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MULTIFOCAL DISPLAY DEVICE AND METHOD

TECHNICAL FIELD

The invention relates to a Multifocal Display (MFD) device and to a corresponding
method for providing a multifocal display. The MFD device may specifically be in an
optical system like a Near Eye Display (NED) device, a Near-To-Eye (NTE) application
or device, or a Head Mounted Display (HMD) device. The invention is particularly

concerned with providing color to images produced by the MFD device and the method.

BACKGROUND

MFD devices have recently received increasing attention in the industry, due to their
ability to create a small, portable and personal viewing experience. Applications of such
MFD devices are especially in the category of Augmented Reality (AR), which usually
utilizes See-Through NED devices, and Virtual Reality (VR), which usually utilize

Immersive NED devices.

An example of a conventional MFD device is shown in Fig. 9. The conventional MFD
device shown here in Fig. 9 is of the time-multiplexed type (which differs from a
spatial-multiplexed MFD device type). In this conventional MFD, the viewing distance
of a single 2D display from an eye of the user is rapidly switched in synchronization
with the rendering of frames of multifocal planes, in order to create a potentially flicker-

free perception of a 3D image.

This requires, on the one hand, high speed focal modulator elements. These elements
may comprise variable power lenses (focus tunable lenses) and are capable of rapidly
adjusting or modulating the focal length (or, equivalently, the optical power) of the lens.
For instance, an electrically-focused tunable lens or a deformable membrane mirror
device (DMMD) can be used for this purpose. Fig. 10 illustrates how the optical power
D of such a lens may be varied over time. Usually, the optical power is varied step-wise,
and each optical power corresponds to a different focal plane image of the perceived 3D

image. Each optical power level (i.e. each focal plane image) employed by the MFD
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device (here in Fig. 10 four optical power levels are shown) is used once during a frame
duration of, e.g., 1/60 s. For each optical power level (focal plane image), color
information (here indicated as ‘RGB’) is provided, i.e. it has to be provided within an

even shorter time period of, e.g., 4.2 ms.

Therefore, on the one hand, an ultrafast display element is required, in order to
sequentially display color images at a flicker fusion threshold speed of, e.g., a 60 Hz
frame rate. In fact this display element is a key component for Digital Light Processing
(DLP) carried out in the MFD device. The ultrafast display element may comprise a
Digital Micromirror Device (DMD) or a Liquid Crystal on Silicon (LCOS) device, e.g.
a Ferroelectric LCOS (FLCOS) device.

A DMD device includes a plurality of micromirrors, wherein each mirror is one pixel of
an image to be displayed. The micromirrors are configured to tilt either towards a light
source (ON) or away from the light source (OFF), in order to create a light or dark pixel
on a projection surface or screen, onto which the light of the light source can be
reflected by the micromirrors. For example, an n-bit binary sequence can be used to
display 2" greyscale levels (or binary patterns) either by using a Pulse Width
Modulation (PWM) or a variable intensity illumination method, wherein the latter is

capable of supporting a significantly higher frame rate.

The ultrafast display element may further comprise a color element, for instance,
realized by a rotating glass wheel with segments of different colors. The color element
is arranged between the light source and the DMD, and is employed to provide a color
to the light of the light source that illuminates the DMD. Thus, a color image may be
produced. This implies that the display element comprising the color element and the
DMD is controlled by a sequential binary pattern (bit sequence) defining color and
exposure arrangement. This is usually known as field sequential color (FSC) operation

or Round-robin.

An example of an 8-bit binary pattern for displaying a color image (here only for the
Red color) is shown in Fig. 11. The upper portion of Fig. 11 shows the 8-bit binary
pattern with 8 bits that are denoted R1, R2, R4, R8, R16, R32, R64, and R128,
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respectively. R1 is a Least Significant Bit (LSB) or an 8™ bit plane. R128 is a Most
Significant Bit (MSB) or a 1% bit plane.

The 8-bit bit sequence is provided by a controller over a certain time period, and for
each bit of the sequence, an illumination strength of the color element by the light
source is adjusted according to a certain predefined illumination weighting. For each
illumination weighting, a corresponding bit plane (a certain image) is provided by, e.g.,
the DMD. As can be seen in Fig. 11, the 1% (most important) bit plane corresponding to
the MSB receives the highest illumination weighting, while the 8" (least important) bit
plane corresponding to the LSB receives the lowest illumination weighting. In the
example, the 8" bit plane may receive only 1/128 of the illumination of the 1 bit plane.
In the end, the different bit planes, here the 8 bit planes corresponding to the 8 bits of
the binary pattern, are superposed to form a final image that is output by the display

element to the focal modulator elements.

