 20 can be stored in a local
storage unit 26. The display may be comprised in a head-
up display. In this case, the image displacement between
the nominal position and the target position may be com-
pensated for by adjusting one or more optical compo-
nents of the head-up display.

[0041] Theimage retrieving unit22, the positioning unit
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23 and the processing unit 24 may be controlled by a
controller 25. A user interface 28 may be provided for
enabling a user to modify settings of the image retrieving
unit 22, the positioning unit 23, the processing unit 24,
or the controller 25. The image retrieving unit 22, the
positioning unit 23, the processing unit 24 and the con-
troller 25 can be embodied as dedicated hardware units.
Of course, they may likewise be fully or partially combined
into a single unit orimplemented as software running on
a processor.

[0042] A block diagram of a second embodiment of an
apparatus 30 for reducing burn-in effects in a display is
illustrated in Fig. 3. The apparatus 30 comprises a
processing device 31 and a memory device 32. For ex-
ample, the apparatus 30 may be a computer or an elec-
tronic control unit. The memory device 32 has stored in-
structions that, when executed by the processing device
31, cause the apparatus 30 to perform steps according
to one of the described methods. The instructions stored
in the memory device 32 thus tangibly embody a program
of instructions executable by the processing device 31
to perform program steps as described herein according
to the present principles. The apparatus 30 has an input
33 for receiving data. Data generated by the processing
device 31 are made available via an output 34. In addi-
tion, such data may be stored in the memory device 32.
The input 33 and the output 34 may be combined into a
single bidirectional interface.

[0043] The processing device 31 as used herein may
include one or more processing units, such as microproc-
essors, digital signal processors, or a combination there-
of.

[0044] The local storage unit 26 and the memory de-
vice 32 may include volatile and/or non-volatile memory
regions and storage devices such as hard disk drives,
optical drives, and/or solid-state memories.

[0045] In the following, a more detailed description of
the present approach for reducing burn-in effects in a
display shall be given with reference to Fig. 4 to Fig. 8.

[0046] Fig. 4 schematically illustrates an image 50 to
be displayed in a display area 41 of a display 40. The
image 50 is to be displayed at a nominal position 52 in
the display area 41. However, in order to extend the life-
time of the display 40, the actual position of the image
50 is moved over the display area 41 at a very slow pace,
for instance one pixel per six to ten minutes. The image
50 is thus not displayed at the nominal position 52, but
at a target position 51 that varies over time around the
nominal position52. In this way, the average on-time op-
eration of the pixels of the display 40 is reduced. With a
proper design of the human-machine interface on the
display 40 and of the instrument that uses the display,
the system can easily accommodate image displace-
ments of 1 to 2 mm without being noticeable to the end
user. For example, it is useful to avoid hard visual refer-
ence points and to use black margins to conceal the dis-
placement of the image 50.

[0047] Considering a high-resolution display 40, which
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is already standard for automotive applications, a typical
pixel pitch is around 100 wm. For such a display 40, an
image displacement of 2 mm corresponds to a displace-
ment of 20 pixels in each direction. This effectively
spreads the on-time of a given pixel over a square cov-
ering in total 400 pixels. As a result, the average on-time
of a given pixel is reduced by a factor of 400.

[0048] Fig. 5 and Fig. 6 compare the cumulative on-
time for a prior art display versus that obtained by apply-
ing the proposed algorithm for image shifting in an area
of 20 by 20 pixels. In the figures, Fig. 5 depicts the situ-
ation of the prior art display 40 whereas Fig. 6 depicts
the situation of a display 40 using the present solution.
A typical design of a human-machine interface has no or
very few pixels that are isolated, i.e. surrounded by large
dark areas. In general, around 20 to 100 active pixels are
found inside a given square of 20 by 20 pixels. Based on
these numbers, the average on-time of the pixels inside
the given square is reduced by a factor of 20 to 4, i.e.
400/20 up to 400/100,when the proposed technique is
applied.