Fig. 12 illustrates a problem that occurs in a conventional MFD device. As mentioned
above, the optical power of a focus tunable lens is adjusted in the focus modulator
elements, namely by applying a control signal (e.g., a controlled electrical current) to
the lens. To generate several (e.g., four) optical power levels (for generating several
focal plane images) — as shown in Fig. 10 — during a frame, a control signal in the form
of a step function may be applied. Unfortunately, due to lens inertia, an oscillation
artifact (overshoot + ringing) appears in the optical response of the lens, which is
characterized by a rise time and a settling time. Such artifacts appear in Fig. 12 at the
transitions from one optical power level to the other. Additionally, an oscillation artifact

may also appear in the middle of an optical power level (plateau).

Since the binary pattern for creating the color image, as shown in Fig. 11, is provided
over the time period of one optical power plateau, as shown in Fig. 12, at least the start
and the end of the binary pattern is provided during an artifact, i.e. at the transitions
from one level to the other. This can produce severe color artifacts and focal depth
artifacts in the final image. Ripples in the optical power and corresponding color and
focal depth artifacts may also occur while the control current is kept at a constant level,

i.e. in between two successive level changes, as also shown in Fig. 12.
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In other words, applying the conventional binary pattern shown in Fig. 11 for each focal
plane image in the conventional MFD device of Fig. 9 can produce color and focal
depth artifacts in the images, at least due to artifacts during the optical power
transitions, since — as shown in Fig. 13 — the highest intensity illumination of a
particular binary color pattern (e.g., B128) in one focal plane image is followed by the
lowest intensity illumination of the next binary color pattern (e.g., R1) in another focal
plane image. This can significantly affect the perceived image quality of the overall

generated multifocal (color) display.

SUMMARY

In view of the above-mentioned problems and disadvantages, the invention aims at
improving the conventional MFD device and method. The invention has the object of
providing an MFD device and a method that generates improved color images for
multifocal display. In particular, the color images should have less color and focal depth
artifacts. Especially, negative impacts on the color images due to optical power

transitions of the focus tunable lens should be reduced, preferably eliminated.

This object is achieved by the solution specified in the appended independent claims.

Advantageous implementations are further defined in the dependent claims.

In particular, the invention proposes a solution to the above problem by re-ordering or
re-arranging the conventional binary pattern (in the following only referred to as the “bit
sequence”). The re-ordering or re-arranging can be done such that the illumination
pulses illuminating the display device in the display element will be timed in
accordance with their intensity. More specifically, it is proposed to generate
illumination pulses of high intensity during steady state periods of the lens optical
response and less intense illumination pulses during or near the non-steady state

periods. Further, human eye sensitivity to different colors can be taken into account.

A first aspect of the invention provides an MFD device comprising a display element
configured to generate an image, a controller configured to control the display element

according to a bit sequence provided over a determined time period to generate the
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image with one or more colors, the bit sequence including for each color a number of
bits of different significance, wherein for each color, neither the first bit nor the last bit

of the subsequence is the most significant bit of the subsequence.

Arranging the bits in this the manner, i.e. as specified by the bit sequence, has the effect
that an MSB (corresponding to the highest intensity illuminations) of each color will
appear neither at the start nor at the end of each frame exposure sequence, and thus will
not be used when the oscillation artifacts are expected to be strongest. In other words,
the MSB will appear not during, but after an optical power transition, when the
amplitude of the lens oscillations has decreased. Thus the artifacts occurring during
optical power transitions of a focus tunable lens will not impact on the MSB. This
reduces color and focal depth artifacts in the final integrated image, and improves the

overall quality of the generated image.

In one implementation form of the first aspect, the first bit and the last bit of the
subsequence are the two least significant bits of the subsequence. That is, the first bit is
the LSB and the second bit is the second-least significant bit (also referred to as the

second LSB), or vice versa.

This reduces color and focal depth artifacts in the generated image.

In a particular implementation form, the subsequence increases monotonically in
significance from the first bit to the most significant bit of the subsequence and
decreases monotonically in significance from the most significant bit to the last bit of

the subsequence.

This reduces color and focal depth artifacts in the generated image.

In a further implementation form of the first aspect, there at two or more colors and

their corresponding subsequences of bits are interleaved with each other.

As a consequence, oscillation artifacts do not impact predominantly on one specific

color, but equally on all colors, thus providing an overall better color image.
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In a further implementation form of the first aspect, the one or more colors include
Green color and Red or Blue color, and the first bit or the last bit, or both the first bit

and the last bit of the sequence is for Red or Blue color.

In this way, differences in the sensitivity of the human eye to different colors are taken
into account. In particular, since the human eye is more sensitive to Green, and less
sensitive to Blue and Red, it can be beneficial to arrange these latter colors at positions
where the optical response artifacts occur. Artifacts in the generated image can thus

become less perceptible. The perceived quality of the image can thus improve.

In a further implementation form of the first aspect, an even bit of a color is arranged
closer to the start of the bit sequence than an odd bit of the same color, while an odd bit
of the same color is arranged closer to the end of the bit sequence than an even bit of the
same color, or an odd bit of a color is arranged closer to the start of the bit sequence
than an even bit of the same color, while an even bit of the same color is arranged closer

to the end of the bit sequence than an odd bit of the same color.

That means, for instance, that the even bit planes may be illuminated first based on
some color arrangement, followed by illuminating the odd bit planes in, for instance, a
reversed ordering based on the same color arrangement. The change of the arrangement
in the middle of the bit sequence, which is a consequence of the specified odd/even bit
arrangement, may expose a specific color during optical power transitions. For instance,
the Blue color, to which the human eye is least sensitive, may be exposed during

transitions of the optical power of the lens.

In a further implementation form of the first aspect, even bits are arranged in the

subsequence in an order reverse to an order of odd bits in the subsequence.

Thus, for each significance, the color, to which the human eye is least sensitive, can be

positioned closer to the start or end of the bit sequence.
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In a further implementation form of the first aspect, the controller is configured to
provide the bits of the bit sequence at irregular intervals over the determined time

period.

Thereby, notably the frame rate is still constant and regular. For instance, in the
presence of an expected major ripple within an optical power plateau of the lens, i.e. in
the middle of the bit sequence, the timing interval in the bit sequence and/or between bit

sequences can be adjusted, in order to avoid illumination pulses during these ripples.

In a further implementation form of the first aspect, the controller is configured to
provide the bit sequence offset in time from a start and/or an end of the predetermined

time period.

Thereby, major oscillation artifacts at the optical power transitions between focal plane

images can be avoided.

In a further implementation form of the first aspect, the MFD device further comprises a
storage storing a plurality of bit groups, the bit sequence being a concatenation of these
bit groups, wherein the controller is configured to control the display device according
to a first bit group during a first section of the determined time period, and according to

a second bit group during a second section of the determined time period.

Thus, illumination pulses may be split into two or more groups, for instance if a major
ripple is expected in the center of the lens optical response. The groups can be arranged

such that the position of the major ripple is left as a gap between the groups.

In a further implementation form of the first aspect, the MFD device further comprises a
storage storing at least one predetermined time point or time range, within the
determined time period, wherein the controller is configured to arrange less significant
bits of one or more colors at the time point or within the time range, and more

significant bits of these colors not at the time point or outside the time range.
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The stored time point or time range can indicate, for instance, the presence of a major
ripple within an optical power plateau. Thus, a MSB can be arranged such that it is not

affected by this major ripple.

In a further implementation form of the first aspect, the display element comprises a
DMD or an LCOS, each bit of the bit sequence determines an intensity of light for
illuminating the DMD or the LCOS, and a less significant bit relates to lower

illumination intensity of the light.

In a further implementation form of the first aspect, the MFD device further comprises a
color element configured to provide the light for illuminating the DMD or LCOS with
different colors, wherein each bit of the bit sequence relates to a color provided to the

light.

In a further implementation form of the first aspect, the bit sequence includes at least six
bits for each of a Red, Green and Blue color, in order to generate by the display element

an at least 18-bit color image.

In a further implementation form of the first aspect, the MFD device further comprises a
focus tunable lens, wherein the controller is configured to selectively tune the focus of
the lens to a plurality of focal planes of different index during a frame period, and to one

of these focal planes during a determined time period.

The different focal planes are selected by adjusting the optical power of the lens, which
may be achieved by providing a control signal of different value for each focal plane,

e.g. a current signal with different current intensities.