[0049] The proposed shifting of the image can be per-
formed directly in the display, e.g. by changing the actual
position of the received image from time to time. Another
possibility is to change the image directly at the generator
side by periodically resampling the image over a grid that
is slightly displaced. This allows to generate image shifts
at a fractional pixel level. The pace of the change can be
in the order of one pixel per several minutes. Given the
constant distractions in the visual field of the user, it is
expected that such slow changes will not be noticeable.
However, by shifting the image at fractional pixel levels,
but at shorter intervals, the transition between different
image positions appears smother. This decreases the
risk that the shift is noticed by the user even further.
[0050] Given the cumulative on-time for the display 40,
it is possible to estimate the appearance of the burn-in
effect on the display surface. Fig. 7 depicts an example
of an image degradation of a prior art display 40 caused
by burn-in effects. Fig. 8 depicts an example of the image
degradation of a display 40 using the present solution.
As can be seen from these figures, the proposed tech-
nique can decrease the amount of image degradation.
Furthermore, the sharp transitions visible in Fig. 7, which
can be more easily noticed by the user, are reduced.

Claims

1. A method for reducing burn-in effects in a display
(40), the method comprising:

- obtaining (10) an image (50) to be displayed;
- determining (11) a target position (51) for the
image in a display area (41), wherein the target
position (51) varies over time around a nominal
position (52); and

- preprocessing (12) the image (50) for display
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10.

1.

12.

at the determined target position (51).

The method according to claim 1, wherein preproc-
essing the image (50) comprises shifting a display
position of the image in the display area (41).

The method according to claim 1, wherein preproc-
essing the image or parts of the image (50) compris-
es resampling the image (50) over a displaced grid.

The method according to any of the preceding
claims, wherein the target position (51) varies over
time at a rate of less than 0,2 pixels per minute.

The method according to any of the preceding
claims, wherein the display (40) is an OLED-Display
or a MicroLED-Display.

The method according to any of the preceding
claims, wherein a difference between the target po-
sition (51) and the nominal position (52) is smaller
than 2 mm.

The method according to any of claims 1 to 5, where-
in the display (40) is comprised in a head-up display.

The method according to claim 7, further comprising
compensating for the image displacement between
the nominal position (52) and the target position (51)
by adjusting one or more optical components of the
head-up display.

A computer program code comprising instructions,
which, when executed by at least one processor,
cause the atleast one processor to perform the meth-
od of any of claims 1 to 8 for reducing burn-in effects
in a display (40).

An apparatus (20) for reducing burn-in effects in a
display (40), the apparatus (20) comprising:

- an image retrieving unit (22) for obtaining (10)
an image (50) to be displayed;

- a positioning unit (23) for determining (11) a
target position (51) for the image in a display
area (41), wherein the target position (51) varies
over time around a nominal position (52); and
- a processing unit (24) for preprocessing (12)
the image (50) for display at the determined tar-
get position (51).

A display (40), wherein the display (40) comprises
an apparatus according to claim 10 or is configured
to perform a method according to any of claims 1 to
8 for reducing burn-in effects.

An image generator, wherein the image generator
comprises an apparatus according to claim 10 or is
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configured to perform a method according to any of
claims 1 to 8 for reducing burn-in effects in a display
(40).

A vehicle comprising a display (40) according to
claim 11 or an image generator according to claim
12 for providing information to a user of the vehicle.
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The Search Division considers that the present European patent application does not comply with the
requirements of unity of invention and relates to several inventions or groups of inventions, namely:

1. claims: 1-6, 9-12

The first invention concerns a method as defined in claim 1,
i.e. a method for reducing burn-in effects in a display, the
method comprising:- obtaining an image to be displayed;-
determining a target position for the image in a display
area, wherein the target position varies over time around a
nominal position; and- preprocessing the image for display
at the determined target position, wherein, as claimed in
claim 6, a difference between the target position and the
nominal position is smaller than 2 mm.

2. claims: 7, 8, 13

The second invention concerns a method as defined in claim
1, i.e. a method for reducing burn-in effects in a display,
the method comprising:- obtaining an image to be displayed;-
determining a target position for the image in a display
area, wherein the target position varies over time around a
nominal position; and- preprocessing the image for display
at the determined target position, wherein, as claimed in
claim 7, the display is comprised in a head-up display.
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