In a further implementation form of the first aspect, the controller is configured to
control the display element according to different bit sequences in dependence of the
focal plane index during the predetermined time period and/or in dependence of a focal

plane index during a previous and/or a next determined time period.
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Thereby, major ripples, which are characteristics of a specific optical power plateau (i.e.
of a focal plane of a certain index), can be taken into account by adjusting the bit
sequence accordingly. Furthermore, depending on the focal plane index during a focal
plane transition, different kinds of artifacts may occur, and a different arrangement of
the bit sequence may be required. That is, a carefully controlled bit sequence may be
provided to guarantee that each light intensity in the sequence force into the lens optical
response reaching having a relatively constant (steady-state response) optical power.

Each bit sequence may appear with a different offset in a focal plane.

A second aspect of the invention provides a method for providing a MFD, comprising
steps of controlling a display element according to a bit sequence provided over a
determined time period to generate an image with one or more colors, the bit sequence
including for each color a subsequence of bits of different significance, wherein for each
color, neither the first bit nor the last bit of the subsequence for the respective color is

the MSB of the subsequence.

In an implementation form of the second aspect, the first bit and the last bit of the

subsequence are the two least significant bits of the subsequence.

In an implementation form of the second aspect, the subsequence increases
monotonically in significance from the first bit to the most significant bit of the
subsequence and decreases monotonically in significance from the most significant bit

to the last bit of the subsequence.

In an implementation form of the second aspect, the subsequences of bits associated

with different colors are interleaved with each other in the bit sequence.

In a further implementation form of the second aspect, the one or more colors include
Green color and Red or Blue color, and the first bit or the last bit, or both the first bit

and the last bit of the sequence is for Red or Blue color.

In a further implementation form of the second aspect, even bits are arranged in the

subsequence in an order reverse to an order of odd bits in the subsequence.
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In a further implementation form of the second aspect, the bits of the bit sequence are

provided at irregular intervals over the determined time period.

In a further implementation form of the second aspect, the bit sequence is provided

offset in time from a start and/or an end of the predetermined time period.

In a further implementation form of the second aspect, the method further comprises
storing a plurality of bit groups, the bit sequence being a concatenation of these bit
groups, wherein the display device is controlled according to a first bit group during a
first section of the determined time period, and according to a second bit group during a

second section of the determined time period

In a further implementation form of the second aspect, the method further comprises
storing at least one predetermined time point or time range, within the determined time
period, wherein less significant bits of one or more colors are arranged at the time point
or within the time range, and more significant bits of these colors are not arranged at the

time point or outside the time range.

In a further implementation form of the second aspect, the display element comprises a
DMD or an LCOS, each bit of the bit sequence determines an intensity of light for
illuminating the DMD or the LCOS, and a less significant bit relates to lower

illumination intensity of the light.

In a further implementation form of the second aspect, the method further comprises
providing the light for illuminating the DMD or LCOS with different colors, wherein

each bit of the bit sequence relates to a color provided to the light.

In a further implementation form of the second aspect, the bit sequence includes at least
six bits for each of a Red, Green and Blue color, in order to generate by the display

element an at least 18-bit color image.

In a further implementation form of the second aspect, the method further comprises

selectively tuning the focus of a focus tunable lens to a plurality of focal planes of
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different index during a frame period and to one of these focal planes during a

determined time period.

In a further implementation form of the second aspect, the display element is controlled
according to different bit sequences in dependence of the focal plane index during the
predetermined time period and/or in dependence of a focal plane index during a

previous and/or a next determined time period.

With the method of the second aspect and its implementation forms, all the advantages
and effects of the MFD device of the first aspect and its implementation forms,

respectively, can be achieved.

A third aspect of the invention provides a computer program product comprising a
program code for controlling a MFD device according to the first aspect or any of its

implementation forms.

Accordingly, the advantages and effects of the MFD device of the first aspect can be

achieved.

It has to be noted that all devices, elements, units and means described in the present
application could be implemented in the software or hardware elements or any kind of
combination thereof. All steps which are performed by the various entities described in
the present application as well as the functionalities described to be performed by the
various entities are intended to mean that the respective entity is adapted to or
configured to perform the respective steps and functionalities. Even if, in the following
description of specific embodiments, a specific functionality or step to be performed by
external entities is not reflected in the description of a specific detailed element of that
entity which performs that specific step or functionality, it should be clear for a skilled
person that these methods and functionalities can be implemented in respective software

or hardware elements, or any kind of combination thereof.

BRIEF DESCRIPTION OF DRAWINGS
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The above-described aspects and implementation forms of the invention will be
explained in the following description of specific embodiments in relation to the
enclosed drawings, in which:

Fig. 1 shows an MFD device according to an embodiment of the invention.

Fig. 2 shows an MFD device according to an embodiment of the invention.

Fig. 3 shows a bit sequence used in an MFD device according to an embodiment of the

invention.

Fig. 4 shows an arrangement of bit sequences at an optical power transition.

Fig. 5 shows a bit sequence used in an MFD device according to an embodiment of the

invention.

Fig. 6 shows an arrangement of bit sequences used at an optical power transition.

Fig. 7 shows an MFD device according to an embodiment of the invention.

Fig. 8 shows an optical response of a lens during a focal plane transition. Fig. § also

shows a bit sequence used in an MFD device according to an embodiment of the

invention.

Fig. 9 shows a conventional MFD device.

Fig. 10 shows optical power transitions of different focal planes over time.

Fig. 11 shows a conventional 8-bit binary pattern sequence for Red color.

Fig. 12 shows an optical response of a focus tunable lens.

Fig. 13 shows the use of a conventional bit sequence during a power transition.
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DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows an MFD device 100 according to an embodiment of the invention. The
MFD device 100 may be an NED device, NTE device or HMD device, or may be

provided in any such device.

The MFD device 100 includes a display element 101, which may comprise a DMD or
LCOS, and may further comprise a color element, like a color wheel. Further, the MFD
device 100 includes a controller 102, which may be a computer processor, a

microcontroller, or the like.

The controller 102 is configured to control the display element 101 according to a bit
sequence 103 provided over a determined time period. That is, the controller 102
provides the bit sequence 103 to the display element 101 over the determined time
period, wherein the determined time period is, for instance, the duration of one focal
plane image. The display element 101 is configured to generate an image in accordance
with the bit sequence. In particular, the display element 101 is configured to generate
the image with one or more colors, wherein the bit sequence 103 includes for each color

of this image a subsequence of bits of different significance.

For each color, in order to avoid that the MSB of that color appears at a time where
artifacts such as overshoots occur in the optical power of the lens, neither the first bit
nor the last bit of the subsequence for the respective color is the most significant bit of

the subsequence.

Fig. 2 shows an MFD device 100 according to an embodiment of the invention, which
builds on the MFD device 100 shown in Fig. 1. Again, the MFD device 100 includes the
display element 101 and the controller 102, which provides to the display element 101 a
bit sequence 103. Here the bit sequence 103 may be, or may include, an ‘illumination
sequence’, which determines how strong the illumination of the corresponding bit plane
will be, and/or one or more ‘binary patterns’, according to which the display element
101 produces the different bit planes. The display element 101 specifically includes
preferably a DMD 201 (or an LCOS), which receives from the controller 102 the one or
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more binary patterns, wherein a binary pattern determines whether the DMD 201 is
flipped to ON “1” or OFF “0”. The illumination sequence and the binary patterns may
accordingly be derived from the bit sequence 103. Each bit plane is illuminated

according to the illumination sequence.

The display element 101 of Fig. 2 also includes a color element 200, which is
configured to provide the light illuminating the DMD 201 (or LCOS) with different
colors, wherein each bit of the bit sequence 103 relates to a color provided to the light.
In this way, the display element 101 generates a bit plane for each bit and then

integrates these bit planes into an image for one focal plane.

This image is then preferably, as shown in Fig. 2, provided to a focus tunable lens 202.
That is, the MFD device 100 of Fig. 2 also comprises a focus tunable lens 202. The
focus tunable lens 202 may be a single lens or a compound lens. A compound lens is a
lens assembly in which two or more elementary lenses are placed one after the other.
The controller 102 is further configured to selectively tune the focus of the lens 202 to a
plurality of focal planes of different index during a frame period, and to one of these
focal planes during the determined time period over which the bit sequence 103 is
provided. This may be achieved by the controller 102 providing a ‘lens control

function’ and a ‘focal plane arrangement’ to the focus tunable lens 202.

Fig. 3 shows a bit sequence 103 used by the controller 102 of the MFD device 100
according to Figs. 1 or 2. It can be seen that the bits R2, G2, B2 are arranged close to
the start of the bit sequence 103, while the bits R1, G1, B1 are arranged close to the end
of the bit sequence 103. R1, G1 and B1 denote the L.SBs of the colors Red, Green and
Blue. R2, G2, B2 denote the second-least significant bits of the colors Red, Green and
Blue. Accordingly, a less significant bit of each color is arranged closer to, or at the
same distance to a start and/or an end of the bit sequence 103 than a more significant bit
of each color. With this arrangement, and a likewise bit sequence 103 used for the next
(or previous) focal plane image, only the LSBs will be exposed during optical power
transitions, and will suffer from the artifacts occurring at these transitions. This is
illustrated in Fig. 4, which shows the development of the optical power D over time,

particularly an optical power step to control the lens 202 from one focal plane to the
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other. During the duration of each optical power level, the bit sequence 103 is provided,
and it can be seen that in the critical region of the optical power transition, only the
LSBs B1, R2 (and maybe G2, B2) are illuminated, and thus affected by artifacts, while
in the conventional MFD device (see the grey bit sequence depicted for comparison)

also at least one MSB bit, namely B128, is affected.

Fig. 5 shows another bit sequence 103, which may be used by the MFD device 100 of
Figs. 1 and 2, respectively. Here, since human eyes are more sensitive to Green color
and less sensitive to Blue and Red colors, the even bit planes are firstly illuminated
based on a BRG color field arrangement (e.g. as shown: B2, R2, G2, B8, R8, G8, B32,
R32, G32, B128, R128, (G128) and are followed by the odd bit planes illuminated in
reverse ordering based on a GRB color field arrangement (e.g. as shown: G64, R64,

B64, G16, R16, B16, G4, R4, B4, G1, R1, B1).

Thus, the subsequent exposure of bit planes for a next focal plane will only expose the
LSBs during optical power transition, and additionally the change of color field
arrangement in the middle of the bit sequences 103 exposes the color Blue during an
optical power transition. This can be seen in Fig. 6, where the blue bits B1 and B2 are at
the power transition, whereas in the conventional MFD device (bit sequence depicted in
grey for comparison) the Red bit R1 and the MSB of the Blue color B128 are at the
power transition. Notably, depending on the optical transition artifact experienced

during the two optical power steps, the LSBs R1, B1 and B2, R2 could even be omitted.

Fig. 7 shows an MFD device 100 according to an embodiment of the invention, which
builds on the MFD device 100 shown in Fig. 1. The MFD device 100 includes
additionally a storage 700, which stores a plurality of bit groups 701 (different bit
groups are here labeled 701a, 701b, 701c and 701d for exemplary four bit groups). The
bit sequence 103 may be concatenated by the controller 102 using the bit groups 701 in
the storage 700. Especially, the controller 102 is configured to control the display
device 101 according to a first bit group 701b during a first section of the determined
time period, and according to a second bit group 701a during a second section of the
determined time period. In a third section of the determined time period in the present

example the bit group 701c may follow, and the fourth section of the determined time

15

PCT/EP2017/069088



10

15

25

30

35

WO 2019/020190

period may be related to the final fourth bit group 701d. However, also more than four
bit groups may be used, and different sections controlled according to different bit

groups may be at any position in the bit sequence 103.

In particular, the two or more groups may split the illumination pulses, if a major ripple
is expected in the center of a lens step response, i.e. in the center of an optical power
plateau. This is, for instance, shown in Fig. 8, where an optical power transition
between two optical powers is shown over time. During the first optical power plateau
there is no major ripple. The bit sequence 103 is such that the light intensity for the
illumination light is highest in the center of the plateau. More specifically, the more
significant bits are arranged further away from a start or end of the bit sequence 103
while the less significant bits are arranged closer to the start or end of the bit sequence

103.

During a second optical plateau, a major ripple appears approximately in the middle of
the predetermined time period. Since the position of the major ripple is known in
advance, a carefully adjusted bit sequence 103 can be provided by the controller 102 to
the display element 101. Thus, no light intensity is scheduled in the vicinity of the

ripple. To this end, for instance, the two groups can split the bit sequence 103.

Alternatively, the storage 700 may also store at least one predetermined time point, or
time range, within the determined time period, which for instance corresponds to the
position and/or duration of the major ripple. Then, the controller 102 may be configured
to arrange less significant bits of one or more color, or no bits at all, at the time point or
within the time range and more significant bits of these colors not at the time point or

outside this time range of the major ripple.

Those skilled in the art can devise and implement variations of the above described
embodiments without departing from the scope of the claims. In the claims as well as in
the description, the verb “comprise” does not exclude further elements or steps and the

indefinite article “a” or “an” does not exclude a plurality. A single element or other unit

may fulfill the function of several entities or items recited in the claims. The mere fact
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5  that certain measures are recited in different claims does not indicate that a combination

of these measures cannot be used in an advantageous implementation.
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